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OBJECTIVE 1. Identify and characterize genes and their relationships to disease resistance in poultry with an emphasis on the major histocompatibility complex as well as other genes encoding alloantigens, communication molecules and their receptors and other candidate systems.

A category of crucial biological materials needed for the successful conduct of research on genetics of disease resistance is specialized genetic lines and resource populations of chickens.  IA maintained many very highly inbred lines of birds, including several sets of MHC-congenic lines.  These lines were used to assess the impact of host genetic variation on immune response and disease resistance both at IA and elsewhere, with collaborators.  Approximately 2000 chicks were hatched per year. Semen samples from all roosters of all inbred lines was collected for two generations and sent to the US Germplasm Preservation Lab in Ft. Collins, CO.

In addition to the pure lines, a mapping resource population was developed [IA] to aid the identification of genes related to immunity and disease. The Iowa Salmonella Response Resource Population (ISRRP) was produced from an initial cross of outbred broiler males with females from the highly inbred Leghorn and Fayoumi lines.  Thereafter, the birds were intercrossed each generation to propagate advanced intercross lines (AIL). The F8 AIL generation was expanded in bird number and phenotyped for response to challenge with pathogenic Salmonella enteritidis (SE) or to antibody response to vaccination against SE. 

CA developed a survey to update the 1999 Avian Genetic Resources Task Force list which was distributed to members of the multistate projects NE-1016, NC-1008, with additional contacts made to all curators listed in the original Task Force report.  In addition, the survey was sent to poultry and avian genetic researchers located internationally.  From the gathered information, a website was developed in 2005 for posting of stocks, curators and contact information.  In addition to stocks information, allied information (pdf’s from articles of interest) were posted on at the url: http://animalscience.ucdavis.edu/AvianResources/.

The NYC specific-pathogen-free flocks (SPF) of the Marek’s disease susceptible P2a (MHC: B19B19) and resistant N2a (MHC: B21B21) were maintained during the NE1016 project providing chickens for experimental work.  These flocks are known to be free of all known avian pathogens except chicken infectious anemia virus (CAV or CIAV).  

All genetic stocks were eliminated from NH including two 6.B congenics, seven 003.R congenic recombinant lines, and 2 developing congenic lines for MHC-Y.  Line UNH 193 (B19 trisomics) and Line UNH 105 New Hampshire chickens were also lost.  Semen samples from some of the lines were frozen for storage at the National Animal Germplasm Lab, Ft. Collins, CO.  Some stocks were transferred to NC or NIU.

A collaboration among BRI, NH, CA and NIU defined the crossover breakpoints within the MHC-B region in two highly similar double recombinant haplotypes (R2 and R4).  Using fully congenic birds that differ solely at the MHC, R2R2 chicks were significantly more resistant to MD than R4R4 chicks, 26/145 (18%) versus 56/120 (47%) MD positive, respectively.  In addition, there was a significant difference between the R2 and R4 genotypes in lesion location.  These results confirm a previous study that these two haplotypes differentially affect the incidence of Marek’s tumors.  Additional trials were conducted using highly inbred R3 lines.  The MD incidence was very low due to the greater degree of Ancona background genes in these birds when compared with the R2 and R4 congenic lines.  However, the percentage of MD positive R3 homozygous birds was intermediate between that of the R2 homozygotes and the R4 homozygotes.  BRI mapped the crossover breakpoints to the 3’-region of the BG1 locus. 

GUELPH identified several genes that either act as biomarkers for Marek’s disease, such as granzyme A, or may be important for control of susceptibility/resistance to this disease, e.g. immunoglobulin genes.  The station also examined the peptides presented by MHC class II molecules of B19 and B21 haplotypes and identified peptide-binding motifs for these molecules. 

The B11 MHC gene was investigated for its MDV resistance [CA].  Resistance against MD in unvaccinated homozygous or heterozygous B11 birds ranged from 83-96% as compared with 13-20% of commercial type White Leghorn chickens.  CA also compared B11 to B21 birds vaccinated at hatch with HVT/SB-1 prior to challenge.  Birds bearing the B11 haplotype were as resistant to MD tumor development as those birds with the known resistant B21 haplotype.  The protection conferred by HVT/SB-1 vaccine was similar with both haplotypes.  No significant difference in MD was attributable to the MHC-Y system.  The MHC-Y influence on MD resistance was further studied by CA after crossing Y alleles into a different B system background.  Using a moderately susceptible Ancona X White Leghorn B2B5 MHC background, the MHC heterozygotes were somewhat more susceptible to the MD challenge than the B11 homozygotes.  These Y system effects are being evaluated. 

CA determined effects of C, D, H, I, L, and P alloantigen genes that encode for proteins on leukocyte surfaces on MDV resistance.  The C, D, H and I systems did not show any significant effect on MD development.  Birds having a B19B19P1P1 type had a significantly lower incidence of MD (21%) when compared with birds bearing the B19B19P4P4 type (73%, P<0.001).  In B19B21 chicks, MD was significantly higher in both the P1P1 and the P4P4 types (80%, 85%) when compared with the P1P4 chicks (27%, P<0.001). 

Six congenic lines containing B complex recombinants on the Line UCD 003 background were tested for their responses to Rous sarcomas.  Genotypes R1R1 and R4R4 had significantly higher tumor profile index (TPI) than R2R2, R3R3, R5R5, and R6R6 chickens.  Significant differences among B-F2 recombinants R2R2, R3R3 and R4R4 indicate that these serologically similar recombinants possess different genes affecting tumor outcome.  The comparable TPI between R5R5 (BF21-G19) and R6R6 (BF21-G23) suggests no effect of the B-G region [NH].

NH found that among chickens segregating for B1 and B2 haplotypes, B1B2 and B2B2 had significantly lower Rous sarcoma subgroup A TPI compared with B1B1 birds.  Matings of B1B5 parents revealed significantly lower TPI in the B1B5 genotype than was found in B1B1 or B5B5 homozygous progeny.  This result indicated complementation between the more progressive B1 and B5 haplotypes.  The B1 haplotype originated from a commercial source.  

Expression of CAV is controlled by a complex set of transcriptional factors including estrogen (enhancer) and COUP-TF1 (repressor), which bind to the direct repeats in the promoter/enhancer region of CAV.  An E-box sequence in CAV binding unidentified transcription factor(s), which repress transcription was identified.  CAV can be present latently even in antibody-negative chickens and become activated especially under hormonal stress.  Virus replication causes subclinical immunosuppression, which may interfere with immunological and pathogenesis studies [NYC].

In earlier studies, the T lymphocyte responses of MHC defined chickens to infectious bronchitis virus (IBV) was characterized [TX].  The numbers of cells with median levels of CD44 on T lymphocytes from infected birds increased following infection, correlating with the appearance of memory cells.  Experiments are now characterizing the CD44 expression of T cells following low path N5 avian influenza virus (AIV) infection with the intention of identifying mechanisms to enhance the effective response.

TX found that infected APC stimulated AIV specific chicken effector and memory T cells in a MHC restricted manner.  Memory T lymphocytes from AIV-inoculated birds at 5 weeks were stimulated in vitro by co-culture with AIV-infected APCs.  IFN-gamma produced from stimulated T cells was detected in the supernatant.  Infected MHC-I matched APCs stimulated T cells significantly, compared with MHC-I mismatched APCs and uninfected MHC-I matched APCs.  Specific T cell responses to AIV were greatest at the effector stage.  Memory responses were detected by 3 weeks but gradually decreased until the last time point examined. 

TX constructed an IBV vector for expression of AIV genes.  The IBV genomic cDNA region with the HA insertion has been ligated into a cDNA of IBV that represents the 3' end encoding all of the structural proteins of IBV.  Plasmids with fragments that cumulatively represent the entire genome have been amplified for reconstruction of a chimeric IBV with HA.  A second strategy to induce AIV specific T cells was to inoculate birds i. m. with cDNA expressing individual AIV proteins.  The H5 and the NP were cloned into plasmid DNA and inoculated into B19/B19 chickens.  An antibody response was detected in all birds.  The memory T cell populations are now being evaluated. 

In collaboration with IA and a commercial broiler breeder company, AL evaluated associations between BF2 (MHC class I) alleles in sires, and phenotypic traits of economic interest in their progeny.  Statistically significant associations were found between BF2 allele and some traits, including vaccinal antibody titers against infectious bursal disease virus (IBDV) and body weight.  In the same study, associations between Mx single nucleotide polymorphism (SNP) in the sires and progeny traits indicated significant associations between Mx SNP determining differential antiviral resistance in the sires, and progeny traits including leg defects and early mortality. Experiments are ongoing to evaluate the influence of the Mx SNP associated with differential antiviral activity on resistance to avian influenza virus in vitro and in vivo.

Polymorphisms in two innate immune response genes (Mx and OAS) in 14 commercial broiler breeder chicken lines, one commercial layer (Leghorn) lines, and two commercially available SPF Leghorn chicken lines were evaluated [AL].  A SNP in the chicken Mx gene was reported to be associated with differential resistance to cellular infection with avian influenza virus (AIV) in cells ectopically expressing different Mx alleles.  Commercial broiler breeder lines had very low frequency of the Mx SNP associated with AIV antiviral activity, and some lines were fixed for the Mx allele that lacks antiviral activity.  All the Leghorn lines had very high frequency of the Mx SNP that was associated with AIV antiviral activity.  Two OAS alleles were identified in the broiler and Leghorn lines with no large differences between the breeds.

IA used microarray and quantitative RT-PCR assays to identify genes in a broiler population, that have different transcriptional profiles associated with resistance to IBDV infection, as measured by viral load in the bursa.  Seven genes were found to be co-upregulated only in resistant but not in susceptible or mock-challenged birds.

T cells collected after in vitro APC activation showed that CD8+ T memory T cells increased in numbers and proliferated more than CD4+ T cells.  The proportional increase in the CD8+ T cell population was greater than CD4+ T cells when co-cultured with MHC-I matched infected APCs.  The CD44 expression on the activated CD8+ memory T lymphocytes was greater than naive cells and increased with stimulation whereas a more moderate increase was observed for the CD4+ T cells [TX].

Three potentially new B-MHC haplotypes in commercial broiler breeder lines were identified and characterized [AL] by serology and BLBII-family PCR-SSP.  Nucleotide sequence analysis of BF1 and BF2 exon 2 and exon 3 regions (encoding the peptide-binding region) indicated that two of these were novel haplotypes, encoding new BF2 and BF1 alleles.

To explore the MHC linked difference in immune response to GAT in the S1 sublines, the WAU and IA stations tested TAP1, TAP2 and Tapasin gene DNA polymorphisms.  No deletions, insertions, recombination, translocations were observed despite the high SNP frequency across 6 genetic lines.  No SNP differences between S1-B19-high and S1- B19-low lines, but many SNP differences between S1-B1-high and S1-B1-low lines were observed.  There was no consistent polymorphism between GAT high or low phenotypes on S1 background.  Several SNP cause non-synonymous amino acid substitutions, that may affect the TAP proteins structure and thus influence their function.  The WAU antibody selection lines (H, L and C) were also investigated for the same amplicons for TAP1, TAP2 and Tapasin genes.  Between identical MHC haplotypes, as defined using the LEI0258 microsatellite marker, several non-synonymous substitutions were observed.

The definition of haplotypes has been extended by sequencing PCR products from the MHC class I and II genes.  Micro-variation existed in the B-F1 MHC gene.  The sequencing of the BF1 gene exon seems a necessary extension to improve ‘sequence based’ definition of ‘MHC haplotypes’ for the molecular MHC typing using the LEI0258 microsatellite marker.  Based on the DNA sequence analysis two B24 subtypes could be defined in animals, which seemed homozygous by LEI0258 MHC type.  WAU analyzed DNA from serologically B24 reference samples in cooperation with NIU.  One of the WAU B24 subtypes is identical to the NIU defined B24, the other is clearly distinct.  The immune selection lines of INRA have been characterized for the DNA polymorphism present in TAP1,TAP2, tapasin, BF and BL genes.  From LEI0258 homozygous animals, PCR fragments of aforementioned genes were sequenced. New variation at the DNA level was observed for several MHC types [WAU].

Cellular expression profiles of MHC class I B-F, class II B-L, and class IV B-G glycoproteins during the early stages of chicken embryogenesis and organ development were investigated using the same antibody detection method and genotypes.  At the pre-blastula stage (Stage X, 0 hr) only B-F expression was observed.  The percentage of B-F-expressing cells gradually increased during the early differentiation stages.  During organogenesis and growth phases, a gradual increase in B-F expression occurred from 6 days of incubation (DI) to 10 DI, and a dramatic increase in expression at 15 DI, with the highest levels in the spleen (86.7%).  Sixty-one percent of the 48 hr neurula stage cells were B-L positive which was the highest frequency observed during the early embryogenesis.  A high frequency of B-L positive cells was observed in heart (23.9%), liver (40.1%), and intestine (45.6%) at 6 DI, but lower levels were found at the older ages.  Only 12 hr Stage XIII blastula cells were positive for B-G.  All samples, except for the intestine at 10 DI (44.7% positive cells), had low or zero B-G expression [CA]. 

Expression of B-MHC class I (BF1 and BF2) genes in several broiler haplotypes was evaluated by RT-quantitative PCR analysis.  BF2 was expressed in greater amounts than BF1 gene in all haplotypes, with a BF2 to BF1 ratio ranging from about 2:1 to 5:1.  One exception was a haplotype in which BF1 transcripts were present in very low amounts.  BF1 gene sequences exhibited substantial diversity in the enhancer A, promoter, and signal peptide-coding regions. Sequence analysis of the entire BF1 gene demonstrated that the BF1low phenotype could be explained by a mutation in the 3’ splice site of intron 7 [AL].

CA research showed telomeres shorten as cells age in vitro and this correlates with down regulation of telomerase activity and cellular senescence whereas transformed cells showed high levels of telomerase activity.  Telomerase RNA and reverse transcriptase genes were cloned, sequenced and mapped to GGA 9 and 2, respectively.  Transcript profiling of telomere-related genes (binding proteins) was conducted using in vitro mortal (chicken embryo fibroblast) or transformed system for comparison.  The work established both normal and abnormal parameters of telomere mechanisms controlling abnormal cell growth; one of the most cellular lifespan important pathways and a crucial element to understand disease development and progression.

NH tested six congenic lines containing B complex recombinants on the Line UCD 003 background for primary and secondary antibody responses to SRBC.  R5R5 and R6R6 lines had higher primary total antibody titers.  Secondary total and ME-resistant antibody titers were higher in R5R5 chickens compared with the other lines.  The two recombinants having haplotype B21 had higher antibody responses to SRBC. 

A new recombinant, R13 (BF17-G23), was found in a single female from the BC10 generation for R1.  Chickens of genotype R13B17 from an additional backcross were mated to produce progeny.  Genotype R13R13 had significantly lower primary total and ME-resistant antibody titers against 2.5% BRBC compared with genotypes R13B17 and B17B17.  Secondary total and ME-resistant antibody titers were again significantly lower in R13R13 chickens compared with R13B17 chickens.  The intermediate secondary titers for B17B17 chickens did not differ significantly from either R13B17 or R13R13 chickens [NH].  

AR established mutant Smyth line and Parental Brown line crosses.  QTL mapping is currently underway in Uppsala University, Sweden.  These studies will be important in identifying the specific genes responsible for the depigmentation and other abnormalities seen in the Smyth line chicken model of autoimmune vitiligo.

A high-density (3K) SNP panel and F8 birds were used to fine-map regions associated with Salmonella colonization levels.  In total, 21 significant QTL regions were identified, in or near 19 novel candidate genes.  Additionally, SNP in 13 of the beta defensins genes were genotyped in the same population, and five of the 13 genes were associated with bacterial burden.  Two cross-over points in the beta-defensin cluster of genes were identified [IA].

Whole genome scan analysis of an F2 intercross of the WAU lines divergently selected for 22 generations for high or low primary antibody (Ab) responses to SRBC was performed.  One QTL was observed on GGA16 (MHC) which reached genome wide significant levels and another QTL on GGA4 showed only genome wide suggestive significance levels for the primary Ab response to SRBC.  In the Half-sib analysis only 2 families contributed to the QTL detected and on GGA1 and 16 suggestive QTL were identified.  For secondary antibody response to SRBC, a significant QTL was detected on GGA1 close to the QTL for primary Ab response and also suggestive QTL were observed on GGA16 and 23 [WAU].

In the F2 population primary Ab responses to KLH have also been measured.  A significant QTL was detected on GGA26 and a suggestive QTL on GGA14 for the KLH Ab response.  In an independent F2 intercross, aimed at identification of QTL for feather pecking behavior, a significant QTL for KLH Ab response was detected on GGA14.  Detailed analysis was pursued on the Ab response to KLH QTL on GGA14.  Advanced intercross generations were made from the family having the greatest contribution to the QTL for SRBC response [WAU].  In the F4 generation, the QTL for KLH or SRBC had been lost so this generation was discontinued.  No QTL effect was observed because the F4 generation received the relevant haplotype through the maternal side.  Fine mapping of the KLH QTL on GGA14 using a higher marker density in the F2 population (including 24 SNP markers) resulted in placing the QTL much more accurately at the distal end of chromosome 14.  The combination of association and linkage disequilibrium analysis led to the identification of a haplotype causing the phenotype.

Also in the F2 generation, WAU analyzed QTL for Natural antibodies directed to two homotopes, representing Gram-negative lipopolysaccharide (LPS) and Gram-positive lipoteichoic acid (LTA) bacterial antigens.  Suggestive level QTL for NAb levels were detected for LPS and LTA homotopes with little overlap between these NAbs QTL and QTL for other antigens KLH or SRBC.  Thus far no clear positional candidate genes underlying the control of the measured immune responses were identified.  WAU had unexpected problems with QTL programs.  The QTL analysis for the immune and behavioral traits was completely redone using the QTL express program available at http://qtl.cap.ed.ac.uk/.  The results are considerably different from the old published results. Errata with the correct data have been published in Poultry Science, Behavioral Genetics and Animal Genetics (see publications).

Global transcriptional analysis was used to investigate the genes associated with host response to Salmonella infection.  Results on multiple genetic lines suggest that different chicken lines utilize different defensive mechanisms against the same bacteria.  Cecum and spleen samples from F8 generation advanced intercross line revealed many genes in immune response and signal transduction pathways to be differentially regulated after Salmonella infection [IA].

Active contributions have been made to the development BAC contigs using the fingerprinting technique for the WAU BAC library in cooperation with Washington University, St.Louis.  Multiple links of BACs to the linkage map consisting of microsatellite, RAPD and AFLP markers as well as gene specific STS markers have been created.  In collaboration with Toulouse INRA research group, BACs covering all linkage groups were used to link BACs (and thus linkage groups) with the cytogenetic map.  This integrated the physical, linkage and cytogenetic maps and closed gaps in the chicken genome sequence [WAU].

SNP markers were developed in a systematical way in a chromosomal region where QTL had been detected on GGA14. The purpose is to generate a considerable higher density of informative markers in the QTL region.  The Toulouse group had assigned 38 genes to GGA14 through analysis of their Radiation Hybrid (RH) panel.  The WAU BAC library was PCR screened with these gene specific primers to identify BAC clones harboring these 38 genes.  Thirteen genes could be linked to previously known BAC contigs and placed directly on the GGA14 linkage map.  For the remaining 25 genes the BAC clones were end sequenced and STS markers developed, the BAC library was subsequently screened to identify overlapping BACs.  The BAC end STS markers were used to identify 58 SNPs in the F2 families where the GGA14 QTL was segregating.  Single base extension (SBE) primers have been developed to type the SNPs in the F2 families and subsequent generations.  The SNP detection system is designed so that 16 SNP can be scored simultaneously in one detection assay.  The strategy to generate SNP markers based on BAC end sequencing, i.e. the approach as used before, has been replaced by usage of the SNP identified in the Beijing Genome Institute (BGI) SNP database (see website http://chicken.genomics.org.cn/index.jsp). 

OBJECTIVE 2.  Identify and characterize environmental, dietary and physiologic factors that modulate immune system development, optimal immune function and disease resistance in poultry genetic stocks.

Examination of pulmonary hypertension in broiler chickens revealed that the balance of vasoconstrictors and vasodilators, especially serotonin and nitric oxide, in response to pulmonary hypertension inducing mediators are important in the magnitude of the pulmonary arterial pressure response and survival of the broiler. Moreover, i.v. injection of LPS or microparticles have been identified as stimulators of pulmonary arterial pressure and useful tools in examining the acute and chronic processes involved in the resistance and susceptibility to pulmonary hypertension syndrome [AR].

NYC focused on the importance of specific genes for MD pathogenesis.  Deletion of R-LORF4 from the very virulent RB-1B strain attenuated MDV with a very low tumor incidence in contrast to the wild-type RB-1B Bac-derived virus which caused tumor in 100% of the chickens.  Likewise, deletion of vIL-8 exon 1 reduced the pathogenicity significantly.  The findings will be important for the complete characterization of the MDV virulence factors and may lead to the development of safe and more effective vaccines.  NYC further found that the very virulent plus (vv+) strains caused a severe proinflammatory response in the spleen and the brain of susceptible P2a chickens and especially in the resistant N2a chickens causing increased mortality in the absence of tumors.  These results indicate that breeding for increased resistance to MD tumors may not necessarily increase the resistance to other pathologies associated with MDV infection.

GUELPH has demonstrated the involvement of cytokines in host response to MDV in different stages of pathogenesis of the virus, and moreover we have determined the link between cytokines and protection against Marek’s disease.

AR studies on the etiopathology of autoimmune vitiligo in the Smyth line chicken model provided important new information on the role of the genetic, immune system and environmental factors in this pigmentation disorder.  The immune system findings include pigment cells undergo apoptotic cell death initiated by cytotoxic T cells; pigment cell death in the feather is preceded and accompanied by infiltration of macrophages, CD4+ and CD8+ lymphocytes, production of inflammatory and Th1-cytokines, as well as, substantial increases in MHC class II expression in the feather; and autoimmune destruction of pigment cells is associated with altered anti-oxidant levels and activities, production of oxidative radicals and increased lipid peroxidation in affected feathers.  Genetic factors include embryo-derived pigment cell cultures revealed inherent abnormalities in pigment cells from Smyth line embryos, such as altered antioxidant activity and heightened lipid peroxidation.  The environmental influences are herpesvirus of turkey (HVT) a known environmental trigger of the expression of vitiligo in the susceptible Smyth line chickens was shown to mediate this effect only when administered as live virus; NDV, SRBC, BSA and other antigens do not affect the expression of vitiligo; HVT administration results in increased lymphocyte numbers in feathers and skin not observed in control chickens; and repeated IFN-gamma administration had similar effects on vitiligo expression to those of HVT.

WAU followed effects of conventional (battery/cages) versus alternative (Free range) housing conditions on immune responsiveness of birds from the three Wageningen antibody selection lines: High, Low and Control line.  Specific primary and secondary antibodies as well as natural antibodies were higher in the High line compared with the other two lines, whereas cellular immune responsiveness was higher in the Low line than the other two lines.  Body weight gain was higher in the Low line.  Battery housed chickens were heavier for all three lines than the chickens kept under Free-range conditions.  Higher antibody responses were found in conventional systems, whereas cellular immunity was enhanced in free range husbandry. 

Different levels of Natural antibodies (NAb) in the three WAU chicken lines selected for specific antibody responses to sheep red blood cells (SRBC), suggested a genetic link between specific (SpAb) and NAb.  High levels of NAb directed to homotopes/PAMP are present in almost every life cycle of the chicken (egg, neonate, growing and old birds) suggesting an important function of NAb in maintenance of immune homeostasis. 

Pronounced different immune modulatory features were established for the PAMP lipopolyssacharide (LPS, decreasing antibody responses), and lipoteichoic acid (LTA, enhancing antibody responses), either via intravenous, subcutaneous or intratracheal challenge [WAU].  The latter route provides a model to establish the effects of the environment (airborne PAMP) on the immune competence of chickens.  Thus WAU proposed that both host factors (complement, NAb) and factors from microbiota (PAMP) affect innate immunity and underlie the direction of subsequent specific immune responses and disease resistance.  It remains to be studied whether NAb and PAMP act in a concerted action via binding to innate receptors (such as Fc receptors, TLR) on antigen presenting dendritic cells.

Results from the NC station suggest probiotic supplementation can modulate the basal expression of pro- and anti-inflammatory cytokines of the intestine.  Furthermore, NC data suggest that probiotics enhance bird health is through energy partitioning.

Chickens are characterized by extremely high levels of natural antibodies ‘directed’ to α -GAL sugar epitopes [WAU and CL].  Adding the alpha-GAL epitope to protein significantly enhanced immune responses to the protein in alpha-GAL knock-out mice.  Layer chickens’ antibody responses against human serum albumin (HuSA), were significantly decreased after challenge with by alpha-GAL HuSA but not beta-GAL HuSA.  Either alpha-GAL HuSA is immediately caught by the alpha-GAL NAb, or alpha-GAL hides the HuSA protein, or both.  Thus, sugar epitopes may determine immunogenicity of protein antigens.  These finding may have serious consequences for vaccination and zootechnical management procedures.

NYC initiated studies to determine if immune complex vaccines could be used to control CAV replication.  Preliminary data indicate that CAV complexed with virus neutralizing antibodies can protect against subsequent challenge with a second strain of CAV.  Improved CAV control is important for the control of many other pathogens

Complex simultaneous stress in general enhanced innate and cellular immunity, but hardly affected humoral immunity.  In cooperation between WAU and IA, cytokine mRNA expression was measured in PBL obtained at various moments from immune selected chicks kept under continuous cold stress conditions and feed restriction.  Significant line differences were found between high and low antibody line birds, i.e. low line birds showed significantly higher expression of IL-1, IL-6, IL-12 and gamma-interferon, suggesting a TH-1 nature of the low line birds, and additionally (cold) stress significantly enhanced proinflammatory cytokines (IL-1, 6, and 12), but also gene expression of the TH-2-related cytokine IL-4.  The cytokine expression profiles suggest that innate immunity is enhanced under cold stress irrespective of genetic background or duration of the stress. 

SC produced an antibody, NHN/1C6, that binds to and recognizes a 28.1 kDa protein in the Harderian gland (HG).  This antibody binds to rchIL-6 as determined by Western blotting and inhibition of bioactivity in B9 cell assays.  This antibody also inhibits the activity of rhIL-6 and rmIL-6 in the same bioassay system.  SC produced an IL-6 reagent that is useful as an indicator of inflammatory reactions evidenced by real time-PCR results.  Further, refinement of this and other antibodies should provide for the development of reagents for ELISA assays and other immunological tools for quick assessment of inflammatory responses.

WAU sought to identify physiological (behavioral, immunological) mechanisms and parameters that predict and/or underlie health status and zootechnical characteristics but also abnormalities (feather pecking, cannibalism, unidentified death causes) in various layer breeds kept under commercial conditions.  Significant correlations between levels of natural antibodies and non-feather pecking related death within twelve layer breeds were found.  However, these factors were not related to immune responsiveness and production performance under stress.  On the other hand, preliminary results suggested that high corticosterone levels after stress might reflect the capacity to respond to stress instead of reflecting a situation of stress.

Hematopoietic- PGD synthases (H-PGDS) expression is a good indicator during the early stages of immune responses to vaccines such as IBV/Newcastle disease vaccine.  Furthermore, the role of H-PGDS in immunological responses that have at least a minor inflammatory component needs to be explored.  H-PGDS is present in many different cell types, and PGD2 is becoming recognized more as an important chemoattractant/activator modifying activity of cells involved in both pro- and anti-inflammatory actions.  A better understanding of these prostanoids in inflammatory reactions should yield important insights into the nature of inflammation [SC].

Thrombocytes are the second most prevalent blood cell in circulation and there appears to be a central role for them in immunity in addition to contributions to blood clotting mechanisms.  Data collected [SC] leads us to believe that this cell will be found to express many of the same innate attributes and functions of macrophages and heterophils.  Among recent findings is expression of TLR 2, 3, 5 and 7, IL-1beta, IL-12, and prostaglandin D2 synthase.  For now, we can report chicken thrombocytes possess TLR4 that is connected to cytoplasmic signaling pathways leading to gene expression.  Furthermore, the differential influences of MAPK and NF-kappaB pathways on expression of IL-6 and COX-2 are apparent in inhibitor treated thrombocytes.  Thrombocytes are a dynamic component of the chicken immune system that respond to various pathogens through TLRs and signal transduction pathways leading to modulation of immunity in the fowl by expression and release of regulatory mediators. 

In cooperation with the Royal Tropical Institute, Belgium, WAU measured complement components (classical and alternative pathway) and antibody responses in various ecotypes world wide and commercial lines.  Profound differences reflected either genetic background, and/or hygiene pressure.  Avian influenza outbreaks in the Netherlands discontinued this work.

OBJECTIVE 3. Develop and evaluate methodologies and reagents to assess immune function and disease resistance to enhance production efficiency through genetic selection in poultry.

TX developed the assays to evaluate T lymphocyte responses to AIV using chicken lines from NIU.  Enriched T cell populations were stimulated in vitro using MHC matched APC expressing AIV.  Controls included uninfected APC and mismatched AIV infected APC.  T cell supernatants were collected after APC stimulation and placed on HD11 cells, a chicken macrophage line.  Antigen-activated T cells secrete IFN-gamma in the supernatants which the assay identified by the NO secretion from HD11 cells.

In order to phenotype the responding lymphocytes, TX examined changes in cell populations with CD44 antigens and either CD8 or CD4 antigens, using flow cytometry, and ex vivo and in vitro stimulated T lymphocytes.  The numbers of cells expressing these markers and the intensity of expression responding to AIV specific APC stimulation were determined.

TX also developed a flow cytometry procedure using a pan leukocyte marker antibody against CD55.  In dual labelling studies with CD8 or CD4 markers, leukocyte populations were separated from thrombocytes.  This provided a more accurate assessment of the percentages and numbers of specific T cells present in a given avian blood sample.  The procedure was used with chicken and grouse (prairie chicken) mononuclear blood cells.

Another flow cytometry experiment by NC identified a catalog of anti-chicken leukocyte markers which specifically recognized turkey leukocytes.  This increases the ability to study how the turkey immune system responds to disease, as well as shed light on levels of evolutionary conservation between both chickens and turkeys.

SNP were used to place unassigned BACs or linkage groups accurately on the genetic map.  SNP identified by sequencing (BAC ends) or from the Beijing sequencing initiative were placed on the Wageningen and East Lansing linkage maps. The new build, available in 2006, contained the observed improvements [WAU].

A 20K SNP set (Illumina Infinium platform) has been developed [WAU] to fine map QTL for ascites in a broiler chicken population.  Several pooled DNA samples of diverse research chicken lines have been genotyped with the same 20K SNP set.  Several Compton lines, INRA lines and WAU selection lines (high, low and control) were genotyped on a pooled DNA sample.  In this way validated SNP are generated with known variation i.e. major frequency distributions in different populations.

Molecular procedures increased the knowledge of immune function and disease resistance.  AL developed a molecular method to type BF2 (MHC class I) alleles, by PCR amplification with locus-specific primers followed by nucleotide sequence determination.  A new technique called Panama-blotting and B-cell spectratyping was developed to study the maturation of the (natural) B-cell repertoire during life of the growing chicken.  The technique was used to examine differences due genetic line and husbandry conditions [WAU].

Primer pairs and optimal conditions for assessing mRNA expression levels were determined for about 30 genes putatively related to immune function.  The primers were used to determine gene expression in tissue samples from pure lines or AIL F8 birds that were challenged with Salmonella. The expression of several cytokine and other genes was found to be associated with host response to bacterial infection [IA].

Quantitative Real Time PCR assays for chicken pIgR, IgA, IL2, IL 4, IL 10 and IL 12 etc. were also optimized for WAU.  An attempt to develop a multiplex/luminex assay in cooperation with Dr. P. Kaiser (Compton, UK) was not successful [WAU].  NC also developed turkey specific real time RT-PCR reagents for assessing changes in cytokine, chemokine, and innate effector molecule expression following infectious challenges.

Several quantitative PCR assays for detection and measurement of cytokine gene transcripts have been set up at GUELPH.  Furthermore, the station developed a low-density immune system microarray.  This microarray has been tested and validated in several experimental conditions, including for detection of differential response of chickens to MDV. 

A new project characterised behavioural and immunological traits in twelve lines (80 animals per line).  Using the Illumina platform for SNP analysis, a set of 1536 SNP was selected focusing on QTL regions on GGA 3, 4, 5, 7, 26 and Z and a selection of candidate genes.  The SNP typing is proving to be a consistently reliable technique and the analysis is in progress [WAU].  In addition, AL developed a rapid method to type Mx alleles for the SNP associated with differential antiviral activity by PCR-RFLP.

Studies on leukocyte infiltration in response to injection of LPS, PHA or recall antigen into various integumentory tissues (wattle, wing web, and feather) revealed the growing feather as an excellent in vivo test-tube to monitor and study immune responses in tissues [AR]. 

CA reported on changes in serum chemistries that accompanied MD in both vaccinated and non-vaccinated / challenged birds.  MD was associated with decreases in alkaline phosphatase (AP) and gamma glutamyl transferase (GGT) that were prevented by vaccination.  Because these studies were conducted in commercial lines rather than inbred birds, we will continue this research in the inbred lines used for the genetic studies.

