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1. ABSTRACT 

VLA-4, an adhesion molecule of the Pi integrin family, mediates adhesion and migration of 

infiltrating leukocytes. In addition, adhesion via VLA-4 activates leukocytes and influences cell 

survival. The two ligands recognized by VLA-4 are the adhesion molecule VCAM-1 and a 

region of the extracellular matrix molecule fibronectin (FN) called CS1, which is only ex

pressed after alternative mRNA splicing. 

To study VLA-4-mediated interactions in glomerulonephritis, the expression levels 

of VLA-4, VCAM-1 and FN-CS1 in renal tissue of different stages of anti-GBM glomerulone

phritis in rats were assessed by immunohistochemistry. Secondly, the inhibitory potential of 

peptide analogues of the LDV region of FN-CS1, which have been shown to block VLA-4-

mediated binding in vitro and in vivo, was compared to the effects of anti-VLA-4 antibodies 

in this experimental model. 

It was found that the expression of VCAM-1 and FN-CS1 rapidly increased upon 

induction of glomerulonephritis, and was followed by an influx of VLA-4-positive leukocytes. 

Electron microscopical studies showed localization of FN-CS1 on podocytes, but not on 

endothelial cells. However, treatment with VLA-4-blocking peptides or antibodies did not 

result in a clear reduction of the number of infiltrated cells, nor in reduced proteinuria. 

In conclusion, the upregulation of VCAM-1 and FN-CS1 and the consecutive influx of VLA-4 

positive cells suggest a role for VLA-4-mediated interactions in the induction of this model of 

glomerulonephritis in the rat. Nevertheless, the lack of result from treatment with VLA-4-

blocking peptides and monoclonal antibodies shows that these interactions were not essential 

for the leukocyte influx observed. 
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2. INTRODUCTION 

Extensive remodeling of the glomerular and peritubular extracellular matrices (ECM) is a 

hallmark of severe forms of glomerulonephritis and other types of renal inflammation'. The 

pathological deposition of matrix proteins within the glomerulus impairs its capacity for 

filtration, which ultimately leads to reduced renal function. Traditionally, the ECM was viewed 

as a scaffold for supporting the cellular elements of various tissues. However, apart from 

providing a structural backbone, the ECM can serve as a reservoir for soluble mediators such 

as cytokines" and as a ligand for cellular adhesion3. Binding to ECM induces numerous impor

tant biological responses in cells, ranging from differentiation and proliferation4 to apoptosis 

(programmed cell death)5. 

In many types of glomerulonephritis as well as other conditions of renal inflamma

tion, leukocytes migrate from the bloodstream to inflammatory foci in the kidney. Migration 

into the renal tissue is facilitated by adhesion to suitable ECM ligands. Once sufficiently 

activated, leukocytes produce and release inflammatory cytokines, lytic enzymes and reactive 

oxygen species and are thus chiefly responsible for the prolongation of the inflammatory 

response and local tissue damage6. Binding of leukocytes to ECM affects their activation state7 

and survival8. Hence, the typical changes in the composition of the ECM during renal inflam

mation may profoundly influence the migratory potential of leukocytes as well as their ability 

to mount a strong inflammatory reaction. Thus, ECM remodeling provides a control mechanism 

for the intensity and duration of the inflammatory response in the kidney. 

One of the adhesion molecules that is involved in the binding of leukocytes to ECM 

is VLA-4 (Very Late Antigen-4, a4p,, CD49d/ CD29)9. This p, integrin is highly expressed on 

lymphocytes and monocytes, and present at a lower level on human neutrophils10 (Chapter II). 

Recent papers have shown a more abundant expression of VLA-4 on rat neutrophils'l"13. VLA-

4 may bind two ligands, either VCAM-1, a member of the immunoglobulin superfamily 

expressed on activated endothelium, or the ECM glycoprotein fibronectin (FN)9;I4. 

FN is ubiquitously present in the extracellular matrix and in blood plasma. During 

glomerulonephritis, FN is deposited and expressed in damaged glomeruli15. It contains several 

cell-binding sites, through which it influences cellular reactions such as migration, differentia

tion and survival. Alternative splicing of FN mRNA can result in expression of three additional 

regions named ED-A, ED-B and IIICS (in rat: EIIIA, EIIIB and V, respectively). The connec

tive segment 1 (CS1), which is present in the IIICS region, contains the amino acid sequence 

LDV, which is essential for binding of VLA-416. 

In vitro, inclusion of the CS1 region in FN was found to be controlled by inflam

matory cytokines17. In rheumatoid arthritis, de novo expression of FN-CS1 was seen in in

flamed synovium18. The hypothesis that specific inhibition of VLA-4-mediated interactions 
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could reduce inflammatory activity has been tested in several experimental models. In animal 

models of rheumatoid arthritis19, cardiac allograft rejection20 and allergic asthma21, inflamma

tory activity was suppressed by either blocking monoclonal antibodies or peptide analogues of 

the LDV sequence of CS1. 

The role of VLA-4-mediatcd interactions in renal inflammation has been controver

sial. The induction of auto-immune glomerulonephritis by treatment with mercury chloride was 

prevented by blocking mAbs (monoclonal antibodies) to VLA-422. However, this was partly 

caused by the reduced capacity of B-cells to produce (auto)-antibodies, owing to a blockade 

of B-cell/ T-cell interactions. Reduction of glomerulonephritis was more convincingly seen 

when rats suffering from a heterologous anti-glomerular basement membrane (GBM) glomeru

lonephritis had been treated with antibodies to the integrin CD1 lb/CD 1823 or its ligand ICAM-

1 . Some groups claimed additional effects of treatment with anti-VLA-4 antibodies in this 

model", whereas others have disputed this26. 

To address the role of interactions between VLA-4 and VCAM-1 or alternatively 

spliced FN in renal inflammation, the expression patterns of these molecules were studied in 

the anti-GBM glomerulonephritis model in Brown-Norway rats. Shortly after induction of the 

disease, a strong upregulation of VCAM-1 and FN-CS1 was seen, which was followed by an 

influx of VLA-4-positive cells. Electron microscopical studies of inflamed glomeruli showed 

that podocytes but not endothelial cells expressed FN-CS1, in contrast with the situation in the 

the arthritic joint18. Although these findings indicated a role for VLA-4 in this model, no effects 

of treatment with anti-VLA-4 antibodies or VLA-4-blocking CS1 peptides were observed. 

3. A N I M A L S , MATERIALS AND METHODS 

3.1 Antibodies and reagents 

Mouse monoclonal antibody (mAb) HP2/1 (IgGi, anti-human-VLA-4) was a gift from Dr F. 

Sanchez Madrid (Hospital de la Princesa, Madrid, Spain), mAb 5F10 (IgG2a, anti-rat VCAM-1) 

from Dr R.Lobb (Biogen, Cambridge, MA), mAb 90.45 (IgM, anti-CSl) from Dr M.J. Elices 

(Cytel Corporation, San Diego, CA). TA2 (IgG,, anti-rat alpha4) was purchased from Seika-

gaku America (Ijamsville, MD). His48 (IgM, rat neutrophil marker) was developed at the 

department of histology at the University of Groningen (The Netherlands), and EDI (IgG,, rat 

monocyte marker) was a gift from DrC.D. Dijkstra (Free University, Amsterdam, The Nether

lands). HRP-labeled polyclonal rabbit antibodies to FN, as well as normal rabbit serum were 

obtained from DAKO (Glostrup, Denmark). Normal goat serum and normal rat serum were 
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obtained from Sera Lab (Belton, UK). AEC (3,3-amino-9-ethyl carbazole) and DAB (3,3-

diamino benzidine tetrachloride) were purchased from Sigma Chemical Co. (St Louis, Mis

souri). If not otherwise stated, all other chemicals were obtained from Merck (Darmstadt, 

Germany). 

3.2 Experimental Model 

All experiments were performed in conventionally housed 3-month-old female Brown-Norway 

rats (Harlan, Bilthoven, The Netherlands, or Broekman, Someren, The Netherlands), and had 

been approved by the animal experimental committee of the University of Amsterdam. Antise

rum against rat glomerular basement membrane (GBM) was raised in rabbits as described27. 

Glomerulonephritis was induced by injecting a single dose of 2 mg anti-GBM in the tail vein. 

At different time intervals, rats were sacrificed, and renal tissue was immediately frozen in 

liquid nitrogen and stored at -80°C. Immunofluorescence, performed as described earlier28, 

showed a linear distribution pattern of rabbit antibodies along the GBM in renal tissue sections 

of injected rats. 

3.3 Anti-VLA-4 blocking experiments 

In intervention experiments, 8 rats were treated with VLA-4 blocking peptides, which contain 

the LDV amino acid sequence present in the CS1 domain of FN. The efficacy of these peptides 

has been shown in the past21. As control, 8 rats received scrambled peptides instead (both gifts 

from Dr M.J. Elices, Cytel Corporation, San Diego, CA). These peptides were diluted in PBS 

and administered continuously at a dose of 15 mg/kg/day through a subcutaneously placed 

osmotic pump (Alzet 2001, ALZA, Palo Alto, CA), which was implanted 24 hours prior to the 

injection of anti-GBM antiserum. This treatment resulted in detectable serum peptide levels 

throughout the six days of the experiment (59 ± 14; 170 ± 80; 92 ± 46 ng/mL, at the time of 

anti-GBM injection, 2 days and 5 days after injection respectively). In addition, other rats (n=4) 

were daily injected intraperitoneally with anti-VLA-4 antibody HP2/1" or isotype-matched 

control mAb LFA-3 (n=4), at a dosis of 0.4 mg/ 1 ml PBS/ rat/ day. 

Urine was collected from animals placed in metabolic cages for 24 hours. Protein

uria was assessed by the biuret method. Renal tissue was collected 24 hours after injection of 

anti-GBM antibodies. Under anesthesia by isofluran, the peritoneal cavity was opened with a 

dorsolateral incision, and a small piece of renal tissue was removed with a razor blade from the 

right kidney. Bleeding was stopped with spongostan and the abdominal muscle layers and skin 
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were closed with sutures. The renal tissue was snap frozen in liquid nitrogen and stored at 80°C. 

At five days after the injection of anti-GBM antibodies, the rats were killed under 

ether anesthesia after renal perfusion with PBS, resection of the right kidney, followed by 

perfusion with formalin and resection of the left kidney. The right kidney was snap frozen and 

stored at -80°C, the left kidney was further prepared for standard histological staining (PAS-

diastase). 

3.4 Immunohistochemistry 

Sections (4-um thickness) were cut in a cryostat, immediately mounted on organosilane (Sigma 

Chemical Co., St. Louis, MO) -coated slides, air-dried overnight and fixed in ice-cold acetone 

(10 minutes). 

First, the sections were pre-incubated with 10% normal goat serum in PBS during 

15 minutes, followed by a 1 hour incubation with the primary antibody (5 ug/ml in PBS) or an 

isotype-matched irrelevant antibody. After washing in PBS, endogenous peroxidase activity 

was inhibited by treatment with 0.1%NaN3 and 0.3% H202 in PBS during 15 minutes. After 

washing, the sections were incubated with Ig-isotype specific HRP-labeled goat-anti-mouse-

antibodies (Southern Biotechnology Associates, Birmingham, Alabama), in a 1 to 50 dilution 

in PBS containing 1% normal rat serum. After washing, enzyme activity was detected using 0.5 

mg/ml AEC in acetate buffer (0.1 M, pH 4.9) containing 0.03% H202. Finally, the sections 

were counter stained with haematoxylin. Negative controls were performed by incubations 

where the specific primary antibody had been omitted or had been replaced by isotype-matched 

non-binding antibodies. 

The staining distribution was analyzed and the staining intensity was scored. Nega

tive staining was expressed as 0, and positive staining was semi-quantitatively classified as 1 

(weak), 2 (moderate) and 3 (strong). For the assessment of the number of infiltrated leukocytes 

in the inhibition studies, the number of positive cells in 50 glomerular cross sections was 

counted. 

3.5 Immuno-electron microscopy 

Cryostat sections (4pm) of renal tissue taken from rats that had been injected with anti-GBM 

24 hours before were fixed in 2% PFA/ PBS. Incubations with primary and HRP-labeled 

secondary antibodies were performed as described above. Then, the sections were fixed in 

2.5% glutaraldehyde (v/v), followed by the nickel-modified DAB reaction with cobalt chloride 
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enhancement as described" . After washing, the sections were postfixed in 1% (w/v) osmium 

tetroxide in 0.1 M cacodylate buffer for 1 hour, dehydrated and embedded in LX-112. Un

stained ultrathin sections were examined with a Philips electron microscope CM 10. 

4. RESULTS 

4.1 Anti-GBM glomerulonephritis 

To study the kinetics of the expression of VLA-4, VCAM-1 and FN-CS1 during anti-GBM 

glomerulonephritis, we performed immunohistochemistry on renal tissue. Staining of tissue 

from healthy animals (n=2) was compared to tissue from rats that had received anti-GBM 

antibodies at different times in the past (i.e. 4 hrs (n=2), 1 day (n=2), 10 days (n=2) and 16 days 

(n=2)). The effects of injection of anti-GBM antibodies were examined in a dose-response 

study to determine an antibody dose that would result in glomerulonephritis with submaximal 

severity (not shown). Injection with 2 mg anti-GBM resulted in a mild, transient influx of 

neutrophils and monocytes peaking at day 1, but not T-cells, and development of proteinuria. 

Light microscopical examination of PAS-diastase stained formalin-fixed/ paraffin-embedded 

tissue from the left kidney revealed minimal histopathological damage throughout the course 

of the glomerulonephritis. 

4.2 Expression of FN-CS1 

In renal tissue from control animals, incubation with anti-FN-CSl resulted in positive staining 

of the smooth muscle fibers of arterioles and minimal staining of mesangial areas within the 

glomeruli (Fig. 1 A, Table 1). As soon as four hours after injection of anti-GBM, strong positive 

staining was seen predominantly on podocytes and mesangial cells in the glomerulus, on 

smooth muscle cells of arterioles and to a lesser extent in the peritubular interstitium. This 

staining was maximal at 4 hours and day 1 (Fig. IB, C), and had decreased at day 10. At day 

16, FN-CS1 staining was comparable to control tissue (Table 1). In contrast to other reports 

that showed expression of FN-CS1 on endothelial cells in inflamed synovium18, we did not see 

expression of CS1 on endothelial cells in the glomerulus by light microscopy. This was con

firmed by immuno-electron microscopy, which revealed prominent staining of predominantly 

podocytes and of mesangial cells (Fig. 2). 
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Figure 1 

H • 
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Figure 1. Immunohistochemical staining of healthy kidney (original magnification x 225) showed minimal 
glomerular expression for FN-CS1 (A), VCAM-1 (D) and VLA-4 (G). Four hours after induction of anti-GBM 
glomerulonephritis, FN-CS1 was strongly upregulated on podocytes (B), VCAM-1 was upregulated in the 
glomerular mesangium (E), but no increase in VLA-4 positive cells was seen (H). One day (24 hours) after 
anti-GBM injection, FN-CS1 (C) and VCAM-1 (F) are still strongly expressed in the glomeruli, and a glo
merular infiltrate of VLA-4-positive cells is found. 

Figure 2 

Figure 2. An ultrathin section of a glomerulus of a rat with anti-GBM glomerulonephritis (Day 1 after 
induction) was incubated with anti-FN-CS1 antibody and peroxidase conjugate. The electron micrograph of 
an area of a glomerulus shows cross sections of several capillaries (L= capillary lumen). The peroxidase 
reaction product (black, arrow) is seen along the epithelial side, mainly surrounding the capillaries, as well 
as in mesangial cells (M). 
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4.3 Expression of VCAM-1 

Staining for VCAM-1 was observed in renal tissue from control animals on parietal epithelial 

cells, peritubular interstitium and some endothelial cells of arterioles and capillaries (Fig. ID). 

This staining strongly intensified during glomerulonephritis in the above mentioned areas, and 

appeared in addition in the glomerular mesangium. This staining pattern was already present 

4 hrs after anti-GBM injection, had further increased in intensity at day 1 (Fig. IE, F) and then 

decreased to lower levels at days 10 and 16 (Table 1). 

4.4 Influx of VLA-4 positive cells 

In control animals, positive staining for VLA-4 was detected occasionally in the glomeruli (Fig. 

1G). At four hours after anti-GBM injection, the distribution and intensity of staining were 

similar to those in control animals (Fig. 1H). At day 1, a strong increase in VLA-4 positive cells 

was found in the glomeruli (Fig. II). By day 16 this number had decreased to control levels 

(Table 1). 

Table 1. Expression of FN-CS1, VCAM-1 and VLA^4 in anti-GBM-glomerulonephritis in rats. 

Control 

4 hrs 

Day 1 

Day 10 

Day 16 

FN-CS1 

1 

3 

3 

2.5 

1 

VCAM-1 

1 

3 

3 

2 

1.5 

VLA-4 

1 

1 

3 

3 

1.5 

Table 1. The glomerular expression for FN-CS1, VCAM-1 and VLA-4 was semi-quantitatively assessed in 
50 glomerular cross sections from rats with anti-GBM glomerulonephritis at different intervals after induction 
of the disease. For each time point, the intensity of immunohistochemical staining in the glomeruli was 
scored (0= negative, 1= weak, 2= moderate, 3 =strong). The values represent the average of the values of 
two rats. 
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4.5 Effect of treatment with CS1 peptides in anti-GBM glomerulonephritis 

To study whether VLA-4-mediated interactions are important in the migration of inflammatory 

cells to the kidney or for the induction of tissue damage, we treated rats with inhibitors of VLA-

4-mediated binding to FN-CS1 or VCAM-1. The effects of treatment with a low-molecular 

weight peptide analogue of CS1 (n=8) were compared to those of a "scrambled" control 

peptide (n=8). Also, other rats were treated with a function-blocking mAb to VLA-4 (n=4) or 

with an isotype-matched control mAb (n=4). 

The effect of these treatments was assessed by measuring proteinuria (Table 2) and the glo

merular presence of neutrophils (Table 3), monocytes (Table 3) and cells positive for VLA-4, 

and the occurrence of histopathological damage (not shown). 

However, for all the parameters tested, no differences were found between the groups treated 

with LDV-containing CS1 peptides (Table 2, 3), anti-VLA-4 antibodies (not shown) and their 

controls. 

Table 2. LDV-containing CS1 peptides have no effect on the development of proteinuria in anti-GBM 
glomerulonephritis 

Proteinuria (mg/ 24 hrs) 

Day -6 Day 1 Day 5 

CS1 peptides 2 ± 1 72 ± 23 66 ±21 

Scrambled peptides 1 ± 1 63 ± 35 56 ± 28 

Table 2. Proteinuria in anti-GBM glomerulonephritis was not affected by treatment with CS1-peptides, which 

inhibit VLA-4-mediated interactions. Urine was collected 6 days prior induction of the disease and 1 day and 

5 days after induction. Values represent means ± SD of 8 rats in each group. 
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Table 3. Effects of CS1 peptides on leukocyte influx in anti-GBM glomerulonephritis. 

CS1 peptides 

Scrambled peptides 

Normal Kidney 

Leukocyte influx 

Neutrophils 

Day 1 Day 5 

1.0 ±0.7 1.2 = 0.7 

1.3 ±0.8 1.0 ± 0.7 

0.5 ± 0.3 

(pos. cells/GCS) 

Monocytes 

Day 1 Day 5 

4.1 ±1.7 3.3 ±1.2 

3.7 ± 1.7 2.2 ±1.0 

0.6 ±0.3 

Table 3. The influx of neutrophils and monocytes in anti-GBM glomerulonephritis, was not affected by 
treatment with LDV-containg CS1 peptides. Sections of renal tissue collected at 1 or 5 days after induction 
of the disease (8 animals in each group) and of normal control tissue (n=2) were incubated with monoclonal 
antibodies that recognize markers for neutrophils (HIS48) or monocytes (ED1). Values represent the means 
of the number of positive cells per glomerular cross section (GCS) ± SD. For each rat, 50 glomerular cross 
sections were examined. 

5. DISCUSSION 

We have demonstrated an early and strong glomerular upregulation of the CS1-containing FN 

splice variant after induction of anti-GBM glomerulonephritis in Brown-Norway rats. Once the 

glomerulonephritis had subsided, expression reverted to control levels. Expression of VCAM-1 

was also upregulated and appeared within the glomerular capillary loop upon injection of anti-

GBM antibodies. These phenomena were followed in time by an influx of VLA-4 positive cells. 

The presence and upregulation of these antigens, as well as their down-regulation once the 

inflammatory response had subsided strongly suggests a role for these proteins in the glomeru

lonephritis resulting from anti-GBM injection. 

However, efforts to support this hypothesis by showing a decrease of inflammatory 

activity when VLA-4-mediated interactions had been blocked, did not succeed. 

This indicates that VLA-4 on neutrophils and monocytes, the infiltrating cells in this model, 

does not play a pivotal role for migration or activation. Perhaps, clear effects of anti-VLA-4 

treatment would only be obtained if p\ integrins (CD 1 la/CD 18 and CD1 lb/CD 18) had also 
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been blocked , because of redundancy of integrin receptors on phagocytes. 

In numerous experimental models of inflammatory disorders, blockade of VLA-4, 

either by peptides or mAbs, was effective in diminishing inflammation19"21. In models of 

glomerulonephritis, positive22"5 as well as negative26 effects of VLA-4-blocking mAbs have 

been reported. Also, treatment with CS1 peptides was able to block renal allograft rejection31. 

In man, the first clinical trials for treatment of allergic asthma and multiple sclerosis with anti-

VLA-4 mAbs appear to be successful32. 

Although abundantly expressed during anti-GBM glomerulonephritis, FN-CS1 might 

not be optimally localized to enable VLA-4 mediated migration. In human synovial tissue from 

patients with rheumatoid arthritis, FN-CS 1 was expressed on the luminal side of endothelial 

cells18. Supposedly, FN-CS1 could thus mediate adhesion of leukocytes to the vessel wall, an 

essential step to allow the cells to transmigrate to the tissues3. Endothelial expression of FN-

CS 1 in the kidneys of the rats used in this experiment was excluded with immuno-electron 

microscopy. 

Alternatively, the FN-CS 1 expressed by podocytes could serve as an ECM ligand 

for leukocytes already migrated. VCAM-1 was also abundantly expressed in the mesangial 

matrix of the inflamed glomerulus. It has been reported that integrin-mediated adhesion to 

ECM leads to leukocyte activation7, stimulates the production and release of inflammatory 

mediators33;34, and controls survival of some leukocytes8;35. Anti-VLA-4 treatment could thus 

provide additional beneficial effects by reducing tissue damage by diminishing leukocyte 

activation. 

Obviously, expression patterns of integrins differ between types of leukocytes. 

Previously, neutrophils were considered to be the only leukocytes devoid of VLA-436, in sharp 

contrast to lymphocytes9. Although this view has been disputed""13'37 (Chapter II), it seems that 

in neutrophils Pi integrins play mostly an additional role to that of the highly expressed p\ 

integrin CD1 lb/ CD1838. It seems that VLA-4-mediated adhesion of neutrophils and monocytes 

is not essential for migration and activation in this model, in spite of the abundant expression 

of its ligand. Apart from the requirement of expression of adhesion molecules on leukocytes 

and the presence of suitable ligands on endothelium or ECM, the biological relevance of a 

specific integrin/ ECM interaction will determine the success of anti-adhesion strategies in vivo. 

95 



Chapter IV 

6. REFERENCES 

1. Savill J, Johnson RJ: Glomerular remodelling after inflammatory injury. Exp.Nephrol. 3: 149-

158,1995 

2. Taipale J, Keski-Oja J: Growth factors in the extracellular matrix. FASEB J. 11:51 -59, 1997 

3. Brady HR: Leukocyte adhesion molecules and kidney diseases. Kidney Int. 45: 1285-1300, 1994 

4. Juliano RL, Haskill S: Signal transduction from the extracellular matrix. J.Cell Biol. 120: 577-

585,1993 

5. Frisch SM, Ruoslahti E: Integrins and anoikis. Curr.Opin.Cell Biol. 9: 701-706, 1997 

6. Heinzeimann M, Mercer-Jones MA, Passmore JC: Neutrophils and renal failure. Am.J.Kidney 

Dis. 34: 384-399, 1999 

7. Nathan C, Srimal S, Farber C, Sanchez E, Kabbash L, Asch A, Gailit J, Wright SD: Cytokine-

induced respiratory burst of human neutrophils: dependence on extracellular matrix proteins and 

CD11/CD18 integrins. J.Cell Biol. 109: 1341-1349, 1989 

8. Anwar AR, Moqbel R, Walsh GM, Kay AB, Wardlaw AJ: Adhesion to fibroncctin prolongs 

eosinophil survival. J.Exp.Med. 177: 839-843, 1993 

9. Hemler ME, Elices MJ, Parker C, Takada Y: Structure of the integrin VLA-4 and its cell-cell 

and cell-matrix adhesion functions. Immunol.Rev. 1 14: 45-65, 1990 

10. Taooka Y, Chen J, Yednock T, Sheppard D: The integrin alpha9bctal mediates adhesion to acti

vated endothelial cells and transendothelial neutrophil migration through interaction with vascular 

cell adhesion molecule-1. J.Cell Biol. 145: 413-420, 1999 

11. Issekutz TB, Miyasaka M, IssekutzAC: Rat blood neutrophils express very late antigen 4 and it 

mediates migration to arthritic joint and dermal inflammation. J.Exp.Med. 183: 2175-2184, 1996 

12. Davenpeck KL, Sterbinsky SA, Bochner BS: Rat neutrophils express alpha4 and betal integrins 

and bind to vascular cell adhesion molecule-1 (VCAM-1) and mucosal addressin cell adhesion mole-

cule-1 (MAdCAM-1). Blood 91: 2341-2346, 1998 

13. Wcrr J, Xie X, Hedqvist P, Ruoslahti E, Lindbom L: betal integrins are critically involved in 

neutrophil locomotion in extravascular tissue In vivo. J.Exp.Med. 187: 2091-2096, 1998 

14. Kuijpers TW: Pathophysiological aspects of VLA-4 interactions and possibilities for therapeuti

cal interventions. Springer Semin.Immunopathol. 16: 379-389, 1995 

15. Buyukbabani N, Droz D: Distribution of the extracellular matrix components in human glo

merular lesions. J.Pathol. 172: 199-207,1994 

16. Ffrench-Constant C: Alternative splicing of fibroncctin: many different proteins but few differ

ent functions. Exp.Cell Res. 221: 261-271, 1995 

17. Magnuson VL, Young M, Schattenberg DG, Mancini MA, Chen DL, Steffensen B, Klebe RJ: 

The alternative splicing of fibronectin prc-mRNA is altered during aging and in response to growth 

factors. J.Biol.Chem. 266: 14654-14662,1991 

18. Elices MJ, Tsai V, Strahl D, Goel AS, Tollefson V, Arrhcnius T, Wayner EA, Gaeta FC, Fikes 

JD, Firestein GS: Expression and functional significance of alternatively spliced CS1 fibronectin in 

rheumatoid arthritis microvasculature. J.Clin.Invest. 93: 405-416, 1994 

19. Wahl SM, Allen JB, Hines KL, Imamichi T, Wahl AM, Furcht LT, McCarthy JB: Synthetic 

96 



VLA-4 and its Ligands in Rat Glomerulonephritis 

fibronectin peptides suppress arthritis in rats by interrupting leukocyte adhesion and recruitment. 

J.CIin.Invest. 94: 655-662, 1994 

20. Molossi S, Elices M, Arrhenius T, Diaz R, Coulber C, Rabinovitch M: Blockade of very late 

antigen-4 integrin binding to fibronectin with connecting segment-1 peptide reduces accelerated 

coronary arteriopathy in rabbit cardiac allografts. J.CIin.Invest. 95: 2601-2610, 1995 

21. Abraham WM, Ahmed A, Sielczak MW, Narita M, Arrhenius T, Elices MJ: Blockade of late-

phase airway responses and airway hyperresponsiveness in allergic sheep with a small-molecule pep

tide inhibitor of VLA-4. Am.J.Respir.Crit.Care Med. 156: 696-703, 1997 

22. Molina A, Sanchez-Madrid F, Bricio T, Martin A, Barat A, Alvarez V, Mampaso F: Prevention 

of mercuric chloride-induced nephritis in the brown Norway rat by treatment with antibodies against 

the alpha 4 integrin. J.lmmunol. 153:2313-2320, 1994 

23. Wu X, Pippin J, Lefkowith JB: Attenuation of immune-mediated glomerulonephritis with an 

anti-CD 1 lb monoclonal antibody. Am.J.Physiol. 264: F715-F721, 1993 

24. Kawasaki K, Yaoita E, Yamamoto T, Tamatani T, Miyasaka M, Kihara I: Antibodies against 

intercellular adhesion molecule-1 and lymphocyte function-associated antigen-1 prevent glomerular 

injury in rat experimental crescentic glomerulonephritis. J.Immunol. 150: 1074-1083, 1993 

25. Mulligan MS, Johnson KJ, Todd RF, Issekutz TB, Miyasaka M, Tamatani T, Smith CW, Ander

son DC, Ward PA: Requirements for leukocyte adhesion molecules in nephrotoxic nephritis. 

J.CIin.Invest. 91:577-587, 1993 

26. Wu X, Tiwari AK, Issekutz TB, Lefkowith JB: Differing roles of CD 18 and VLA-4 in leukocyte 

migration/activation during anti-GBM nephritis. Kidney Int. 50: 462-472, 1996 

27. Weening JJ, Prins FA, Fransen JA, van der Wal A, Hoedemacker PJ: Ultrastructural localization 

and quantitation of nephritogenic antibodies in experimental glomerulonephritis. Lab.Invest. 55: 372-

376,1986 

28. Heeringa P, Brouwer E, Klok PA, Huitema MG, van den Born J, Weening JJ, Kallenberg CG: 

Autoantibodies to myeloperoxidase aggravate mild anti-glomerular- basement-membrane-mediated 

glomerular injury in the rat. Am.J.Pathol. 149: 1695-1706, 1996 

29. Green MA, Sviland L, Malcolm AJ, Pearson AD: Improved method for immunoperoxidase de

tection of membrane antigens in frozen sections. J.Clin.Pathol. 42: 875-880, 1989 

30. Bohnsack JF, Zhou XN: Divalent cation substitution reveals CD18- and very late antigen- de

pendent pathways that mediate human neutrophil adherence to fibronectin. J.lmmunol. 149: 1340-

1347, 1992 

31. Korom S, Hancock WW, Coito AJ, Kupiec-Weglinski JW: Blockade of very late antigcn-4 inte

grin binding to fibronectin in allograft recipients. II. Treatment with connecting segment-1 peptides 

prevents chronic rejection by attenuating arteriosclerotic development and suppressing intragraft T 

cell and macrophage activation. Transplantation 65: 854-859, 1998 

32. Lin KC, Castro AC: Very late antigen 4 (VLA4) antagonists as anti-inflammatory agents. 

Curr.Opin.Chem.Biol. 2: 453-457, 1998 

33. Miyake S, Yagita H, Maruyama T, Hashimoto H, Miyasaka N, Okumura K: Beta 1 integrin-

mediated interaction with extracellular matrix proteins regulates cytokine gene expression in synovial 

97 



Chapter IV 

fluid cells of rheumatoid arthritis patients. J.Exp.Med. 177: 863-868, 1993 

34. Simms H, D'Amico R: Regulation of polymorphonuclear neutrophil CD16 and CDllb/CD18 

expression by matrix proteins during hypoxia is VLA-5, VLA-6 dependent. J.Immunol. 155: 4979-

4990, 1995 

35. Zaitscva MB, Mojcik CF, Salomon DR, Shevach EM, Golding H: Co-ligation of alpha4betal 

integrin and TCR rescues human thymocytes from steroid-induced apoptosis. Int.Immunol. 10: 1551-

1561,1998 

36. Neeley SP, Hamann KJ, White SR, Baranowski SL, Burch RA, Lcff AR: Selective regulation of 

expression of surface adhesion molecules Mac-1, L-selectin, and VLA-4 on human eosinophils and 

neutrophils. Am.J.Respir.Cell Mol.Biol. 8: 633-639, 1993 

37. Schneider T, Issekutz TB, Issekutz AC: The role of alpha4 (CD49d) and beta2 (CD18) integrins 

in eosinophil and neutrophil migration to allergic lung inflammation in the Brown Norway rat. 

Am.J.Respir.Cell Mol.Biol. 20: 448-457, 1999 

38. Gahmberg CG, Tol vanen M, Kotovuori P: Leukocyte adhesion: structure and function of human 

leukocyte beta2- integrins and their cellular ligands. Eur.J.Biochem. 245: 215-232, 1997 

98 


