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Abstract: Monocytes as well as other professional Antigen Presenting Cells (APC), Dendritic Cells {DC) and
macrophages, play a critical role in adaptive and innate immune responses. A Differential Detergent
Fractionation (DDF) analysis was conducted on avian monocytes to reveal proteins related to cell adhesion,
uptake and antigen presentation to lymphocytes, receptor proteins, proteases and cytokines. We identified
a total of 3,229 proteins with 46 of these involved in the functions of professional APC. Of these proteins,
fourteen were receptor proteins, four were related to antigen presentation (including MHC Class I}, six to
antigen uptake, ten to cell adhesion, two Toll-like receptors (TLR 4 and 15) and nine protease proteins were
identified. This research demonstrates that the DDF approach provides meaningful, interpretable, functional,
information concerning protein expression profiles associated with monocyte activation and differentiation
into macrophages and/or immature DC in avian species. This data will be instrumental in future experiments
evaluating protein expression of monocytes in stressed broilers.
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INTRODUCTION

Monocytes (CD14+cells) originate in bone marrow from
a specialized progenitor and make up 5 to 10% of the
circulating leukocytes in humans (Seta and Kuwana,
2007). These cells are important players in immune
defense due to their ability to phagocytose foreign
material, present antigens to immunocompetent cells
and produce an array of cytokines after stimulation with
bacterial products via Toll-Like Receptors (TLR) (Seta
and Kuwana, 2007, Lee et a/, 2008). Mammalian
monocytes serve as professional antigen presenting
cells, as they express high levels of both Major
Histocompatibility Complex (MHC) class | and |l
molecules, co-stimulatory molecules B7-1 (CD80) and
B7-2 (CD86), endocytic and phagocytic specific
receptors and adhesion molecules (Kruger et a/., 2003).
Monocytes typically circulate in the blood for 10-20 h
before migrating from the capillaries to the tissues.
Once in the tissue, under influence of cytokines,
monocytes differentiate into macrophages or Dendritic
Cells {DC) (Kruger et ai., 2003). Recent studies suggest
that monocytes are not only precursors for macrophages
and DC, but also for osteoclasts, microglia of the central
nervous system and Kupffer cells of the liver (Seta and
Kuwana, 2007).

Research indicates that avian monocyte development,
much like its mammalian counterparts, is influenced by
colony  stimulating  factors  (Qureshi, 2003).
Approximately 3 d after their arrival into the bloodstream,
avian monocytes seed various tissues and organs
(Qureshi, 2003). Blood monocytes are progenitors for

30% of avian alveolar macrophages and nearly 100% of
avian Kupffer cells of the liver (Qureshi, 2003). Unlike
mammals, chickens have no residential macrophages
present in their abdominal cavity. However, monocytes
can be recruited into the tissue in response to an active
inflammatory signal at the tissue site (Qureshi, 2003).
Avian monocytes can migrate toward chemotactic
signals that arise from bacterial products, synthetic
peptides, complement or certain products of an immune
reaction and factors released by damaged cells and
extracellular matrix (Qureshi, 2003). Avian monocytes
recognize pathogens through TLR and display
antibacterial properties such as nitric oxide production
(Bowen ef af., 2006, He et al., 2006). Genetic origin and
differences in MHC have been shown to play a role in
avian monocytes’ chemotactic potential and that avian
monocytes typically have an active response to
chemotactic signals (Qureshi et al., 1988; Puzzi ef al,
1990; Golemboski et af., 1995).

Qur long-term goal is to understand the effects of stress
on the innate immunity in chickens. In the presence of
some stress, monocyte numbers are typically increased
(Landmann et af, 1984), however their function and
cytokine release is often decreased (Joyce et a/., 1997).
To this end, we need a basic measure of proteins
expressed in monocytes, in order to go forward with our
interests in understanding the effects of adrenal
hormones, like corticosterone, on influencing the
proliferation and migration of monocytes during stress.
At present there is little information concerning protein
expression profiles in avian monocytes. Therefore, we
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used proteomics methodology to obtain interpretable
and meaningful information on the proteins expressed
in normal chicken monocytes.

MATERIALS AND METHODS

Experimental facility: The experiments were conducted
in a facility containing floor pens on a concrete pad with
side wall curtains. All floor pens measured 1.5x 2.9 m.
Each pen contained one tube feeder, one bell type
drinker and used litter supplemented with about 5 cm of
new shavings. The facility temperature was maintained
at a low of 69°F to a high of 80°F using curtain ventilation.
The lighting program consisted of 22 h of light
throughout the trial period.

Experimental design, bird husbandry and diets: One
strain of commercial broilers was obtained from a local
hatchery after being set and hatched in a common
incubator. The vaccination program consisted of Marek's
vaccination /n ovo. Fifty broiler chicks were distributed
into five pens in the experimental facility, each containing
ten birds. All birds were fed a common diet throughout
the trial period.

Monocyte isolation: Peripheral blood was collected into
an EDTA anti-coagulation tube from twenty-five broilers
bled via cardiac puncture. Monocytes were isolated
according to methods used by Lee et al. (2008) with
minor revisions. Peripheral blood mononuclear cells
were isclated using Percoll (1083) gradients and
separation occurred in tubes rather than Petri dishes.
The CD14™ monocytes were positively selected by using
magnetic cell separation methodology (Lee ef af., 2008).
The total monocyte cell count was 4.2 x 10,

Protein extraction, trypsin digestion and mass
spectrometry analysis: Proteins were isolated using
the Differential Detergent Fractionation (DDF)
methodology as described by Lee et al. (2008). A series
of detergents were used to extract proteins from cellular
compartments. Repeated washes with digitonin buffer
were used for cytosolic protein isolation. This is followed
by isolation of the membrane, nuclear and cytoskeletal
proteins by triton X-100 (TX), Deoxycholate (DOC),
Tween 40 and SDS buffers. For each of the detergent
fractions, equal amounts of protein were precipitated
with 25% tricholoracetic acid to remove salts and
detergents. Protein pellets were solubilized and then
digested with 100 ng™' trypsin (50:1 ratio of substrate to
enzyme) overnight at 37°C. Peptides were desalted
using a peptide microtrap (Michrom, BioResources, Inc.)
and eluted by 0.1% triflouroacetic acid, 95% acetonitrile
solution. Desalted peptides were dried and
resuspended in 0.1% formic acid.

The Mass Spectrometry (MS) analysis was done as
described by Lee ef al. (2006). Liquid Chromatography
(LC) analysis was accomplished by Strong Cation
Exchange (SCX) followed by Reverse Phase (RP) LC
coupled directly in-line with Electrospray (ESI) ion trap

mass spectrometer. Samples were loaded into a LC
gradient ion exchange system including a Thermo
Separations  P4000 quaternary gradient pump
(ThermoElectron Corporation) coupled with a 0.32 x 100
mm BioBasic SCX column. A flow rate of 3uL/min was
used for both SCX and RP columns. A salt gradient was
applied in steps of 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
57, 64, 71, 79, 90, 110, 300 and 700 mM" ammonium
acetate in 5% acetonitrile, 0.1% formic acid and the
resultant peptides were loaded directly into the sample
loop of a BioBasic C18 RP LC column of a Proteome X
workstation (ThermoElectron). The RP gradient used
0.1% formic acid in acetonitrile and increased the
acetonitrile concentration in a linear gradient from 5-30%
in 30 min and then 30-65% in 9 min followed by 95% for
5 min and 5% for 15 min. The spectrum collection time
was 589 min for every SCX step. The LCQ Deca ion trap
mass spectrometer was configured to optimize the duty
cycle length with the quality of data acquired by
alternating between a single full MS scan followed by
three tandem MS scans on the three most intense
precursor masses from full scan. The collision energy
was hormalized to 35%. Dynamic mass exclusion
windows were set at 2 min and all of the spectra were
measured with an overall mass/charge (m/z) ration
range of 200-2000.

Protein identification and analysis: Mass spectra were
analyzed as previously described (Lee et af, 2008).
Briefly, the search term Gallus gallus was searched
against the organism field of the National Center for
Biotechnology Information to create a chicken-specific
protein database. The mass spectra were compared to
the chicken-specific protein database using the
TurboSEQUEST (Bioworks Browser 3.1, Thermo
Electron) at the MSU Life Sciences and Biotechnology
Institute. Each peptide was considered genuine if Delta
Cn values were >0.1 and the presence of a C-terminal
lysine or arginine. Alignments of amino acid sequences
were conducted with the Clustal W version 1.81 program
(Thompson et af., 1994).

RESULTS AND DISCUSSION

A total of 3229 proteins have been identified. The
majority of these proteins (1,265 or 39%) were found in
the nuclear compartment of the cells. The membrane
compartment contained 30% (978), with 26% (831)
identified in the cytosolic and 5% (155) found in the
cytoskeleton (Table 1). Results indicate that of the 3,229
total proteins identified, 46 were involved in immune

Table 1: Sub-cellular location of identified proteins
Number of
identified proteins

% of total

Cell compartment protein profile

Cytosolic 831 26%
Membrane 978 30%
Nuclear 1265 39%
Cytoskeleton 155 5%
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Table 2: Proteins organized by immune function

Protein DDF Accession number Peptide
Toll-like receptors
TLR4 T XP_415518 NKHSMICHTPAYMK
TLR15 TD XP_419294 TEENKTSPPAATLR
Cell adhesion proteins
oV integrin (CD51) T NP_990770 SHQWFGASVR
TD VNAALEVNPTILNPENK
EPVGTCYLFDGSK
ILACAPLYHWR
ACSLADVKVSCFKVK
GKLPNSLNFQVELLLDK
@ 11 integrin TD XP_413930 WSTSSCKGPFR
31 (CD29) D XP_418572 RVLEDREVTNR
35 integrin TD NP_989814 DSKNIIELIVK
cD47 T XP_416623 [YRHESVPSANFLSK
Contactin 6 TD XP_425170 RGMPHFER
Cell-adhesion T,TD KP_422207 TLPYHNKYYWIGIRK
Protocadherin 18 T,D,TD XP_420404 FRAMQRGNSPLLVWVR
cHz cadherin T,8,TD XP_418340 RWHNIKIK
Hyaluronan receptor T,8 TD XP_414495 KMSSLCMELMKLR
Proteases
ADAM 8 D XP_421552 GDCCQDCKVKAAGVLCR
ADAM 12 T,TD KP_423549 KPLPADPLNK
ADAM 17 (TACE) TD XP_419944 MLLEQFSFDIAEK
ADAM 20 TD XP_428276 GGSCLYQAPALGSYYTL
ADAMTS-5 TD KP_425541 EKGLEVNR
ADAMTSL-3 TD XP_413844 LIGNDNRLIEPPNLR
MMP3 D KP_417175 KIDAAVHDQNTK
MMP27 D, TD NP_990331 EVVDKAIQK
Heparanase S NP_989498 FGGTSTDFLIFNPNK
Antigen uptake
ced-12/ELMO T KP_417479 AFEELFAICIQLLNK
MR CD206 D XP_001235005 QNAKWENQACNQR
MR CD280 TD XP_418071 MCSDYGSTLVTITNR
WSDGLGFFYHNFDR
CcD36 TD XP_415975 NNFIQLLLNTWIK
Clathrin heavy chain TD XP_415878 IHEGCEEPATHNALAK
Antigen presentation
MHC class | T,TD AF013493 AHGFYPRPIVVSWLK
B-G D AAA48627 ILASKLMKQMEK
TD AAA48618 HFQNMYLSAGK
Rfp-Y TD XP_415354 ATLKRSVQPEVR
AAP33136 WKHELGTVCVQNLR
Calnexin TD XP_414608 CGEDYKLHFIFR
Receptors
CcD40 T NP_989996 VKGTNTSDVICESSRR
IGF T NP_990363 MCWQYNPKMR
Leptin T NP_989654 MLIPSEMSISASQER
Notch D XP_415420 CEGDVNECLSNPCDAR
C-delta S, TD NP_990304 NEDSVKEEHGK
RORMB D KP_425885 QRNCLIDRTNR
Opioid growth factor D XP_425708 KSEDACAAQAALLLSAGR
IL-20R & TD KP_419723 LKMADTYDELLGKGR
Oncostatin M {R-subunit) T,TD XP_425020 DAELVYMSFEIQVYRR
M-CSF (CD115) TD XP_414597 EDSVLKVAVKMLK
Megalin TD, 8 XP_422014 QDLIKTK
Somatostatin T XP_426102 MRAVAQRVGWQQR
FAS TD XP_421659 LIHIDVDLTHHYPDIVR
Osteoprotegerin TD XP_418394 QVMCNQCPPGSYVK

Legend: DDF; Differential Detergent Fractionation, D; Digitonin, T; Triton X-100, TD; Tween 40-deoxycholate, S; Sodium dodecyl sulfate

functions of the professional APC. In Table 2, proteins
were categorized into seven groups according to
immune function. Of the proteins, two TLR, ten cell
adhesion, nine proteases, six antigen uptake, four
antigen presentation and fourteen receptor proteins

were identified and compared to the database. The
following discussion is based on the comparison of the
chicken monocyte proteins
counterparts in order to create a basis for understanding

to their mammalian

the function of normal avian monocytes.
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Toll-like receptor proteins: TLR are the key component
of a signaling pathway which serves as the frontline
subsystem against invasive microorganisms for both
innate and adaptive immune responses (Pinchuk et al,
2007). These receptors, which are widely expressed by
leukocytes and epithelial cells, function through
recognition and interaction with conserved motifs
expressed on the surface of pathogen associated
molecular patterns, such as lipopolysaccharides (Higgs
et al, 2008). This TLR-LPS interaction allows the
receptor to discriminate between microbial pathogens or
their preducts and to initiate trans-membrane signaling
(Laflamme and Rivest, 2001). There are over eleven
identified TLR in mammals, which recognize a variety of
ligands from pathogens to trigger immune responses
(Oda and Kitano, 2006). Some TLR (1, 2, 6, 4, 5) are
located on the surface of the plasma membrane, while
others are cytoplasmic or intracellular (TLR 3, 7, 9) (Akira
and Takeda, 2004).

In the chicken, TLR 1, 2, 3, 4, 5, 7 have been shown to be
expressed by heterophils (Kogut ef al., 2005). Toll-like
receptor 4 (Table 2), one of two TLR identified herein
plays a key role in the response to Gram-negative
bacteria during pathogen invasion (Laflamme and
Rivest, 2001) through recognition of the LPS associated
outer membrane (Poltorak et al, 1998). Expression of
TLR-4 is upregulated by Gram negative bacteria,
especially in granulocytes and monocytes. The other
TLR identified, TLR-15 (Table 2), appears to be avian
specific (Higgs et al., 2006). This TLR has been found
on chromosome 15 and is characterized by an
archetypal toll-interleukin receptor, transmembrane
domains and a distinctive arrangement of extracellular
leucine rich regions. Researchers believe that TLR-15
plays an important role in the avian defense against
bacteria, as it has been shown to be upregulated in the
presence of Salmonella entferica (Higgs et al,, 2006).

Cell adhesion proteins: Integrins are receptors for
different Extracellular Matrix (ECM) components
depending on different combinations of alpha and beta
chains. When binding to the ECM, integrins transmit
outside - in signals resulting in cytoskeletal
rearrangements which facilitate cell motility.

We found the expression of the oV and o 11 subunits
and the 31 and 5 subunits (Table 2), which predict at
least three integrin heterodimers, o 31, o V35 and
o 1131 with specificity for the ECM components
collagen, fibronectin and osteopontin (Humphreys ef
al., 2008).

Protease proteins: Chicken monocytes express a
number of surface and secreted proteases that may
facilitate entry into the tissues from the bloodstream.
Several members of the protease family A Disintegrin
and Metalloprotease (ADAM) along with the Membrane
Metalloproteases (MMP) are surface expressed on
leukocytes and recognize ECM components as

substrates (Stefanidakis and Koivunen, 2006). The
binding of monocyte integrins to ECM proteins induce
outside-in  signaling through integrins resulting in
upregulation in expression of proteases for movement
through the endothelial basement membrane
(Sudhakaran et af., 2007).

Antigen uptake proteins: Chicken monocytes express
a number of receptors which may be important for
antigen uptake and clearance upon differentiation to
macrophages. Peptides derived from the chicken
homologue of the CD38 scavenger-type receptor typical
of the myeloid lineage were identified (Table 2). CD36 is
important in clearance of apoptotic cells (Bottcher ef af,,
2006) and for oxidized lipoproteins (De Villiers and
Smart, 1999). The peptides for two members of the
mannose receptor family were identified in the digitonin
and Tween 40-deoxycholate detergent fractions (Table
2). Mannose receptors function as phagocytic pattern-
recognition receptors in innate immunity with specificity
for manncse and fucose residues on prokaryotic
glycoproteins and glycolipids (McGreal ef a/., 2003). The
predicted CD206 protein showed 48% amino acid
homology in Clustal alignments with human C-type 1
mannose receptor (accession number NP_001009567).
The predicted CD280 protein showed 72% amino acid
homology with human (accession number NP_006030)
C-type 2 collagen receptor.

Antigen presentation proteins: The B-complex encodes
the MHC class | (BF) and class Il (BL) antigen-
presenting glycoproteins (Pink et al., 1977; Vainio et al,
1984) that are linked to the highly polymorphic BG
proteins (Kaufman ef al., 1990; Miller et al., 1991). Also
on the same chromosome are the Y-complex genes
(Briles et al., 1993) which function similar to minor MHC
proteins (Thoraval et af., 2003).

Evidence for the expression of MHC class | in monocytes
was obtained with the observation of a BF-specific
peptide which is found in the o 3 domain of the BF2
gene product (Guillemot et af, 1988; Hunt and Fulton,
1998), which is the predominantly expressed BF gene
(Hunt and Fulton, 1998; Fulton ef af,, 1995).

Two BG-specific peptides were found in the data set.
The peptide identified from proteins in the digitonin
detergent fraction is encoded in the cytoplasmic region
of the bg17 transcript from the B21 haplotype (Miller et
al., 1991). The peptide identified from proteins in the
Tween 40-deoxycholate could have come from the
product of the bg3 or bg14/8 genes. Both genes are
expressed at the protein level in the B21 haplotype
(Miller ef af., 1991).

Previous studies have identified the expression of YF
genes in various chicken tissues at the RNA and protein
level (Afanassieff et af., 2001; Hunt ef a/., 2006). Two YF-
specific peptides were identified from proteins isolated
with the Tween 40-deoxycholate detergent. The peptide
“ATLKRSVQPEVR® spans the border of the o¢2 f a3
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domains in the predicted amino acid sequence from the
jungle fowl YF gene (accession number XP_415352).
The other YF-specific peptide is found within the o3
domain of the YF genes reported by Thoraval ef af
(2003).

Receptor proteins: The tryptic peptides from 14 receptor
type proteins were found in the different detergent
fractions analyzed by mass spectrometry in this study
(Table 2). These proteins have been shown to enhance
the immunological functionality of mammalian
monocytes.

The TNF family member CD40 and its ligand have been
identified and characterized in the chicken (Tregaskes ef
al., 2005; Kothlow et al, 2008). Evidence shows that
expression of CD40 by activated monocytes and
dendritic cells or differentiated monocytes is involved in
enhanced cytokine production (Banchereau et a/., 1994).
Chicken monocytes express CD40 (Kothlow ef af., 2008)
and produce nitric oxide when stimulated with a fusion
protein consisting of chicken CD40L, mimicking the
interaction of monocytes with TH1 helper T-cells
(Tregaskes et al., 2005).

In chickens, the receptor for leptin has been well
characterized (Niv-Spector et al., 2005). The role of leptin
in regulating feed intake in chickens has been well
established (Denbow et al, 2000). In the immune
system, the leptin receptor expressed in human
peripheral blood mononuclear cells is responsible for
mediating leptin activation of monocytes leading to
production of pro-inflammatory cytokines (Zarkesh-
Esfahani et al, 2001). Leptin can also stimulate
production of reactive oxygen species as a result of
monocyte activation (Sanchez-Pozo ef af., 2003).

The role of the Notch family of proteins in the chicken
hematopoietic system has only been described for B-
cell development in the bursa of Fabricius (Morimura ef
al, 2001). It has been shown that mammalian
monocytes express relatively high amounts of Notch-1
and Notch-2 and through the immobilized extracellular
domain of the Notch ligand, Delta-1, may induce
apoptosis in peripheral blood monocytes cultured with
macrophage colony-stimulating factor (M-CSF), but not
granulocyte-macrophage CSF (GM-CSF). Data indicates
a key role for Notch signaling is in regulating cell fate
decisions by bi-potent macrophage/dendritic precursors
(Ohishi et al., 2001).

The chicken IL-20R o receptor protein identified by the
peptide in the dataset (Table 2) shows 39% amino acid
identity with the human IL-20R o chain protein, termed
IL-20R1 (accession number Q9UHF4). In mammals the
IL-20 receptor consists of the IL-20R1 ligand-binding
chain and the IL-20R2 signal transduction chain
(Nagalakshmi et a/.,, 2004). The IL-20 receptor belongs
to the class Il cytokine receptor family and is responsible
for binding IL-20 which has been shown to be produced

by monocytes during incubation with TNF-a or LPS
(Wang et al., 2006; Wolk et al, 2002). Research shows
that IL-20 functions as a key regulator of keratinocytes
proliferation during skin inflammatory responses (Wang
et al., 2008).

The predicted protein for the [3-chain of the chicken
Oncostatin M (OSM) receptor showed 35% homology
with the human OSM R-chain protein (accession number
AACS50946). Oncostatin M (OSM), a 28-kd cytokine in the
IL-6 family, has been shown to be produced by
macrophages and activated T-cells at sites of major
inflammation. One study revealed enhanced levels of
OS8M, in synovial fluid from rheumatoid arthritis lesions.
Oncostatin M played a key role in chronic joint
inflammation through regulation of TIMP-1, MMP-1, as
well as monocyte chemotactic protein-1 in synovial
fibroblasts in vitro (Langdon et a/., 2000).

The predicted protein for chicken Monocyte Colony
Stimulating Factor (M-CSF) showed 53% identity with the
human M-CSF protein (accession number P07333) in
Clustal alignments. In mammals M-CSF is responsible
for differentiation of mononuclear phagocytes to
macrophages. Activated M-CSF receptor associates with
phosphatidylinositol 3-kinase (Pl 3-kinase) and induces
direct interaction of Pl 3-kinase with SH2/SH3 adaptor
protein Grb2. Saleem et al (199%) show that M-CSF
induces the formation of a Pl 3-kinase-Grb2-Sos
complex, supporting a potential role of Pl 3-kinase in
Ras signaling pathways in monocytes.

Somatostatin  functions in the control of pituitary
hormone release in the chicken (Geris et af, 2000).
Bhathena et al (1981) demonstrated binding sites for
somatostatin - on  lymphocytes and  monocytes
suggesting a role for somatostatin receptors in these
cells of the human immune system. Dalm et al (2003)
found in one study that during differentiation of
monocytes to macrophages or dendritic cells, time-
dependent, significantly increased mRNA levels of
somatostatin receptor-2 and cortistatin, a somatostatin-
like peptide.

Park ef al. (2003) revealed that FAS (CD95) can activate
proinflammatory cytokine responses in hormal human
monocytes and macrophages. Following Fas ligation,
both monocytes and monocyte-derived macrophages
released TNF- o and |IL-8 and conditioned medium from
Fas-activated monocytes and macrophages induced the
directed migration of neutrophils in a chemotaxis assay.

Fas-induced monocyte cytokine responses were
associated with monocyte  apoptosis, nuclear
translocation of NF K - B and cytokine protein

expression and were blocked by caspase inhibition but
not by inhibition of IL-11 signaling (Park et af., 2003).

In chickens the receptor for osteoprotegerin has only
been observed in ovarian tissues, primarily the
postovulatory follicle (Bridgham and Johnson, 2003). In
mammals osteoprotegerin is also an important
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regulator of differentiation and activation of osteoclasts
that also affects different cells of the immune system. It
has been shown to significantly stimulate monocyte
chemotaxis; however preincubation of monocytes with
osteoprotegerin was shown to inhibit monocyte
migration toward optimal concentrations of T-cell
secreted monocyte chemotactic protein 1  and
procalcitonin {Mosheimer et af., 20035). Seshasayee ef
al. (2004) found that osteoprotegerin ligand will up-
regulate receptor activator of NF- K B (RANK) receptor
expression on monocytes, regulate their effector function
by inducing cytokine and chemckine secretion, activate
antigen presentation through up-regulation of co-
stimulatory molecule expression and promote monocyte
survival.

Conclusion: Our data suggest that chicken monocytes
express proteins required for migration into vascularized
tissues and differentiation into macrophages or
immature dendritic cells. Future studies will be required
to confirm the expression of the products identified by
mass spectrometry.

In the presence of stress, monocyte numbers are
typically increased (Landmann ef al., 1984), however
monocyte function and cytokine release by monocytes is
often decreased (Joyce et al., 1997). Future studies with
protein expression may be beneficial in determining why
monocytic function is suppressed during stress.

ACKNOWLEDGEMENTS

This manuscript was submitted in partial fulfillment of
the requirements for the doctoral degree in animal
physiology, under the direction of Dr. J. Paul Thaxton,
Department of Poultry Science, Mississippi State
University. This manuscript is contribution No. J-11705
from the Mississippi Agriculture and Forestry Experiment
Station.

REFERENCES

Afanassieff, M., R.M. Goto, J. Ha, M.A. Sherman, L.
Zhong, C. Auffray, F. Coudert, R. Zoorob and M.M.
Miller, 2001. At least one class | gene in restriction
fragment pattern-Y (Rfp-Y), the second MHC gene
cluster in the chicken, is transcribed, polymorphic
and shows divergent specialization in antigen
binding region. J. Immunol., 166: 3324-3333.

Akira, S. and K. Takeda, 2004. Toll-like receptor
signaling. Nat. Rev. Immunol., 4. 499-511.

Banchereau, J., F. Bazan, D. Blanchard, F. Brie, J.P.
Galizzi, C. van Kooten, Y.J. Liu, F. Rousset and S
Saeland, 1994. The CD40 antigen and its ligand.
Ann. Rev. Immunol., 12: 881-9286.

Bhathena, S.J., J. Louie, G.P. Schechter, R.S. Redman,
L. Wahl and L. Recant, 1981. Identification of human
mononuclear leukocytes bearing receptors for
somatostatin and glucagon. Diabetes, 30: 127-131.

Bottcher, A., U.S. Gaipl, B.G. Furnrchr, M. Herrmann, |.
Girkontaite, J.R. Kalden and R.E. Voll, 20086.
Involvement of phosphatidylserine, ® vi33, CD14,
CD36 and complement C1q in the phagocytosis of
primary necrotic lymphocytes by macrophages.
Arthritis Rheum., 54. 927-938.

Bridgham, J.T. and A.L. Johnson, 2003. Characterization
of chicken TNFR superfamily decoy receptors, DcR3
and osteoprotegerin. Biochem. Biophys. Res.
Commun., 307: 956-961.

Briles, W.E., R.M. Goto, C. Auffray and M.M. Miller, 1993.
A polymorphic system related to but genetically
independent of the chicken major histocompatiblity
complex. Immunogenetics, 37: 408-414.

Bowen, O.T., R.F. Wideman, N.B. Anthony and G.F. Ef,
2008. Variation in the pulmonary hypertensive
responsiveness of broilers to lipopolysaccharide
and innate variation in nitric oxide production by
mononuclear cells. Poult. Sci., 85: 1349-1363.

Denbow, D.M., S. Meade, A. Robertson, J.P. McMurtry, M.
Richards and C. Ashwell, 2000. Leptin-induced
decrease in food intake in chickens. Physiol.
Behav., 69: 359-362.

Dalm, V., P. Martin Van Hagen, P.M. Van Koetsveld, S.
Achilefu, A.B. Houtsmuller, D.H.J. Pols, A. Van Der
Lely, SW.J. Lamberts and L.J. Hofland, 2003.
Expression of somatostatin, cortistatin  and
somatostatin receptors in human monocytes,
macrophages and dendritic cells. Am. J. Physiol.
Endocrin. Metab., 43: E344-353.

De Villiers, W.J.S. and E.J. Smart, 1999. Macrophage
scavenger receptors and foam cell formation. J.
Leukoc. Biol.,, 66: 740-746.

Fulton, JE., E.L. Thacker, L.D. Bacon and H.D. Hunt,
1995. Functional analysis of avian class | (BFIV)
glycoproteins by epitope tagging and mutagenesis
in vitro. Eur. J. Immunol., 25; 2069-2076.

Geris, KL., G. Meeussen, E.R. Kuhn and V.M. Darras,
2000. Distribution of somatostatin in the brain and
of somatostatin and thyrotropin-releasing hormone
in peripheral tissues of the chicken. Brain Res.,
873: 306-308.

Golemboski, K.A., R.L. Taylor, W.E. Briles, R.W. Briles
and R.R. Dietert, 1995. Inflammatory function of
macrophages from chickens with B-recombinant
haplotypes. Avian Pathol., 24. 347-352.

Guillemot, F., A. Billault, O. Pourquie, C. Behar, A.-M.
Chausse, R. Zocrob, G. Kreibich and C. Auffrey,
1988. A molecular map of the chicken major
histocompatibility complex: The class I3 genes are
closely linked to the class | genes and the nucleolar
organizer. EMBO J., 7: 2775-2785.

He, H., K.J. Genovese, D.J. Nisbet and M.H. Kogut, 2006.
Profile of toll-lke receptor expressions and
induction of nitric oxide synthesis by toll-like
receptor agonists in chicken monocytes. Mol
Immunol., 43; 783-789.

1020



Int. J. Pouft. Sci., 8 (11). 1015-1022, 2010

Higgs, R., P. Cormican, S. Cahalane, B. Allan, A.T. Lloyd,
K. Meade, T. James, D.J. Lynn, L.A. Babiuk and C.
O’'Farrelly, 2006. Induction of a novel chicken toll-like
receptor following Salmonella enterica serovar
Typhimurium infection. Infect. Immun., 74. 1694-
1698.

Humphreys, J.D., A. Byron and M.J. Humphries, 2006.
Integrin ligands at a glance. J. Cell Sci., 119: 3901-
3903.

Hunt, H.D. and JE. Fulton, 1998. Analysis of
polymorphisms in the major expressed class |
locus (B-FIV) of the chicken. Immunogenetics, 47:
456-467.

Hunt, H.D., R.M. Goto, D.N. Foster, L.D. Bacon and M. M.
Miller, 2006. At least one YMHC molecule in the
chicken is alloimmunogenic and dynamically
expressed on spleen cells during development.
Immunogenetics, 58 297-307.

Joyce, DA, JH. Steer and L.J. Abraham, 1997.
Glucocorticoid modulation of human monocyte/
macrophage function: Control of TNF- 0L secretion.
Inflammation Res., 46: 447-451.

Kaufman, J., J. Salomonsen, K. Skjodt and D. Thorpe,
1990. Size polymorphism of the chicken major
histocompatibility complex-encoded B-G molecules
is due to length variation in the cytoplasmic heptad
repeat region. Proc. Natl. Acad. Sci. USA, 87: 8277-
8281.

Kogut, M.-H., M. Igbal, H. He, V. Philbin, P. Kaiser and A.
Smith, 2005. Expression and function of toll-like
receptors in chicken heterophils. Dev. Comp.
Immunol., 29: 791-807.

Kruger, E.F., B.L. Boyd and L.M. Pinchuk, 2003. Bovine
monocytes induce immunoglobulin production in
peripheral blood B lymphocytes. Dev. Comp.
Immunol., 27: 889-897.

Kothlow, S., |. Morgenroth, C.A. Tregaskes, B. Kaspers
and J.R. Young, 2008. CD40 ligand supports the
long-term maintenance and differentiation of
chicken B cells in culture. Dev. Comp. Immunol., 32:
1015-1028.

Laflamme, N. and S. Rivest, 2001. Toll-like receptor 4:
The missing link of the cerebral innate immune
response triggered by circulating gram-negative
bacterial cell wall components. FASEB J., 15: 155-
163.

Landmann, R.M., F.B. Muller, C. Perini, M. Wesp, P. Erne
and F.R. Bahler, 1984. Changes  of
immunoregulatory cells induced by psychological
and physical stress: Relationship to plasma
catecholamines. Clin. Exp. Immunol., 58: 127-135.

Langdon, C., C. Kerr, M. Hassen, T. Hara, A.L. Arsenault
and C.D. Richards, 2000. Murine oncostatin M
stimulates mouse synovial fibroblasts /n vifro and
induces inflammation and destruction in mouse
joints /n vive. Am. J. Pathol., 157: 1187-1196.

1021

Lee, SR., G.T. Pharr, A.M. Cooksey, F.M. McCarthy, B.L.
Boyd and L.M. Pinchuk, 20086. Differential detergent
fractionation for non electrophoretic bovine
peripheral blood monocytes proteomics reveals
proteins  involved in  professional antigen
presentation. Dev. Comp. Immunol., 30: 1070-1083.

Lee, SR., G.T. Pharr, B.L. Boyd and L.M. Pinchuk, 2008.
Bovine viral diarrhea viruses modulate toll-like
receptors, cytokines and co-stimulatory molecules
genes expression in bovine peripheral blood
monocytes. Comp. Immunol. Microbiol. Infect. Dis.,
31: 403-418.

McGreal, E.P., J.L. Miller and S. Gordon, 2005. Ligand
recognition by antigen-presenting cell C-type lectin
receptors. Curr. Opin. Immunol., 17: 18-24.

Miller, M.M., R. Goto, S. Young, J. Chirivella, D. Hawke
and C.G. Miyada, 1991. Immunoglobulin variable-
region-like domains of diverse sequence within the
major histocompatibility complex of the chicken.
Proc. Natl. Acad. Sci. USA, 88: 4377-4381.

Morimura, T., S. Miyatani, D. Kitamura and R. Goitsuka,
2001. Notch signaling suppresses IgH gene
expression in chicken B cells: |mplication in
spatially restricted expression of serrate2/notch? in
the bursa of Fabricius. J. Immunol.,, 166: 3277-
3283.

Mosheimer, B.A., N.C. Kaneider, C. Feistritzer, A.M.
Djanani, D.H. Sturn, J.R. Patsch and C.J
Wiedermann, 2005. Syndecan-1 is involved in
osteoprotegerin-induced chemotaxis in  human
peripheral blood monocytes. J. Clin. Endocrin.
Metab., 90: 2964-2971.

Nagalakshmi, M.L., E. Murphy, T. McClanahan and R. de
Waal Malefyt, 2004. Expression patterns of IL-10
ligand and receptor gene families provide leads for
biological characterization. Int. Immunopharmacol.,
4. 577-592.

Niv-Spector, L., N. Raver, M. Friedman-Einat, J.
Grosclaude, E.E. Gussakovsky, O. Livhah and A.
Gertler, 2005. Mapping leptin-interacting sites in
recombinant  Leptin-Binding  Domain  (LBD)
subcloned from chicken leptin receptor. Biochem.
J., 390: 475-484.

Oda, K. and H. Kitano, 2006. A comprehensive map of
the toll-like receptor signaling network. Mol. Syst.
Bicl., 2: 2006.0015.

Ohishi, K., B. Varnum-Finney, R.E. Serda, C. Anasetti
and |.D. Bernstein, 2001. The Notch ligand, Delta-1,
inhibits the differentiation of monocytes into
macrophages but permits their differentiation into
dendritic cells. Blood, 98: 1402-1407.

Park, D.R., A R. Thomsen, CW. Frevert, U. Pham, S.J.
Skerrett, P.A. Kiener and W.C. Liles, 2003. Fas
(CD95) induces proinflammatory  cytokine
responses by human monocytes and monocyte-
derived macrophages. J. Immunol., 170. 6209-
6216.



Int. J. Pouft. Sci., 8 (11). 1015-1022, 2010

Pinchuk, L.M., G.V. Pinchuk, G.T. Pharr and S-R. Lee,
2007. Toll bridge between the outside world and
self: A road to safety or a pass to artherosclerosis?
In: Corrigan, M.S. (Ed.), Pattern Recognition in
Biology. Nova Science Publishers, Inc., pp: 225-244.

Pink, J.R.L., W. Droege, K. Hala, V.C. Miggiano and A
Ziegler, 1977. A three-locus model for the chicken
major histocompatibility complex. Immunogenetics,
5. 203-216.

Poltorak, A., X. He, |. Smirnova, M.Y. Liu, C. Van Huffel, X.
Du, D. Birdwell, E. Alejos, M. Silva, C. Galancs, M.
Freudenberg, P. Ricciardi-Castagnoli, B. Layton and
B. Beutler, 1998. Defective LPS signaling in
C3H/Hed and CS57BL/10ScCr mice: Mutations in
TIrd gene. Science, 282: 2085-2088.

Puzzi, J.V., L.D. Bacon and R.R. Dietert, 1990. B-
congenic  chickens differ in  macrophage
inflammatory responses. Vet Immunol.
Immunopathol., 26: 13-30.

Qureshi, M.A., 2003. Avian macrophage and immune
response: An overview. Poult. Sci., 82: 691-698.
Qureshi, M.A,, R.R. Dietet and L.D. Bacon, 1988

Chemotactic activity of chicken blood mononuclear
leukocytes from 1515-B-congenic lines to bacterially
derived chemoattractants. Vet. Immunol.

Immunopathol., 19: 351-360.

Saleem, A., S. Kharbanda, Z. Yuan and D. Kufe, 1995,
Monocyte colony-stimulating factor stimulates
binding of phosphatidylinositol 3-kinase to Grb2-
Sos complexes in human monocytes. J. Biol.
Chem., 270: 10380-10383.

Sanchez-Pozo, C., J. Rodriguez-Bano, A. Dominguez-
Castellano, M.A. Muniain, R. Goberna and V.
Sanchez-Margalet, 2003. Leptin stimulates the
oxidative burst in control monocytes but attenuates
the oxidative burst in monocytes from HIV-infected
patients. Clin. Exp. Immunol., 134: 464-469.

Seshasayee, D., H. Wang, W.P. Lee, P. Gribling, J
Ross, N. Van Bruggen, R. Carano and |.S. Grewal,
2004. A novel in vivo role for osteoprotegerin ligand
in activation of monocyte effector function and
inflammatory response. J. Biol. Chem., 279: 30202-
30209.

Seta, N. and M. Kuwana, 2007. Human circulating
monocytes as multipotential progenitors. The Keio
J. Med., 56: 41-47.

Stefanidakis, M. and E. Koivunen, 2006. Cell-surface
association between matrix metalloproteinases and
integrins: Role of the complexes in leukocyte
migration and cancer progression. Blood, 108:
1441-1450.

Sudhakaran, P.R., A. Radhika and S.5. Jacob, 2007.
Monocyte macrophage differentiation in vitro:
Fibronectin-dependent upregulation of certain
macrophage-specific activities. Glycoconj. J., 24: 49-
55.

Thompson, J.D., D.G. Higgins and T.J. Gibson, 1994.
CLUSTAL W. Improving the sensitivity of
progressive multiple sequence alignment through
sequence  weighting, positions-specific  gap
penalties and weight matrix choice. Nucleic Acids
Res., 22: 4673-4680.

Thoraval, P., M. Afanassieff, D. Bouret, G. Luneau, E.
Esnault, R.M. Goto, A.-M. Chausse, R. Zooroh, D.
Soubieux, M.M. Miller and G. Dambrine, 2003. Role
of nonclassical class | genes of the chicken major
histocompatibility complex Rfp-Y locus in
transplantation immunity. Immunogenetics, 55:
647-651.

Tregaskes, C.A., H.L. Glansheek, A.C. Gill, L.G. Hunt, J.
Burnside and J.R. Young, 2005. Conservation of
biological properties of the CD40 ligand, CD154 in
a non-mammalian vertebrate. Dev. Comp.
Immunol., 29: 361-374.

Vainio, O., C. Kock and A. Toivanin, 1984. B-L antigens
(class Il) of the chicken major histocompatibility
complex T-B interaction. Immunocgenetics, 19: 131-
140.

Wang, F., E. Lee, M.A. Lowes, A.S. Haider, J. Fuentes-
Duculan, M.V. Abello, F. Chamian, |. Cardinale and
J.G. Krueger, 2006. Prominent production of [L-20
by CD68/CD11c myeloid-derived cells in psoriasis:
Gene regulation and cellular effects. J. Invest.
Dermatol., 126: 1590-1599.

Wolk, K., S. Kunz, K. Asadullah and R. Sabat, 2002.
Cutting edge: Immune cells as sources and targets
of the IL-10 family members? J. Immunol., 168:
5397-3402.

Zarkesh-Esfahani, H., G. Pockley, R.A. Metcalfe, M.
Bidlingmaier, Z. Wu, A. Ajami, A.P. Weetman, C.J.
Strasburger and R.J.M. Ross, 2001. High-dose
leptin activates human leukocytes via receptor
expression on monocytes. J. Immunol., 167: 4593-
43599,

1022



	IJPS.pdf
	Page 1


