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Cytokines, a family of small proteins secreted by cells play a major and decisive role in 
immunity and has pleiotropic effects on different cells. Peripheral Blood Mononuclear Cells 
(PBMCs) are important cells which play critical role in activation of both innate and adaptive 
immune responses. Cytokine expression varies with different breeds of chickens and this 
expression plays a critical role in modulation of immune responses in host. In our study, the 
basal level expression of different cytokines were assessed in chicken PBMCs (ex vivo) by 
quantitative real time PCR and comparison between different breeds were determined 
namely broiler, White Leghorn, and Indigenous Kadaknath. Type I Interferon (IFN) (IFN-β), 
Th1 cytokine (IFN-γ) and pro-inflammatory cytokine interleukin (IL) (IL-1β) and inducible 
nitric oxide synthase (iNOS) in chicken PBMCs were quantified in this study. Constitutive 
expression of IFN-β, iNOS were significantly (p < 0.01) higher in WL than that of Kadaknath 
and broiler birds. While, Kadaknath birds have shown significant up-regulation (p < 0.05) of 
IL-1β expression. This study suggests that constitutive expression of immune related genes 
vary with different breeds and can contribute to the differential disease resistance among 
these breeds.  
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INTRODUCTION 
Immune system is critical for living organisms to combat 
invading pathogens, which is divided into innate and 
adaptive systems in vertebrates. Innate immune system, 
which can act immediately after the entry of the pathogens, 
is present across different species from insects to 
mammals. Adaptive immune system is mediated through 
high affinity rearranged receptors present on B and T 
lymphocytes. Innate and adaptive immunity is interlinked 
and need help of each others to execute the functions 
(Akira et al., 2001; Janeway and Medzhitov, 2002). Immune 
system is mediated by cellular interactions and molecules 
secreted by them play a major role in deciding the type and 
magnitude of immune response.  Cytokines are central 
regulator of immune responses as it mediates cell signaling 
to produce different responses. Cells produce wide range of 
cytokines and it varies with respect to cells and pathogens. 
Based on their inherent property, cytokines represent 
promising candidates for treating infections that are 
difficult to control by antibiotics (Dinarello, 2000; Min et 
al., 2001; Li and He, 2004). By analyzing the constitutive 
expression level of immune related genes such as IFN-α, 
IFN-β, IFN-γ, IL-1β, TNF-α, IL-2, IL-4 and iNOS etc., 
prediction of immune status of the host is possible.  

In this report we analyzed the basal level expression of 
different immune related genes viz., IFN-β and IFN-γ 
(antiviral), pro-inflammatory (IL-1β) and iNOS in PBMCs 

(ex vivo) of White Leghorn (WL), Broiler and Kadaknath 
breeds of chicken.  
 

MATERIALS AND METHODS 
1. Experimental birds 
Ten day-old chicks from each WL Specific Pathogen Free 
(SPF) origin, Kadaknath and Broiler breeds were 
maintained in the Immunology section animal shed, Indian 
Veterinary Research Institute (IVRI), Izatnagar. Birds 
were provided with ad libitum feed and water and 
maintained following standard management practices.  
2. Kits 
Ribozol™ (AMRESCO®, USA), RevertaidTM First Strand 
cDNA Synthesis Kit (Thermo Scientific, USA), QuantiTect 
SYBR Green quantitative Real time PCR Master Mix (2X) 
(Qiagen, Netherlands) were procured and used for this 
study.  
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3. Primers 
Published oligonucleotide primers were selected from 
earlier reports for various chicken genes viz. β-actin, IFN-β, 
IFN-γ, IL-1β, and iNOS. These primers were got 

synthesized at M/S integrated DNA technologies, USA. 
The details of primers used in this study are shown in 
Table 1. 

 

Table 1: Details of quantitative real time PCR primers used in this study 
 

Primer Sequences 5’ 3’ Corresponding 
Gene 

Reference 

F: TGAGCCAGATTGTTTCGATG  
R: CTTGGCCAGGTCCATGATA 

IFN-γ Nang et al., 2011 

F: GCTCACCTCAGCATCAACAA    
R: GGGTGTTGAGACGTTTGGAT 

IFN-β Nang et al., 2011 

F: GGATTCTGAGCACACCACAGT    
R: TCTGGTTGATGTCGAAGATGTC 

IL-1β Nang et al., 2011 

F: TATGTGCAAGGCCGGTTTC    
R TGTCTTTCTGGCCCATACCAA 

β-actin Fan et al., 2013 

F: AGGCCAAACATCCTGGAGGTC     
R: TCATAGAGACGCTGCTGCCAG 

iNOS Sundaresan et al., 2005 

 
4. Collection of samples 
At the age of 15 days, blood samples were collected with 
anticoagulant heparin (20 IU/ml) from three birds in each 
breed and were used for isolation of Peripheral blood 
mononuclear cells (PBMCs).  
5. Isolation of Chicken PBMCs 
Chicken PBMCs were isolated from blood as previously 
described (He et al., 2003). Blood samples with heparin 
were layered over Ficoll Histopaque (Sigma chemical co., 
USA) with the density 1.077 g/mL in equal volumes and 
kept for centrifugation at 400xg for 45 minutes for phase 
separation. Following centrifugation, the whitish cloudy 
interface layer containing the PBMCs was aspirated 
carefully through micropipette. PBMCs were washed with 
sterile phosphate buffered saline (PBS, pH 7.2) twice and 
the cell pellet was stored in 1 ml Ribozol at – 80°C until 
further use.  
6. RNA extraction and cDNA synthesis 
Total RNA was extracted from PBMCs using Ribozol™ 
reagent as per manufacturer’s guidelines and eluted in 20 
μL of nuclease free water. RNA purity and quantity were 
determined by Nano-drop® Spectrophotometer Analyzer at 
OD260 versus OD280. Using RevertaidTM First Strand cDNA 
Synthesis Kit,  total RNA (2 μg) was reverse transcribed to 
cDNA with oligo-dT primers as per manufacturer’s 
protocol and cDNA was stored at -20°C until further use.  
7. Real time quantitative PCR analysis 
SYBR green-based quantitative Real time PCR was 
performed using CFX96 Touch™ (Bio-Rad). Each sample 
was run in duplicate. Total reaction volume was 20 μL 
containing QuantiTect SYBR qPCR master mix (2X) 10 μL, 
template cDNA 2μL (1:10 diluted with nuclease free water), 
gene specific forward primer 0.5 μL, reverse primer 0.5 μL 
and nuclease free water 7 μL. Real time PCR conditions 
were one cycle at 95°C for 5 min, 40 cycles  at 94 °C for 45 
sec, 60°C for 45 sec, 72°C for 45 sec, and 94°C for 30 sec one 
cycle, then 55-94°C ramp for the melt curve analysis  of the 
PCR products for assessing the amplicon specificity. All 
the samples were carried out in triplicate on the same 

plate. The cycle at which the sample amplicon reporter dye 
concentration crossed a preset threshold was recorded as 
the cycle threshold (Ct) value. The data of quantitative real 
time PCR were analyzed by 2

-ΔΔCt method (Pfaffl, 2001) to 
derive the relative fold change in mRNA expression of 
different genes studied. Expression levels of the above 
mentioned different genes were calculated in WL and 
Kadknath breed of birds relative to the expression of the β-
actin gene and expressed as n-fold increase or decrease 
relative to the samples of broiler birds. 
8. Data analysis  
All the results were analyzed using the statistical software 
SPSS™ 20.0 (IBM, Corp. USA) and One-way analysis of 
variance (ANOVA) was used to determine statistical 
differences in mean values. All the values were considered 
statistically significant if p < 0.01(**) and p < 0.05(*).  
 
RESULTS 
Constitutive expression analysis of immune response 
genes by quantitative real time PCR method between 
breeds 
Constitutive expression of  immune related genes in 
PBMCs (ex vivo) were analyzed viz. IFN-β, IFN-γ, IL-β and 
iNOS in WL and Kadaknath breed of birds relative to 
broiler birds and presented in Fig.1. IFN-β expression was  
significantly different (p < 0.01) between all the three 
breeds. The highest IFN-β expression of 1.61 fold was 
observed in WL. IFN-γ expression showed statistically 
significant (p < 0.01) difference between WL and 
Kadaknath but not with broiler birds and the maximum 
fold was 1.52±0.29 in WL birds. Kadaknath birds showed 
significantly higher IL-1β expression than broiler and WL. 
IL-1β expression was reached to a maximum fold 1.67±0.21 
in Kadaknath. iNOS expression showed significant 
difference (p < 0.05) between all the three breeds. In 
addition, iNOS expression was highest with a fold increase 
of 1.74±0.22 in WL.  
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DISCUSSION 
Most part of peripheral blood mononuclear cells comprises 
of monocytes/macrophages, and lymphocytes. They act as 
major source for different cytokines, by which they have 
major role in immune responses in the host. Type I 
interferons such as IFN-α and IFN-β both show similar 
activity during viral infection i.e induction of resistance to 
virus infection and increased expression of major 
histocompatibility complex (MHC) class I. Interferons 
after binding to target cells stimulate different types of 
effector genes that are responsible for antiviral state 
(Goodburn et al., 2000). In our study constitutive 
expression of IFN-β showed significant difference              
(p < 0.01) between WL and Kadaknath and between 
broilers. Of these three types of birds, WL breed showed 
significantly (p < 0.01) higher fold i.e. 1.61 than that of other 
breeds. This indicates that WL has comparatively more 
antiviral immune response than that of other breeds 
studied.  

 Nitric oxide is an important mediator of intra and 
intercellular signaling and it is diverse in bodily functions. 
It takes part in both antimicrobial and antitumor activity 
(Einestein et al., 2001). Nitric oxide is produced by a family 
of enzymes called as nitric oxide synthases (NOS), which 
is of three types based on tissue type viz. eNOS 
(endothelial NOS), iNOS (inducible NOS), nNOS 
(neuronal NOS). Of these, inducible nitric oxide synthase 
(iNOS), an immune defense enzyme mainly activated by 
PRRs (pattern recognition receptors) signaling pathways 
and it catalyzes the reaction of nitric oxide conversion 
from L-arginine (Aktan, 2004). In our study constitutive 
expression of iNOS was significantly higher (p < 0.01) in 
WL, and it was found to be significantly different (p < 
0.01) between Kadaknath and WL birds. These results 
suggest that WL has constitutively superior nitric oxide 
production level than that of other breeds. Earlier study 
involves comparison between Aseel and Kadaknath, in 
which Kadaknath showed significant higher level of serum 
nitric oxide level than that of Aseel breed (Kannaki et al., 
2011). However, this study did not compare between 
Kadaknath and  Aseel for constitutive expression of iNOS. 
Studies revealed that expression of iNOS is under the 

genetic influence (Dil and Qureshi, 2002), which was 
observed in our study.  

IFN-γ is a type II IFN, chiefly produced by activated T 
lymphocytes (cytotoxic & helper), NK cells, B cells, and 
professional antigen presenting cells. It has 
immunomodulatory effects because it induces Th1 biased 
immune response, which is evidenced by stimulation of 
Th1 differentiation by this gene expression (Gessani and 
Belardelli, 1998; Yoshimoto et al., 1998; Frucht et al., 2001; 
Schroder et al., 2004). Constitutive expression of IFN-γ 
showed significant difference (p < 0.01) between WL and 
Kadaknath.  

IL-1β up-regulation leads to induction of pro-
inflammatory cytokines and adhesion molecules. IL-1β 
secreted mainly by macrophage/monocytes,and dendritic 
cells (Klasing and Peng, 1987; Beuscher et al., 1990; 
Weining et al., 1998) . Constitutive expression of IL-1β was 
significant (p < 0.05) in Kadaknath in comparison with 
broiler. In addition, it was significantly (p < 0.05) different 
between WL and Kadaknath.  However, there was no 
significant difference occurred between broiler and WL. 
Expression of IL-1β in Kadaknath was significantly higher 
than other breeds, which indicates comparatively 
enhanced inflammatory activity in indigenous breeds. . 
Similar to our study, PBMCs from Kadaknath and Aseel 
breeds of chicken were analyzed for different TLRs 
constitutive expression and showed that Kadaknath has 
significantly higher expression in TLR3, 15 and 21 while 
Aseel breed has showed higher constitutive expression 
only in TLR4. Further they suggested that Kadaknath has 
better immunecompetence than that of Aseel breed (Patel 
et al., 2013). 

In conclusion, the present study reports the variation 
in expression of immune related genes in ex vivo PBMCs of 
different breeds viz. Broiler, WL and Kadaknath. The 
variation in expression of these genes might contribute to 
the differences in disease resistance among these 
commercial and indigenous chicken breeds. Future studies 
could be aimed to study constitutive cytokine expression 
level in different organs.   
 

 

Figure 1: Different small letter superscript in the same gene indicate significant difference (p < 0.01), except iNOS where difference at p < 0.05 level. 
Constitutive expression analysis of IFN-β IFN-γ, IL-1β and iNOS mRNA by quantitative Real time PCR in White Leghorn (WL) and Kadaknath (KD) 
breed of chicken PBMCs (ex vivo) with respect to roiler (BR) breed. Data in bar represents mean fold change± standard error 
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