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Abstract Aims/hypothesis: Increased expression and de-
creased degradation of extracellular matrix (ECM) proteins
are key features of chronic diabetic complications. Fibro-
nectin, a predominant ECM protein, has been shown to be
overexpressed in all target organs of diabetic complications
and in endothelial cells cultured in high levels of glucose.
The present study was designed to elucidate the role of
protein kinase B (Akt/PKB) in glucose-induced fibronectin
mRNA expression and protein production in vascular
endothelial cells. Methods: Human umbilical vein endo-
thelial cells were cultured in the presence of high glucose to
study Akt/PKB activation. The upstream and downstream
mediators in the Akt/PKB pathway were also investigated
using dominant negative transfections and specific inhibi-
tors of signalling pathways. Cells were subjected to real
time RT-PCR, western blotting, and confocal microscopy to
assess Akt1/PKBα activation and fibronectin mRNA ex-
pression and protein production. To detect transcription
factor activation, electrophoretic mobility shift assay was
carried out. Results: Our data demonstrate that fibronectin
mRNA expression and protein production that are induced
by high glucose are mediated via activation of Akt/PKB,

which is modulated by mitogen-activated protein kinase,
phosphatidylinositol 3-kinase, and protein kinase C. Glu-
cose-induced fibronectin mRNA expression and protein
production are also mediated by Akt1/PKBα-dependent
activation of the transcription factors nuclear factor-κB and
activating protein-1. Conclusions/interpretation: Our study
provides insight into the mechanical basis of glucose-
induced increases in fibronectin mRNA expression and
protein production. High levels of glucose may increase
fibronectin mRNA expression and protein production by
activating Akt/PKB.
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Introduction

Increased extracellular matrix (ECM) protein production
and impaired degradation are important features of chronic
diabetic complications [1, 2]. This imbalance is instru-
mental in producing the structural hallmark of diabetic
complications, basement membrane thickening. One pre-
dominant ECM protein that is upregulated in diabetic
angiopathy is fibronectin [3, 4]. Fibronectin is a highly
specialised glycoprotein of 250 kDa. These ECM proteins
interact with other matrix proteins and modulate cellular
processes by interacting with cell surface receptors [5–7].
We and others have previously demonstrated the upregula-
tion of fibronectin mRNA in vascular endothelial cells
exposed to high levels of glucose and in the target organs of
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diabetic complications, i.e. retina, kidney and heart [3, 4].
We have further demonstrated that these alterations may, in
part, be dependent on the hyperglycaemia-induced increase
in the production of vasoactive factors such as endothelins
(ETs) and subsequent activation of nuclear factor-κB
(NF-κB) and activating protein-1 (AP-1) [8, 9].

Sustained hyperglycaemia in diabetes and high levels of
glucose in cultured endothelial cells may modify various
growth factors that lead to biochemical anomalies. Such
molecular changes may arbitrate glucose-induced signals
for fibronectin mRNA expression. We have previously
demonstrated that mitogen-activated protein kinase (MAPK)
and protein kinase C (PKC) may cause fibronectin mRNA
and protein upregulation [10]. It is increasingly being
realised that such protein kinase pathways may also interact
and cross-talk with cellular process regulation [11, 12].
One such key kinase pathway involved in glucose-induced
fibronectin upregulation may be phosphatidylinositol 3-
kinase (PI 3-kinase)-dependent protein kinase B (Akt/PKB).
Akt is a widely expressed serine/threonine kinase [13] that
has been identified as an important component of several
signalling pathways [14]. Upon stimulation with growth
factors, PI 3-kinase mediates the phosphorylation of Akt,
which interacts with intracellular signalling molecules to
promote cell survival. Such survival signals are regulated by
the activity of proapoptotic proteins, transcription factors,
and by cell–cell and cell–matrix interactions [15–17]. Some
reports indicate that apparently separate and important
signalling pathways, such as MAPK and the transcription
factors NF-κB and AP-1, may be modulated by Akt [18–22].
Hence, it is plausible that Akt-dependent NF-κB and AP-1
activation may lead to the upregulation of fibronectin
mRNA expression in diabetic patients.

This study was conducted to elucidate the mechanisms
of glucose-induced increases in mRNA expression and
protein production of fibronectin in endothelial cells.
Specifically, we wanted to address whether such phenom-
ena are mediated via Akt1/PKBα phosphorylation and
Akt1/PKBα-dependent NF-κB/AP-1 activation. To study
the role of Akt1/PKBα in fibronectin production, we used
human vascular endothelial cells. Human endothelial cells
cultured in the presence of high levels of glucose increased
mRNA expression and protein production of many base-
ment membrane proteins, including fibronectin, thus
mimicking the effects of diabetes [9, 23, 24].

Materials and methods

Reagents

Unless otherwise stated, all reagents were obtained from
Sigma Chemicals (Sigma, Oakville, ON, Canada).

Cell culture and transfections

Human umbilical vein endothelial cells (Clonetics, Walk-
ersville, MD, USA) were cultured as previously described
[9]. Briefly, the HUVECs were cultured to 80% confluence
in EGM growth medium (Clonetics) before the treatments
were carried out. L-glucose was used as a control.

Dominant negative Akt (Akt-K179M) constructs were
a gift from Dr Bruce McManus and Dr Esfandiarei (De-
partment of Pathology and Laboratory Medicine, Uni-
versity of British Columbia, Canada). Wild-type Akt1/
PKBα (Akt-1-WT) was obtained from Upstate Biotech
Company (Upstate USA, Chicago, IL, USA). Sub-con-
fluent cells were transfected with 5 μg of DNA per flask
using lipofectin (Invitrogen Canada, Burlington, ONo,
Canada) under serum-free conditions for 6 h, after which
the cells were replenished with culture medium for 24 h.
The transfection efficiency was 25%, as determined by
pCMVB-galactosidase. Cells were incubated with either
5 mmol/l D-glucose (control) or 25 mmol/l D-glucose
(high glucose; HG). To elucidate the signalling path-
ways, cells in HG were pretreated with the following:
Akt inhibitor ML-9 (100 μmol/l; Cedarlane Laboratories,
Hornby, ON, Canada); the dual ET receptor antagonist
bosentan (10 μmol/l; courtesy of M. Clozel, Actelion,
Allschwill, Switzerland); the PKC inhibitor chelerythrine
(1 μmol/l, Sigma-Aldrich, Oakville, ON, Canada); the
MAPK inhibitor PD98059 (50 μmol/l; Fisher Scientific,
Nepean, ON, Canada); and the PI 3-kinase inhibitors
LY294002 (25 μmol/l; Sigma-Aldrich) and wortmannin
(100 μmol/l; Sigma). All pre-treatments were carried out
for 1 h before exposure to HG.

Following treatments, RNAwas extracted for fibronectin
gene expression analysis by real time RT-PCR. The protein
extracts were used for western blot analysis and Akt kinase
assay. In addition, nuclear proteins were isolated for anal-
ysis of NF-κB and AP-1 transcription factor activation.
Unless otherwise indicated, all experiments were carried

Table 1 Real time RT-PCR
parameters

Initial denaturation was carried
out for 1 min for all samples.
a=0 s, b=5 s, c=9 s, d=1 s.
*As in [25]

Gene Primer sequence* Temperatures

Denaturationa Annealingb Extensionc Signald

18S rRNA Sense-GTAACCCGTTGAACCCCATT 95°C-0 s 55°C-5 s 72°C-9 s 80°C-
1 sAntisense-

CCATCCAATCGGTAGTAGCG
Fibronectin Sense-GATAAATCAACAGTGGGAGC 95°C-0 s 50°C-0 s 72°C-10 s 81°C-

1 sAntisense-
CCCAGATCATGGAGTCTTTA

2429



out after 24 h of incubation. Three different batches of
cells, each in duplicate, were investigated.

Cell viability

We used crystal violet assay to measure cell viability and
exclude potential cytotoxic effects of the inhibitors.
HUVECs were seeded in 96-well microtitre plates. Con-
fluent cells were treated with various concentrations of
reagents as stated above and examined at different time
points. Following treatment, the cells were washed with
PBS buffer, fixed with methanol for 5 min, and then stained
for 10 min with a 0.1% crystal violet solution. Following
three washes, the dye was eluted with 0.1 mol/l trisodium
citrate in 50% ethanol for 10 min. The optical density at

630 nm was monitored on a microtitre plate reader (MR
7000; Dynatech Laboratories, Chantilly, VA, USA).

Real-time RT-PCR

RNA was extracted and subjected to cDNA synthesis as
described [9]. Real-time quantitative RT-PCR for fibro-
nectin gene expression was carried out in a LightCycler
(Roche Diagnostics Canada, Laval, QC, Canada) using
SYBR Green I. PCR was performed essentially as de-
scribed previously [9]. The reaction mixture consisted of
10 μl of ReadyMix SYBR (Sigma-Aldrich), 1.6 μl of
25 mmol/l MgCl2, 1 μl each of forward and reverse
10 μmol/l primers (Table 1), 5.4 μl H2O, and 1 μl cDNA
template. The mRNA levels were quantified using the
standard curve method. Standard curves were constructed
by using a serially diluted standard template. The data were
normalised to 18S rRNA [25] to account for differences in
reverse transcription efficiencies.

Protein analysis

Total proteins from HUVECs were isolated using complete
RIPA buffer (NaCl 0.877 g, deoxycholate 1 g, 1 mol/l Tris–

Fig. 1 Quantitative analysis of fibronectin (FN) mRNA expression
in the endothelial cells exposed to glucose as determined by real-
time PCR. a The melting curve analysis. Each line represents PCR
amplification of individual cDNA samples. b Upregulation of
fibronectin mRNA expression by 25 mmol/l glucose, which was
prevented by the Akt inhibitor ML-9. Open bar, low glucose
(5 mmol/l glucose); black bar, high glucose (25 mmol/l glucose);

grey bar, high glucose + ML-9 (100 μmol/l in HG). *p<0.05 vs low
glucose. c Duration-dependent increase in glucose-induced fibro-
nectin expression with wild-type Akt1/PKBα transfection (Akt-1-
WT, open bar) and normalisation with dominant negative Akt
transfection (Akt/PKB-K179M, black bar), or treatment with ML-9
(grey bar). *p<0.05 vs Akt1/PKBα -WT at 0 h; n=4 per treatment

Table 2 Oligonucleotide sequences for EMSA

Transcription
factor

Sequence

NF-κB Sense-AGTTGAGGGGACTTTCCCAGGC-3′
Antisense-TCAACTCCCCTGAAAGGGTCCG-5′

AP-1 Sense- CGCTTGATGAGTCAGCCGGAA-3′
Antisense-GCGAACTACTCAGTCGGCCTT-5′
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HCl pH 7.5 5 ml, and 10% sodium dodecyl sulphate 1 ml;
volume adjusted to 100 ml using double-distilled H2O)
and protease inhibitors. Total proteins were then quanti-
fied using the Bio-Rad protein assay procedure (Pierce
Endogen, Rockford, IL, USA). Akt1/PKBα protein acti-
vation was assessed using phospho-Akt (Ser473) antibody
(1:1000; New England BioLabs, Pickering, ON, Canada).
The fibronectin protein was assessed using anti-fibronectin
polyclonal antibody (1:2000; DakoCytomation California,
Carpinteria, CA, USA). Western blots were detected with
the ECL-Plus kit (Amersham Pharmacia Biotech, Piscat-
away, NJ, USA).

Akt kinase assay

The cells were subjected to Akt kinase assay in accor-
dance with the manufacturer’s recommendations (New
England BioLabs). Ice-cold cell lysis buffer with 1 mmol/l
phenylmethylsulphonyl fluoride was added to the samples.
The samples were sonicated and centrifuged at 1,500 g for

10 min. The pellets were suspended in 40 μl 1× kinase
buffer supplemented with 200 μmol/l ATP and substrates.
The reaction was terminated with 20 μl of 3× SDS sample
buffer. The samples were then centrifuged for 30 s, heated
to 95–100°C for 2–5 min, and loaded on SDS-PAGE gel
(12–15%) for sample analysis by Western blotting.

Immunofluorescent microscopy

Endothelial cells were cultured in 12-well plates (Fisher
Scientific) with coverslips. Transfected cells were treated
with glucose and inhibitors for 24 h as described earlier.
Following treatment, cells were fixed in anhydrous ethanol
and probed with polyclonal rabbit anti-human fibronectin
antibody (1:1000; Dako Diagnostics Canada, Mississauga,
ON, Canada). FITC-labelled goat anti-rabbit secondary
antibody (Vector Laboratories) was used for detection, with
a confocal microscope equipped with UVand FITC/TRITC
filters (Zeiss LSM 410; Carl Zeiss Canada, Toronto, ON,
Canada).

Fig. 2 a–h Immunofluorescent analysis of fibronectin protein
production. Endothelial cells (a) 5 mmol/l glucose, (b) 25 mmol/l
glucose, exposed to (c) with Akt-1-WT transfection in 5 mmol/l
glucose, (d) with Akt-1-WT transfection in 25 mmol/l glucose,
(e) with Akt-1-WT transfection in 25mmol/l glucose +ML-9, (f) with
Akt-1-WT transfection in 25 mmol/l glucose + wortmannin, (g) with
Akt-K179M transfection in 5 mmol/l glucose, and (h) with Akt-

K179M transfection in 25 mmol/l glucose. Note the reduced
immunoreactivity in panels e–h. i A representative fibronectin
western blot, and j semiquantification of the bonds by densitometry.
*p<0.05 vs non-transfected HUVECs on 5 mmol/l glucose (open
bars). Black bars, high glucose (25 mmol/l). β-actin was used as a
loading control
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Electrophoretic mobility shift assay

Nuclear extracts were prepared essentially as described [9].
Rapid detection of octamer binding proteins with ‘mini-
extracts’ was prepared from a small number of cells.
Briefly, the cells were washed, resuspended in PBS, and
centrifuged (7,000 g for 15 s). The pellet was resuspended
in 0.4 ml of cold buffer A (10 mmol/l HEPES, pH 7.9,
10 mmol/l KCl, 0.1 mmol/l EDTA, 0.1 mmol/l EGTA,
1 mmol/l 1,4-dithiothreitol, and 0.5 mmol/l phenylmethyl-
sulphonyl fluoride). The cells were allowed to swell on ice
for 15 min. Next, 25 μl of 10% IGEPAL CA-630 was
added. The homogenate was centrifuged (10,000 g for
30 s). The nuclear pellet was resuspended in 50 μl of ice-
cold buffer C (20 mmol/l HEPES, pH 7.9, 0.4 mol/l NaCl,
1 mmol/l EDTA, 1 mmol/l EGTA, 1 mmol/l 1,4-dithio-
threitol, and 1 mmol/l phenylmethylsulphonyl fluoride) at
4°C for 15 min on a shaking platform. The nuclear extracts
were centrifuged at 4°C (15,000 g for 5 min), and the
supernatant was frozen at −70°C. The protein concentra-
tions were measured using the BCA protein assay, with
bovine serum albumin as a standard (Pierce). Electropho-
retic mobility shift assay (EMSA) was performed as
described previously [9]. Briefly, NF-κB consensus oligo-
nucleotide DNA probes (Promega, Madison, WI, USA)
(Table 2) were prepared by end-labelling with [γ-32P]ATP
(Amersham, Baie d’Urfe, QC, Canada) using T4 polynu-
cleotide kinase. The probes were purified by ethanol
precipitation and resuspended in 10 mmol/l Tris and
1 mmol/l EDTA (pH 7.6). Next, 5 μl of nuclear proteins
were incubated with 100,000 cpm of 32P-labelled con-

sensus oligonucleotides for 30 min at room temperature.
The incubation was carried out in a buffer containing
10 mmol/l Tris (pH 7.5), 50 mmol/l NaCl, 1 mmol/l MgCl2,
5% glycerol, 0.05% IGEPAL CA-630, 0.5 mmol/l EDTA,
0.5 mmol/l 1,4-dithiothreitol, and 0.5 μg of poly (dI-dC).
Protein–DNA complexes were resolved on a standard 6%
(NF-κB) and 4% (AP-1) non-denaturing polyacrylamide
gel in 0.5× Tris–boric acid–EDTA running buffer. After
30 min of electrophoresis at 350 V, gels were dried under
heated vacuum on to Whatman paper and subjected to
autoradiography from overnight to three days. The spec-
ificity was established by supershift assay using NF-κB-
p50 and AP-1/c-Jun antibodies, and by incubation with
cold probe. The blots were quantified by densitometry [9].

Statistical analysis

The data are expressed as means±SEM and were analysed
by ANOVA followed by t-test with Bonferroni’s correction
as appropriate. Differences were considered significant at
values of p<0.05.

Results

Glucose induces fibronectin mRNA upregulation
in endothelial cells

Exposure of endothelial cells to high (25 mmol/l) glucose
causes a duration-dependent increase in the mRNA ex-

Fig. 3 a Representative western blot showing prevention of
Akt1/PKBα phosphorylation by dominant negative transfection.
b Quantitative analysis of Akt1/PKBα phosphorylation. c Western
blot of GSK activity. d Quantitative analysis of the Akt kinase assay.

Control was HUVECs without transfections (open bars). Black bars,
AKT-K179M; grey bars, Akt-WT. *p<0.05 vs control and 0 h of
respective treatment

2432



pression of fibronectin, reaching a maximum level after
24 h of exposure (Fig. 1). Cells exposed to 25 mmol/l
glucose showed an increase in immunocytochemically
detectable fibronectin protein production (Fig. 2). No al-
teration of fibronectin expression was seen in cells exposed
to L-glucose.

Glucose induces fibronectin mRNA up-regulation
in endothelial cells via Akt1/PKBα activation

We evaluated the effect of a chemical inhibitor of Akt
activation, ML-9. ML-9 pretreatment completely abolished
glucose-induced fibronectin up-regulation (Fig. 1). Fur-
thermore, cells transfected with Akt-1-WT demonstrated
fibronectin mRNA up-regulation following exposure to
25 mmol/l of glucose. Such up-regulation was blocked by
ML-9 pretreatment. A significant reduction (approximately
80%) in fibronectin mRNA expression was observed in the
cells with dominant negative Akt transfection (Akt-K179M;
Fig. 1). Moreover, the production of fibronectin protein as
detected immunocytochemically or by western blots cor-
responded to the mRNA data (Fig. 2).

Western blot analysis, using Akt and phospho-Akt anti-
bodies, showed a significant prevention of Akt1/PKBα
activation following dominant negative transfection com-
pared with cells with wild-type transfection (Fig. 3). Akt
kinase assay also revealed a significant activation of gly-
cogen synthase kinase-3, a downstream protein in the Akt
pathway, in cells transfected with Akt-1-WT, compared

Fig. 5 a EMSA showing glucose-induced activation of NF-κB.
b Quantitative analysis of NF-κB binding activity. c EMSA of
glucose-induced activation of AP-1. d Quantitative analysis of AP-1
binding activity. Low glucose (LG)=5 mmol/l glucose; high glucose

(HG)=25 mmol/l glucose. Black bars, Akt-K179M; grey bars, Akt-
WT. The specificity of the EMSAwas confirmed by supershift assay
and incubation with cold probe (data not shown). n=4 per treatment.
*p>0.05 vs Akt-K179M HG; †p<0.05

Fig. 4 Western blot using phospho-Akt antibody to show that
glucose-induced Akt1/PKBα activation can be blocked by the Akt
inhibitor ML-9, and by the PI 3-kinase inhibitors wortmannin and
LY294002, by the MAPK inhibitor PD98059, and by the PKC
inhibitor chelerythrine.
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with those transfected with Akt-dominant negative con-
structs (Fig. 3). However, a slight, transient increase in
glycogen synthase kinase (GSK)-3 activity was seen in
24 h dominant-negative-transfected cells exposed to glu-
cose after, which may represent basal activity. No signif-
icant increase in cell death was observed after 24 h of
transfection (data not shown). A similar prevention of
Akt1/PKBα activation was demonstrated when HUVECs
exposed to 25 mmol/l of glucose were treated with the
chemical Akt inhibitor ML-9 (Fig. 4).

Transcription factor involvement
in Akt1/PKBα-mediated signalling of fibronectin
mRNA expression

EMSA results revealed glucose-induced activation of
NF-κB and AP-1 in Akt1-WT endothelial cells. Transfec-
tion of HUVECs with Akt-K179M prevented glucose-
mediated NF-κB and AP-1 activation (Fig. 5).

Mechanisms of glucose-induced Akt activation

In endothelial cells exposed to high levels of glucose, the
inhibition of ET signalling by the dual ET receptor
antagonist bosentan prevented Akt activation (Fig. 6).
The inhibitors that prevented glucose-induced Akt1/PKBα
activation also prevented the downstream effects such as
fibronectin mRNA expression (data not shown).

Our results also indicate that glucose-induced Akt1/
PKBα activation was prevented, in part, by the MAPK
inhibitor PD98059, the PKC inhibitor chelerythrine, and
the PI 3-kinase inhibitors LY294002 and wortmannin

(Fig. 4). These compounds also prevented glucose-induced
fibronectin mRNA upregulation (data not shown).

Cell viability

The concentrations used in the viability assay included the
working concentration of the inhibitors. No significant
changes in cell viability were observed following treatment
with specific signalling pathway inhibitors (data not shown).

Discussion

The results of this study provide evidence of a novel
mechanical pathway by which high levels of glucose may
cause increased fibronectin mRNA expression and protein
production via activation of Akt1/PKBα signalling in en-
dothelial cells. We have also shown that high glucose
induces ET-1-mediated Akt1/PKBα activation, in part, by
the PKC and MAPK pathways. Such activation of Akt1/
PKBα mediates fibronectin expression by the transcription
factors NF-κB and AP-1.

The serine/threonine kinase Akt may influence several
signalling pathways and may act as an inducer of multiple
cellular functions including gene expression [26]. Akt may
also influence diverse cellular processes such as glucose
metabolism, apoptosis, cell proliferation, and angiogenesis
[27]. In the present study, we have established another
novel cellular pathophysiological role of Akt, namely the
glucose-induced increase in fibronectin production by
endothelial cells. Increased ECM protein production is a
key feature of chronic diabetic complications and is struc-
turally manifested as thickening of the capillary basement
membrane in the target organs of diabetic complications

Fig. 6 a ET-1-induced Akt ac-
tivation levels as determined by
a representative western blot.
Lane 1, control (HUVECs
without any treatment); lanes 2
and 7, low glucose (LG),
5 mmol/l glucose; lanes 3 and 8,
high glucose (HG), 25 mmol/l
glucose; lanes 4 and 9, ET-1
(5 nmol/l ET-1 peptide alone);
lanes 5 and 10, HG + Bos
(10 μmol/l bosentan); and lanes
6 and 11, HG + ML-9
(100 μmol/l ML-9). b Quanti-
tative analysis of the blot. Black
bars, Akt-K179M; grey bars,
Akt-WT. *p<0.05 vs control and
respective LG; n=4 per
treatment
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[28]. Increased production of ECM proteins, such as fi-
bronectin, may be an important factor leading to the de-
velopment of long-term changes such as angiogenesis in
diabetic retinopathy [3, 29]. Several biochemical anomalies
induced by high glucose may activate Akt. Results from
this study suggest that PI-3-kinase-mediated Akt activa-
tion is one of the key mechanisms for the induction of
such anomalies [30]. However, other mechanisms, such as
activation of 3-phosphoinositide-dependent-kinase or PI 3-
kinase-independent mechanisms, which have been demon-
strated in other systems, may be of potential importance in
the current scenario [30, 31]. Our studies also demonstrate
that MAPK and PKC may, in part, activate Akt1/PKBα.
Such activation may occur via G-protein-coupled receptor
signalling such as ETs, as well as other factors, e.g. oxi-
dative stress [29]. Interestingly, hyperglycaemia-induced
PKC activation may activate ET-1 [32], and ET-1, in turn,
may activate PKC.

We have previously demonstrated that ET-1-induced
fibronectin production in response to high levels of glucose
is also mediated by the transcription factors NF-κB and
AP-1 [8, 9]. We have also demonstrated that ET-induced
fibronectin mRNA production may also be mediated via
MAPK signalling [10]. Moreover, the current study and
other investigations in the literature indicate that MAPK
may influence PKB activation [19, 33]. Akt activation is
known to influence the activation of the transcription factor
NF-κB in other systems [34]. Similarly, the transcription
factor AP-1 may also be regulated by Akt1/PKBα [35].
The fibronectin gene promoter has both NF-κB and AP-1
binding sites and may be positively regulated by both
transcription factors [36]. High levels of glucose may acti-
vate NF-κB via the NF-κB-inducing kinase or a mecha-
nism yet to be identified [37, 38]. In addition, Akt1/PKBα
may activate AP-1 by phosphorylating downstream GSK-
3β [20, 38].

Taken together, our study and previous findings suggest
that high levels of glucose may activate Akt through paral-
lel modification of ETs and activation of kinase pathways
such as PKC and MAPK. The activation of Akt subse-
quently sequesters the positive transcriptional regulation of
NF-κB and AP-1, leading to increased fibronectin expres-
sion. However, the notion that hyperglycaemia may lead
via similar biochemical pathways to increased fibronectin
expression in target organs of patients with late complica-
tions of diabetes requires further investigation. Such a
notion is supported by findings indicating that ET-1 may
cause PI 3-kinase-mediated Akt1/PKBα activation in other
systems [39]. It is also possible that other pathways of
Akt1/PKBα activation exist in patients with diabetes. It is
also unclear how other well established glucose-induced
mechanisms such as augmentation of the polyol pathway,
non-enzymatic glycation and mitochondrial superoxide
production interact with Akt/PKBα activation. It remains
to be investigated whether other ECM proteins follow
similar pathways. The identification of such novel mechan-
ical pathways is important, as they may offer potential drug
targets.
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