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Integrin matrix receptors on glomerular epithelial
cells (GEC) may play an important role in adbesion
of GEC to the glomerular basement membrane
(GBM) and in the maintenance of normal glomeru-
lar permeability. Therefore, the author determined
the types of matrix receptors present on cultured rat
GEC and examined their interactions with several
components of the extracellular matrix. Beta, inte-
grin matrix receptors were detected on all three glo-
merular cell types in rat kidney in vivo and at areas
of cell—cell contact on cultured GEC. Glomerular ep-
ithelial cell adbesion to types I and IV collagen was
slightly greater than to laminin and fibronectin. Ad-
besion to fibronectin was significantly inbibited by a
synthetic peptide containing the RGD adbesion se-
quence. Immunoprecipitation of lysates of surface-
iodinated GEC showed the presence of o;B, integrin.
Chromatography of lysates on immobilized collagen
showed o3B3, integrin and a 70- to 75-kd protein
band as the collagen receptors on GEC. Chromatog-
rapby on the 120-kd cell-binding fragment of fi-
bronectin disclosed only o3B, as a specific fibronec-
tin receptor. Antibody to the B, integrin chain inbib-
ited adbesion to laminin and collagen. These studies
demonstrate that in vitro, as in vivo, GEC appear to
express only a3, integrin. Furthermore, this matrix
receptor is capable of mediating GEC adbesion to
collagen, fibronectin, and laminin, components of
the GBM, and presumably plays a similar role in
bromoting GEC adhbesion to GBM in vivo. (Am J
Pathol 1992, 141:571-578)

Several different families of cell receptors for components
of the extracellular matrix (ECM) that play an important
role in morphogenesis and regulation of cellular functions
have been described.’ One such family is the integrins,
noncovalently linked heterodimeric protein complexes
composed of a- and B-chains, which function as matrix
receptors on a variety of cell types. Several classes of

integrin receptors have been identified based on the dif-
ferent B-chains, each of which may associate with one of
several a-chains, substrate specificity generally being
associated with the specific a chain.’™ Several B, inte-
grin receptors have been detected in the adult renal
glomerulus, where they presumably play a role in inter-
actions between glomerular cells and components of the
mesangial matrix and glomerular basement membrane
(GBM).5-2

a4, and o, integrins, which bind laminin (LM) and
collagen (COL), are found on glomerular capillary endot-
helium and in the mesangium.®” a4B, integrin, which
binds fibronectin (FN), LM, and COL, has been detected
on glomerular mesangial, endothelial, and visceral and
parietal epithelial cells, but is localized predominantly to
the epithelial cell podocytes,>” where it may function in
attachment of epithelial cells to the GBM. agB, integrin,
the FN receptor, is absent or present weakly on glomer-
ular endothelium and mesangium.5~ agB, integrin, an
LM receptor, was similarly detected only weakly on glo-
merular endothelium in one report® and was absent in the
glomerulus in another.” Studies using an antibody to the
B4 integrin chain and immunoelectron microscopy have
demonstrated an increased density of staining for the B,
integrin on the surfaces of glomerular endothelial and ep-
ithelial cells adjacent to the GBM, suggesting a role of
these receptors in adherence to the GBM.®

The ligands of the integrin receptors have been de-
termined experimentally using isolated cells or recep-
tors."? The role of a particular receptor on a cell in me-
diating adhesion to components of the ECM in vivo, how-
ever, cannot necessarily be inferred from its presence on
the cell. For example, studies of cultured human mesan-
gial cells demonstrated that antibody to the ag integrin
chain, but not to the a3 chain, blocked adhesion of mes-
angial cells to FN even though both a8, and agB, are
present on these cells and can bind to FN in vitro.5 Ad-
hesion of glomerular epithelial cells (GEC) to the GBM
may play an important role in maintenance of glomerular
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permeability, and detachment of GEC is seen in associ-
ation with proteinuria in experimental models of glomer-
ular injury (see Discussion). Therefore, we studied inte-
grin expression by cultured rat GEC and their role in ad-
hesion of GEC to components of the GBM.

Materials and Methods
Reagents

Media and additives for culture of rat glomerular epithelial
cells were obtained from Gibco Laboratories (Grand Is-
land, NY), and Sigma Chemical Co. (St. Louis, MO). Tis-
sue culture plates and dishes were obtained from Becton
Dickinson and Co. (Oxnard, CA). Types | (rat-tail) and IV
(EHS tumor) collagen, laminin (EHS tumor), and fibronec-
tin (human) were obtained from Collaborative Research
Inc. (Bedford, MA). Glucose oxidase, lactoperoxidase,
and protein-A Sepharose were obtained from Sigma.
Phenylmethylsulfony! fluoride (PMSF) and leupeptin were
obtained from Calbiochem Corp. (La Jolla, CA). Triton
X-100 was obtained from Boehringer Mannheim Bio-
chemicals (Indianapolis, IN). The adhesion peptide
GRGDSP (gly-arg-gly-asp-ser-pro), the control GRGESP
(gly-arg-gly-glu-ser-pro) and the 120-kd cell-binding chy-
motryptic fragment of fibronectin were obtained from
Telios Pharmaceuticals (San Diego, CA). '2%-lodine (car-
rier free) and thymidine, [methyl-H] were obtained from
New England Nuclear (Boston, MA). Rabbit antisera re-
active with the cytoplasmic domains of a,, a3, a5, and B,
integrin chains, which recognize integrins from several
species®'® and monoclonal antibodies reactive with rat
o, and a, chain were the gifts of Drs. E. Marcantonio, R.
Hynes, T. Issekutz, D. Turner, and J. Edelman. Rabbit
antiserum to the rat B, chain'! was the gift of Dr. T. Borg.

Epithelial Cell Culture

Rat glomerular epithelial cell (GEC) cultures were estab-
lished from the kidneys of male Sprague-Dawley rats
(Charles River Laboratories, Wilmington, MA) as previ-
ously described.'® Cells were grown and passaged on
type | collagen in a 50:50 mixture of K1 medium (a de-
fined epithelial cell growth mixture) and conditioned me-
dium from Swiss mouse 3T3 fibroblasts (Dulbecco’s min-
imum essential medium [DMEM] with 10% heat-
inactivated fetal calf serum).'® Cultures exhibited the
typical polygonal morphology described by others as
well as sensitivity to puromycin aminonucleoside.’® Im-
munofluorescent staining was negative with antibodies to
factor VIII (Atlantic Antibodies, Scarborough, ME), rat
common leukocyte Ag (Cooper Biomedical, Malvern,

PA), and rat Thy-1 (a marker of mesangial cells). Staining
was positive with anti-Fx1A antibody and with anti-keratin
(ICN Immunobiologicals, Lisle, IL). Electron microscopy
showed the presence of cilia and junctional complexes.
Experiments were performed on cells in their 40th
through 60th passages.

Studies of GEC Adhesion

Glomerular epithelial cells were labeled with 3H-
thymidine (0.5 w.Ci/ml) for 48 hours during log phase
growth followed by a 24-hour washout period in K1-3T3
media. Cell suspensions were prepared by incubating
cells in 0.5 mmol/l (millimolar) ethylenediaminetetra-
acetic acid (EDTA) in phosphate-buffered saline (PBS) at
37°C, washing in PBS, and resuspending in binding me-
dium at 200,000 celis/ml. Multi-well tissue culture plates
(96 well) were coated with varying amounts of fibronectin,
laminin, and types | or IV collagen dissolved in DMEM
(0.1 to 50 pg/ml) for at least 1 hour at 37°C as described
previously' and then blocked with DMEM with 0.25%
bovine serum albumin for 1 to 2 hours. The wells were
then washed with PBS containing 1 mmol/l MgCl, and 1
mmol/l CaCl, followed by the addition of labelled cells in
100 p! of DMEM with 0.25% bovine serum albumin. Cells
were allowed to adhere to the various substrates for 1
hour at 37°C followed by washing, addition of trypsin, and
harvesting onto glass fiber filters using a cell harvester
(Cambridge Technology, Inc., Cambridge, MA). For
competition studies, wells were coated with substrate at
20 pg/ml and competing peptides (GRGDSP or GRG-
ESP), antibody, or normal IgG were added to quadrupli-
cate wells at the indicated concentrations simultaneously
with the cells. Filters were counted in Optifluor in a liquid
scintillation counter (Packard Instruments, Downers
Grove, IL). Aliquots of known numbers of cells were also
harvested from plates in an identical manner and dem-
onstrated a linear relationship between cell number and
cpm of 3H.

Immunoprecipitation of GEC Integrins

Confluent cultures of GEC were surface iodinated with
carrier-free 25-| sodium iodide (60 wCi/ml) in PBS con-
taining 20 mmol/l glucose, 20 png/mi lactoperoxidase,
and 200 mU/ml glucose oxidase for 30 minutes at room
temperature. Cells then were lysed in 20 mmol/l TRIS-CI,
pH 7.4, with 1% Triton X-100, 10 ng/ml leupeptin, and 2
mmol/l PMSF (lysis buffer) with 110 mmol/1 NaCl, 1 mmol/
CaCl,, and 1 mmol/l MgCl,, for 1 hour at O to 4°C. The
lysate was precleared by incubation with protein A-Seph-
arose beads, followed by incubation with rabbit antise-



rum to ag, a5, and B, integrin chains (9—11) or normal
rabbit serum. Immune complexes were harvested by in-
cubation with protein A-Sepharose, washed with lysis
buffer plus 0.5 mol/l NaCl, lysis buffer plus 0.1% sodium
dodecyl sulfate (SDS), and PBS followed by bailing in
SDS-PAGE (polyacrylamide gel electrophoresis) sample
buffer with or without B-mercapto-ethanol as indicated.
Samples were run on 7.5% SDS-PAGE gels followed by
auto-radiography on Kodak XAR-5 film.

Affinity Chromatography of GEC on
Immobilized Matrix

Type | collagen and the 120-kd chymotryptic cell adhe-
sion fragment of fibronectin (Telios Pharmaceuticals)
were coupled to CNBr-activated Sepharose (Pharmacia
LKB Biotechnology Inc., Piscataway, NJ) using the man-
ufacturer’s protocol. Glomerular epithelial cells were sur-
face iodinated as described above and lysed in lysis
buffer containing 1 mmol/l MnCl,. Lysates were applied
to affinity columns in the same buffer and the flow-
through collected. Collagen-Sepharose was washed with
lysis buffer containing 1 mmol/ MnCl, and 0.1% Triton
X-100 until counts in the eluate were back to baseline.
Bound material was then eluted in lysis buffer with 10
mmolA EDTA. Equal counts of eluted material, cell lysate,
and the original column flow-through were pre-cleared,
immunoprecipitated, and analyzed by SDS-PAGE and
autoradiography as described above.

For chromatography on fibronectin-Sepharose, ly-
sates of surface iodinated cells were prepared, applied
to the column and washed as described above. The col-
umn was eluted with GRGESP (1 mg/ml in lysis buffer),
washed with lysis buffer, and finally eluted with GRGDSP
(1 mg/ml in lysis buffer).

Immunofluorescence Studies

Frozen sections of normal rat kidney were fixed in ether-
alcohol and stained as previously described.'® Glomer-
ular epithelial cells were passaged onto type IV collagen
(Collaborative Research) coated multi-well glass slides
(Carlson Scientific, Inc., Peotone, IL) and grown for 24 to
48 hours before staining. Slides were fixed in fresh 4%
paraformaldehyde in PBS for 15 minutes at room temper-
ature. Cells were incubated for 45 minutes with rabbit
antibody to the whole integrin B, chain or appropriate
controls, washed, incubated with fluoresceinated goat
anti-rabbit IgG antibody (Cappel, Malvern, PA) for 30
minutes, washed, mounted, and examined on a Nikon
microscope equipped for epifluorescence.
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Statistical Analysis

All results are expressed as mean = standard error of the
mean. Comparisons of the means of groups were made
using Student's t-test or one-way analysis of variance with
post-hoc testing using the Tukey-Kramer test as appro-
priate, employing Systat statistical software (Systat Inc.,
Evanston, IL). P values < 0.05 were regarded as signif-
icant.

Results

Immunofluorescence Studies

Staining of normal rat kidney with antibody to the intact rat
B, integrin chain'' showed a diffuse distribution of inte-
grin receptors in the kidney (Figure 1A), similar to the
pattern seen in normal human kidney. In the glomerulus,
staining was most prominent in the mesangium, but def-
inite staining was also present along the capillary wall
and a double line of staining along the GBM was evident
in some areas, indicating the presence of receptors on
both glomerular endothelial and epithelial cells. Staining
for integrins was also present along tubular basement
membranes and vessel walls.

Cultured GEC stained with the same antibody dis-
played predominantly membrane staining with accentu-
ation along areas of cell-cell contact (Figure 1B). Perme-
abilization of cells with 0.1% Triton X-100 before staining
did not alter this pattern of reactivity (not shown).

GEC Adhesion to Substrates

When tissue culture dishes were coated with a variety of
ECM materials, there was a dose-dependent increase in
the adhesion of labeled GEC to the various substrates
used in comparison to adhesion to untreated wells (Fig-
ure 2). Types | and IV collagen resulted in slightly greater
adhesion than laminin and fibronectin. The potential im-
portance of binding of cells to RGD sites in the substrate
was evaluated by performing adhesion studies in the
presence of the synthetic adhesion peptide GRGDSP,
which can competitively inhibit binding to the RGD se-
quence, or the control peptide GRGESP. Adhesion to
fibronectin, which contains an RGD sequence, was sig-
nificantly inhibited by GRGDSP but not the control pep-
tide (Figure 3). Adhesion to the other substrates studied
was unaffected by either peptide.

Characterization of GEC Matrix Receptors

Immunoprecipitation of lysates of surface-iodinated GEC
with anti-B, antibody demonstrated the presence of two
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Figure 1. Normal rat kidney (A) and cultured GEC (B) stained with anti-B, integrin antibody. In the glomerulus, staining is prominent in
the mesangium but is also evident on the glomerular capillary wall. Arrowbeads indicate an area of staining of the inner and outer aspects
of the GBM. In culture, staining is most prominent along the cell membrane at points of cell-cell contact (Original magnification, X400).

bands of radioactivity after analysis by SDS-PAGE under representing the B, integrin chain (115 kd) and an asso-
nonreducing conditions and autoradiography (Figure 4, ciated a chain. If lysates were exposed to dissociating
lane 4) with approximate mobilities of 135 and 115 kd conditions (0.1% SDS, no Ca* * or Mg* *), only the B,
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Figure 2. Adbesion of GEC to substrates. Cells labeled with *H-
thymidine were allowed to adbere to albumin-coated tissue cul-
ture plates or to wells coated with the indicated concentrations of
substrate. The symbol on the ordinate represents binding to albu-
min treated wells. Each bar represents the mean * SE of substrates
evaluated in triplicate in two separate experiments.

chain was immunoprecipitated (not shown), confirming
the noncovalent linking of the a and B, chains. The iden-
tity of the associated a chain was confirmed as a; by
immunoprecipitation with anti-ag antibody (Figure 4, lane
2). Immunoprecipitation with anti-a; antibody demon-
strated the absence of ag chains (Figure 4, lane 3). Im-
munoprecipitation with anti-a,, -a, and -a, was also neg-
ative (not shown). When anti-B, immunoprecipitates of
GEC were analyzed under reducing conditions (Figure 5,
right lane), the characteristic shift of mobility of the a5 and
B, chains was demonstrated, further confirming the iden-
tity of the GEC integrin receptor as agp;.

Analysis of the matrix-binding surface proteins of GEC
was next performed by passage of lysates of surface-
iodinated cells over columns of Collagen | or the 120-kd
chymotryptic fragment of fibronectin immobilized on
Sepharose. When surface-iodinated GEC proteins that
had bound to collagen-Sepharose were eluted with
buffer containing 10 mmol/ EDTA, proteins with mobilities
similar to az; and B, integrins were detected as well as a
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Figure 3. Effect of adbesion peptides on GEC adbesion to sub-
strates. GEC labeled as in Figure 2 were allowed to adbere to
substrates (20 ng/ml) for 1 bour in the presence of the synthetic
adbesion peptide GRGDSP or the control peptide GRGESP. Relative
binding of cells to the indicated substrates was compared in the
presence or absence of peptides. Each bar represents the mean * SE
of quadruplicate determinations in two experiments (*P < 0.05 vs.
control).
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Figure 4. Analysis of GEC integrins. Lysates of surface iodinated
cells were immunoprecipitated with control antibody (lane 1), or
antibodies to integrin a; chain (lane 2), integrin o, chain (lane 3)
and integrin B, chain (lane 4). Lanes 2 and 4 demonstrate the
presence of a;B, integrin. No o, chains could be demonstrated.
Arrowbeads indicate the positions of the oy (upper) and the B,
(lower) integrin chains (7.5% SDS-PAGE; unreduced).

broad band at approximately 70 to 75 kd, the identity of
which is not clear (Figure 6, lane 1). Immunoprecipitation
of equal counts of whole cell lysate, column flow-through
(data not shown) and eluted proteins (Figure 6, lane 2)
with anti-B, demonstrated significant enrichment of a3,
integrins in the material that bound to the column. The
identity of the coprecipitating a chain as a; was con-
firmed by immunoprecipitation with anti-a; antibody
(data not shown). This confirms the importance of the
a5f3, integrin on GEC in cell binding to collagen.
Chromatography of GEC lysates on the cell-binding
fragment of fibronectin showed no material eluting non-
specifically with the GRGESP control peptide (Figure 7,
lane 1). The GRGDSP peptide, however, which com-
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Figure 5. Effect of reduction on GEC integrin. Lysates of surface
iodinated cells immunoprecipitated with anti-B, antibody were
run unreduced (left lane) or reduced (right lane). Shifts in mobility
typical of the oz and B, chains are demonstrated.

petes with the RGD site on the fibronectin molecule, re-
sulted in elution of the asB, chains, demonstrating that
this integrin on the GEC surface can also mediate bind-
ing to fibronectin.

Effect of Anti-B, Antibody on GEC Binding
to Substrate

Because a8, integrin appears to be the only integrin
expressed by GEC, the effect of anti-B, antibody on bind-
ing to substrates should reflect the participation of this
integrin in GEC adhesion. When GEC plus anti-B, or nor-
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Figure 6. Collagen-Sepharose chromatography of GEC lysates. Sur-

face iodinated cell lysates were applied to a column of Collagen
I-Sepharose and eluted with EDTA. Eluted proteins (lane 1) dem-
onstrated several bands capable of binding to collagen. Immuno-
precipitation of eluted proteins with anti-8, (lane 2) confirmed the
enrichment of o;B, integrins in the collagen binding material.

mal IgG were co-incubated, adhesion of GEC to laminin
and types | and IV collagen were significantly inhibited
(Figure 8), demonstrating that the a8, integrin of GEC
plays a role in adhesion of GEC to these substrates. No
effect on GEC adhesion to fibronectin was evident (see
Discussion). Because the anti-az antibody reacts with the
cytoplasmic portion of the a5 chain, we could not use it to
specifically demonstrate the role of the ag chain in cell
adhesion.

Discussion

The results presented here demonstrate that cultured
GEC adhere to several components of the GBM, includ-
ing types | and IV COL, LM, and FN, and express an a5,
integrin receptor on their surface that has been shown in
vitro to be capable of binding to these substrates. The
involvement of the GEC a3, receptor in actually medi-
ating adhesion is further supported by the ability of an
RGD containing peptide and anti-B, antibody to inhibit
adhesion to several substrates and by the isolation of
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Figure 7. Fibronectin—-Sepharose chromatography of GEC lysates.
Lysates were prepared as described earlier, applied to the column
and bound material eluted with the control GRGESP peptide (lane
1) or with GRGDSP (lane 2).

GEC a4B, receptors on columns of immobilized FN and
COL.

Many proteins present in the ECM contain the tri-
peptide sequence RGD as their cell recognition site, in-
cluding FN, vitronectin, osteopontin, collagens, and
thrombospondin.® Until recently it was thought that of the
B, integrins only agB, and o, B, adhered to FN via this
sequence.” Many of these studies, however, involved
cells containing both 5B, and af, integrins. By remov-
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Figure 8. Effect of anti-B, antibody on GEC adbesion. GEC pre-
pared as in Figure 2 were allowed to adbere to substrates (20
wg/mi) for 1 howur in the presence of the indicated concentrations
of anti-B, or normal IgG. Relative binding of cells was compared
in the presence of antibody or normal IgG. Each bar represents the
mean * SE of four to eight measurements (*P < 0.05 vs. control).
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ing the agB, integrin or using another cell line that ex-
presses mainly a8, Elices et al'® were able to demon-
strate that 5B, can also bind to the RGD site on FN as
well as being able to bind to non-RGD sites on LM and
COL. Our data support these findings in that GEC do not
express a3, and their adhesion to FN but not COL or LM
could be inhibited by RGD peptides. The high degree of
inhibition of binding to FN (~80%) with 500 pg/ml
GRGDSP and the presence of only a8, in the eluate of
the FN column further suggests that the a8, receptor is
the sole or most important GEC receptor for FN. Although
anti-B, antibody did not interfere with GEC binding to FN,
it is possible that this antibody preparation does not rec-
ognize the site that binds to the RGD sequence in FN.
This binding site seems to be different from the site that
mediates binding to other substrates.'® We cannot rule
out the presence of some o, B, integrins on GEC be-
cause of a lack of a specific antibody that recognizes rat
o, and the fact that a; and e, chains show similar mobility
in SDS-PAGE gels and changes in mobility on reduc-
tion.# However, antibodies to the a; or B, chains produce
a similar ratio of a5 to B, bands on immunoprecipitation
(data not shown) suggesting that another o chain is not
present. Another potential FN receptor on GEC is
heparan sulfate proteoglycan, although we did not detect
it in the FN column eluate.'”

Chromatography of surface-iodinated GEC lysates on
COL-Sepharose also showed binding of a8, integrin to
COL, demonstrating that the a8, receptor on GEC is
capable of mediating cell adhesion to COL. Anti-B, anti-
body also inhibited adhesion of GEC to types | and IV
COL, albeit only up to about 30%, suggesting the pres-
ence of other proteins that might act as COL receptors,
such as the COL-binding proteins with molecular weights
of ~70 to 75 kd, which we detected. COL-binding pro-
teins of similar molecular weight have been detected by
others on rat heart fibroblasts and chick cornea,’*'® but
have not been further characterized.

The evidence presented here, along with previous
studies, strongly suggests that a8, integrin plays a ma-
jor role in GEC adhesion to the GBM. In vivo, agB, has
been the only integrin identified on GEC podocytes, and
it is concentrated on the portion of the podocyte adjacent
to the GBM.> In culture, it is also the only B, integrin
expressed on GEC, and it binds to FN and COL in a
manner dependent on the RGD sequence of FN and on
the presence of a divalent cation (Mn™ *) for COL bind-
ing. In vivo, the GBM contains COL concentrated in the
lamina densa and FN and LM concentrated in the lami-
nae rarae,'®? although some studies have questioned
the presence of FN in the GBM (reviewed in reference
21). agB, on GEC also appears to play an important role
in binding to LM as evidenced by approximately 80%
inhibition of GEC binding to LM by anti-8, antibody and
the absence of other LM receptors such as agB, and the
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non-integrin 67-kd LM receptor in the normal glomeru-
lus.” A role for aB, in cell—cell adhesion, particularly in
epidermal keratinocytes, has been proposed'®?? and
a4B, is localized primarily to areas of cell—cell contact of
keratinocytes in vivo and in vitro.22-2* Similarly, immuno-
fluorescence staining of cultured GEC with anti-B, anti-
body demonstrated predominant localization at areas of
cellcell contact, raising the possibility that a8, might
function similarly in the glomerulus.

Detachment of GEC from the GBM has been demon-
strated as a pathologic correlate of the development of
proteinuria in several models of experimental glomerular
injury, including adriamycin and puromycin nephrosis,
protein overload proteinuria, and infusion of neuramini-
dase.25-28 Possible alterations of GEC integrins in such
lesions have not been explored. The role of GEC matrix
receptors in maintaining normal glomerular capillary wall
permeability and their involvement in proteinuric lesions
remains to be defined.

Acknowledgments

The author thanks B. Eng and K. Patel for technical assistance,
and Drs. E. Marcantonio, R. Hynes, J. Edelman, T. Issekutz, D.
Turner, and T. Borg for the antibodies used in these studies.

References

1. Albelda SM, Buck CA: Integrins and other cell adhesion
molecules. FASEB J 1990, 4:2868-2880
2. Akiyama SK, Nagata K, Yamada KM: Cell surface receptors
for extracellular matrix components. Biochim Biophys Acta
1990, 1031:91-110
3. Ruoslahti E, Pierschbacher MD: New perspectives in cell
adhesion: RGD and integrins. Science 1987, 238:491-497
4. Hynes RO: Integrins: A family of cell surface receptors. Cell
1987, 48:549-554
5. Cosio FG, Sedmak DD, Nahman NS: Cellular receptors for
matrix proteins in normal human kidney and human mesan-
gial cells. Kidney Int 1990, 38:886-895
6. Korhonen M, Ylanne J, Laitinen L, Virtanen |: The a.;—ag SUb-
units of integrins are characteristically expressed in distinct
segments of developing and adult human nephron. J Cell
Biol 1990, 111:1245-1254
7. Simon EE, McDonald JA: Extracellular matrix receptors in
the kidney cortex. Am J Physiol 1990, 259:F783-F792
8. Kerjaschki D, Ojha PP, Susani M, Horvat R, Binder S, Hov-
orka A, Hillemanns, Pytela R: A B,-integrin receptor for fi-
bronectin in human kidney glomeruli. Am J Pathol 1989,
134:481-489
9. Hynes RO, Marcantonio EE, Stepp MA, Urry LA, Yee GH:
Integrin heterodimer and receptor complexity in avian and
mammalian cells. J Cell Biol 1989, 109:409-420
10. Marcantonio EE, Hynes RO: Antibodies to the conserved
cytoplasmic domain of the integrin 8, subunit react with pro-
teins in vertebrates, invertebrates, and fungi. J Cell Biol
1988, 106:1765-1772

11

12.

13.

14.

15.

16.

17.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Gullberg D, Terracio L, Borg TK, Rubin K: Identification of
integrin-like matrix receptors with affinity for interstitial colla-
gens. J Biol Chem 1989, 264:12686-12694

Adler S: Inhibition of rat glomerular visceral epithelial cell
growth by heparin. Am J Physiol 1988, 255:F781-F786
Harper PA, Robinson JM, Hoover RL, Wright TC, Kamovsky
MJ: Improved methods for culturing rat glomerular cells.
Kidney Int 1984, 16:875-880

Mugnai G, Lewandowska K, Camemolla B, Zardi L, Culp
LA: Modulation of matrix adhesive responses of human neu-
roblastoma cells by neighboring sequences in the fibronec-
tins. J Cell Biol 1988, 106:931-943

Adler S, Baker PJ, Pritzl P, Couser WG: Detection of terminal
complement components in experimental immune glomer-
ular injury. Kidney Int 1984, 26:830-837

Elices MJ, Urry LA, Hemler ME: Receptor functions for the
integrin VLA-3: Fibronectin, collagen, and laminin binding
are differentially influenced by ARG-GLY-ASP peptide and
by divalent cations. J Cell Biol 1991, 112:169-181
Ruoslahti R: Fibronectin and its receptors. Annu Rev Bio-
chem 1988, 57:375-413

. Sugrue SP: Isolation of collagen binding proteins from em-

bryonic chicken corneal epithelial cells. J Biol Chem 1987,
262:3338-3343

. Courtoy PJ, Timpl R, Farquhar MG: Comparative distribution

of laminin, type IV collagen, and fibronectin in the rat glom-
erulus. J Histochem Cytochem 1982, 30:874-886
Martinez-Hermandez A, Chung AE: The ultrastructural local-
ization of two basement membrane components: Entactin
and laminin in rat tissues. J Histochem Cytochem 1984, 32:
289-298

Courtoy PJ, Kanwar YS, Hynes RO, Farquhar MG: Fibronec-
tin localization in the rat glomerulus. J Cell Biol 1980, 87:
691-701

Larjava H, Peltonen J, Akiyama SK, Yamada SS, Gralnick
HR, Uitto J, Yamada KM: Novel function for B, integrins in
keratinocyte cell-cell interactions. J Cell Biol 1990, 110:803—
815

Carter WG, Wayner EA, Bouchard TS, Kaur P: The role of
integrins a2B1 and a3B1 in cell-cell and cell-substrate ad-
hesion of human epidermal cells. J Cell Biol 1990, 110:
1387-1404

Kaufmann R, Frosch D, Westphal C, Weber L, Klein CE:
Integrin VLA-3: Ultrastructural localization at cell-cell contact
sites of human cell cultures. J Cell Biol 1989, 109:1807—
1815

Kanwar YS, Rosenzweig LJ: Altered glomerular permeability
as a result of focal detachment of the visceral epithelium.
Kidney Int 1982, 21:565-574

Whiteside C, Prutis K, Cameron R, Thompson J: Glomerular
epithelial detachment, not reduced charge density, corre-
lates with proteinuria in adriamycin and puromycin nephro-
sis. Lab Invest 1989, 61:650-660

Abrahamson DR, Hein A, Caulfield JP: Laminin in glomeru-
lar basement membranes of aminonucleoside nephrotic
rats. Lab Invest 1983, 49.38-47

Weening JJ, Guldener CV, Daha MR, Klar N, Van Der Wal A,
Prins FA: The pathophysiology of protein-overload protein-
uria. Am J Pathol 1987, 129:64-73



