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Fibrillin-1 is a microfibrillar extracellular matrix protein that was described to be a ligand for a8 integrin. a8 integrin
is a matrix receptor specifically expressed in mesangial and smooth muscle cells of the kidney. In previous studies we
detected glomerular expression of fibrillin-1. Moreover, fibrillin-1 promoted adhesion, migration, and proliferation of
mesangial cells. We hypothesized that fibrillin-1 and a8 integrin might interact in the glomerulus, and thus, regulate
mesangial cell properties. Our studies showed that fibrillin-1 and a8 integrin colocalize in the glomerular mesangium.
Induction of experimental glomerulonephritis led to an increase of both fibrillin-1 and a8 integrin expression. In vitro
studies revealed that mesangial cells deficient for a8 integrin adhere weaker to fibrillin-1 and migrate more easily on
fibrillin-1 than wild-type mesangial cells. Baseline proliferation on fibrillin-1 is higher in a8 integrin-deficient mesangial
cells, but the induction of proliferation is not different in a8 integrin-deficient and wild-type mesangial cells. We
conclude that fibrillin-1 and a8 integrin interact, and thus, regulate mesangial cell adhesion and migration. The
concomitant induction of both fibrillin-1 and a8 integrin in a self-limited model of glomerular injury points to a
protective role of the interaction of fibrillin-1 with a8 integrin in the glomerulus resulting in reduced damage of the
glomerular tuft as a consequence of firm adhesion of mesangial cells.

Introduction

Fibrillin-1 is a component of the microfibrillar network of the
extracellular matrix serving together with elastin elastic properties
in various tissues, including skin, lung, and vasculature.1,2 Fibril-
lin-1 has an important function in conveying compliance of the
vasculature, preventing aortic dissection and rupture, as exempli-
fied in individuals with Marfan syndrome caused by mutations
in the fibrillin-1 gene which results in increased risk of aortic
aneurysms.3 In the kidney, fibrillin-1 is expressed by mesangial
cells and is incorporated in the elastin-free glomerular mesangial
matrix.4 Adhesion of mesangial cells to fibrillin-1 regulates
mesangial cell attachment, migration and proliferation in vitro.5

Moreover, in an experimental model of acute glomerulonephri-
tis, fibrillin-1 expression was induced arguing for a contribution
of fibrillin-1 to the regulation of cell adaptations to this glomeru-
lar disease.5 Attachment of cells to fibrillin-1 is mediated via the
integrin receptors avb3, a5b1, and avb6.6-8 Recently, a8b1
integrin was also described to interact with fibrillin-1.9

In the kidney, the a8 integrin chain is expressed on vascular
smooth muscle cells and mesangial cells.10,11 After dimerization

with the b1 integrin chain, it serves as a receptor for fibronectin,
vitronectin, osteopontin, tenascin C and nephronectin.12-14 a8
integrins contribute to the regulation of various cell functions,
including adhesion, migration and proliferation.15 Studies with
a8 integrin-deficient mice revealed that loss of a8 integrin leads
to a delay in recovering from experimental glomerulonephritis.16

We therefore hypothesized that fibrillin-1 might convey its effects
on mesangial cells via a8 integrin. It became apparent that inter-
actions of a8 integrin and fibrillin-1 contribute to mesangial cell
adhesion and prevent them from migrating.

Results

In the glomerular mesangium fibrillin-1 and a8 integrin were
coexpressed and colocalized (Fig. 1A, B, C). After induction of
an acute model of mesangioproliferative glomerulonephritis
(Thy1.1 nephritis) characterized by mesangial expansion at day
7, both fibrillin-1 and a8 integrin were more abundant in the
glomerulus but still colocalized (Fig. 1D–F). Concordant with
these findings, cortical mRNA expression levels of fibrillin-1 and
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a8 integrin were increased at day 7 of disease (Fig. 2), which con-
firms previous data obtained in Thy1.1 nephritis.5,11

Attachment of mesangial cells isolated from wild type and a8
integrin-deficient mice was compared after seeding on fibrillin-1.
One hour after seeding, the percentage of attached as well as
spread mesangial cells was assessed. The percentage of adhered
and spread a8 integrin-deficient mesangial cells was significantly
lower compared with wild type mesangial cells (Fig. 3). Incuba-
tion with a blocking antibody to av integrin further considerably
reduced attachment of a8 integrin-deficient mesangial cells, while
attachment of wild type mesangial cells was not affected (Fig. 4),
arguing for an important contribution of a8 integrin to the adhe-
sion of mesangial cells on fibrillin-1. Moreover, staining of wild
type mesangial cells adhered to fibrillin-1 with an antibody to a8
integrin resulted in positive immunoreactivity of focal contacts
(Fig. 5A) which was not seen on bovine serum albumin (BSA) as
a control (Fig. 5C). As additional controls, mesangial cells seeded
on fibronectin and on collagen I were evaluated (Fig. 5B and D).
Focal contacts stained positive for a8 integrin on the a8 integrin
ligand fibronectin (Fig. 5B), but did not stain positive on

collagen I, which is not a ligand for a8
integrin (Fig. 5D). As expected, in a8
integrin-deficient mesangial cells positive
staining for a8 integrin was never observed
(not shown). Compared with wild type
mesangial cells, a8 integrin-deficient
mesangial cells migrate more easily on
fibrillin-1, indicating that interactions
between fibrillin-1 and a8 integrins inhibit
migration (Fig. 6). Loss of a8 integrin led
to a higher proliferative activity of mesan-
gial cells on fibrillin-1 under serum-starved
conditions (Fig. 7A). Stimulation of a8
integrin-deficient mesangial cells with 2%
fetal calf serum (FCS) resulted in increased
proliferation, which was similar to the
increase seen in wild type mesangial cells:
In both cell types there was a 100%
increase in the proliferation rate in response
to stimulation with FCS (Fig. 7A). This is

in contrast to mesangial cell proliferation on fibronectin
(Fig. 7B), where basal proliferation rates of both cell types are
low and not different from each other, resulting in a more promi-
nent induction of proliferation of a8 integrin-deficient mesangial
cells on fibronectin after stimulation with FCS (Fig. 7B).

Discussion

The overall findings of the study are that in mesangial cells a8
integrin and fibrillin-1 interact, arguing for glomerular fibrillin-1
to act as a ligand for a8 integrin. On fibrillin-1 50% of mesangial
cell adhesion seems to account for a8 integrin. This interaction
has an inhibitory effect on mesangial cell migration and growth.

Our results show that fibrillin-1 and a8 integrin colocalize in
the glomerular mesangium and that there is a coordinate increase
in fibrillin-1 and a8 integrin expression in nephritic glomerular
disease, which is supportive of the notion that both might interact
in the glomerulus under physiological and pathological condi-
tions. Interaction of a8 integrin with fibrillin-1 was demonstrated
in cardiac fibroblasts.9 This is in accordance with our studies
using mesangial cells which show that a8 integrin conveys adhe-
sion while reducing migration and some basal proliferation on
fibrillin-1. These findings argue for a beneficial role of the interac-
tions of fibrillin-1 with a8 integrin in tissue homeostasis during
acute glomerulonephritis, resulting in firm adhesion and quies-
cence of mesangial cells. This notion is also supported by the
finding that in a8 integrin-deficient mice glomerular injury leads
to a more severe disruption of the integrity of the glomerular tuft
compared with wild type mice.17 On the other hand, mice under-
expressing fibrillin-1 seem to be protected from glomerular injury
in chronic renal disease.18 Wild type mesangial cells adhere,
migrate and proliferate on fibrillin-1 efficiently.5 These effects of
fibrillin-1, however, are not only conveyed by interactions with
a8 integrin, but also with av or a5 integrin. As a consequence,
fibrillin-1 could contribute to pathological changes, like mesangial

Figure 1. Double immunofluorescence staining of fibrillin-1 (green) and a8 integrin (red). A, B, C
kidney section from control rat. D, E, F kidney section from rat after 7 d of Thy1.1 nephritis. Colocal-
ization is indicated by yellow color.

Figure 2. Real-time RT-PCR expression analysis of fibrillin-1 and a8 integ-
rin in the renal cortex of control rats (co) and rats after 7 days of Thy1.1
nephritis (d7) Data are means§ sd. * P < 0.05 vs. respective control.
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hypercellularity in chronic renal disease.
Thus, it seems conceivable that fibrillin-1
overexpression during glomerular injury
can be beneficial or detrimental to glomer-
ular integrity. Besides its putative protective
interactions with a8 integrin in mesangial
cells, fibrillin-1 might increase compliance
in mechanically stressed glomeruli. Interac-
tions of fibrillin-1 with LTBP-1, the
latency-associated TGFb binding protein,
are known to regulate the activity of profi-
brotic TGFb 19, which is known to be rele-
vant in the vasculature, as Marfan patients
which frequently suffer from aortic aneur-
ysms, were shown to have a dysregulation
of TGFb activation.20 Coexpression of
LTBP-1 and fibrillin-1 in the glomerulus
and induction of both in Thy1.1 nephritis
was also demonstrated,21 arguing for a role
of fibrillin-1 in the regulation of TGFb
activity in the glomerulus. Fibrillin-1 might
therefore serve antifibrotic functions by
reducing profibrotic active TGFb.

Based on the fact that wild type mesan-
gial cells effectively adhere, migrate and
proliferate on fibrillin-1,5 combined with
our present findings, we speculate that
adhesion of wild type mesangial cells to
fibrillin-1 is largely due to interactions of
fibrillin-1 with a8 integrin. On the other
hand migration and proliferation on fibril-
lin-1 as shown previously5 is likely medi-
ated by interactions with av or a5
integrins which are both abundant on
mesangial cells and upregulated in Thy1.1
nephritis.22 Both integrins are known to
propagate migration or proliferation not
only of mesangial cells,22 but also of other
cell types adhering to fibrillin-1, such as
endothelial cells.23 Thus, the increased
migratory and proliferative activity of
mesangial cells lacking a8 integrin argues
for a counter regulatory effect of a8 integrin activity, which
reduces wild type mesangial cell migration and basal proliferation
rates. Previous studies employing a8 integrin-deficient mesangial
cells revealed equal amounts of cell surface expression of av and
a5 integrins when compared with wild type mesangial cells.15

This precludes that the increased migration and basal prolifera-
tion rates of a8 integrin-deficient mesangial cells grown on fibril-
lin-1 is due to changes in av and a5 integrin abundance and not
to the lack of a8 integrin. Fibronectin is another ligand for a8,
av and a5 integrins. Mesangial cells lacking a8 integrin adhere
weaker but migrate more efficiently on fibronectin, which is com-
parable to the effects seen on fibrillin-1. In this respect, interac-
tions of a8 integrin with fibrillin-1 do not seem to be the only
interactions regulating mesangial cell migration in vivo.

Adhesion of mesangial cells to fibrillin-1 could be largely con-
tributed to a8 integrin. A blocking antibody to av integrin only
reduced attachment of a8 integrin-deficient mesangial cells, not
wild type mesangial cells. Thus, at least in cell culture, a8 integ-
rin seems to be more important for mesangial cell adhesion to
fibrillin-1 than av integrin. The contribution of a5 integrin
could not be tested, because the antibodies available to us did not
block a5 integrin function in our hands. However, in a8 integ-
rin-deficient mesangial cells after blocking av integrin the per-
centage of attached cells on fibrillin-1 was only marginally higher
than on control BSA coating, arguing against a prominent role
for a5 integrin.

In glomerulonephritis, however, other ligands of a8 integrin,
like fibronectin,11 may be increased as well. Therefore,

Figure 3. Attachment of wild type (wt) and a8 integrin-deficient (a8¡/¡) mesangial cells on fibril-
lin-1 fragment. A: evaluation of cells adhered to fibrillin-1. B: evaluation of cells spread on fibrillin-
1. Coating with bovine serum albumin (BSA) served as a negative control, coating with fibronectin
(FN) served as a positive control. Results are representative for 3 independent experiments. Data
are means § sd. * P < 0.05 vs. wt.
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interactions of a8 integrin with other ligands might well have
strong effects on a8 integrin-regulated disease mechanisms dur-
ing glomerular injury, which will be difficult to be dissected from
the mechanisms mediated by the interaction of fibrillin-1 with
a8 integrin in vivo.

Taken together, our data suggest that a8 integrin interacts
with fibrillin-1 in the glomerular mesangium and thus might
play a protective role for glomerular integrity by conveying firm
adhesion and quiescence of mesangial cells, while interactions of

av or a5 integrins with fibrillin-1 might pri-
marily result in increased cell migration and
proliferation.

Materials and Methods

Induction of anti-Thy1.1 nephritis
All animal procedures were done in

accordance with the recommendations in
the Guide for the Care and Use of Labora-
tory Animals of the National Institutes of
Health and were approved by the Commit-
tee on the Ethics of Animal Experiments of
the government of Mittelfranken and local
government authorities (AZ: # 621–
2531.31–11/02). All efforts were made to
minimize suffering. Male Sprague-Dawley
rats (150 to 200 g) were obtained from
Charles River Deutschland. Anti-Thy1.1
nephritis was induced by a single intrave-
nous injection of 1 mg/kg body weight anti-
Thy1.1 antibody into the tail vein in light

isoflurane anesthesia. Controls received solvent only. The mono-
clonal antibody against Thy1.1 (ER4) was from Antibody Solu-
tions. Anti-Thy1.1 nephritis is an acute mesangioproliferative
glomerulonephritis with mesangial expansion peaking at day 7 of
disease. Five animals per group were sacrificed under sodium
pentobarbital anesthesia on day 7 after induction of nephritis
and renal tissue was obtained for further preparation. The kid-
neys were decapsulated and immediately snap-frozen in liquid
nitrogen for RNA extraction or preparation of cryostat sections.

Cultivation of mouse mesangial cells
Mesangial cells were isolated from kid-

neys of wild type or a8 integrin-deficient
mice (obtained from U. M€uller, San Diego,
USA24) by the sieving method15 using 63,
75 and 38 mm grid sieves. Cultured wild
type and a8 integrin-deficient mesangial
cells were characterized as described.15

Mesangial cells were grown in Dulbecco‘s
modified Eagle’s Medium (DMEM; PAA
Laboratories GmbH) containing 10% FCS,
5 mg/ml insulin, 5 mg/ml plasmocin
(TEBU) and 2 mM L-glutamine (Sigma) in
a 95% air – 5% CO2 humidified atmo-
sphere at 37 �C. Mesangial cells were used
for experiments in passages 5–10.

Isolation of mRNA and real-time PCR
To evaluate mRNA expression levels,

total RNA was obtained from renal cortical
tissue by extraction with RNeasy� Mini
columns (Qiagen). First-strand cDNA was
synthesized with TaqMan reverse trans-
cription reagents (Applied Biosystems)

Figure 4. Attachment of wild type (wt) and a8 integrin-deficient (a8¡/¡) mesangial cells on
fibrillin-1 fragment after blocking of av integrin. Coating with bovine serum albumin (BSA) served
as a negative control. Results are representative for 3 similar experiments. Data are means § sd.
* P < 0.05 vs. BSA control, # P < 0.05 vs. wt, x P< 0.05 vs. a8¡/¡ on fibrillin-1.

Figure 5. Staining of a8 integrin in wild type mesangial cells attached to fibrillin-1 (A), to fibronec-
tin (a8 integrin ligand) as a positive control (B) to bovine serum albumin (C) as a negative control,
and to collagen I (not a ligand for a8 integrin; D).
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using random hexamers as primers. Final RNA concentration in
the reaction mixture was adjusted to 0.1 ng/mL. Reactions with-
out Multiscribe reverse transcriptase were used as negative con-
trols for genomic DNA contamination. PCR was performed
with an ABI PRISM 7000 Sequence Detector System and SYBR
Green or TaqMan reagents (Applied Biosystems) according to
the manufacturer’s instructions. The relative amount of the spe-
cific mRNA was normalized with respect to 18S rRNA. Primers
used for amplification of 18S cDNA were forward 50 TTGAT-
TAAGTCCCTGCCCTTTGT 30 and reverse 50 CGATCC-
GAGGGCCTCACTA 30. For amplification of the rat fibrillin-1

cDNA, the forward primer was 50 TGCTCTGAAAGGACC-
CAATGT 30 and the reverse primer was 50 CGGGACAACAG-
TATGCGTTATAAC 30. For amplification of the rat a8
integrin cDNA, the forward primer was 50 CCTTGGGAACCC-
GATGGT 30, the reverse primer was 50 TCTCAAGACGAG-
GAACAGCAAA 30 and the TaqMan probe was 50

TGGAACGAATTTTTCTCTGGGCCTCC 30. All samples
were analyzed in triplicates.

Immunohistochemistry
For localization of fibrillin-1 and a8 integrin in the kidney,

double immunofluorescence was performed on cryostat sections
of snap-frozen tissue. The goat polyclonal antibody to a8 integ-
rin was from R&D Systems and used in a concentration of
1:500. The rabbit antibody to fibrillin-1 was used as described
previously.5 Primary antibodies were applied simultaneously
overnight at 4 �C. After washing, sections were incubated with
secondary antibodies for 2 h. CY3-labeled mouse anti-goat and
CY2-labeled donkey anti-rabbit IgG (both from Dianova) were
used simultaneously.

Immunocytochemistry
Mesangial cells were seeded in DMEM on glass 8-well cham-

ber slides blocked with 2% bovine serum albumin (BSA). Cells
were allowed to adhere for 24 h. Then, the media were removed,
adherent cells were rinsed 3x with PBS and fixed in 3% parafor-
maldehyde for 20 min. After blockade of free aldehyde groups
with 50 mM ammonium chloride, cells were permeabilized by
1% Triton X-100 and nonspecific binding was blocked using
100% FCS. Cells were incubated with the primary a8 integrin
antibody (generous gift from U. M€uller, San Diego, USA25)
overnight, followed by a CY3-labeled goat anti-rabbit immuno-
globulin G (Dianova) as secondary antibody and embedding in
Tris-buffered Mowiol, pH 8,6 (Hoechst).

Coating of plates and chamber slides with fibrillin-1
The recombinant C-terminal half of fibrillin-1 (rF6H) con-

taining the only RGD site was used for coating.5 This fibrillin-1
fragment was chosen for experiments, because adhesion, migra-
tion and proliferation of mesangial cells on this fragment were
comparable to full-length fibrillin-1.5 The coating concentration
used was 20 mg/ml according to previous experiments determin-
ing optimal concentrations for attachment of mesangial cells.5

Coating with BSA was used as a negative control. Coating with
10mg/ml fibronectin was used as a positive control.

Adhesion assay
An attachment assay was used based on the microscopic evalu-

ation of the number of adherent cells and spread cells,5 as
described. Cells were allowed to attach for one hour. To block
adhesion of mesangial cells via av integrins, a blocking antibody
to av integrin (H9 2B8, BD PharMingen) was applied at a dilu-
tion of 1:200 one hour before seeding the cells on fibrillin-1.
Attachment was assessed after seeding of 5000 mesangial cells per
chamber slide. After washing and staining with hematoxilin,
adhered and spread cells were counted in 9 medium power views
(x 200) per chamber slide.

Figure 6. Migration of wild type (wt) and a8 integrin-deficient (a8¡/¡)
mesangial cells on fibrillin-1 fragment (A). B: Migration on BSA as a nega-
tive control. C: Migration on fibronectin (FN) as a positive control. Results
are representative for 3 similar experiments. Data are means§ sd.
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Determination of cell proliferation
Cell proliferation was estimated after measurement of [3H]

thymidine uptake, mesangial cells were serum-starved for 72 h in
medium containing 0.1% FCS, seeded into matrix-coated 96-

well plates and stimulated with 2% FCS
for 14 h. [3H] thymidine uptake was deter-
mined as described previously.15

Migration assay
A transmigration assay was applied as

described in detail.15 FluoroBlok Inserts
(Falcon HTS, Becton Dickinson), contain-
ing a proprietary light-opaque membrane
to absorb visible light between 490 and
700 nm with 8 mm pores were coated
with 20 mg/ml of the fibrillin-1 fragment
rF6H and saturated in FCS-free medium
containing 1% BSA. Trypsinized mesan-
gial cells were washed twice, labeled with
50 mg/ml DiI (Molecular Probes, Leiden,
The Netherlands), a vital lipophilic carbo-
cyanine, for 10 min at 37 �C and seeded
into inserts in a volume of 150 ml at a den-
sity of 1x106 cells/ml. The inserts were
then incubated in 24 Multiwell plates
(Becton Dickinson), each well filled with
700ml medium containing 0.1% BSA for
several hours. Measurements were per-
formed after 0 (starting point), 2, 4, 12
and 48 h incubation to observe transmi-
gration. Transmigrated mesangial cells
were detected with a SPECTRAFluor fluo-
rometer (Tecan).

Statistical analyses
A student’s t test was used to test signifi-

cance of differences between groups. A P
value < 0.05 was considered significant.
Values are displayed as means § standard
deviation (SD).
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