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The �1�1 integrin (VLA-1) is a major collagen/lami-
nin receptor that regulates fibroblast proliferation
and mesangial cell migration and cell contraction. We
have examined the effect of an antibody to VLA-1 in
crescentic glomerulonephritis. Nephrotoxic nephri-
tis was induced in Wistar-Kyoto rats and rats were
given monoclonal antibody to VLA-1 (Ha31/8), 2.5
mg/kg, on alternate days. Antibodies were given from
day �1 to day 10 or from day 14 to day 28. Treatment
from day �1 to day 10, during the early inflammatory
phase of nephrotoxic nephritis, had no effect on al-
buminuria or glomerular crescent formation. In the
delayed treatment experiment, all rats developed
florid crescentic glomerulonephritis, and control rats
showed marked glomerular and tubulointerstitial
scarring at day 32. VLA-1 expression, by immunohis-
tochemistry, was increased in glomeruli and around
tubules. Proteinuria did not differ between groups. In
anti-VLA-1-treated rats, serum creatinine was signifi-
cantly lower at day 32 (P � 0.002) and renal survival
was significantly better (P � 0.045). Both glomerular
and interstitial scarring were significantly less at day
32 in rats given anti-VLA-1 (P � 0.002). Deposition of
ED(A) fibronectin, a marker of new matrix synthesis,
and of type IV collagen, were reduced in glomeruli
and interstitium in anti-VLA-1-treated animals (P �

0.0006). Expression of �-smooth muscle actin, a
marker of myofibroblasts, showed no significant dif-
ference. Expression of matrix metalloproteinase-9
was increased in the glomeruli of rats treated with
anti-VLA-1. We conclude that VLA-1 mediates both glo-
merular and interstitial fibrosis in crescentic glomer-
ulonephritis and that neutralization of VLA-1, which
enhanced expression of matrix metalloproteinase-9,
is a possible therapeutic strategy in progressive renal
scarring. (Am J Pathol 2002, 161:1265–1272)

Integrins are transmembrane receptors for extracellular
proteins. They mediate cell attachment, proliferation, and
motility in response to the extracellular environment. They
are heterodimeric, noncovalently associated glycopro-
tein complexes consisting of an � and a � chain. The �1
integrins are the largest group and are composed of a �1
chain associated with 1 of 12 � chains. They function
predominantly in cell-matrix adhesion. Five members of
this family are known to be major receptors for collagen,
�1�1, �2�1, �3�1, �10�1, and �11�1. �1�1 integrin,
also known as VLA-1, has a preference for type IV colla-
gen and laminin. Expression of �1 in the adult animal is
predominantly mesenchymal. In the kidney �1�1 integrin
is found on glomerular mesangial and endothelial cells
and on tubular epithelium.1,2

Experiments using gene-targeted mice deficient in �1
have shown that �1 expression is essential for fibroblasts
to adhere to and migrate on collagen type IV,3 and that
absence of �1 markedly reduces fibroblast proliferation
on collagenous substrata.4 �1�1 also supports gel con-
traction by smooth muscle cells,5 suggesting a role in re-
modeling of collagenous tissue during scar formation. The
integrins are important in the regulation of matrix metallo-
proteinases (MMPs) that control turnover of extracellular
matrix. In mice lacking �1 there is increased expression of
MMPs, including MMP-13,6 MMP-2, MMP-7, and MMP-9.7

In glomerular mesangial cells, �1�1 integrin mediates col-
lagen-dependent adhesion, migration, and gel contrac-
tion.8,9 Mesangial cell expression of �1�1 integrin is in-
creased by transforming growth factor (TGF)-�.8 �1 integrin
plays a role in the mesangial expansion that is seen in a
murine model of Alport’s syndrome.10 These data suggest a
possible role for �1�1 integrin in renal scarring.

�1�1 may also play a role in the interaction of inflam-
matory cells with extracellular matrix and, in particular,
their migration through matrix after extravasation. Admin-
istration of an antibody to �1 chain significantly inhibits
effector phase inflammatory responses in delayed-type
hypersensitivity, contact hypersensitivity, and arthritis
models in the mouse.11 We have therefore studied the
effect of an antibody that blocks the function of the �1
chain on inflammation and scarring in a rat model of
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glomerulonephritis. The model we have studied is neph-
rotoxic nephritis (NTN) in the Wistar-Kyoto (WKY) rat. We
have previously described the natural history of this mod-
el,12 which is induced by intravenous injection of a small
dose of rabbit anti-rat glomerular basement membrane
serum. Within 6 days rats develop marked glomerular
macrophage infiltration and focal and segmental glomer-
ulosclerosis. By day 10 the majority of glomeruli contain
cellular crescents. This is followed in the third week by
progressive glomerular and tubulointerstitial scarring with
the development of end-stage renal failure at 5 to 6
weeks. In the present study we have examined the effect
of a blocking antibody to �1 integrin chain administered
either during the phase of acute inflammation, from be-
fore induction of glomerulonephritis to day 10, or during
the scarring phase from days 14 to 28.

Materials and Methods

Reagents

Nephrotoxic serum, a rabbit antiserum to rat glomerular
basement membrane, was prepared as previously de-
scribed.13 Hamster monoclonal antibody, Ha31/8, to rat �1
integrin was supplied by Biogen Inc., Cambridge, MA. An
isotype-matched antibody, Ha4/8 was used as a control.

Localization of VLA-1

Inhibition of rat �1 integrin is by injection of the monoclo-
nal antibody Ha31/8. To demonstrate localization of this
antibody two male WKY rats (Charles River, Margate,
UK), were given a single dose of 2.5 mg or 5 mg of
Ha31/8 intraperitoneally. Rats were killed 24 hours later
and kidneys were snap-frozen. Frozen sections were
used to detect the localization of the injected hamster
anti-rat �1 integrin by immunofluorescence using an anti-
Armenian and Syrian hamster IgG-PE-conjugated anti-
body (BD Pharmingen, Oxford, UK).

Nephrotoxic Nephritis

Male WKY rats, weighing 200 to 220 g, were given 0.1 ml
of nephrotoxic serum intravenously. At intervals rats were
bled from the tail vein under isoflurane anesthesia. Urine
was collected by housing rats in metabolic cages for
24-hour periods with free access to food and water. Rats
were killed under isoflurane anesthesia, and blood was
collected from the abdominal aorta. Samples of kidney were
fixed in 10% formal saline and processed into paraffin wax,
or snap-frozen in isopentane cooled in liquid nitrogen. Uri-
nary albumin was measured by rocket immunoelectro-
phoresis,14 and proteinuria by the sulfosalicylic acid meth-
od.15 Urine and serum creatinine were measured on an
Olympus AU600 analyzer (Olympus, Eastleigh, UK).

Experimental Design

Experiment 1

Experiment 1 was designed to study the effect of an-
tibody to �1 chain on the initial phase of NTN. NTN was

induced in 10 rats. Five were treated with anti-�1 anti-
body, Ha31/8, 2.5 mg/kg intraperitoneally (i.p.) on alter-
nate days, starting 24 hours before induction of glomer-
ulonephritis. Five were treated with control antibody
Ha4/8. All rats were killed at day 10.

Experiment 2

Experiment 2 was designed to test the effect of anti-
body to �1 on established glomerulonephritis during the
phase of glomerular and tubulointerstitial scarring. NTN
was induced in 14 rats. From day 14, the rats were
treated with anti-�1 integrin antibody, Ha31/8, 2.5 mg/kg
i.p. or with control antibody, on alternate days until day
28. Rats were killed on day 32 for assessment of glomer-
ular scarring.

Experiment 3

Experiment 3 followed the same protocol as experi-
ment 2 with treatment from day 14 to day 28. There were
six rats in each group. At day 28 treatment was stopped
and rats were followed until they had to be killed because
of deteriorating renal function. In addition to these exper-
iments, sections from our previous study of the natural
history12 of this model of glomerulonephritis were avail-
able for assessment of �1�1 integrin, collagen type IV,
and fibronectin expression at other time points.

Histology and Immunohistochemistry

In experiment 1, numbers of crescents were counted in
100 consecutive glomeruli in each section. In experi-
ment 2, an initial semiquantitative assessment of glomeru-
lar and tubulointerstitial scarring was performed on hema-
toxylin and eosin-stained sections using a scale from 0
(no scarring) to 4 (scarring involving more than 75% of
glomerular or interstitial area). Further assessment of scar-
ring was performed by ranking the intensity of Masson’s
trichrome staining in glomeruli and interstitium, and by
quantitative image analysis of sections stained by immu-
nohistochemistry for fibronectin and collagen type IV.

Antibodies against the following were used for immu-
nohistochemistry: monocytes/macrophages (monoclonal
antibody ED1; Serotec, Oxford, UK), CD8 cells (mono-
clonal antibody OX8, Serotec), �1�1 integrin (Chemicon,
Temecula, CA), collagen type IV (Southern Biotechnol-
ogy Associates, Birmingham, AL), extra domain (ED) (A)
fibronectin (IST-9; Harlan-Sera Lab, Loughborough, UK),
Ki-67 (Novocastra, Newcastle on Tyne, UK), MMP-9 (Bio-
carta, Oxford, UK), and �-smooth muscle actin (1A4;
DAKO, Cambridge, UK). Staining was performed on fro-
zen sections for �1�1 integrin, MMP-9, and ED(A) fi-
bronectin. The other antibodies were used on paraffin
sections pretreated by microwaving in citrate buffer for
3 � 5 minutes. Concentrations of primary antibody were
as follows: ED1, 1:500; OX8, 1:200; type IV collagen,
1:1000; �-smooth muscle actin, 1:1000; ED(A) fibronec-
tin, 1:1000; �1�1 integrin, 1:100; Ki-67, 1:1000; and
MMP-9, 1:100. Type IV collagen was detected with bio-
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tinylated goat anti-mouse immunoglobulin (DAKO) and
the others with biotinylated rabbit anti-mouse immuno-
globulin (DAKO) followed by streptavidin-biotin-peroxi-
dase complexes (DAKO). Apoptotic cells were detected
by staining of paraffin-embedded tissue using the Ap-
opTag fluorescein in situ apoptosis detection kit (Appli-
gene, Harefield, UK) following the manufacturer’s instruc-
tions. For quantitative assessment of staining of type IV
collagen, ED(A) fibronectin, and �-smooth muscle actin
images were captured using a color CoolView camera
(Photonic Science, Robertsbridge, UK) and analyzed us-
ing ImagePro plus software (Media Cybernetics, Silver
Spring, MD). Digital images were captured and color
segmentation was performed to highlight the stained
area. The software then calculated this as a percentage of
the total defined area, eg, a glomerular cross-section. A
minimum of 20 glomeruli or 20 interstitial areas was exam-
ined per section. Glomerular macrophages and CD8 cells
were counted in at least 25 glomeruli per section. Interstitial
macrophages were assessed by ranking sections for inten-
sity of interstitial ED1 staining. MMP-9 staining was as-
sessed by ranking sections. All histological assessment
and image analysis was performed on coded, randomized
sections by a blinded observer.

Statistics

Results are presented as mean � SE. Comparisons be-
tween groups are by Mann-Whitney U-test. Renal survival
data were analyzed by Kaplan-Meier analysis.

Results

We have previously described, in detail, the natural his-
tory of this model of NTN in the WKY rat.12 By day 4, rats
have prominent glomerular hypercellularity. Segmental
glomerular fibrinoid necrosis is seen by day 6 and by day
10 cellular crescents are present in the majority of the
glomeruli. This is followed by progressive glomerular and
tubulointerstitial scarring with renal failure by �6 weeks.
Proteinuria is first apparent by day 4, increases during
the first 2 weeks, and then declines as renal failure de-
velops. We examined sections for the expression of �1�1
integrin. In normal kidneys there was staining for �1�1 in
the mesangial regions of glomeruli and on Bowman’s
capsule with very faint staining at the basal aspect of
some tubular cells. In nephritic kidneys at day 14 mes-
angial staining was increased and many tubules showed
prominent staining that was localized at the base of the
tubular cells; this was more marked by day 35 (Figure 1).
After injection of a single dose of the hamster anti-rat �1
integrin monoclonal antibody, localization of this antibody

could be detected on frozen sections in mesangial areas
of glomeruli and around the tubules.

Experiment 1

Rats were treated with anti-�1 antibody or control anti-
body from the day before induction of glomerulonephritis
until day 10. There was no significant effect on proteinuria
at day 6 or day 10 or on glomerular injury at day 10 as
assessed by glomerular crescent formation (Table 1).

Experiments 2 and 3

Rats with NTN were treated with anti-�1 antibody or con-
trol antibody from day 14 to day 28. There was no differ-
ence between the groups in levels of proteinuria (Figure
2). At day 32, treated animals had a lower level of serum
creatinine than control animals (Figure 3). This was as-
sociated with reduced glomerular and tubulointerstitial
scarring in rats killed at day 32 (Figure 4). Semiquantita-
tive assessment of glomerular scarring on a scale of 0 to
4 gave a score for control rats of 3.3 � 0.2 and for treated
rats 2.1 � 0.1 (P � 0.0023); for tubulointerstitial scarring
the semiquantitative scores were control 3.3 � 0.2 and

Figure 1. Immunohistochemical staining for �1�1 integrin. In normal kid-
neys there is faint staining in glomerular mesangial areas and in Bowman’s
capsule (A); there is little peritubular staining (C). At day 35 of NTN there is
increased staining in the mesangium (B) and on the basal aspect of renal
tubules (D).

Table 1. Effect of Treatment with Anti-�1 Antibody on NTN at Day 10

Treatment group Albuminuria (mg/day) Glomerular crescents (%) Creatinine clearance (ml/min)

Anti-�1 166 � 24 55 � 11 1.0 � 0.1
Control 207 � 19 50 � 2 1.1 � 0.01
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Ha31/8-treated rats 2 � 0.2 (P � 0.0023). This reduction
in glomerular and tubulointerstitial scarring was con-
firmed by ranking Masson’s trichrome stained sections
(Figure 5). Immunohistochemistry showed that by day 32
untreated rats had marked glomerular accumulation of
ED(A) fibronectin (Figure 6) and cortical deposition of
type IV collagen.

Figure 7 shows quantitation of glomerular ED(A) fi-
bronectin in treated and untreated animals together with
results for normal animals and day 14 NTN. Treatment
with anti-�1 antibody significantly reduced glomerular
ED(A) fibronectin deposition; in treated animals there was
no significant difference from levels seen at day 14. Sim-
ilar data are shown for cortical type IV collagen in Figure
8. There was a significant reduction in deposition of type
IV collagen in anti-�1-treated animals. It is possible that
one mechanism by which �1 blockade prevents fibrosis
is by preventing cells from acquiring a myofibroblastic
phenotype. We therefore stained sections for the myofi-
broblast marker, �-smooth muscle actin. There was no
significant difference in glomerular staining between the

two groups (anti-�1-treated, 24 � 2% of glomerular area
stained; control antibody, 29 � 3%).

Quantitation of glomerular inflammatory cells showed
no significant difference in numbers of glomerular mac-
rophages (ED1�) cells between treated and control
groups, but CD8 cell numbers were higher in the treated
group at day 32 (Figure 9). Ranking of sections for inter-
stitial ED1 cell infiltration showed no difference between
the groups. We performed assessment of proliferating
cells by Ki-67 immunostaining, and of apoptotic cells by
terminal deoxynucleotidyl transferase end labeling. In the
rats treated with anti-�1 antibody there were significantly
more proliferating cells (10.5 � 1.5 cells/glomerulus ver-
sus 2.0 � 0.9; P � 0.0041) and apoptotic cells (0.86 �
0.19 apoptotic bodies/glomerulus versus 0.35 � 0.13;
P � 0.0175) in glomeruli and it seems likely that this
reflects the fact that there was much less glomerular
scarring in the treated group.

In view of the role of MMPs in controlling matrix syn-
thesis and the fact that MMPs have been shown to be
increased in �1 knockout mice we examined glomerular
expression of MMP-9 by immunohistochemistry. We first
stained sections from various time points of the model.
We found no MMP-9 staining in normal glomeruli and a
marked expression at day 7 which was maintained to day
14 (Figure 10). In rats treated with anti-�1 antibody glo-
merular MMP-9 expression remained increased and sig-
nificantly higher than in rats treated with control antibody,
in which it was almost back at baseline at day 32 (P �
0.0041) (Figure 10).

In the renal survival experiment, rats were treated from
day 14 to day 28 and then followed until they died or had
to be killed because of deteriorating clinical condition as
assessed by an independent observer. The results of this
renal survival cohort are shown in Figure 11. Treatment
with Ha31/8 significantly prolonged survival.

Discussion

A major determinant of outcome in glomerular disease is
progressive fibrosis. We have shown that treatment with
an antibody to �1 integrin chain reduces glomerular and
tubulointerstitial scarring and preserves renal function in
a model of focal necrotizing glomerulonephritis. Histolog-
ically, this model shows focal and segmental necrosis
followed by the development of crescents. The changes
are very similar to those seen in human crescentic glo-
merulonephritis as seen, for example, in anti-neutrophil
cytoplasm antibody-associated disease.16 These human
diseases are typically associated with progression to
glomerular and interstitial scarring and therefore any
treatment that can ameliorate this progression is poten-
tially of considerable clinical importance.

In the first instance we examined the effect of anti-�1
on the inflammatory phase of the model. During the first
10 days of the model there is accumulation of macro-
phages in glomeruli in response to deposition of rabbit
immunoglobulin. This is followed by segmental tuft necro-
sis and crescent formation. Blockade of �1 integrin has
previously been shown to be effective in reducing inflam-

Figure 2. Twenty-four-hour proteinuria in rats with NTN treated with anti-�1
antibody or control antibody. There was no difference between the groups.

Figure 3. Serum creatinine at day 32 in rats with NTN treated with anti-�1
antibody or control antibody. Creatinine is significantly lower in anti-�1-
treated animals.
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mation in immunologically mediated models in the mouse
delayed-type hypersensitivity, contact hypersensitivity,
and anti-collagen antibody-induced arthritis.11 �1�1 in-
tegrin is expressed on activated T cells, monocytes, and
neutrophils. Therefore, possible mechanisms of the ben-
eficial effects in these models of inflammation include
disruption of leukocyte migration through extracellular
matrix and an effect on leukocyte activation. However, in
our model, we found no effect of treatment with anti-�1 on
glomerular inflammation as assessed by either protein-
uria or glomerular crescent formation indicating that �1�1
integrin is not critical in glomerular inflammation. This is in
contrast to our previous study using anti-VLA-4 antibody,
which reduced acute glomerular injury in this model.17

There is considerable in vitro evidence that �1�1 inte-
grin plays a role in remodeling of extracellular matrix. It is
expressed on fibroblasts, mesangial cells, and tubular
cells. It is a major receptor for type IV collagen, which is
the main type of collagen found in the glomerulus and in
tubular basement membranes, and is critical to adhesion
and migration of fibroblasts and mesangial cells on type
IV collagen and laminin.3,5 In addition, collagen gel con-
traction, an in vitro model of collagenous tissue remodel-

ing, is dependent on �1�1 integrin expression in both
fibroblasts and mesangial cells.5,8 We found, by immu-
nohistochemistry, that there was increased expression of
�1�1 integrin both in glomeruli and around tubules dur-
ing the scarring phase of the model. One possible medi-
ator of this increased expression is TGF-�, which has
been shown in vitro to increase mesangial cell expression
of �1�1.8 Increased glomerular �1�1 expression was
also found in a model of mesangial proliferative glomer-
ulonephritis where it paralleled increased TGF-� synthe-
sis.18 In human glomerulonephritis, mesangial expres-
sion of �1�1 correlated with expression of type IV
collagen, fibronectin, �-smooth muscle actin, and TGF-
�.1 We quantitated glomerular accumulation of extracel-
lular matrix by measuring deposition of fibronectin, and
specifically of the extra domain A, ED(A), form, which is
almost undetectable in normal glomeruli and is said to be
a marker of TGF-�-induced matrix accumulation.19 We
found that there was a modest increase in glomerular
ED(A) fibronectin by 14 days and that blockade of �1
integrin from day 14 to 28 prevented most of the increase
seen in the control rats during that period.

Figure 4. Histology of kidneys at day 32 in rats with NTN treated with anti-�1 antibody or control antibody. Control animals (A) showed marked glomerular
scarring with fibrous crescents, together with tubular atrophy, tubular dilatation with cast formation, and expansion of the interstitium. All these changes are
reduced in the anti-�1-treated animals (B).
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In the interstitium, we quantitated type IV collagen
because this is reported to be a sensitive marker of
interstitial scarring. We found that �1 blockade markedly
reduced the deposition of type IV collagen in the intersti-
tium from days 14 to 28. These changes in glomerular
and tubulointerstitial scarring were accompanied by
preservation of renal function as determined by serum
creatinine measurements. We found no difference in pro-
teinuria between the two groups suggesting that this
beneficial effect was not because of a reduction in in-
flammation. Consistent with this we found no difference in
glomerular or interstitial macrophage numbers although
we did find higher numbers of CD8 cells in the glomeruli
of the anti-�1-treated animals. The significance of this is
not clear although it most likely reflects the reduction in
scarring with preservation of open capillary loops in the
treated animals. We also found that there were increased
proliferating and apoptotic cells in the treated animals
and again, we think this merely reflects the reduction in
scarring. The fact that interstitial macrophage numbers
are similar in the treated and control groups suggests
that �1 blockade is not acting by reducing macrophage
migration in the interstitium, but we cannot exclude an
effect on activation of interstitial macrophages.

Figure 5. Graphs showing ranking of Masson’s trichrome staining in glomer-
uli (A) and interstitium (B). The intensity of staining of Masson’s trichrome-
stained sections from rats with NTN at day 32 was ranked in randomized
slides. There was significantly less staining in rats treated with anti-�1 anti-
body.

Figure 6. Glomerular staining for ED(A) fi-
bronectin at day 32. In control animals (A) there
was marked deposition of fibronectin that was
reduced in animals treated with anti-�1 antibody
(B). Quantitation is shown in Figure 7.

Figure 7. Glomerular staining for ED(A) fibronectin. Staining was analyzed
by image analysis and expressed as percentage area of glomerulus stained as
described in Materials and Methods. There was no staining in normal glo-
meruli. There was a slight increase by day 14 and a marked increase in
control animals from day 14 to day 32. This was significantly inhibited by
treatment with anti-�1 antibody.

1270 Cook et al
AJP October 2002, Vol. 161, No. 4



Deposition of extracellular matrix in glomeruli is
thought to follow the transformation of glomerular cells to
a myofibroblastic phenotype. We therefore stained for the
myofibroblast marker, �-smooth muscle actin, and found
no difference between treated and control groups in glo-
merular expression. It therefore seems that myofibro-
blasts are present in the treated animals but that depo-
sition of matrix by these cells is blocked. This suggests
that the acquisition of the myofibroblastic phenotype is
not dependent on stimulation through �1�1 integrin but
that TGF-� stimulates the expression of both �-smooth
muscle actin and �1�1 independently.

Extracellular matrix can be degraded by a number of
MMPs and increased activity of MMPs would be ex-
pected to reduce matrix accumulation. Previous reports
have shown increased MMP expression in mice geneti-
cally engineered to lack the integrin �1 chain6,7 and we
therefore hypothesized that the reduced scarring in rats
given anti-�1 antibody might be because of increased
synthesis of MMPs with consequent extracellular matrix
degradation. We examined expression of MMP-9 also
known as gelatinase B because, together with MMP-2,
this is important in the degradation of type IV collagen,
which is the major collagen found in the glomerulus.
Fibronectin is also a substrate for MMP-9. In contrast to
MMP-2, MMP-9 is known to be inducible in mesangial
cells in response to proinflammatory stimuli.20 Consistent
with this we found a marked increase in glomerular
MMP-9 during the inflammatory phase of disease at day
7. In rats treated with control antibody this had returned
almost to baseline by day 32, whereas treatment with
anti-�1 antibody led to increased and persistent glomer-
ular MMP-9 expression. We suggest that this enhance-
ment of MMP-9 expression is one way in which blockade
of �1�1 integrin reduces glomerular scarring.

The role of �1�1 integrin has recently been examined
in a mouse model of Alport’s syndrome, a basement
membrane disorder resulting from mutations in type IV
collagen genes.10 Mice with genetic deletion of the col-
lagen �3(IV) gene show progressive renal failure with

marked increase in mesangial matrix and prominent dep-
osition of fibronectin in the mesangium. When these mice
were crossed with mice lacking the integrin �1 chain, the
double knockouts showed significant amelioration of
mesangial expansion and fibronectin deposition. Block-
ade of TGF-�1 had an additive protective effect in this
model and it would be of interest in our model of glomer-
ulonephritis to look for possible synergy between block-
ade of TGF-�1 and anti-�1 treatment.

In conclusion, we have shown that during the progres-
sive glomerular and tubulointerstitial scarring that follows
acute crescentic glomerulonephritis, there is increased
expression of �1�1 integrin in glomeruli and around tu-
bules. There is also increased glomerular and interstitial
deposition of fibronectin and type IV collagen associated
with deterioration in renal function. Blockade of �1�1 inte-
grin using a monoclonal antibody markedly reduces fi-
bronectin and collagen deposition and preserves renal
function. This beneficial effect does not seem to be through
a reduction in interstitial inflammation or through inhibition of

Figure 8. Cortical staining for type IV collagen. Staining was analyzed by
image analysis and expressed as percentage of the cortical area stained.
There was a marked increase in type IV collagen between days 14 and 32 that
was significantly ameliorated in the rats treated with anti-�1 antibody.

Figure 9. Glomerular infiltration by macrophages and CD8 cells at day 32.
Immunohistochemistry was performed for macrophages (ED1�) (A) and
CD8 cells (OX8�) (B). Glomerular CD8 cells were significantly higher in the
rats treated with anti-�1 antibody. There was no difference in macrophage
numbers.
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myofibroblast transformation. It therefore probably reflects a
disruption of the normal interaction of the myofibroblast with
extracellular matrix, which limits the deposition of collagen
and other matrix components. At least in part it may be
through enhanced expression of MMP-9 leading to in-
creased degradation of type IV collagen and fibronectin.
Our results are particularly relevant to human disease be-
cause �1 blockade was effective even when started at a
relatively late stage of disease when crescents were well
established. This corresponds to the stage at which most
patients will be diagnosed. This approach may, therefore,
be worth investigating in the progressive scarring phase of
human glomerulonephritis.
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Figure 10. Immunohistochemical staining for MMP-9. No glomerular stain-
ing was detectable in normal kidney (A). At day 7 of disease there was
marked staining in glomeruli (B). By day 32 this had returned almost to
baseline in animals treated with control antibody (C) but was significantly
enhanced by treatment with anti-�1 antibody (D).

Figure 11. Graph showing renal survival in rats with NTN treated with
anti-�1 antibody or control antibody. There was significantly prolonged
survival in the anti-�1-treated group.
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