
Most studies addressing how cellular phenotypes are
affected by the extracellular matrix (ECM) have con-
trasted cellular responses to different ECM molecules
or combinations of molecules, and provided para-
digms for interpreting histogenesis, differentiated

function, and tissue repair [1–3]. We are interested in
the possibility that learning whether and how cellular
phenotypes are also affected by quantitative changes
in the underlying or surrounding ECM may provide
paradigms for interpreting pathologies characterized
by excess ECM accumulation. One such pathology is
diabetic microangiopathy. The process, initiated by
the metabolic abnormalities of diabetes, is hall-
marked by increased thickness of vascular basement
membranes and excess ECM accumulation in the re-
nal mesangium, and leads eventually to microvascu-
lar obliteration and the well known clinical sequelae
of diabetes [4]. Mesangial expansion is thought to
play a pathogenetic role in the loss of glomerular
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F. Podestá1, T. Roth1, F. Ferrara2, E. Cagliero1, M. Lorenzi1

1 Schepens Eye Research Institute and Department of Ophthalmology, Harvard Medical School, Boston, Massachussets, USA
2 Department of Laboratory Medicine, Scientific Institute S. Raffaele, Milano, Italy

 Springer-Verlag 1997

Summary Thickening of basement membranes is an
early and characteristic feature of diabetic vessels,
but its consequences on the properties of vascular
cells remain undefined. We investigated whether and
how excess extracellular matrix (ECM) alters the
replication of vascular endothelial cells in vitro. To
test the effects of endogenous excess matrix, human
umbilical vein endothelial cells (HUVEC) were pla-
ted on ECM produced under culture conditions
(high ambient glucose) that increase ECM synthesis.
Four of six HUVEC isolates plated on such ECM
yielded a lower cell number (68 ± 18%) than cells
plated on control ECM. Growth inhibition was ob-
served in HUVEC cultured on elevated concentra-
tions (10 and 50 mg/ml) of exogenous fibronectin,
when compared with HUVEC plated on tissue cul-
ture plastic or 0.25, 1.0, and 5.0 mg/ml fibronectin;
the decreased replication was attributable to delayed
transit through the G1 phase of the cell cycle. HU-
VEC grown on both 1 and 10 mg/ml fibronectin
exhibited a modest upregulation of the fibronectin-

specific integrin receptor a5b1, and increased attach-
ment to fibronectin substratum. However, unique to
the HUVEC plated on growth-inhibitory concentra-
tions of fibronectin was a redistribution in situ of inte-
grins and vinculin to form more numerous focal adhe-
sions, and an increased polymerization of cytoskeletal
actin to form stress fibers. Concentrations (0.01 mg/
ml) of cytochalasin D intended to prevent excess ac-
tin polymerization prevented the growth inhibition.
Thus, excess ECM hampers endothelial cell replica-
tion in vitro through increased cell-ECM adhesion
and attendant cytoskeletal rearrangements. These
phenotypic changes provide probes to test whether
cell-ECM interactions are altered in diabetic vessels
in a direction that may compromise orderly endothe-
lial cell renewal and its antithrombogenic function.
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function by encroaching on the subendothelial space
of the glomerulus and compromising the capillary lu-
men [5]. On the other hand, any primary or ancillary
role of basement membrane thickening in the causa-
tion of consequential vascular lesions remains conjec-
tural.

In vitro studies indicate that some important cellu-
lar functions are hampered by excess ECM. The
speed of migration of smooth muscle cells is optimal
at intermediate strength of attachment to the ECM,
and excess attachment as induced by large concentra-
tions of fibronectin or type IV collagen reduces the
speed of migration [6]. Increasing concentrations of
fibronectin also decrease endothelial cell migration
and replication [7], and complex ECM deposited in
excess by endothelial cells exposed to transforming
growth factor-b (TGF-b) or retinoids does not sustain
the same rate of endothelial cell proliferation as
ECM isolated from control cultures [8, 9].

Although the turnover of vascular endothelium, in
particular in retinal microvessels, is normally low
[10], it may be increased in diabetes since in this con-
dition retinal microvascular cells undergo accelerated
death, probably by apoptosis [11]. Interferences with
efficient endothelial cell replication could thus com-
promise prompt restoration of a non-thrombogenic
vascular lining and lead to vascular occlusions. We
performed this study to further evaluate the effect of
excess ECM on endothelial cell proliferation and to
identify the molecular changes that underlie the
growth – inhibitory properties.

Materials and methods

Cell culture and proliferation on various ECMs. HUVEC were
isolated and cultured as previously described [12]. Each isolate
was derived from an individual umbilical vein, and used for ex-
periments at the first or second passage. Cells were cultured in
medium 199 (Gibco Laboratories, Grand Island, N. Y., USA)
supplemented with 14 % heat-inactivated pooled human se-
rum, 20 mg/ml endothelial cell growth supplement (Collabora-
tive Biomedical Products, Bedford, Mass., USA), 90 mg/ml
heparin (Gibco), 2 mmol/l glutamine, and 17.5 mmol/l Hepes
buffer. To test the effect of excess endogenous ECM on endo-
thelial cell proliferation, ECM was prepared from cultures of
HUVEC that had been exposed to high (30 mmol/l) or physio-
logical (5 mmol/l) glucose concentrations for 12 days. Cells
were detached by treatment with 1 mmol/l EDTA in phos-
phate buffered saline (PBS) during rotation at approximately
160 rev/min on an orbital shaker for 30 min at room tempera-
ture, and new HUVEC were plated (6 × 104 cells/dish) on the
cell-free matrix washed with medium 199. Cells were counted
on day 5 after plating. To test the effect of increasing amounts
of exogenous fibronectin on endothelial cell proliferation,
cluster 24-wells were coated overnight at room temperature
with 600 ml of 0.25, 1, 5, 10, or 50 mg/ml human fibronectin
(New York Blood Center, New York, N. Y., USA) in sterile
PBS. The amount of fibronectin absorbed to the dishes was de-
termined from the direct measurement of the amount of ab-
sorbed 125I-labelled fibronectin (ICN Biomedicals, Inc., Irvine,
Calif., USA) mixed in tracer amounts to cold fibronectin. The

fibronectin solutions (or the plain PBS used for control wells)
were aspirated, and HUVEC were plated at 1 × 104 cell/well.
Cells were counted on day 2 and 5 after plating. To investigate
the effect of elevated concentrations of fibronectin on cell cy-
cle traversal, HUVEC seeded at 1 × 105 cells/dish in 35 mm
dishes coated with 50 mg/ml fibronectin or uncoated were par-
tially synchronized on day 2 after plating by reducing the
amount of serum in the medium to 4 % (complete serum with-
drawal led to substantial cell detachment). After 48 h the cul-
tures were returned to complete medium, and were harvested
48 h later to measure cell number and distribution along the
cell cycle using flow cytometry (KinesisR 50 reagents; Bio-
Rad, Richmond, Calif., USA).

Attachment assay and Northern analysis. To study the function
and synthesis of integrins in cells grown on increasing concen-
trations of fibronectin, HUVEC cultured for 5 days in 60 mm
tissue culture dishes coated with 1 or 10 mg/ml fibronectin, or
uncoated, were tested for attachment properties and integrin
mRNA levels. For the attachment assay, cells were released
from the dishes by trypsinization and plated in 96-well micro-
titre plates coated overnight with fibronectin at 2.5 mg/ml and
postcoated with bovine serum albumin (BSA) to block nonspe-
cific binding. Attachment was tested after 30 min at 37 °C as
previously described [13]. Cultures companion to those provid-
ing cells for the attachment assay were simultaneously har-
vested for RNA extraction. Northern blots [14] were hybridized
to 32P-labelled cDNAs for the human integrin a5 and b1 sub-
units (fibronectin receptor a and b chains, Gibco), and chicken
b-actin (Oncor, Gaithersburg, Md., USA). The b-actin signal
was used to control for RNA loading insofar as b-actin mRNA
levels were not altered by growth on fibronectin (89 ± 26 % of
control in HUVEC cultured on 1 mg/ml fibronectin and 99 ± 61
of control in HUVEC cultured on 10 mg/ml fibronectin).

Fluorescence staining. The distribution of fibronectin, inte-
grins, vinculin (a protein of focal adhesions), and F-actin was
studied by fluorescence staining in HUVEC cultured for
3 days in 35 mm dishes coated with 1 or 50 mg/ml fibronectin,
or uncoated. All procedures were performed at room tempera-
ture. Cells were washed with PBS, fixed with 10 % buffered
formalin for 10 min, and permeabilized with 0.1 % Triton X-
100 in PBS for 10 min. After washing, non-specific binding
was blocked with 1 % BSA in PBS for 30 min. Circles of
0.4 cm diameter were scribed onto the dish, the cells outside
the circles were wiped off with a cotton applicator, and the is-
lands of cells were further delimited with a hydrophobic mar-
ker (PAP PEN; Polysciences, Inc., Warrington, Pa., USA).
This procedure permitted morphological data to be obtained
under culture conditions identical to those used in the prolifer-
ation, attachment, and mRNA studies; and to test several pro-
teins in the same culture. Rabbit anti-human fibronectin anti-
bodies (Sigma Chemical Co., St. Louis, Mo., USA) and mouse
anti-human vinculin monoclonal antibodies (Sigma) were
used at a dilution of 1:100; rat anti-human b1 integrin mono-
clonal antibodies (gift of Dr. C.H.Damsky) were used at a di-
lution of 1:50. Antibodies were diluted in 1 % BSA in PBS
and incubated with cells for 1 h. After three washes in PBS,
the appropriate fluorescein isothiocyanate (FITC)-conjugated
secondary antibodies diluted 1:100 were added for 1 h. F-actin
was stained with rhodamine phalloidin (Molecular Probes
Inc., Eugene, Ore., USA) using a 1:40 dilution of the
6.6 mmol/l stock solution for 1 h in the dark. After three final
washes in PBS, the preparations were mounted in Slow Fade
(Molecular Probes) and viewed under a Zeiss Axiophot fluo-
rescence microscope. In negative controls the primary anti-
bodies were omitted or substituted with non-immune serum.
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In selected experiments cells were double-stained for vinculin
and F-actin.

F-actin quantitation. To obtain quantitative data on the F-actin
content of HUVEC plated on 1, 10, or 50 mg/ml fibronectin or
tissue culture plastic, cells fixed, permeabilized, and stained
with rhodamine phalloidin as described above, were treated
with methanol for 1 h at 37 °C in the dark. The extracted fluo-
rescence was quantitated by fluorometry at excitation and
emission settings of 550 and 580 nm, respectively. The F-actin
content was expressed as fluorescence units/106 cells.

Cytochalasin studies. To test the effect of increased cellular F-
actin content on proliferation, HUVEC seeded onto 50 mg/ml
fibronectin or plastic (cluster 24 wells) at 5 × 104 cells/well
were grown for 3 days in the presence or absence of cytochala-
sin D, a compound known to disrupt the actin filament compo-
nent of cytoskeletal networks [15]. Cytochalasin D (Sigma)
was added 4 h after seeding to allow for undisturbed cell attach-
ment, at concentrations from 0.001 to 0.1 mg/ml. A medium
change was performed on day 2, and cells were counted on day
3. The effect of cytochalasin on cellular F-actin distribution
was examined by fluorescence staining as described above.

Statistical analysis. Data are presented as mean ± SD. Statisti-
cal analyses were by ANOVA followed by the Fisher multiple
comparison procedure. The changes in integrin mRNA levels
were analysed with the Wilcoxon signed-rank test.

Results

Excess endogenous or exogenous ECM impairs en-
dothelial cell proliferation. To test the effect of excess
endogenous ECM, HUVEC were plated on ECM
prepared from cultures that had been exposed to
high glucose concentrations (30 mmol/l) for 12 days.
Under these conditions most HUVEC isolates mani-
fest overexpression of fibronectin and collagen IV
and increased deposition of the proteins into the ma-
trix [12]. Four of the HUVEC isolates plated on the
ECM deposited by cultures exposed to high glucose
yielded a lower cell number than cells plated on con-
trol ECM (68 ± 18% of control) (Fig. 1). The fact
that a decreased cell number was evident in four of
the six isolates studied is compatible with our previ-
ous finding that overexpression of ECM components
is detected in approximately 70% of the HUVEC
isolates cultured in high glucose medium [12].

To assess the effects of excess ECM independent
of possible post-translational modifications of its
components induced by elevated glucose levels, HU-
VEC were cultured on increasing concentrations of
exogenous fibronectin. Excess fibronectin is an ab-
normality relevant to diabetic vessels [16]. Because
certain preparations of fibronectin have been re-
ported to contain TGF-b [17] which has growth inhib-
itory effects on endothelial cells, the TGF-b content
of the fibronectin preparation was tested by bioassay
as previously described [18]. The largest concentra-
tion of fibronectin used (50 mg/ml) was found in two

experiments to contain 5.6 and 9.4 pg/ml mature
TGF-b, respectively; concentrations that were devoid
of any growth inhibitory effect on HUVEC prolifera-
tion. The fibronectin solutions used to coat the dishes
(0.25, 1, 5, 10, and 50 mg/ml) resulted in the following
amounts of deposited fibronectin (in mg/cm2, n = 3):
0.06 ± 0.01, 0.27 ± 0.01, 0.83 ± 0.1, 1.24 ± 0.2, and
3.13 ± 1.0, respectively. A tendency to saturation of
binding has been observed also by other investigators
[6]. Immunofluorescence staining revealed that in the
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Fig. 1. Effect of matrix produced by HUVEC exposed to
30 mmol/l glucose on cell proliferation. Intact, cell-free matrix
was isolated as described in Methods from six cultures exposed
to 30 mmol/l glucose for 12 days and six paired control cultures
exposed to 5 mmol/l glucose; control HUVEC were then pla-
ted onto the cell-free matrix and counted 5 days after plating.
Each symbol represents the mean of counts in duplicate-tripli-
cate dishes of an isolate originating from a single umbilical
cord. The data from the same isolate plated on control (C) or
high glucose (G) matrix are connected by a line

Fig. 2. Effect of increasing concentrations of fibronectin on
HUVEC proliferation. Control cells (0 mg/ml fibronectin)
were plated on tissue culture plastic. Bars denote mean ± SD
of cell counts obtained 5 days after plating in 9 individual HU-
VEC isolates. Cell counts were performed in duplicate-tripli-
cate dishes. *p < 0.05 vs control



presence of cells the fibronectin coating became
organized in a fibrillar network whose density in-
creased in parallel with the concentrations of fi-
bronectin, indicating that the glycoprotein was incor-
porated into the insoluble matrix. HUVEC cultured
on the lowest concentration of fibronectin showed a
modest increase in cell number when compared to

control cultures plated on plastic, whereas on the
larger concentrations (10–50 mg/ml) exhibited a de-
creased cell number. The trend was apparent on day
2 after plating and became highly significant
(p = 0.0001) on day 5 (Fig. 2). Studies performed in
cultures partially synchronized by reduction of the se-
rum content of the medium and returned for 48 h to
full medium showed that the cells plated on 50 mg/ml
fibronectin had an altered distribution along the cell
cycle. In these cultures the percent of cells in Go-G1
was 58 ± 4 vs 48 ± 3 in control cultures plated on plas-
tic, in S phase was 24 ± 6 vs 37 ± 5 in control cultures,
and in G2-M was 17 ± 4 vs 14 ± 1 in control cultures
(p < 0.005). The pattern indicates delayed transit of
cells plated on excess fibronectin along the G1 phase
of the cell cycle and into S phase.
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b1-integrin Vinculin

Plastic

Fibronectin 50 mg/ml

Fig. 3A−F. Distribution of b1 integrin (A–C) and vinculin (D–
F) in HUVEC cultured on tissue culture plastic (A, D), 1 mg/ml
fibronectin (B, E), or 50 mg/ml fibronectin (C, F), as detected
by indirect immunofluorescence. Cells were examined 3 days
after plating. Magnification × 1600. Arrows in D and E point
to the peripheral localization of focal adhesion sites, in F to
the increased number of adhesion sites present throughout
the cell body

Fibronectin 1 mg/ml



Excess fibronectin increases focal adhesion sites and
actin polymerization. To identify molecular changes
associated with the decreased proliferation on the lar-
ger concentrations of fibronectin, HUVEC plated on
tissue culture plastic, 1 mg/ml fibronectin, and 10 or
50 mg/ml fibronectin were compared vis à vis the be-
haviour of proteins that link the ECM to the intracel-
lular compartment [19]. Integrin function as mea-
sured in an attachment assay was increased in cells
grown on both 1 and 10 mg/ml fibronectin (144 ± 30
and 147 ± 37% of control cells grown on plastic, re-
spectively, p < 0.01). There was also a modest upregu-
lation of the expression of the integrin subunits a5
and b1, which combine to form a fibronectin-specific
receptor. In cells grown on 1 mg/ml fibronectin the

steady-state levels of a5 and b1 mRNAs as measured
by Northern analysis were 112 ± 36 % (NS) and
136 ± 28% (p < 0.05) of control, respectively; in cells
grown on 10 mg/ml fibronectin a5 mRNA was in-
creased to 140 ± 56 % of control (p = 0.05) and
b1 mRNA was 159 ± 103% of control (NS). Previous
studies in HUVEC have shown that changes in inte-
grin subunits mRNAs are accompanied by changes
in the level of the cognate proteins [13].

The integrin properties measured by the attach-
ment assay and mRNA levels could not account for
the growth-retarding effect of the large concentra-
tions of fibronectin, insofar as the magnitude of chan-
ges was similar in cells plated on 1 or 10 mg/ml fi-
bronectin, but only the latter concentration resulted
in decreased proliferation. Unique to the large con-
centrations of fibronectin however was the in situ dis-
tribution of b1 integrin and of vinculin, a protein of
focal adhesions (Fig. 3). HUVEC plated on plastic or
1 mg/ml fibronectin showed for both proteins a mostly
peripheral localization, whereas cells plated on 50 mg/
ml fibronectin showed in addition immunofluores-
cence staining throughout the cell body, indicating a
greater number of focal adhesion sites. In keeping
with the notion that these sites anchor actin filaments
[19], the distribution and abundance of filamentous
actin (F-actin) was found altered in cells grown on
50 mg/ml fibronectin (Fig. 4). HUVEC grown on plas-
tic or 1 mg/ml fibronectin showed rims of bright fluo-
rescence corresponding to the peripheral actin bun-
dles, whereas in cells grown on 50 mg/ml fibronectin
F-actin fluorescence was almost as intense at the cell
periphery as in the coarse stress fibers traversing the
cell body and oriented in the long axis of the cells.
Many of these cells also showed larger size than cells
plated on plastic or 1 mg/ml fibronectin. In cells
stained for both vinculin and F-actin, the termination
of the actin filaments could readily be localized at the
regions of focal adhesions. Cellular content of F-actin
as determined by fluorometric quantitation of ex-
tracted fluorescence was not increased in HUVEC
plated on 1 mg/ml fibronectin (105 ± 7% of control
cells plated on tissue culture plastic), but was signifi-
cantly increased in HUVEC plated on 10 mg/ml fi-
bronectin (133 ± 16 % of control, p < 0.05), or 50 mg/
ml fibronectin (146 ± 8 % of control, p < 0.05).

Cytochalasin D normalizes actin polymerization and
cell proliferation in HUVEC plated on excess fi-
bronectin. The effect that the altered cell-substratum
interactions and cytoskeletal rearrangements may
have on cell proliferation was tested using cytochala-
sin D. Cytochalasin D was added at concentrations
that are orders of magnitude lower than those re-
ported to disrupt the actin network [15], and were
meant to prevent excess actin polymerization and
the attendant mechanical constraints. At a concentra-
tion of 0.01 mg/ml, cytochalasin D only minimally
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Fig. 4A−C. Distribution of F-actin in HUVEC cultured on tis-
sue culture plastic (A), 1 mg/ml fibronectin (B), or 50 mg/ml fi-
bronectin (C). F-actin was stained with rhodamine phalloidin
and viewed under the fluorescence microscope. Cells were ex-
amined 3 days after plating. Magnification × 800



altered the size and shape of HUVEC grown on tis-
sue culture plastic; stress fibers appeared slightly re-
duced and some cytoplasmic blebs appeared
(Fig. 5A, A’). The same dose of cytochalasin D dra-
matically reduced the size of cells plated on 50 mg/ml
fibronectin and the density of the stress fibers, return-
ing morphology and cytoskeletal pattern to those ob-
served in control cells plated on plastic (Fig. 5B, B’).
Concomitantly with the structural changes, cytocha-
lasin D at 0.01 mg/ml afforded correction of the repli-
cative abnormality of cells grown on 50 mg/ml fi-
bronectin, while not affecting the proliferation of
control cells (Fig. 6). Lower doses (0.001 mg/ml) of cy-
tochalasin D were not effective, and larger doses
(0.1 mg/ml) prevented the proliferation of cells plated
on plastic as well as on fibronectin (Fig. 6).

Discussion

We have observed that vascular endothelial cells re-
spond to large concentrations of fibronectin in vitro
with a modest upregulation of integrin expression,
striking redistribution of integrins and proteins of fo-
cal contacts to assemble in multiple clusters through-
out the basal cytoplasm, increased actin polymeriza-
tion and reorganization of the cytoskeleton to couple

actin filaments to the more numerous adhesion sites,
and decreased replication. We have further observed
that the increased actin polymerization is instrumen-
tal in causing the delayed replication.

The observations were made in cells plated on fi-
bronectin, but there are reasons to believe that they
describe a chain of events triggered by any ECM ex-
cess, since elements of the chain recur in multiple

F. Podestá et al.: Matrix, cytoskeleton, and cell replication884

Fig. 5A, B. Effect of cytochalasin D on the distribution of F-
actin in HUVEC. Cells were plated on tissue culture plastic
(A) or 50 mg/ml fibronectin (B), and exposed to cytochalasin
D (0.01 mg/ml) for 3 days (A’ and B’). Magnification × 800

Fig. 6. Effect of cytochalasin D on the proliferation of HU-
VEC cultured on tissue culture plastic (A) or 50 mg/ml fi-
bronectin ( ). Bars denote the mean ± SD of cell counts
obtained 3 days after plating and initiation of the cytochala-
sin treatments in 10 individual HUVEC isolates. Cell counts
were performed in duplicate-triplicate dishes. *p < 0.05 vs con-
trol cells plated on plastic and not receiving cytochalasin treat-
ment



models. Endothelial cells cultured in the presence of
high glucose concentrations upregulate the synthesis
of several basement membrane components and rele-
vant integrins, adhere more firmly to their matrix and
show decreased replication [12, 13]. In this study the
ECM produced under high glucose conditions proved
sufficient to reduce the replication of endothelial cells,
in the absence of high ambient glucose. The inhibitory
effects of TGF-b on cell replication are attributable in
some cell types to overproduction of collagen [20], are
accompanied by reorganization of the actin cytoskele-
ton leading to thickened actin cables [21] and can be
mimicked by the excess ECM produced in response
to TGF-b treatment [8]. Similarly, endothelial cells
cultured in the presence of retinoids overproduce la-
minin and fibronectin, adhere more firmly to their
substratum, and proliferate less than untreated cells
[9]; the ECM produced by these cells results in de-
creased endothelial cell replication when compared
with the ECM produced by untreated cells [9]. Over-
expression of ECM components (especially fibronec-
tin) during in vivo and in vitro aging of vascular endo-
thelial cells and fibroblasts is coincidental with a de-
creased labelling index [22], and excessive ECM accu-
mulation leading to altered topographical relation-
ships of cells to their microenvironment has been cited
as a mechanism for replicative senescence [23]. It is of
note that excess complex matrix resulting from small
increments in the synthesis of several components
can have growth inhibitory effects of even greater
magnitude [8, 9] than those afforded by the large con-
centrations of fibronectin used in this study. This sug-
gests either that the multiple components contribut-
ing to the ECM excess exert additive or mutually po-
tentiating effects, or that an excess of multiple compo-
nents results in architectual modifications of the ECM
especially likely to influence proliferation signals.

The facts that growth inhibition by excess fi-
bronectin occurred in the G1 phase of the cell cycle,
was coincidental with an increased density of cell-
matrix contacts, and was abolished by prevention of
the attendant cytoskeletal reorganization, point to
an interference with molecules that transduce mito-
genic signals from adhesion sites. An appealing can-
didate is the Na + /H + antiporter, whose activation
has a permissive role in the proliferative response to
growth factors [24], and which localizes at sites of ac-
cumulation of vinculin, talin, and F-actin [25]. It is
conceivable that the extent or nature of physical in-
teractions of the Na + /H + antiporter with structural
elements of the cytoskeleton governs antiporter ac-
tivity, and thus the responsiveness of cells to mitoge-
nic stimulation. We have observed both in HUVEC
exposed to high glucose and overexpressing fi-
bronectin and in HUVEC cultured on excess fi-
bronectin that decreased replication is accompanied
by decreased activity of the N + /H + antiporter [26,
27]. Other investigators have reported similar results

– decreased proliferation and decreased antiporter
activity – for kidney cells plated on increasing con-
centrations of type IV collagen [28]. These studies
however do not establish causal relationships, and
cannot exclude that the function of one or more of
the other numerous molecules that generate signals
at focal adhesions [29] may be modulated by quanti-
tative changes in the ECM.

The in vitro observations reported here may have
relevance to the vascular pathology of diabetes. Fi-
bronectin synthesis is increased in the retina of dia-
betic patients with background retinopathy, and the
retinal microvessels of these patients show increased
fibronectin immunostaining when compared with
vessels of non-diabetic control subjects [16]. Espe-
cially if vascular endothelial cell turnover is acceler-
ated by the occurrence of cell death in diabetes [11],
excess deposition of fibronectin and/or other ECM
components may become, through the hampering ef-
fect on endothelial cell replication, important con-
tributors to the microvascular obliteration that leads
to retinal ischaemia and sight-threatening neovascu-
larization. Strategies are now being devised to test
the prediction in vivo.
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