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Abstract
The US Veterinary Immune Reagent Network (vetimm.org) was established 

to address the lack of sufficient immunological reagents specific for 

ruminants, swine, poultry, equine and aquaculture species. For pigs major 

progress has been made in the last year. Recombinant chemokines 

CXCL10, CXCL11, CCL2, CCL3L1, CCL4 and CCL5 were expressed in 

Pichia and shown to be bioactive using chemotaxis. Monoclonal 

antibodies (mAb) to CCL2 have been produced and a sensitive fluorescent 

microsphere, Luminex bead, immunoassay developed. Immunizations for 

others are in progress. The cytokines, interleukin-15 (IL-15), IL-17A, IL-17F, 

interferon-alpha (IFNα) and IFNβ have been expressed; bioactivity of IFNβ

has been affirmed, testing of the others is underway. With the Cornell Univ. 

based fusion protein expression system hybridoma fusions for mAb to 

cytokine receptors (IL-4R, IL-13R) have resulted in several specific mAbs 

affirmed by flow cytometry of activated cells. Immunizations and fusions 

for anti-T cell receptors, TCRαβ, are underway. A priority reagent 

development list and progress update for swine is available at vetimm.org

as are all bioassay methods and gene sequences. Since many swine 

cytokine and CD reagents are available commercially the Network website 

includes a listing of those reagents and is regularly updated. Our goal is to 

produce reagents that function in ELISA, Luminex assays, ELISPOT and 

flow cytometric applications. Products developed in this proposal are 

available to collaborators and have been made commercially available 

using non-exclusive licenses, including Kingfisher Biotech, Inc. 

http://www.kingfisherbiotech.com/. This project was funded by USDA NIFA 

proposal #2006-35204-16880, renewal #2010-65121-20649, US DHS 

Interagency Agreement  #HSHQDC10X00021 and USDA ARS project 

#1265-32000-088 funds. 
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Overall Background: This is a multi-species immune reagent grant from 

USDA NIFA AFRI for development of a US Veterinary Immunological 

Reagents Network, which will support immunological reagents specific for 

ruminants, swine, poultry, equine and aquaculture species to advance 

veterinary immunology and disease control. (www.vetimm.org) 

Swine Plans: The emphasis for swine will be on developing and 

characterizing bioactive immune proteins, cloned cytokine and chemokine 

proteins, as well as monoclonal antibodies (mAbs) to these proteins and 

their receptors. Examples of our current approaches for each type of 

reagent is given on this poster as well as the current priority list. A 

separate anti-Ig effort for swine is underway with Drs. Butler and 

Muyldermans on a separate NPB funded grant.

Expected Applications: These reagents will be used to: (1) evaluate 

changes during disease and following vaccination and (2) give scientists 

the ability to manipulate these cell populations to evaluate their roles in 

protective immunity as well as in immunopathology. 

Publications

Boyd P, Hudgens E, Loftus JP, Tompkins D, Wysocki M, Kakach LT, LaBresh J, 

Baldwin CL, Lunney JK. 2010. Expressed gene sequence and bioactivity of 

the IFNgamma-response chemokine CXCL11 of swine and cattle. Vet 

Immunol Immunopathol. 136: 170-5.

Lawson S, Lunney J, Zuckermann F, Osorio F, Nelson E, Welbon C, Clement T, 

Fang Y, Wong S, Kulas K, Christopher-Hennings J. 2010. Development of an 

8-plex Luminex assay to detect swine cytokines for vaccine development: 

assessment of immunity after porcine reproductive and respiratory syndrome 

virus (PRRSV) vaccination. Vaccine.  28: 5356-64.

Manuscripts on CCL2, CCL3L1 and CCL4, CXCL9 , IL-13 and mAb to IL-4R are 

in preparation.

Other Plans 

Develop mAb to swine IgG isotypes

Expression of chimeric  camelid-swine IgG constructs for each swine IgG isotype, 

are being developed with S. Muyldermans, Belgium, on a separate grant by J 

Butler, U Iowa using chimeric  camelid-swine IgG constructs.

Develop additional sensitive Luminex bead assays

Multiplex bead (FMIA or Luminex) assays are being developed for 

other cytokines and chemokines using currently available or 

newly developed mAb reagents. 

Give your feedback please! 

Progress and Plans for Expression of Porcine 

Cytokines and Chemokines and mAb Production

Chemotaxis with rPoCCL2 (MCP-1), rPoCCL3L1 (MIP-1a), rPoCCL4 

(MIP-1b) and CCL5 (RANTES) on swine monocytes

Monocyte enrichment: Pig PBMC monocytes (M0) were isolated from fresh blood by 

Ficoll gradients, to harvest the PBMC, and then discontinuous Percoll gradients for the 

MO enrichment. MOs were stored on ice overnight and used in the chemotaxis assay 

with no additional stimulation.

Chemotaxis assay: Monocytes were tested for response to yeast recombinant expressed 

CCL2 (rPoCCL2, Kingfisher (KF) Lot Number: II0038GI), CCL3L1 (rPoCCL3L1,Kingfisher 

Lot Number: EJ0126EJ) CCL4 (rPoCCL4, Kingfisher Lot Number:DJ0116DJ) or CCL5 

(rPoCCL5, Kingfisher Lot Number:BJ0094BJ), in a Boyden Chamber (48 well) using 50 μl 

cells [3.0 x 106 cells/ml] and 25μl of Medium (values shown on the abscissa at 0.1 ng/ml) 

or different concentrations of rPoCCL2, CCL3L1, CCL4 or CCL5. The number of cells that 

stuck to the reverse side of the collagen treated 5 u membrane after 1.25 hours at 37oC 

was stained using Hema-3 (Fisher) and counted. Counts were performed as three passes 

across the microscope field at 100X with oil. 

Chemotaxis results: The open circles represent the average of 4 separate wells at each 

concentration. The RPMI control is reported at 0.1 ng/ml. A. Migration of monocytes was 

evident with 10-1000 ng/ml of rPoCCL2, approaching maximal migration at 1000 ng/ml. B. 

Migration of monocytes was evident with 10-1000 ng/ml of rPoCCL3L1 with maximal 

migration at 100 ng/ml. C. Migration of monocytes was evident with 10-100 ng/ml of 

rPoCCL4, approaching maximal migration at 1000 ng/ml. D. Migration of monocytes was 

evident with 10-1000 ng/ml of rPoCCL5, with maximal migration at 100 ng/ml. 

Summary: All four chemokines, rPoCCL2, rPoCCL3L1, rPoCCL4 and rPoCCL5, 

stimulated migration of pig monocytes.

Culture: Resuspend mouse fibroblast L929 cells in culture media. Use 

cells close to confluence plate 6 X 105 cells/ml; transfer 100ul/well in 

the assay plate. Incubate overnight 37oC.

Cytokine dilutions: Culture with Actinomycin D at a final concentration 

of 1 ug/ml delivered in 50ul; incubate 2 hours. Add 50ul of each 

rPoTNF-a (yeast expressed = KF; E. Coli = R&D) in different dilutions 

in final volume of 200ul/well. Incubate 16-18 hours. 

Colorimetric Staining for killed cells: Remove media from complete 

lysis wells and replace with DI water. Stain with 30ul/well of MTS 

solution (Promega Substrate CellTiter 96 Aqueous One Solution 

Reagent) to each well. Incubate 1-6 hours 37oC, and read at 

OD490nm.

Result: rPoNFa is bioactive; newest batch 10x more active

BACKGROUND
Information of the progress is summarized by species at www.vetimm.org on the various web 

pages and in attached PDFs on the web page as FASTA files, alignments of genes being 

expressed, commercially available reagents for swine, protocols for bioassays of cytokines 

and chemokines, primary references for the gene cloning and cytokine detection for each 

species.

Chemokines & Cytokines  Following the completion of the gene cloning phase for the 

cytokines and chemokines, a large scale alignment and annotation of the expressed 

sequences was done to confirm the correctness of the sequences before expression at 

Kingfisher (KF). These are shown on the website. Whole sequence included signal/leader 

sequence while those designated as KF are ready for expression in the yeast system in 

most cases without signal sequence or pro-peptides.

All these genes are available for distribution to the scientific community upon request and 

we are investigating feasibility of deposition in gene banks. 

 Virtually all sequences have been deposited in GenBank.

 Kingfisher (KF) biotech is in the process of expressing all these in Pichia and those 

expressed have been sent to the various species coordinators for biotesting. 

 The bioactive proteins are commercially available (see Kingfisher website 

www.KingfisherBiotech.com) and a limited amount directly distributed to scientists. 

 A selected number will be used for producing mAbs by US-VIRN.

Cell Surface Molecules These genes were largely cloned by US-VIRN and are being 

transfected into CHO cells at Cornell by B Wagner while the fish labs have produced their 

cell surface proteins in bacteria or mammalian cells; All will used for production of mAb.

Gene sequences have been/will be deposited into GenBank.

Most genes are available upon request.

All the proteins in this category have been, are in the process of or will be used for 

producing mAbs. 

Transfected cell lines will also be available for testing other potential cross-reactive mAbs.

Monoclonal antibodies (mAbs) : mAb will be made at UMass against cytokines or 

chemokines that have shown bioactivity in the Species labs. In addition, the cell surface 

molecules, e.g., T cell receptor (TCR) proteins being expressed at Cornell in the Wagner 

Lab will be used for mAb at Cornell. 

These are being continually re-prioritized by the species coordinators in conjunction with 

the scientists in field; the current version is shown.

The hybridoma cell lines that produce the mAbs will be deposited in cell banks for 

distribution upon request and distributed to a limited number of scientists directly by 

Network members; the mAb they produce will be available through commercial companies 

including Kingfisher. 

Bioassay of expressed Swine Chemokines

Cytotoxicity Assay for rPoTNF-a on 929 cells 

Presented at  9th International Veterinary Immunology Symposium, 

Tokyo, Japan   Aug. 16-20, 2010. 
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Progress for Expression of Porcine Cell Surface 

Proteins and mAb Production

A B

Culture and immunostaining: Swine epithelial cell (IPEC-1) was cultured

with swine CCL20 (rPoCCL20 Kingfisher Lot Number: AK0262KJ) at 500

pg/ml or control medium (NT) for 24 hours. The cultured cells were trypsin

digested and then stained with PE-labeled mouse anti-huCD54 (Serotec

MCA1615PET), mouse IgG1 isotype control (Serotec MCA928), PE-labeled

rat anti-mCD44 (BD #553134 IM7 mAb) or Ig isotype control (PE rat IgG2b

BD #553989) at manufactures recommended concentrations. Stained cells

were analyzed on a BD FACSArray using FlowJo software. The % positive

(%+) cells were those gated above the background (1X102) intensity;

median intensity (MI) was also calculated.

Results: A. Data show that expression of CD44 was significantly 

upregulated on CCL20 stimulated IPEC-1 cells (A black: 25.5%+, 152.2 MI) 

as compared to NT cells (A blue: 13.0%+, 138.6 MI) or the isotype control 

stained.  B. IPEC-1 cells resulted in only slight differences in ICAM-1 

(CD54) staining after 24 hours of CCL20 stimulation.  Previous work with 

CD54/ICAM-1 has shown expression on IPEC-J2 cells.

Summary: Culturing swine epithelial cells (IPEC-1) with rPoCCL20 

stimulated upregulation of CD44, the E- and L-selectin ligand. 

Upregulation of CD44 expression on 

Epithelial Cells Activated with rPoCCL20
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Cytokine (ng/mL) 

TNF Alpha BioAssay using L929 Cells

KF Lot #GJ01138GJ KF Lot #JJ0180GJF R&D Lot #1017808

(Cytokine ng/mL)

Con A Con A + PIM

Con A + IL6 + TGF Con A + IL6 + TGF + PIM

Screening Reactivity of anti-human IL-17A mAb

Lane 1: Molecular Weight Marker

(7.6, 12, 22, 28, 33, 48, 71, 96, 142, 195 kDa)

Lane 2: Swine IL-17A; 14.9 kDa (RP0128S)

Lane 1: Molecular Weight Marker

(7.6, 12, 22, 28, 33, 48, 71, 96, 142, 195 kDa)

Lane 2: Bovine CCL2; 8.8 kDa (RP0027B)

Lane 3: Equine CCL2; 8.5 kDa (RP0054E)

Lane 4: Swine CCL2; 8.6 kDa (RP0017S)

Kingfisher Biotech, Inc. http://www.kingfisherbiotech.com/

Swine rPoIL-17A                 Chemokine rCCL2
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Lawson S, Lunney JK, Zuckermann F, Osorio F, Nelson EA, Welbon C, Clement T, Fang Y, Wong 

S, Kulas, K, Christopher-Hennings J.  2010. Development of an 8-plex Luminex assay to detect 

swine cytokines for vaccine development: Assessment of immunity after porcine reproductive 

and respiratory syndrome virus (PRRSV) Vaccine. 32: 5383-5391. 

Supported by National Pork Board grants #08-189 and  #09-244.

Swine Cytokine FMIA Standard Curves in 8-plex Assay

Major efforts have been taken to test whether anti-human (or 

other species) mAb cross react with swine proteins. Dr. Harry 

Dawson, BHNRC, BARC has performed screens for numerous 

anti-porcine cell surface and internal antigens. To affirm these 

cross-reactions he has first had to establish  appropriate 

screening assays, here for IL-17A expression. As affirmed in 

the Dawson and Lunney labs a major issue is preparing 

enriched cell populations at the desired stage of activation for 

expression of the target antigen so that the test of mAb 

reactivity can be performed.

Cells culture  Hours 

 PBMC medium 18 430 <10 

 PBMC LPS [10ug/ml] 18 124174 230000

 PBMC 

PMA/Ionomycin 

[40ng/ml/1ug/ml] 18 125 <10 

 PBMC ConA* [0.25ug/ml] 18 5805 6780

 PBMC PHA*  [0.5ug/ml]  18 33414 119900

 PBMC PWM [2ug/ml] 18 18375 123490
          

 PBMC 

monocytes medium 18 251 <10 

 PBMC 

monocytes LPS [10ug/ml] 18 70023 156000

 PBMC 

monocytes 

PMA/Ion 

[40ng/ml/1ug/ml] 18 116 <10 
          

neutrophils media 18 809 340

neutrophils LPS [10ug/ml] 18 4270 3170

neutrophils 

PMA/Ion 

[40ng/ml/1ug/ml] 18 1713 230

rPoCCL3L1 < 30 < 60 

rPoCCL4  < 30 < 60 

rPoCCL5  < 30 < 60 

rCCL20 < 30 < 60 

pg/ml 

Comparison of Sensitivity and Specificity of 

pAb ELISA and Luminex assays 

for native and rPoCCL2
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1

+++ +++ +++ - - -

13 +++ +++ +++ - - -

55-2 +++ +++ +++ - - -

74-1 2 +++ + + +++ + -

18-1 3 +++ - + +++ - +++

33-2

4

+++ - - + - +

33-3 +++ - - + - +

62 +++ - - +++ - +

46-1

5

+++ - - - - -

56 +++ - - - - -

83 +++ - - - - -

Screening new anti-rPoCCL2 mAb for Cross Reaction with 

Cattle and Horse CCL2 and Luminex 

a A total of 11 mAbs to porcine CCL2 were distinguished into five groups depending on 

their reactivity with porcine, equine and bovine rCCL2, native porcine CCL2a and their 

performance in a direct and indirect ELISA.
b The grouping was performed according to the mAbs recognition pattern in the direct 

and indirect ELISA and their cross-reactivity with equine and/or bovine rCCL2.
c +++ = positive (>0.5 OD); + = weak positive (0.1-0.5 OD); - = negative (<0.1 OD)

Native porcine CCL2 was detected in supernatants from PBMC that were stimulated with 

LPS for 18 or 48 hours.
d For the Luminex fluorescent microbead immunofluorescent assay (FMIA) mAb clone 5-2 

was selected for bead coupling for capture and clone 18-1 for biotinylation for 

detection. 

Comparisons of PoCCL2 quantitation assays using 

1) ELISA using a polyclonal antibody (pAb) based kit provided by 

Kingfisher (Cat#VS0081S-002) and 

2) Luminex FMIA developed using mAbs to rPoCCL2.  

Test samples: Native chemokines = Supernatants collected from stimulated 

porcine cell cultures were run side by side and demonstrated large 

amounts of PoCCL2.  Other yeast expressed chemokines were tested 

for assay specificity.

Results: 

 The FMIA has a much greater dynamic range whereas the ELISA 

required testing multiple samples dilutions.

 Both assays showed comparable results for CCL2 levels. 

 Importantly specificity for both assays was affirmed by testing other 

rPoCCL chemokines and showing no cross reactions.
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