
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Aspects of the life and death of neutrophils: adhesion, activation and apoptosis

van den Berg, J.M.

Publication date
2001

Link to publication

Citation for published version (APA):
van den Berg, J. M. (2001). Aspects of the life and death of neutrophils: adhesion, activation
and apoptosis. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/aspects-of-the-life-and-death-of-neutrophils-adhesion-activation-and-apoptosis(5896c192-8a83-453a-a783-e13d039f8862).html


CHAPTER III 

UPREGULATION OF VLA-4 AND ITS LIGANDS 

FIBRONECTIN-CS1 AND V C A M - 1 

IN INFLAMED HUMAN KIDNEY 



Chapter UI 

Upregulation of VLA-4 and its Ligands Fibronectin-CSl and 

V C A M - 1 in Inflamed Human Kidney 

J. Merlijn van den Berg ',3, Nike Claessen2, Jan Aten2, Jan J. Weening2 

and Taco W. Kuijpers1"' 

' Emma Children's Hospital, Academic Medical Center, University ol" Amsterdam, The Netherlands 
2 Department of Pathology, Academic Medical Center, University of Amsterdam, The Netherlands 

'Central Laboratory of the Netherlands Blood Transfusion Service (CI.B) and Laboratory for Experimental and Clinical 

Immunology, Academic Medical Center, University of Amsterdam, The Netherlands 

1. ABSTRACT 

BACKGROUND: VLA-4, an adhesion molecule of the (3, integrin family, plays a role in 

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 protein fibronectin (FN) called CS1, 

which is only expressed after alternative mRNA splicing. To study whether VLA-4-mediated 

interactions play a role in inflammatory diseases of the human kidney, we investigated the 

expression levels of VLA-4, VCAM-1 and FN-CS1 in renal biopsies. 

METHODS: Immunohistochemistry was performed on sections of frozen renal tissue from 

patients with minimal change disease (MCD), membranous glomerulonephritis (MGN), IgA 

glomerulonephritis (IgA-GN), Wegener's granulomatosis (WG), lupus nephritis (LN) as well 

as on tissue of transplant rejections (TR) and of healthy kidney. 

RESULTS: In contrast to the normal situation and in MCD we found large numbers of infil

trated VLA-4 positive cells in the inflammatory glomerular diseases MGN, IgA-GN and WG, 

in glomerular as well as in tubulo-interstitial areas. The strongest increase was found in LN and 

in tubulo-interstitial areas in TR. The staining for expression of VCAM-1 and FN-CS1 was 

minimal in healthy kidney and MCD, increased in IgA-GN and MGN, and strongest in WG, 

LN and TR. 

CONCLUSIONS: These data show that in several inflammatory diseases of the human kidney 

large infiltrates of VLA-4-positive cells are present, while the ligands VCAM-1 and FN-CS1 

are strongly upregulated. This suggests a role for VLA-4-mediated interactions in the induction 

and maintenance of the inflammatory response in the human kidney. 
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2. INTRODUCTION 

Renal inflammation is characterized by extensive remodeling of the extracellular matrices 

(ECM) of the glomerulus and peri-glomerular or peri-tubular areas1. The ability of the kidney 

to clear depositions of matrix material once the inflammatory activity has subsided is essential 

for the repair of glomerular and tubular structures in order to regain normal renal function. 

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 adhesion. Binding to ECM induces 

numerous important biological responses in cells, ranging from differentiation and proliferation 

to apoptosis (programmed cell death)2. 

In most types of glomerulonephritis as well as other renal inflammations, leukocytes 

migrate from the bloodstream to inflammatory foci in the kidney. The presence of adhesion 

molecules on their outer membrane allows leukocytes to adhere to ECM, similar to other cells. 

The migration of leukocytes through the ECM will be facilitated or hampered depending on the 

mixture of ECM molecules encountered, and the affinity with which the leukocyte binds to 

these ECM components. Thus, upregulation of certain ECM molecules as is seen in glomerulo

nephritis may play an important role in directing and controlling leukocyte influx. Once 

present, firm adhesion to ECM may induce leukocyte activation3 and the release of inflamma

tory cytokines, lytic enzymes and reactive oxygen species, which may prolong the inflammatory 

response and may lead to tissue damage4. Consequently, 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, oc4Pi, CD49Ö7 CD29). This (3, integrin is expressed on all 

leukocytes, although at comparatively low levels on neutrophils. VLA-4 may bind two ligands, 

i.e. VCAM-1, a member of the immunoglobulin superfamily expressed on activated endothe

lium, and the ECM molecule FN (fibronectin)5*. 

FN is a glycoprotein present in the extracellular matrix and blood plasma. In many 

inflamed tissues it is strongly upregulated or deposited. Especially in the glomerulus, where FN 

is normally confined to the mesangium, expression of FN correlates with the intensity of the 

inflammatory reaction and is extended to sclerotic areas such as the glomerular crescent. It 

contains several cell-binding sites, through which it influences cellular reactions such as 

migration, differentiation and survival. Alternative splicing of FN mRNA can result in expres

sion of three additional regions, named ED-A, ED-B and IIICS. The connective segment 1 

(CS1), which is present in the IIICS region, contains the amino acid sequence leucine-aspartate-

valine (LDV), which is essential for binding of VLA-47. 

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

tory cytokines8. In animal models, inflammatory activity was suppressed by inhibition of VLA-
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4-mediated interactions, either by blocking monoclonal antibodies or peptide analogues of the 

LDV sequence of CS19. In patients suffering from rheumatoid arthritis, de novo expression of 

FN-CS1 was seen in inflamed synovium10. Possibly, the specific inhibition of VLA-4 could be 

of use in the treatment of severe inflammatory disorders. The value of this strategy is currently 

assessed in the treatment of multiple sclerosis and asthma in man". 

To assess whether VLA-4-mediated interactions play a role in kidney inflammation 

and more specifically glomerulonephritis, we performed an immunohistochemical study on 

renal biopsies of patients that suffer from various inflammatory diseases of the kidney. In 

contrast to the normal situation and in minimal change disease (MCD), we found an influx of 

VLA-4 positive cells in Wegener's granulomatosis (WG), lupus nephritis (LN), membranous 

glomerulonephritis (MGN), IgA glomerulonephritis (IgA-GN) and also in renal transplant 

rejection. The presence of VLA-4-positive cells was accompanied by increased expression of 

FN-CS1 and VCAM-1, suggestive of a role for VLA-4-mediated interactions in renal inflam

mation. 

3. MATERIALS AND METHODS 

3.1 Antibodies and reagents 

MAb (monoclonal antibody) HP2/1 (IgG,, anti-VLA-4) was a gift from Dr F. Sanchez Madrid 

(Hospital de la Princesa, Madrid, Spain), mAb 4B9 (IgG,, anti-VCAM-1) from Dr J.M. Harlan 

(University of Washington, Seattle, WA), mAb 90.45 (IgM, anti-CSl) from Dr M.J. Elices 

(Cytel Corporation, San Diego, CA). Horse-radish peroxidase- (HRP-) labeled polyclonal 

rabbit antibodies to FN, as well as normal rabbit serum (NRbS) were obtained from DAKO 

(Glostrup, Denmark). Normal goat serum (NGS) was obtained from Sera Lab (Belton, UK), 

human AB serum (ABS) from the Central Laboratory of the Netherlands Blood Transfusion 

Service (CLB, Amsterdam, the Netherlands). AEC (3,3-amino-9-ethyl carbazole) was pur

chased from Sigma Chemical Co. (St Louis, MO), H202, NaN3 and haematoxylin from Merck 

(Darmstadt, Germany). 

3.2 Immunohistochemistry 

Frozen tissue from renal biopsies of patients suffering from Wegener's granulomatosis (WG, 

n=3), lupus nephritis (LN, n=6), IgA glomerulonephritis (IgA-GN, n=4), membranous glo

merulonephritis (MGN, n=4), transplant rejection (TR, n=5) and healthy kidney tissue (control, 

n=2) were obtained from the archives of the Department of Pathology of the Academic Medical 

Center in Amsterdam, the Netherlands. All tissue had been immediately frozen in liquid 

nitrogen and stored at 80°C until use. Sections (4 urn) were cut in a cryostat, immediately 
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mounted on organosilane (Sigma) -coated slides, air-dried overnight and fixed in ice-cold 

acetone (10 minutes). 

First, the sections were pre-incubated with 10% NGS in phosphate-buffered saline (PBS) (15 

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

washing in PBS, endogenous peroxidase activity was inhibited by treatment with 0.1% NaN3 

and 0.3% H202 in PBS (15 minutes). After washing, sections that had been incubated with 

mAbs were treated with goat-anti-mouse-IgGi (for HP2/1 and 4B9) or goat-anti-mouse-IgM 

(for 90.45), both labeled with HRP (Southern Biotechnology Associates, Birmingham, AL), 

in a 1 to 50 dilution in PBS containing 10% ABS. After washing, enzyme activity was detected 

with 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. 

In negative control incubations, 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. Negative staining 

was expressed as 0, and positive staining was semi-quantitatively classified as 1 (weak), 2 

(moderate) or 3 (strong). 

4. RESULTS 

4.1 Expression of standard-FN 

In normal tissue and in MCD, FN was present in mesangial areas and peritubular interstitium 

(Fig 1 A, Table 1). The intensity of the staining was mildly increased in MGN and IgA-GN. In 

TR, expression of FN was increased, again mostly so in the interstitial areas (Fig IB, Table 1). 

In LN and WG, the staining was strongest (Fig 1C, Table 1). Where inflammatory activity had 

led to the formation of crescents, these structures were easily recognizable by intense and 

extensive staining for FN (Fig 1C, Table 1). 

4.2 Expression of the FN splice variant CS1 

Inclusion of the CS1 region in the FN molecule by alternative mRNA splicing provides an 

additional ligand for VLA-4. In normal renal tissue and MCD, we found mild expression of 

CS1 on mesangial cells, podocytes, smooth muscle cells of arterioles and on some distal tubules 

(Fig ID, Table 1). In inflamed renal tissue, CS1 expression increased strongly, and appeared 

in addition on parietal epithelial cells (Fig IE, Table 1). Most markedly, the highest CS1 

staining was seen in crescents in tissue from WG and LN (Fig IF, Table 1), but also in the 

interstitial areas in transplant rejection. 
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Figure 1 
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Figure 1. Immunohistochemistry for fibronectin (FN), FN-CS1, VCAM-1 and VLA-4 was performed on frozen 

biopsies from patients with various renal diseases (original magnification x 225). The figures show staining 

for FN in normal kidney (A), IgA-GN (B) and WG (C); for FN-CS1 in normal kidney (D), IgA-GN (E) and I_N 

(F); for VCAM-1 in normal kidney (G), LN (H and I); and for VLA-4 in normal kidney (J) and two biopsies from 

patients with LN (K,L). 

Table 1. Semi-quantitative analysis of staining for FN, FN-CS1, VCAM-1 and VLA-4 in renal tissue 

INTENSITY OF STAINING 

FN FN-CS1 VCAM-1 VLA-4 

Glom TI Glom TI Glom TI Glom TI 

Normal 

MCD 

IgA-GN 

MGN 

WG 

LN 

TR 

1.5 

1.5 

2.0 

2.3 

2.7 

2.6 

2.0 

2.0 

2.3 

2.3 

2.8 

2.7 

3.0 

3.0 

1.0 

1.0 

1.7 

1.8 

2.0 

2.7 

1.4 

0.5 

0.5 

2.7 

1.8 

2.3 

2.3 

2.2 

1.0 

1.0 

1.3 

1.5 

2.0 

1.8 

1.8 

0 

0.3 

1.3 

1.3 

2.0 

2.0 

1.6 

0 

0.3 

1.7 

0.3 

1.7 

2.3 

1.6 

0 

0.3 

1.7 

1.5 

1.7 

2.5 

2.6 

Table 1. The expression of FN, FN-CS1, VCAM-1 and VLA-4 in normal kidney (n=2), minimal change 
disease (MCD, n=4), IgA-glomerulonephritis (IgA-GN, n=4), membranous glomerulonephritis (MGN, n=4), 
Wegener's granulomatosis (WG, n=3), lupus nephritis (LN, n=6) and transplant rejection (TR, n=5) was 
assessed by semi-quantative analysis of the intensity of immunohistochemical staining (0= negative, 
1=weak, 2=moderate, 3=strong). The values represent the means of glomerular (Glom) and tubulo-interstitial 
(Tl) areas. 

4.3 Expression of VCAM-1 

As has been described earlier, we found mild expression of VCAM-1 in normal kidney and 

MCD on parietal epithelial cells and proximal tubules (Fig 1G, Table 1). However, in renal 

inflammation, VCAM-1 staining was more intense, again most strongly in LN and WG (Fig 1H 

and I, Table 1). In these diseases, VCAM-1 also appeared in crescents and in mesangial areas, 
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and on endothelial cells in interstitial vessels. In some cases, the infiltrated leukocytes in the 

periglomerular areas stained strongly for VCAM-1 (Fig II, Table 1). In TR the strongest 

expression was seen in interstitial areas. 

4.4 The number of VLA-4-positive cells increases in renal inflammation 

An increase in cells expressing the p, integrin VLA-4 would strongly suggest a role for this 

adhesion molecule in the transmigration of leukocytes from the bloodstream to the inflamed 

kidney. In normal renal tissue, and in tissue from patients that suffer from MCD, a non

inflammatory glomerular disease, the number of VLA-4-positive cells was minimal (Fig U, 

Table 1). The sparse positive cells probably represented macrophages that are normally present 

at low numbers within the glomeruli. 

In the inflammatory glomerular diseases MGN, IgA-GN and WG large numbers of infiltrated 

VLA-4 positive cells were found, in glomerular as well as tubulo-interstitial areas (Fig 1K and 

L, Table 1). The strongest increase was found in LN and TR. Both diseases are characterized 

by an influx of T-cells, which express a high amount of VLA-4. In TR, more VLA-4-positive 

cells were found in the tubulo-interstitial area, where the inflammatory activity is the strongest. 

In some sections, VLA-4 positive cells co-localized with VCAM-1-positive areas (Figs 1H and 

IK, Table 1). 

5. DISCUSSION 

These data are the first to show expression of the FN splice variant CS1 in the human kidney. 

Moreover, expression of FN-CS1 is increased in renal inflammation, especially in conditions 

where a large influx of VLA-4-positive cells is found. Another ligand for VLA-4, the adhesion 

molecule VCAM-1, was also found to be upregulated in renal inflammation, and co-localizes 

with VLA-4-positive cells. These Findings strongly suggest a role for adhesive interactions 

between VLA-4 and FN-CS1 or VCAM-1 in inducing or maintaining inflammatory activity in 

glomerulonephritis associated with SLE, WG, IgA-GN and MGN, as well as in transplant 

rejection. 

A possible role for the upregulation of FN-CS1 and VCAM-1 could be the recruit

ment of VLA-4-positive cells from the bloodstream. However, in contrast to the situation in 

rheumatoid arthritis where FN-CS1 is expressed on the luminal side of endothelial cells in 

inflamed synovium12, we did not find a clear expression of FN-CS1 on endothelial cells in 

inflamed kidney. Also, the expression of VCAM-1 was mostly restricted to tubulo-interstitial 

areas, the glomerular mesangium and glomerular crescents in inflamed tissue. However, being 
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representative of just one time point late in the course of renal inflammation, a renal biopsy 

cannot prove or disprove that these two VLA-4 ligands are expressed on the vessel wall in the 

earliest phases of the inflammatory response. 

Alternatively, it could well be that the increased availability of VCAM-1 and FN-

CS1 is important for regulating leukocyte activation. For neutrophils it has been shown that the 

generation of reactive oxygen intermediates (ROI) is not only dependent on adequate stimula

tion with cytokines, but also on integrin-mediated adhesion to ECM ligands3. Activated 

leukocytes release inflammatory mediators that attract other leukocytes, or induce renal cells 

to produce matrix material. Added to the direct damage to many structural proteins by ROI, this 

could result in increased tissue damage, with ultimately a less favorable prognosis for the 

recovery of normal renal function4. 

Another effect of the abundance of VLA-4 ligands could be increased survival rates 

of infiltrated leukocytes. VLA-4-mediated binding to FN has been shown to decrease apoptosis 

of eosinophilic granulocytes^ as well as T-cells14. For neutrophils the situation is less well 

defined, because these cells can bind FN through another integrin, i.e. CD1 lb/CD1813 (Chapter 

II), an interaction that has been linked to the occurrence of a respiratory burst and subsequently 

an increase in apoptosis16 (Chapter V). 

The source of the increased amount of FN-CS1 is not easily determined. In a study 

describing a murine model of glomerulonephritis, it was argued that leakage of plasma FN, 

which contains CS1, to the glomeruli rather than local production of FN was the cause of this 

increase . However, others have shown in models in the rat an increase in mRNA encoding for 

CS1 in inflamed glomeruli18. Also, human mesangial cells as well as podocytes in culture 

produce FN-CS1 (Van den Berg et al, data not shown). In addition, neutrophils, T-cell lines and 

activated lymphocytes in culture produce FN, although most of the FN mRNA lacked the IIICS 

exon. Thus, it could well be that local production as well as deposition of plasma FN contribute 

to the increase in depositions of FN-CS1. 

Recently, numerous studies have shown the efficacy of anti-adhesive therapies in 

treating experimentally induced inflammatory diseases. Particularly studies with antibodies 

against p\ integrins or their ligands have claimed successes in models of glomerulonephritis19. 

The effects of interference with interactions mediated by Pi integrins in glomerulonephritis 

have been more elusive19'20. However, with the successful introduction of the first anti-integrin 

receptor therapy for reducing the risk of post-ischemic complications after percutaneous 

coronary intervention21, the urge for developing specifically targeted drugs to replace corticos

teroids or cytotoxic drugs in the treatment of inflammatory disorders of the kidney will grow. 

To make an adequate assessment whether such a treatment might be of benefit, it will be 
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essential to not only focus on leukocyte-endothelial interactions, but also consider the effects 

of disrupting leukocyte-ECM interactions. 
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