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Abstract 

Introduction: Vascular cell adhesion molecule 1 (VCAM-1) is a member of Ig superfamily. The aim of this study was to 

prepare highly specific polyclonal antibodies against bovine VCAM-1 and to evaluate the expression of VCAM-1 in the 

mammary lymph nodes of cows with subclinical mastitis. Material and Methods: The VCAM-1 gene was cloned from bovine 

Peyer’s patches and inserted into the pGEX-4T-1 and pET-28a vectors. The recombinant plasmids pGEX-4T-1/VCAM-1 and 

pET-28a/VCAM-1 were transferred into Escherichia coli BL21 and the recombinant strains were induced by isopropyl-D-

thiogalactoside to produce fusion proteins tagged with polyhistidine (His) and glutathione S-transferase (GST), respectively. The 

expressed fusion proteins His-VCAM-1 and GST-VCAM-1 were identified by SDS-PAGE and Western blot. His-VCAM-1 

protein was used as an antigen to immunise Wistar rats and polyclonal antibody serum against VCAM-1 was obtained. Results: 

The serum titre tested by indirect ELISA was 128,000 using GST-VCAM-1 as the well coating antigen. Western blots indicated 

that the antibody recognised recombinant VCAM-1 protein as well as endogenous VCAM-1. In addition, using qPCR and 

Western blot, VCAM-1 mRNA and protein expression levels were measured in dairy cows with subclinical mastitis. It was 

demonstrated that VCAM-1 levels in the mammary lymph nodes of the cows were significantly higher than those from healthy 

controls (P < 0.05). Conclusion: These results are to our knowledge the first report that VCAM-1 expression in the mammary 

lymph nodes is elevated in dairy cows with subclinical mastitis.  

 

Keywords: dairy cows, mammary lymph nodes, subclinical mastitis, VCAM-1, polyclonal antibody. 

Introduction 

Vascular cell adhesion molecule 1 (VCAM-1) is 

an extracellular transmembrane glycoprotein 

predominantly expressed in high endothelial venules 

during inflammation as a ligand for α4β1/α4β7 

integrins (8, 16, 20). The interaction between VCAM-1 

and α4β1/α4β7 is important for many pathological and 

physiological processes, including modulation of 

inflammation, angiogenesis, T lymphocyte homing and 

recycling, and regulation of cardiovascular system 

development, and it is also involved in immune cell 

responses and autoimmune diseases (5, 10, 14, 17). 

VCAM-1 is strongly upregulated in the chronic 

inflammation stage of several diseases (1, 4, 13, 18, 

22). Bovine subclinical mastitis is an inflammation of 

the mammary gland infected with bacteria. This disease 

results in a considerable economic loss, endangers food 

safety, and concerns animal welfare in dairy industry 

(3). The lymphocytes of the mammary gland could 

resist pathogen invasion, but lymphocyte cell migration 

is not a random process in cows (9). VCAM-1 

expression in mammary gland vessels in mouse during 

lactation period and its role in lymphocyte cell 

migration has been reported (21). In ovine species, 

VCAM-1 was detected on the vascular endothelium of 

mesenteric lymph nodes and Peyer's patches, but 

VCAM-1 is weakly expressed in high endothelium 

venules (HEVs) in tonsilla and peripheral lymph nodes 

(19). In bovine species, VCAM-1 is expressed in 

Peyer's patches and uterine endometrium (2), but it is 

unkown whether VCAM-1 is expressed in mammary 

gland lymph nodes. 

© 2017 Y. Chen et al. This is an open access article distributed under the Creative Commons Attribution-
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There are two structural forms of the VCAM-1 

gene (7). The full-length VCAM-1 7D form contains 

seven Ig-like domains with integrin binding sites 

located in domains 1 and 4 (domain 1 or 4 of VCAM-1 

is necessary for α4β1/α4β7-dependent adhesion) (15). 

The VCAM-1 6D alternatively spliced form contains 

six Ig-like domains and lacks domain 4. VCAM-1 7D 

is the major form with domains 1–3 similar to domains 

4–6 in amino acid sequence (6, 11, 12). It is well 

known that mouse/human VCAM-1 plays a critical role 

in T lymphocyte trafficking and homing. However, 

relatively little is known about the function of VCAM-1 

in bovine species, especially the functions of the first 

and fourth domains of VCAM-1 7D. An effective and 

specific antibody against bovine VCAM-1 would be  

a powerful and indispensable tool to study the function 

of the bovine VCAM-1 protein. Therefore, in this 

study, a sequence containing domains 1–4 of VCAM-1 

7D was expressed in Escherichia coli（E. coli）with 

polyhistidine (His) and glutathione S-transferase  

(GST) tags.  

Material and Methods  

Experimental animals. Lymph nodes were 

obtained from three healthy cows and three cows with 

subclinical mastitis caused by Staphylococcus sp. 

Additionally, small intestine Peyer’s patches were 

isolated from healthy dairy cows. All bovine tissues 

were stored at –80°C in the super-cold refrigerator. 

Wistar rats (180–220 g) were provided by the 

Experimental Animal Center of Jilin University 

(Changchun, China).  

Cloning and identification of the VCAM-1 gene 

in E. coli. Total RNA was isolated from Peyer’s 

patches using RNAiso and immediately mRNA was 

reverse transcribed into cDNA using an ALV RT Kit 

(Takara, China) following manufacturer’s instructions. 

PCR primers were designed according to the gene 

sequence of VCAM-1 (GenBank accession No 

174484.1). The forward primer was 5′- GAA TTC 

TCC CAA ATC GAC ATA TTC CC -3′ and the 

reverse primer was 5′- CTC GAG TTA TTT CTC TTG 

AAC AGT TAA TT -3′. The forward and reverse 

primers contained EcoRI and XhoI restriction sites, 

respectively. PCR was performed with the following 

parameters: pre-denaturation at 94°C for 3 min, 

followed by 30 cycles of denaturation at 94°C for  

1 min, annealing at 54°C for 30 s and extension at 72°C 

for 1 min, and a final extension at 72°C for 10 min. The 

PCR products were analysed by electrophoresis on 1% 

agarose gels containing ethidium bromide. The gel 

band containing the amplified product was isolated, 

from which DNA was recovered and purified using  

a Gel DNA Purification Kit (Takara), then ligated to 

the pMD18-T vector (Takara). The recombinant 

plasmid named pMD-18T/ VCAM-1 was identified by 

double-enzyme digestion and nucleotide sequencing.  

Expression and identification of the 

recombinant VCAM-1 protein. The recombinant 

proteins His-VCAM-1 and GST-VCAM -1 were 

prepared as described below. Briefly, the PCR product 

(pMD-18T/VCAM-1) was digested with EcoRI and 

XhoI and inserted into the His and GST fusion protein 

sites of the prokaryotic expression vectors pGEX-4T-1 

and pET-28a (Takara) respectively, to create the 

recombinant plasmids pGEX-4T-1/VCAM-1 and pET-

28a/VCAM-1. In order to achieve fusion protein 

expression, the recombinant plasmids were transformed 

into E. coli BL21 (DE3) and induced with 1 mM 

isopropyl-β-D-thiogalactopyranoside (IPTG) at 37°C 

for 4 h. The recombinant E. coli cells were harvested 

by high speed centrifugation after IPTG induction.  

Analysis of rVCAM-1 protein solubility. The 

achieved E. coli pellet was collected as described 

above, then the pellet was sonicated by ultrasonic 

system CPX- 600 (Cole-Parmer, USA). Firstly, the cell 

pellet was resuspended in PBS and cooled on ice for  

10 min. Then, cell suspension was sonicated with  

10 short bursts of 10 s followed by interval of 30 s for 

cooling. Finally, the lysate was ultracentrifuged at 4ºC 

for 10 min at 12,000 rpm. For confirmation of rVCAM-1 

expression, the supernatant and the precipitates were 

analysed by SDS-PAGE.  

Purification of the recombinant VCAM-1 

protein. Recombinant VCAM-1 protein with the His 

tag was purified using His GraviTrap (GE Biosciences, 

Sweden) and recombinant VCAM-1 protein with the 

GST tag was purified using Gluthathione-Sepharose 4B 

(GE Healthcare, USA), following kit protocols for both 

purifications. The recombinant proteins His-VCAM-1 

and GST-VCAM-1 were analysed by 12% SDS-PAGE 

and Western blot using monoclonal antibodies against 

the His and GST tags (Sigma, USA) respectively. The 

protein concentrations of both purified recombinant 

proteins were determined using a BCA protein kit (Bio-

Rad, USA). 

Preparation of polyclonal antibodies against 

recombinant bovine His-VCAM-1 protein in rats. 

Wistar rats were immunised with 50 μg of purified 

recombinant bovine His-VCAM-1 protein emulsified in 

complete Freund’s adjuvant (Sigma, USA) on day 1. 

Intramuscular booster injections in the same dose were 

administered on days 14, 28, 35, and 42. The rats were 

euthanised and blood was collected on day 7 after the 

last immunisation. Polyclonal antibodies against bovine 

VCAM-1 were prepared and stored at −20°C until use.  

Detection of anti-VCAM-1 polyclonal antibody 

titre by ELISA. ELISA plates were coated with  

2 μg/mL of recombinant His-VCAM-1 protein in PBS 

and incubated overnight at 4°C. After washing five 

times with PBS-0.05% Tween 20 (PBS-T), nonspecific 

binding sites were blocked with PBS containing 3% 

bovine serum albumin for 1 h at 37°C. Wells were then 

incubated with 50 μL of serum samples at different 

dilutions for 1 h at 37°C. The microplate was washed 

five times in PBS-T, incubated with phosphatase-
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labelled goat anti-rat IgG (Sigma, USA) for 1 h at room 

temperature, and then washed five times with PBS-T. 

Finally, the reaction was developed by adding disodium 

4-nitrophenyl phosphate substrate (Sigma), and the 

absorbance was measured at 405 nm in a microplate 

reader (Bio-TEK, USA). All serum samples were tested 

in triplicate on each plate.  

Detection of recombinant VCAM-1 protein 

using anti-bovine VCAM-1 polyclonal antibody by 

Western blot. After recombinant VCAM-1 protein was 

identified by 12% SDS-PAGE, the gel was transferred 

to nitrocellulose membrane. The membrane was 

incubated with anti-bovine VCAM-1 polyclonal 

antibody and goat anti-rat IgG. The experimental 

method of SDS-PAGE and Western blot was 

performed as previously described. 

Primers of VCAM-1 for real-time PCR. A pair 

of primers was designed based on the VCAM-1 gene 

sequence (GenBank accession no. 174484.1; amplicon 

length 80 bp) with PrimerExpress 3.0 (ABI, USA). The 

primer sequences were as follows: forward primer –  

5′-TGA CGA TGA CGT GTG CCA GT-3′; reverse 

primer – 5′-GCT GTC GGT TCC CAT TGT CT-3′. 

The primers were synthesised by Sangon Biotech 

(China).  

Primers of β-actin for real-time PCR. A pair of 

primers was designed based on the β-actin gene 

sequence (GenBank AY141970; amplicon length 

222bp) with PrimerExpress 3.0. The primer sequences 

were as follows: forward primer – 5′- GTG GGC CGC 

CCT AGG CAC CA-3’; reverse primer – 5′- GGG 

CCT CGG TCA GCA GCA C-3’. The primers were 

synthesised by Sangon Biotech.  

Two-step quantitative RT-PCR assay. Two-step 

qPCR assays were performed to quantify the levels of 

VCAM-1 mRNA in mammary lymph nodes. The qPCR 

was performed using a two-step qPCR kit (Takara) 

according to manufacturer’s instructions. Briefly, 

VCAM-1 gene sequence was amplified with a two-step 

qPCR kit. Total RNA was extracted by routine 

methods. The cDNA was synthesised using the qPCR 

kit. PCR assays in the ABI 7500 Real Time PCR 

System (Applied Biosystems, USA) used optimised  

20 μL reaction mixtures containing 10 μL of SYBR 

Premix ExTaqTM, 0.5 μL of each primer, 0.5 μL of 

ROX Reference Dye, 2.5 μL of cDNA sample, and  

6.0 μL of double-distilled water. The thermocycling 

protocol called for initial denaturation at 95°C for  

10 min, followed by 40 cycles of denaturation at 95°C 

for 15 s and annealing at 58°C for 45 s. Each sample 

was measured in triplicate. Melting curve analyses 

were performed for the PCR products of VCAM-1 and 

β-actin gene amplifications to evaluate primer 

specificity. The relative abundance of VCAM-1 mRNA 

was evaluated using the comparative Ct (2−ΔΔCt) 

method and was normalised to β-actin mRNA levels.  

Detection of VCAM-1 protein levels in 

mammary lymph nodes using anti-bovine VCAM-1 

polyclonal antibody by Western blot. Membrane 

protein was analysed by SDS-PAGE. Briefly, 15 µL 

samples were homogenised in SDS-PAGE sample 

loading buffer and electrophoresed. Protein bands were 

stained using Coomassie brilliant blue. In addition, 

Western blot analysis was applied for further 

identification of VCAM-1. Proteins were transferred to 

nitrocellulose membranes. The membranes were 

blocked with blocking buffer for 1 h at room 

temperature and incubated with anti-bovine VCAM-1 

polyclonal antibody（1:2,000 dilution). After five 

washes with PBS-T, the membranes were incubated 

with goat anti-rat IgG (1:20,000 dilution). Proteins 

were visualised by incubation with enhanced 

chemiluminescence detection system reagents 

(Amersham Pharmacia Biotech, USA) and the amount 

of target protein was calculated by gray scanning with 

Quantify One software (Bio-Rad). The level of VCAM-1 

protein expression was expressed as the ratio of 

VCAM-1 to β-actin expression.  

Statistical analysis. All data analyses were 

performed with IBM SPSS10.0 software (Armonk, 

USA). Data were expressed as means ± standard 

deviation (SD). One-way ANOVA was used for 

comparisons between subclinical mastitis and healthy 

groups (Peyer’s patches were used as positive control). 

In all data analysis, P < 0.05 was regarded as 

significant.  

Results 

Identification of the expressed product. The 

gene fragment encoding VCAM-1 was amplified by 

PCR (Fig. 1), and the resulting products were cloned 

into the pGEX-4T-1 and pET-28a expression vectors. 

The successful incorporation of the PCR products into 

plasmids pGEX-4T-VCAM-1 and pET-28a-VCAM-1 

was confirmed by restriction enzyme digestion  

(Figs 2, 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. The PCR product of VCAM-1 
gene. M – DL2000 Marker; 1 – M gene 
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Fig. 2. Enzyme digestion profile of pGEX-

4T-1-VCAM-1. M – DL2000 Marker; 1, 2 – 

Identification of pGEX-4T-1-VCAM-1 with 

EcoRⅠ and XhoⅠ digestion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Enzyme digestion profile of pET-28a-

VCAM-1. M – DL2000 Marker; 1, 2 – 

Identification of pET-28a-VCAM-1 with with 

EcoRⅠ and XhoⅠ digestion 

 

Identification of recombinant VCAM-1 protein 

by SDS-PAGE and Western blot. The recombinant 

VCAM-1 protein with GST tag was expressed and 

purified, and its molecular mass was determined to be 

56 kDa (Fig. 4). The recombinant His-tagged VCAM-1 

protein was also expressed and purified and its 

molecular mass was 37 kDa (Fig. 5). The recombinant 

GST-VCAM-1 and His-VCAM-1 proteins were 

identified by Western blot using anti-GST and anti-His 

monoclonal antibodies, respectively (Figs 6, 7).  

Determination of anti-bovine VCAM-1 

antibody titres by ELISA. The serum antibody titres 

of rats immunised with the recombinant His-VCAM-1 

protein were tested by ELISA using the purified 

recombinant GST-VCAM-1 protein as coating antigen. 

The titres were calculated at 1:128, 000 dilution, 

indicating that high titres of bovine polyclonal 

antibodies were generated.  

Identification of recombinant GST-VCAM-1 

protein by Western blot. The expressed recombinant 

GST-VCAM-1 protein was identified by Western blot 

using the rat anti-bovine VCAM-1 antibody (Fig. 8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Expression of GST-VCAM-1 analysed by 

12% SDS–PAGE. Lane1 – whole lysate of cells 

harbouring pGEX-4T-1-VCAM-1 without IPTG 

induction; Lanes 2 and 3 – whole lysate of cells 

harbouring pGEX-4T-1-VCAM-1 after IPTG 

induction 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Expression of His-VCAM-1 analysed 

by 12% SDS–PAGE. Lane 1 – whole lysate of 

cells harbouring pET-28a-VCAM-1 without 

IPTG induction; Lane 2 – whole lysate of cells 

harbouring pET-28a-VCAM-1 after IPTG 

induction 

 

 

  

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. Western blot analysis of 

recombinant VCAM-1-GST protein. M 

– prestained protein marker; 2 – anti-

GST antibody as the first antibody 
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Fig. 7. Western blot analysis of 

recombinant VCAM-1-His protein. 

M – prestained protein marker; 2 – 

anti-His antibody as the first antibody 

VCAM-1 mRNA levels in cows with subclinical 

mastitis by qPCR. The qPCR showed that VCAM-1 

mRNA was expressed in both cows with subclinical 

mastitis and healthy control animals (Peyer’s patches 

were used as positive control). Compared with the 

healthy controls, VCAM-1 mRNA levels in cows with 

subclinical mastitis were significantly increased  

(P < 0.05, Fig. 9). 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 8. Western blot analysis of 

VCAM-1-His Polyclonal antibody to 

identify recombinant VCAM-1-GST 

protein. M – prestained protein 

marker; 1 – GST; 2 – VCAM-1-GST  

VCAM-1 protein levels in cows with subclinical 

mastitis by Western blot. Similarly to the qPCR 

results, Western blots showed that VCAM-1 protein 

was expressed in cows with subclinical mastitis and 

healthy controls (Peyer’s patches were used as positive 

control). Compared with the healthy controls, VCAM-1 

protein levels in cows with subclinical mastitis were 

significantly increased (P < 0.05) (Fig. 10).  

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Detection of VCAM-1 gene transcription differences in lymphoid tissues from 

subclinical mastitis and healthy dairy cows by real time-PCR 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Detection of VCAM-1/ MAdCAM-1 gene expression differences in 

lymphoid tissues from subclinical mastitis and healthy cows by Western blot 
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Discussion  

Our previous research found that peripheral 

lymphocytes express integrin α4β7 in dairy cows with 

subclinical mastitis. Because the interaction between 

VCAM-1 and integrin α4β7 plays an important role in 

inflammation, we further investigated the functions of 

VCAM-1 protein in dairy cows with subclinical 

mastitis. In this study, we successfully expressed 

VCAM-1 as a fusion protein with either a His or GST 

tag in an E. coli expression system. Wistar rats were 

immunised using purified recombinant His-VCAM-1 

protein to obtain immunopositive serum, and indirect 

ELISA and Western blotting were used to confirm the 

immunogenicity of the target protein using GST-

VCAM-1 as coating antigen. Detecting the specificity 

of bovine VCAM-1 polyclonal antibody by the 

construction and application of prokaryotic expression 

plasmids containing GST and His tags may prevent 

false-positive interactions of the antibody with the tag. 

Our previous study showed that α4β7 (VCAM-1 

receptor) was expressed on the surface of lymphocytes 

in the peripheral blood of dairy cows with subclinical 

mastitis. The current results indicated that the VCAM-1 

gene is expressed in lymph nodes from dairy cows with 

subclinical mastitis. Taken together, our experiments 

showed that the interaction between VCAM-1 and 

integrin α4β7 plays an important role in dairy cows 

with subclinical mastitis. We successfully cloned  

a bovine VCAM-1 gene fragment, constructed the 

prokaryotic expression vectors pGEX-4T-1/VCAM-1 

and pET-28a/VCAM-1, expressed the fusion protein 

and obtained a high-titer specific anti-bovine VCAM-1 

polyclonal antibody. The antibody not only recognises 

the expressed recombinant bovine VCAM-1 protein, 

but endogenous bovine VCAM-1 as well. The 

preparation of this bovine polyclonal antibody may 

offer a useful tool for studying the properties and 

function of bovine VCAM-1. In the future, in order to 

explore the potential effect of VCAM-1 in the 

pathological mechanism of dairy cows with subclinical 

mastitis, we intend to use vascular endothelial cells 

from bovine mammary glands to determine, using our 

anti-bovine VCAM-1 antibody, whether exogenous 

VCAM-1 protein blocks or enhances the expression of 

VCAM-1 in cells.   

In conclusion, we generated polyclonal antibodies 

against bovine VCAM-1, a member of the Ig family, 

which has been regarded as a possible regulator of 

inflammation. We found that mammary lymph node 

VCAM-1 levels in dairy cows with subclinical mastitis 

were significantly higher than those in healthy cows. 

To our knowledge this is the first report showing that 

VCAM-1 levels in the mammary lymph nodes were 

elevated in dairy cows with subclinical mastitis. We 

suggest that VCAM-1 may play an important role in 

the mechanisms regulating infection in dairy cows. 

 

Conflict of Interests Statement: The authors declare 

that there is no conflict of interests regarding the 

publication of this article.  

 

Financial Disclosure Statement: This research was 

supported by the Fund for Imported Talents in 

Heilongjiang Bayi Agricultural University (XYB 2013-

10), National Nature Science Foundation of China 

(31602127), and National Key Technology Support 

Programme (2013BAD21B01). 

 

Animal Rights Statement: This study was approved 

by the Committee on the Ethics of Animal Experiments 

of Heilongjiang Bayi Agricultural University. 

References  

1. Ahrens R., Waddell A., Seidu L., Blanchard C., Carey R.,  

Forbes E., Lampinen M., Wilson T., Cohen E., Stringer K., 

Ballard E., Munitz A., Xu H., Lee N., Lee J.J., Rothenberg M.E., 

Denson L., Hogan S.P.: Intestinal macrophage/epithelial cell-

derived CCL11/Eotaxin-1 mediates eosinophil recruitment and 

function in pediatric ulcerative colitis. J Immunol 2008, 10, 

7390–7399.  

2. Bai R., Bai H., Kuse M., Ideta A., Aoyagi Y., Fujiwara H., 

Okuda K., Imakawa K., Sakurai T.: Involvement of VCAM1 in 

the bovine conceptus adhesion to the uterine endometrium. 

Reproduction 2014, 2, 119–127. 

3. Bar D., Tauer L.W., Bennett G., Gonzalez R.N., Hertl J.A., 

Schukken Y.H., Schulte H.F., Welcome F.L., Gröhn Y.T.: The 

cost of generic clinical mastitis in dairy cows as estimated by 

using dynamic programming. J Dairy Sci 2008 , 6, 2205–2214. 

4. Carvalho A.T., Elia C.C., de Souza H.S., Elias P.R., Pontes E.L., 

Lukashok H.P., de Freitas F.C., Lapa e Silva J.R.:  

Immunohistochemical study of intestinal eosinophils in 

inflammatory bowel disease. J Clin Gastroenterol 2003, 2,  

120–125. 

5.  Clahsen T., Pabst O., Tenbrock K., Schippers A., Wagner N.: 

Localization of dendritic cells in the gut epithelium requires 

VCAM-1. Clin Immunol 2014, 1, 74–84. 

6. Cybulsky M.I., Fries J.W., Williams A.J., Sultan P., Eddy R., 

Byers M., Shows T., Gimbrone M.A. Jr., Collins T.: Gene 

structure, chromosomal location, and basis for alternative mRNA 

splicing of the human VCAM1 gene. Proc Natl Acad Sci 1991, 

17, 7859–7863. 

7. Hession C., Tizard R., Vassallo C., Schiffer SB., Goff D.,  

Moy P., Chi-Rosso G., Luhowskyj S., Lobb R., Osborn L.:  

Cloning of an alternate form of vascular cell adhesion molecule-

1 (VCAM-1). J Biol Chem 1991, 11, 6682–6685. 

8. Jakubowski A., Rosa M.D., Bixler S., Lobb R., Burkly L.C.: 

Vascular cell adhesion molecule (VCAM)-Ig fusion protein 

defines distinct affinity states of the very late antigen-4 (VLA-4) 

receptor. Cell Adhesion Commun 2009, 3, 131–142.  

9. Kunkel E.J., Butcher E.C.: Chemokines and the tissue-specific 

migration of lymphocytes. Immunity 2002, 16, 1–4. 

10. Liao B., Tang Y., Hu F., Zhou W., Yao X., Hong W., Wang J., 

Zhang X., Tang X., Zhang F.: Serum levels of soluble vascular 

cell adhesion molecules may correlate with the severity of 

dengue virus-1 infection in adults. Emerging Microb Infect 2015, 

4, e24. 

11. Osborn L., Hession C., Tizard R., Vassallo C., Luhowskyj S., 

Chi-Rosso G., Lobb R.: Direct expression cloning of vascular 

cell adhesion molecule 1, a cytokine-induced endothelial protein 

that binds to lymphocytes. Cell 1989, 6, 1203–1211. 

12. Osborn L., Vassallo C., Benjamin C.D.: Activated endothelium 

binds lymphocytes through a novel binding site in the alternately 



 Y. Chen et al./J Vet Res/61 (2017) 203-209 209 

 

 

spliced domain of vascular cell adhesion molecule-1. J Exp Med 

1992, 1, 99–107. 

13. Pan W.J., Hsu H., Rees W.A., Lear S.P., Lee F., Foltz I.N., 

Rathanaswami P., Manchulenko K., Chan B.M., Zhang M.,  

Xia X.Z., Patel S.K., Prince P.J., Doherty D.R., Sheckler C.M., 

Reynhardt K.O., Krill C.D., Harder B.J., Wisler J.A.,  

Brandvig J.L., Lynch J.L., Anderson A.A., Wienkers L.C.,  

Borie D.C.: Pharmacology of AMG 181, a human anti-α4β7 

antibody that specifically alters trafficking of gut-homing T cells. 

Br J Pharmacol 2013, 1, 51–68. 

14. Peltzer J., Montespan F., Thepenier C., Boutin L., Uzan G., 

Rouas-Freiss N., Lataillade J.J.: Heterogeneous functions of 

perinatal mesenchymal stromal cells require a preselection 

before their banking for clinical use. Stem Cells Develop 2015, 

3, 329–344. 

15. Polte T., Newman W., Gopal T.V.: Full length vascular cell 

adhesion molecule 1 (VCAM-1). Nucl Acids Res 1990, 19, 

5901. 

16. Ruiz-Velasco N., Guerrero-Esteo M., Briskin M.J., Teixidó J.: 

The alpha (4) integrin subunit Tyr(187) has a key role in 

alpha(4)beta(7)-dependent cell adhesion. J Biol Chem 2000, 10, 

7052–7059.  

17. Schaefer M., Sarkar S., Schwarz M., Friebe A.: Soluble 

intracellular adhesion molecule-1 in patients with unipolar or 

bipolar affective disorders: results from a pilot trial. 

Neuropsychobiology 2016, 1, 8–14.  

18. Springer T.A.: Traffic signals on endothelium for lymphocyte 

recirculation and leukocyte emigration. Annu Rev Physiol 1995, 

57, 827–872. 

19. Suraud V., Olivier M., Bodier C.C., Guilloteau L.A.: Differential 

expression of homing receptors and vascular addressins in tonsils 

and draining lymph nodes: effect of Brucella infection in sheep. 

Vet Immunol Immunopathol 2007, 3–4, 239–250.  

20. Walsh G.M., Symon F.A., Lazarovits A.I., Wardlaw A.J.: 

Integrin α4β7, mediates human eosinophil interaction with 

MAdCAM-1, VCAM-1 and fibronectin. Immunology 1996, 1, 

112–119.  

21. Wang M., Sugimoto M., Ikeda S., Kume S.: Effects of 

coumestrol administration to maternal mice during pregnancy 

and lactation on renal Ca metabolism in neonatal mice. Anim  

Sci J 2013, 4, 322–327.  

22. Wedemeyer J., Vosskuhl K.: Role of gastrointestinal eosinophils 

in inflammatory bowel disease and intestinal tumours. Best Pract 

Res Clin Gastroenterol 2008, 3, 537–549. 

 

 

 

 

 


