
 1 

CD11d is a novel antigen on chicken leukocytes  1 

 2 

 3 

Cornelia A Deeg1*, Roxane L Degroote1, Isabella M Giese1, Sieglinde Hirmer1, 4 

Barbara Amann1, Maria Weigand1, Carmen Wiedemann1, Stefanie M Hauck2 5 

 6 

 7 

1 Chair of Physiology, Department of Veterinary Sciences, LMU Munich, 82152 8 

Martinsried, Germany  9 

2 Research Unit Protein Science, Helmholtz Center Munich, German Research 10 

Center for Environmental Health GmbH, 80939 Munich, Germany 11 

 12 

 13 

*Corresponding author:  14 

Cornelia A. Deeg, Chair of Physiology, LMU Munich, Lena Christ Strasse 48, 15 

82152 Martinsried, Germany, E-mail: Cornelia.Deeg@lmu.de, Phone: +49-16 

8921802551 17 

 18 

 19 

 20 

mailto:Cornelia.Deeg@lmu.de


 2 

ABSTRACT 21 

In life sciences, antibodies are among the most commonly used tools for 22 

identifying, tracking, quantifying and isolating molecules, mainly proteins. 23 

However, it has recently become clear that antibodies often fall short with respect 24 

to specificity and selectivity and in many cases target proteins are not even known. 25 

When commercial availability of antibodies is scarce, e.g. for targeting proteins 26 

from farm animals, researchers face additional challenges: they often have to rely 27 

on cross-reactive antibodies, which are poorly characterized for their exact target, 28 

their actual cross-reactivity and the desired application.  29 

In this study, we aimed at identifying the true target of mouse monoclonal antibody 30 

8F2, which was generated against chicken PBMC and used for decades in 31 

research, while it´s actual target molecule remained unknown. We used 8F2 32 

antibody for immunoprecipitation in chicken PBMC and subsequently identified its 33 

true target as CD11d, which was never described in chicken lymphocytes before, 34 

by quantitative LC-MSMS. The most abundant interactor of CD11d was identified 35 

as integrin beta 2.  36 

The existence of this alpha integrin was therefore clearly proven on protein level 37 

and provides a first basis to further assess the role of CD11d in chickens in future 38 

studies. 39 

Data are available via ProteomeXchange with identifier PXD017248. 40 
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INTRODUCTION 47 

Antibodies are important to establish a basis in research of the immune system of 48 

farm animals and other species. They are used for the enrichment, detection, and 49 

quantitation of proteins and their modifications in cells involved in immune 50 

response. Antibodies are applied in a variety of methods, including western blots, 51 

immunohistochemistry, immunoprecipitation (IP), flow cytometry and cell sorting 52 

as well as enzyme-linked immunoassays (ELISA) for detection of respective 53 

targets or for ligation of the molecule and hence interference with its function. 54 

These antibodies may be monoclonal, polyclonal, or recombinant from different 55 

hosts and they may be used to get information about biological systems and 56 

signaling pathways in general or for diagnosis and therapy of disease [1, 2]. 57 

For some animal species or model systems the commercially available amount 58 

and variety of antibodies is limited, making research more difficult and challenging. 59 

Often, assumedly cross-reactive antibodies have to be used that are poorly 60 

characterized for their exact target, their actual cross-reactivity and for the desired 61 

application [3]. It is important to verify that antibodies recognize their proposed 62 

targets in the intended species as well as in additional organisms, because they 63 

often do not recognize the target or they additionally react with other proteins [4, 64 

5]. Specific isolation of these unknown or poorly characterized target molecules 65 

from complex sample mixtures can be effectively achieved by 66 

immunoprecipitation, and subsequent mass spectrometry analysis can then be 67 

used to uncover the actual antibody target [6]. Mass spectrometry has the unique 68 

ability to identify the actual antibody target but additionally also interacting proteins 69 

in a sample [7-9]. Therefore, mass spectrometry currently beats all other existing 70 

methods of antibody-antigen identification and characterization. Unlike other 71 

methods such as western blots or ELISAs, mass spectrometry also directly 72 

provides unbiased information on target abundance and non-specific activities of 73 

the antibody tested.  74 

In the study conducted here, we aimed at specifically identifying the target of a 75 

mouse monoclonal antibody generated against chicken peripheral blood derived 76 

mononuclear cells (PBMC). The antibody clone 8F2 has been widely used to 77 
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identify populations and subpopulations of leukocytes in the chicken [10-18], 78 

despite the lack of protein identity. 8F2 was reported to react with lymphocyte 79 

subsets, dendritic cells, NK cells, heterophils, monocytes and macrophages [10-80 

18]. From immune precipitation studies and western blots, it was deduced that the 81 

target could be CD11c and so the specificity was given as “putative” CD11c [10-82 

16]. To clarify the target of respective 8F2 antibody, we decided to perform an IP 83 

with a traditional method for efficient target antigen recovery and identify it´s 84 

respective antigen by quantitative label-free mass spectrometry.  85 

MATERIAL AND METHODS 86 

Sample preparation  87 

Peripheral blood derived leukocytes from a total of 25 chickens (Ross 308 broilers 88 

from Aviagen and Lohmann selected Leghorn from Lohmann Tierzucht) were used 89 

in this study. In detail, we used PBMC from three different chickens for immune 90 

precipitation (and subsequent mass spectrometric analysis), six for western blots, 91 

eight for FACS analyses, three for MACS experiments and five for cytological 92 

characterizations. Animals were vaccinated for infectious bronchitis virus (IBV) at 93 

day 0 and 18 and for infectious bursal disease virus (IBDV) at day 12. Slaughtering 94 

of broilers aged 39–42 days was performed at a local abattoir. Chicken venous 95 

whole blood was collected immediately upon slaughtering process in lithium-96 

heparin coated tubes. Blood was then diluted 1:2 in PBS (NaCl 136,9 mM, 97 

Na2HPO4 x 2H2O 8,1 mM, KH2PO4 1,4 mM and KCl 2,6 mM) and PBMC were 98 

subsequently isolated by density gradient centrifugation (RT, 650 x g, 12 min, 99 

brake off) using Pancoll separating solution (PanBiotech, Aidenbach, Germany). 100 

PBMC were withdrawn from intermediate phase. Cells were washed twice in PBS 101 

(6 °C, 225 x g, 10 min) and immediately used for further experiments. No 102 

experimental animals were used in this study, blood was received fresh from a 103 

local abattoir.  104 

Immunocytological characterization of 8F2 target in chicken PBMC 105 

For these experiments, chicken PBMC were stained in 96 well round bottom plates 106 

with 1×106 cells per well. Primary antibodies were diluted in staining buffer (1% 107 

BSA + 0.001% NaN3 in PBS) and incubated with cells for 30 min at 4 °C (8F2 108 
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monoclonal antibody from in-house invention and production; neat or anti-GST1 109 

as isotype control). After washing with staining buffer, secondary antibody goat 110 

anti-mouse IgG:Alexa546 (Invitrogen, Karlsruhe, Germany, 1:500) was added and 111 

incubated for 30 min at 4 °C. Cell nuclei were counterstained with 4′,6-diamidino-112 

2-phenylindole (DAPI; Invitrogen, Karlsruhe, Germany, 1:1000). After staining, 113 

cells were transferred to microscope slides and mounted with coverslips using 114 

fluorescence mounting medium. Binding pattern of 8F2+ PBMC was monitored 115 

using using a Leica Dmi8 microscope with associated LAS-X-software (both Leica, 116 

Wetzlar, Germany).   117 

Magnetic activated cell sorting (MACS) sort for morphological 118 

characterization of CD11d+ and CD11d- PBMC 119 

4 x 107 chicken PBMC were washed in sorting buffer (PBS pH 7.2 containing 120 

0.5% BSA and 2 mM EDTA) and incubated with 4 ml anti-chicken PBMC antibody 121 

solution (clone 8F2, monoclonal antibody from in-house invention and production, 122 

purified, 4µg/ml for 25 min at 4°C. After washing, 80 µl anti-mouse IgG1 123 

MicroBeads (Miltenyi Biotec, Bergisch Gladbach, Germany) were added to 1.6 ml 124 

of cell suspension, mixed thoroughly and incubated for 15 min at 4°C. Mixture was 125 

washed, resuspended in 500 µl sorting buffer and loaded onto rinsed LS Columns 126 

(Miltenyi Biotec, Bergisch Gladbach, Germany) for magnetic separation. Eluted 127 

positive and negative fractions were separately transferred to microscope slides 128 

by cytocentrifugation and stained with hematoxylin and eosin (H&E) for 129 

microscopical assessment of cell morphology, using a Leica Dmi8 microscope with 130 

associated LAS-X-software. 131 

Characterization of CD11d expression by flow cytometry 132 

PBMC of five chickens were stained in 96 well round bottom plates with 1×106 cells 133 

per well. Mouse anti-chicken PBMC antibody (clone 8F2, from in-house invention 134 

and production) was diluted 1:250 in PBS and incubated with cells for 30 min at 4 135 

°C. As isotype control, mouse IgG1 anti-GST1-antibody was used. After washing 136 

with PBS, goat anti-mouse F(ab')2 IgG Alexa Fluor 647 secondary antibody 137 

(Jackson, Dianova, Hamburg, Germany, 1:400) was added and incubated for 30 138 

min at 4 °C.  139 
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As positive controls and for double stainings, mouse monoclonal IgG1 antibodies 140 

to Bu-1 (clone 21-1A4, B-cells), TCR1 (γδ T cells), TCR2 (VαVβ1 T cells), TCR3 141 

(VαVβ2 T cells), CT-4 (CD4) and CT-3 (CD3) as well as mouse monoclonal IgG2b 142 

antibody 3-298 (CD8α) were used (all Biozol, Eching, Germany). Determination of 143 

cell viability was done by staining with propidium iodide (PI, 1:100; Miltenyi Biotec, 144 

Bergisch Gladbach, Germany). Only viable cells were included in further analyses. 145 

Measurement was performed on MACSQuant Analyzer 10 (Miltenyi Biotec, 146 

Bergisch Gladbach Germany) and results were analyzed with Flowlogic software 147 

V7 (inivai, Miltenyi Biotec, Bergisch Gladbach Germany). 148 

Immunoprecipitation (IP) of chicken PBMC  149 

5 x 108 PBMC derived from whole blood were lysed in IP-lysis-buffer (TBS 150 

containing 50 mM Tris and 150 mM NaCl, 2% CHAPS, Roche complete EDTA-151 

free protease inhibitor) and protein concentration was determined by use of 152 

Bradford protein assay (Sigma-Aldrich, Taufkirchen, Germany). Protein G 153 

Sepharose Beads (GE Healthcare, Freiburg, Germany; 40 µl per 1 mg PBMC 154 

protein) were washed with IP-buffer (50 mM Tris and 150 mM NaCl), diluted with 155 

TBS and incubated separately with mouse anti-chicken PBMC antibody (clone 156 

8F2, monoclonal antibody from in-house production, isotype IgG1; neat) diluted in 157 

IP-buffer or respective isotype control (clone 2C8, to irrelevant target M-GST; 158 

isotype mouse IgG1; neat). Beads were added to the lysates and incubated on a 159 

tube rotator overnight at 4°C and subsequently washed with IP-lysis-buffer. 160 

Immuno-precipitates were eluted with Laemmli-buffer (stored at -20°C).  161 

Analysis of antibody target by western blot 162 

From each immunoprecipitation sample, 12 µl eluate were separated by SDS-163 

PAGE on 8-10% gels and blotted semidry onto PVDF membranes (GE Healthcare, 164 

Freiburg, Germany). To prevent unspecific binding, membranes were blocked with 165 

4% BSA. After washing, blots were incubated with monoclonal anti chicken PBMC 166 

clone 8F2 (neat, from in-house production) at 4°C overnight. HRP-conjugated anti- 167 

mouse IgG antibody (Sigma-Aldrich, Taufkirchen, Germany; 1:5000) was used for 168 

incubation at RT for one hour. After washing steps, signals were detected by 169 
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enhanced chemoluminescence (Amersham Imager 680, Analysis2.0, GE 170 

Healthcare, Freiburg, Germany). 171 

Sample preparation for LC-MS/MS mass spectrometry 172 

Laemmli eluates from IP were digested by a modified filter-aided sample 173 

preparation (FASP) protocol and described [1]. Briefly, eluates were diluted 1:10 174 

with 0.1 M Tris/HCl pH 8.5 and 50 µl 100 mM dithiothreitol was added for 30 min 175 

at 60°C. After cooling down, 500 µl UA buffer (8 M urea and 1 M Tris-HCl pH 8.5 176 

diluted in HPLC-grade water) and 100 µl 300 mM iodoacetamide were added and 177 

incubated for 30min at RT in the dark. Eluates were transferred to 30 kDa cut-off 178 

centrifuge filters (Sartorius, Göttingen, Germany) and washed 5 times with 200 µl 179 

UA-buffer and 2 times with 100 µl ABC buffer (50 mM NH3HCO3 diluted in HPLC-180 

grade water). After washing, proteins were subjected to proteolysis at RT for 2 h 181 

with 0.5 µg Lys C in 40 µl ABC-buffer followed by addition of 1 µg trypsin and 182 

incubation at 37°C overnight. Peptides were collected by centrifugation and 183 

acidified with 0.5% trifluoroacetic acid.   184 

Mass spectrometric analysis and label-free quantification  185 

Acidified eluted peptides were analyzed in the data-dependent mode on a Q 186 

Exactive HF mass spectrometer (Thermo Fisher Scientific, Bremen, Germany) 187 

online coupled to a UItimate 3000 RSLC nano-HPLC (Dionex). Samples were 188 

automatically injected and loaded onto the C18 trap column, eluted after 5 min and 189 

separated on the C18 analytical column (Acquity UPLC M-Class HSS T3 column, 190 

1.8 µm, 75 µm x 250 mm; Waters) by a 90 min non-linear acetonitrile gradient at a 191 

flow rate of 250 nl/min. MS spectra were recorded at a resolution of 60,000 and 192 

after each MS1 cycle, the 10 most abundant peptide ions were selected for 193 

fragmentation. Acquired raw data was loaded into Progenesis QI software for 194 

proteomics for MS1 intensity based label-free quantification (v3.0, Nonlinear 195 

Dynamics, Waters), and analyzed as described [19]. MSMS spectra were exported 196 

and searched against the UniProt chicken database (35,128 sequences) using the 197 

Mascot search engine (version 2.6.2). Search settings were: enzyme trypsin, 10 198 

ppm peptide mass tolerance and 0.02 Da fragment mass tolerance, one missed 199 

cleavage allowed, carbamidomethylation was set as fixed modification, methionine 200 
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oxidation and asparagine and glutamine de-amidation were allowed as variable 201 

modifications. A Mascot-integrated decoy database search was performed with an 202 

average false discovery rate of <1%. Peptide assignments were re-imported into 203 

the Progenesis QI software. The abundances of all unique peptides allocated to 204 

each protein were summed up. The resulting normalized abundances of the 205 

individual proteins were used for calculation of fold-changes of protein ratios 206 

between 8F2- and isotype control IP samples. Only proteins quantified by at least 207 

two unique peptides were taken for further analysis. Sequence coverage was 208 

illustrated in Scaffold (version_4.8.2, Proteome Software Inc., Portland, OR). 209 

Data availability  210 

The mass spectrometry proteomics data have been deposited to the 211 

ProteomeXchange Consortium via the PRIDE [20] partner repository with the 212 

dataset identifier PXD017248.  213 

RESULTS  214 

The target of 8F2 antibody is found on different chicken blood cells  215 

We evaluated cellular localization of the 8F2 antigen with immunofluorescence 216 

stainings of chicken PBMC (Fig. 1a-d). We could locate 8F2 primarily on the larger 217 

cells, but also on some lymphocytes (Fig. 1c/d). Among the few 8F2-positive 218 

lymphocytes, expression was less abundant than in the larger cells (Fig. 1c/d). 219 

Magnetic activated cell sorting using 8F2 antibody enriches heterophils and 220 

monocytes from chicken leukocytes 221 

Applying MACS sorting as a gentle cell isolation method, that enables the 222 

separation of 8F2+ and 8F2 negative cells under preservation of cell integrity and 223 

characteristics, we were able to further analyze the respective cell populations. 224 

There was a clear difference between the unbound cells (Fig. 2a) and the cells 225 

sorted through binding to 8F2 (Fig. 2b). We could confirm with this experiment the 226 

broad abundance of 8F2 antigen on heterophils and monocytes [15, 21], that were 227 

all found in the positive fraction (Fig. 2a/b, inserts depict respective cell types found 228 

in the two fractions). Additionally, basophils were enriched in the 8F2+ cell fraction 229 

and a further lymphocyte-like cell type with more cytoplasm, probably NK cells (Fig. 230 

2b). Since only a minor proportion of lymphocytes was 8F2+ as shown in Figure 1, 231 
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more lymphocytes remained in the 8F2 negative fraction after MACS sort (Fig. 232 

2a/b).  233 

In lymphocytes, 8F2 is primarily associated with a subpopulation of CD8+ 234 

cells 235 

Next, we wanted to characterize which subpopulations of lymphocytes (Fig. 3a) 236 

harbour the target of 8F2 (Fig. 3b). Therefore, we further characterized 8F2+ 237 

PBMC with double stainings for lymphocyte subsets in flow cytometry (Fig. 3, 238 

representative images). The 8F2 target was found on 5.7% (± 13.5%) of B cells 239 

(Fig. 3c; Bu-1) and 3.0% (± 3.3% of CD3+ lymphocytes (3d: CT-3) in average. 240 

Further characterisation of subpopulations revealed, that only 2.4% (± 7.2%) of 241 

CD4+ T cells (Fig. 3e; CT-4), but 45.6% (± 9.6%) of CD8α+ T cells (Fig. 3f; 3-298) 242 

were double positive for 8F2. Moreover, the target of 8F2 was expressed on 5.3% 243 

of γδ T cells (3g, TCR1), 11.8% of VαVβ1 T cells (3h; TCR-2) and 12.8% 244 

of VαVβ2 T cells (3i; TCR-3). 245 

8F2 antibody precipitates a target at around 125 kD 246 

For further investigation of the target protein of 8F2, eluates from 247 

immunoprecipitation were separated by SDS-PAGE, blotted onto PVDF 248 

membranes and stained with 8F2 followed by HRP-coupled secondary antibody. 249 

Samples from immunoprecipitation of PBMC with 8F2 showed enrichment of a 250 

band around 125 kDa (Fig. 4, IP mAb 8F2), suggesting a selective binding of the 251 

antibody to this protein in near native conformation in protein lysates.  252 

CD11d was identified as target candidate by mass spectrometry  253 

With mass spectrometry, a total of 62 proteins were detected in the precipitates of 254 

8F2 and the isotype control antibody from chicken PBMC (data are available via 255 

ProteomeXchange with identifier PXD017248). Of these, only seven proteins were 256 

nominally enriched (> two fold) with immunoprecipitation in the three chicken 257 

PBMC lysates tested (table 1). Five of these proteins were only minimally enriched 258 

by 8F2 and with a low number of unique peptides (between 2 and 5 per protein), 259 

namely vimentin, lysozyme, tropomyosin beta, tubulin beta and Myl12, a so far 260 

uncharacterized protein in chickens (table 1). In contrast, CD11d (ITGAD) was 261 

37fold enriched and covered by 32 unique peptides, and integrin beta 2 (ITGB2; 262 
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88kD) was 22fold enriched, covered by 28 unique peptides (supplemental table 1 263 

and data available in Pride). Sequence coverage as calculated by Scaffold was 264 

27% for CD11d (Fig. 5a) and 35% for integrin beta 2 (Fig. 5b). 265 

DISCUSSION  266 

Well-characterized antibodies are valuable tools for research, diagnostics and 267 

therapy. For farm animals, there is a lack of such antibodies against many 268 

molecules, which, on the contrary, can be readily studied in species like mice or 269 

man. We used a classical immunoprecipitation protocol to enrich the target of the 270 

widely used chicken monoclonal antibody 8F2. Subsequent mass spectrometry 271 

analysis of the enriched protein fraction unraveled CD11d and integrin beta 2 272 

(=CD18) as highly enhanced candidates. Analyzes with western blot confirmed the 273 

mass spectrometry results, and further suggests that the primary target of 8F2 is 274 

the molecule CD11d. While both methods can not directly distinguish between 275 

primary targets and interacting proteins in immunoprecipitations, the fact that the 276 

only band revealed by Western Blot after immunoprecipitation is ~125 kDa 277 

suggests that rather CD11d (113 kDa), than ITGB2 (88 kDa) is the direct target of 278 

the antibody. Additionally, CD11d was identified with especially high relative 279 

abundance compared to ITGB2 and the other identifications (Abundances in 280 

supplemental table 1; ratio CD11d (ITGAD)/isotype control = 36.9) and the 281 

purification of the target antigen via IP was achieved from the cells´ native 282 

environment (we used primary, untreated cells immediately after isolation from 283 

blood for all our analyzes). These commonly suggested criteria for reliability of 284 

specific antigen recognition by antibodies [22] support our finding of CD11d as 285 

primary target of 8F2. 286 

Our conclusion, that we unambiguously identified CD11d as target of the antibody 287 

8F2 is based on a very high sequence coverage of 27% when applying high 288 

stringency for positive identification allowing only unique peptides and applying 289 

strict rules of parsimony using the Uniprot chicken database containing 27542 290 

proteins. The UniProt knowledgebase (UniProtKB; https://www.uniprot.org/) is the 291 

central hub for the collection of functional information on proteins, with accurate, 292 

consistent and rich annotation. In addition to capturing the core data mandatory 293 
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for each UniProtKB entry (mainly, the amino acid sequence, protein name or 294 

description, taxonomic data and citation information), as much annotation 295 

information as possible is added. UniProtKB consists of two sections: a reviewed 296 

(Swiss-Prot) one, containing manually annotated records with information 297 

extracted from literature and curator-evaluated computational analysis and an 298 

unreviewed (TrEMBL) one, consisting of computationally analyzed records that 299 

await full manual annotation. To date, there are several alpha integrins from 300 

chicken in the Uniprot database (27,542 proteins from January 15, 2020), namely 301 

Cd11d (ITGAD), alpha-2 (ITGA2), alpha-3 (ITGA3), alpha-IIb (ITGA2B), alpha-6 302 

(ITGA6), alpha-7 (ITGA7), alpha-8 (ITGA8), alpha-10 (ITGA10) and alpha-11 303 

(ITGA11); as well as entries for alpha-1 (ITGA1) and alpha-V (ITGAV) and a 304 

fragment of CD11b (ITGAM). 305 

Therefore, the scientifically sound conclusion of our analyses is, that the target is 306 

CD11d or an as yet unidentified gene translating into a protein with extremely high 307 

sequence homology, explaining all the identified peptides. This would be most 308 

probably ITGAX, but currently there is no such entry in the database, which either 309 

means it still has to be found and added or it does not exist in the chicken. A NCBI 310 

BLASTp of the identified peptides to all species shows the highest homology for 311 

CD11d of other species and then ITGAX of Lynx canadensis (query cover of 74%, 312 

supplemental table 2). 313 

Since the four members of the CD11 leukocyte integrin family (CD11a, CD11b, 314 

CD11c, CD11d) are in other species non-covalently associated with the common 315 

beta subunit CD18 [23], it is of interest, that we could additionally confirm this 316 

interaction for chicken CD11d with CD18 through our experiments. A lowercase 317 

letter following the CD number indicates in the case of CD11 several molecules 318 

that share a common chain, since all CD11`s share CD18 as a common chain to 319 

form different dimers, but they are not different members of the same gene family 320 

like e.g. in CD66a-f [24].  321 

Besides determination of target proteins, immunoprecipitation also enables 322 

identification of interactors of a protein of interest, because these will attach to the 323 

candidate protein and will consequently also be enriched when present in the input 324 
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sample [9]. Whether the five proteins that were also slightly enriched through the 325 

immunoprecipitation procedure in our experiment, are true interactors of CD11d in 326 

chicken PBMC, or if they are present due to unspecific background binding needs 327 

to be clarified in further experiments in our opinion. Tubulin beta, like vimentin, is 328 

a cytoskeletal protein [25], and both support the functional capacity, biogenesis, 329 

morphology and energy flux regulation of various cells [26]. Tropomyosin beta, on 330 

the other hand, generally binds to actin filaments and may have a role in receptor 331 

internalization in immune cells [27]. Further, we detected the expression of myosin 332 

light chain 12 (Myl12) protein, which is also needed to maintain cellular integrity 333 

[28] and lysozyme on chicken PBMC in this study. Lysozyme is an enzyme with 334 

important functions in innate immune system [29]. Through hydrolysis of cell wall 335 

peptidoglycan they possess an all-purpose weapon to kill bacteria and it has 336 

further anti-bacterial mechanisms that are hydrolase-independent [29]. Lysozyme 337 

additionally modulates the host immune response of infections [29].  338 

So far, there was no information about interaction of these candidates with CD11d 339 

in chickens. A potential cooperation between lysozyme and CD11d in the chicken 340 

immune system is an especially interesting finding from this experiment and merits 341 

further investigations in our opinion. CD11d is known as myeloid-specific leukocyte 342 

receptor and forms the αD subunit of the αDß2 receptor [30]. In this study, we 343 

confirmed earlier findings, that the 8F2 antigen is highly abundant on chicken 344 

heterophils [15]. Further, we showed its expression on heterophils, basophils and 345 

a minor subpopulation of chicken lymphocytes.  346 

CD11d is the latest member of this integrin family and information about its function 347 

is scarce in all species to date [30]. To our knowledge, no functions of CD11d in 348 

chickens were described so far and this first identification of an alpha integrin on 349 

protein level is interesting for avian immunology in our opinion. Since the 8F2 350 

antibody was already used in many different studies and cellular subsets of 351 

chickens, these data build a first basis of information about CD11d in this species 352 

[10-16]. From other species it is known that the αDß2 receptor is a cell surface 353 

adhesion receptor that mediates adhesion to extracellular matrix or other cells, 354 

through heterodimerization and connecting to the cytoskeleton [31]. This could 355 
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also be the case in chickens, since we demonstrated the concomitant enrichment 356 

of the beta integrin family member CD18 and several other proteins that are linked 357 

to the cytoskeleton. Further interesting functions of CD11d are phagocytosis of 358 

blood-borne pathogens from blood and various signaling molecules. Additionally, 359 

CD11d was found upregulated on M1 macrophages at inflammatory sites in a 360 

mouse model of atherosclerosis [32]. Upregulation of CD11d contributed to 361 

macrophage retention at inflammatory sites in these mice was additionally shown 362 

in several dysregulated inflammatory diseases, e.g. lethal systemic infections [31]. 363 

Deletion of αD in animals infected with the malaria pathogen Plasmodium berghei 364 

led to a survival advantage in this otherwise lethal disease model [33]. This 365 

advantage could be attributed to an altered pattern of inflammatory cytokines after 366 

knock out of αD [33]. In contrast, genetic deficiency of integrin αDβ2 in mice 367 

enhanced lethality of animals infected with Salmonella serovar typhimurium [34], 368 

through impaired accumulation of leukocytes in response to peritoneal infection by 369 

S. typhimurium, impaired pathogen clearance in vivo, defective bacterial 370 

elimination by cultured peritoneal macrophages and enhanced cell death process 371 

triggered by Salmonella [34]. These observations indicate important contributions 372 

of αDβ2 in clearing this bacterial infection [34]. Since Salmonella also play a major 373 

role in chickens, the role of CD11d and the αDβ2 integrin can now be studied with 374 

the 8F2 antibody [34]. The discovery of the first member of the alpha integrin family 375 

on protein level enables further investigations in the function of respective integrin 376 

in birds. This will clarify, if the protein behaves like CD11d in other species or more 377 

like another, closely related member of CD11.    378 

CONCLUSIONS 379 

In this study, we achieved to determine the previously unknown target of an 380 

antibody against chicken PBMC with immunoprecipitation and mass spectrometry. 381 

We identified the primary target of the antibody as CD11d, a novel antigen on 382 

chicken peripheral blood derived mononuclear cells, which interacts with integrin 383 

beta 2 (CD18). The technique we used proved valuable to identify the selectivity 384 

of the antibody analyzed and is the first direct evidence for a member of the alpha 385 

integrin family on protein level in the chicken. 386 
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FIGURE AND TABLE LEGENDS 530 

 531 

 532 

Figure 1: Immunocytological characterization of 8F2 binding to chicken PBMC. a) 533 

Differential interference contrast image (DIC) image of chicken PBMC, b) Cell nuclei were 534 

stained with 4′,6-Diamidin-2-phenylindol DAPI (blue), c) 8F2 + cells (red fluorescence) 535 

were primarily larger cells, but also some lymphocytes (Fig. 1c/d). Among the few 8F2-536 

positive lymphocytes, expression was less abundant than in the larger cells (Fig. 1c/d), 537 

d) Overlay image of b and c; magnification: 400x. 538 
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 540 

Figure 2: Magnetic activated cell sorting enriches 8F2+ cells from chicken PBMC  541 

a) Cells that were not bound by 8F2 (negative sort), b) 8F2+ PBMC sorted by MACS, 542 

stained with hematoxylin and eosin; magnification: 1000x. Insets: representative images 543 

of celly types detected per fraction. 544 
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 546 

Figure 3: Characterization of 8F2 target in chicken PBMC with flow cytometry. 547 

Representative images of flow cytometry results in different leukocyte subsets. The target 548 

of 8F2 was expressed in subpopulations of chicken PBMC, a) FSC/SSC image; only  549 

viable PBMC were used for further analysis in double stainings), b) 8F2+ viable cells from 550 

gate, c) Double stainings reveal percentages of viable 8F2 positive cells (x-axis) per 551 

subpopulation (y-axis) of c) B-cells (BU-1) , d) CD3+ T cells (CT-3), e) CD4+ T cells (CT-552 

4), f) CD8α+ T cells (3-298), g) γδ T cells (TCR-1), h) VαVβ1 T cells (TCR-2), i) VαVβ2 T 553 

cells (TCR-3).  554 
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 556 

Figure 4: Antibody 8F2 precipitates antigen in chicken PBMC. Representative image 557 

of western blot analysis of eluates from 8F2 immunoprecipitation with chicken PBMC 558 

lysate. In 8F2 eluate, target protein was enriched and detected by monoclonal 8F2 559 

antibody at around 125kD (left section, IP mAb 8F2), whereas mIgG1 isotype control 560 

showed no enrichment (right section, IP ITK mIgG1). 561 
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 563 

Figure 5: Sequence coverage of the two major enriched proteins CD11d and beta 564 

integrin 2. a) Identified peptides from integrin CD11d (yellow) and sequence coverage 565 

given by scaffold, b) Identified peptides from integrin beta 2 (CD18, yellow) and sequence 566 

coverage given by scaffold. 567 
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Table 1. Proteins enriched at least 2fold from chicken PBMC with monoclonal antibody 569 

8F2. a) protein accession numbers from UniProt; b) gene name, c) protein name, d) 570 

amount of peptides used for the identification of each protein, e) amount of peptides used 571 

for the quantification of the proteins; f) confidence score, g) mass in Dalton, h) ratio 572 

8F2/isotype control calculated with normalized protein abundances from mass 573 

spectrometry output.  574 

Accession Unique 

peptide

s 

Confidenc

e score 

Mass ratio 

8F2/ 

ITK 

Gene 

symbol 

Description 

A0A1D5PYR

9 

32 2336 11291

8 

36,9 ITGAD VWFA domain-

containing protein 

OS=Gallus gallus 

OX=9031 

GN=ITGAD PE=3 

SV=2 

F1NM67 28 1616 88717 22,4 ITGB2 Integrin beta 

OS=Gallus gallus 

OX=9031 GN=ITGB2 

PE=3 SV=1 

A0A1L1RXL

9 

2 141 52759 3,1 VIM Vimentin OS=Gallus 

gallus OX=9031 

GN=VIM PE=3 SV=2 

B8YK79 2 81 16741 2,7 LYZ Lysozyme OS=Gallus 

gallus OX=9031 

GN=LYZ PE=3 SV=1 

A0A452J805 2 192 38117 2,5 TPM2 Tropomyosin beta 

chain OS=Gallus gallus 

OX=9031 GN=TPM2 

PE=3 SV=1 

A0A1D5PEI5 2 244 55780 2,3 TUBB3 Tubulin beta chain 

OS=Gallus gallus 

OX=9031 GN=TUBB3 

PE=3 SV=2 

A0A1L1RM0

8 

5 406 22868 2,0 MYL12

A 

Uncharacterized 

protein OS=Gallus 

gallus OX=9031 

GN=MYL12A PE=4 

SV=1 
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Supplemental figure 1: Additional information about the identified proteins with 576 

immunoprecipitation. 577 



 

 

Supplemental figure 2: Results of protein blast of identified CD11d peptides in NCBI 578 

(searched against all species). 579 


