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Pro-inflammatory effects of early non-enzymatic
glycated proteins in human mesothelial cells vary
with cell donor’s age
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Background and purpose: Diabetes mellitus is prevalent in the elderly population. It is also a disease causing tissue damage
through several different mechanisms. Some of these mechanisms are also activated by ageing and this overlap raises
questions about how diabetes induces damage in the elderly. Early products of non-enzymatic glycation of proteins (Amadori
adducts), and the ageing process share the capacity to induce oxidative stress and inflammation in human peritoneal
mesothelial cells (HPMCs). We have evaluated the interactions between the age of the donor of the HPMCs and the pro-
inflammatory effects of Amadori adducts in those cells.

Experimental approach: HPMCs were isolated from 20 individuals (age range 21-81 years) and grown in culture. Using
different experimental approaches we determined NF-«xB dependent transcriptional activity and different NF-xB-related pro-
inflammatory gene and protein expressions in basal (or non-stimulated) conditions and after stimulation with two Amadori
adducts; highly-glycated haemoglobin and glycated bovine serum albumin.

Key results: Amadori-induced effects on NF-xB dependent-transcription and on the activity of NOS, COX and several NF-xB-
related pro-inflammatory genes (iNOS, COX-2, TNF-o, IL-18, and IL6) diminished as the donor’s age increased, being
practically absent in cells from donors more than 65 years old. Such decreased effects were inversely correlated with an
increased basal expression and activity of these pro-inflammatory markers with age.

Conclusions and implications: Pro-inflammatory effects of Amadori-adducts in HPMCs were strongly dependent on cell
donor’s age. This may have significant implications for the mechanisms underlying diabetes-induced tissue damage in patients
of different ages.
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Introduction

Rodriguez-Manas et al., 2003). Particularly, human haemo-
globin, when highly glycated (HHb) has been shown to
induce functional and structural changes by means of
reactive oxygen species (ROS) and inflammation in several
systems and tissues (Peir6 et al., 1998; Vallejo et al., 2000;
Peir6 et al., 2003; Nevado et al., 2005).

Among the substances involved in tissue damage induced
by diabetes mellitus, Amadori adducts have been shown
to play a significant role (Angulo et al., 1996; Amore et al.,
1997; Mandl-Weber et al.,, 2001; Hattori et al.,, 2002;
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We have recently shown that early glycated proteins, also
called Amadori adducts, such as HHb and glycated bovine
serum albumin (gBSA) may favour a proinflammatory state
in human peritoneal mesothelial cells (HPMCs). Such a
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proinflammatory effect, which involves ROS generation, is
owing to an exacerbated activity of the nitric oxide synthase
(NOS) pathway with enhanced expression of several nuclear
factor-«B (NF-kB)-related proinflammatory genes (Nevado
et al., 2005).

Around 20% of people more than 65 years old have
diabetes mellitus, with important consequences on their
total and active life expectancy (Maggi et al., 2004). Different
authors have reported that advancing age is accompanied by
a basal prooxidative and proinflammatory state (Ferrucci
et al., 2004), similar to that induced by diabetes or Amadori
adducts. Such an observation has been made in many
systems derived from old animals, including human beings
(Sarkar et al.,, 2004) and different cell types, including
mesothelial cells (Nevado et al., 2006). This fact raises the
question of whether substances with pro-oxidant and
proinflammatory properties, like Amadori adducts, still exert
the same effect in situations characterized by a significant
basal proinflammatory state, as it happens during the ageing
process, or whether the effect of such substances is blunted
or attenuated in such basal-enhanced proinflammatory
situations. The age of the patient may thus arise as a
modulating factor in the patho-physiology of the damage
induced by diabetes in some tissues, including among many
others the changes observed in the peritoneum during
peritoneal dialysis, where inflammatory factors seem to play
a role in trans-differentiation of mesothelial cells (Yafiez-Mo
et al., 2003). Therefore, we aimed to study the effect of ageing
on the low-grade inflammatory response elicited by Amadori
adducts in human cultured omental mesothelial cells
obtained from patients of different ages. Our data showed
that proinflammatory effects induced by Amadori adducts
in HPMCs depend on the age of the donor of the HPMCs.

Methods

Cell culture

The study was approved by the Clinical Research and Ethics
Committee of Hospital Universitario de Getafe (CEIC-Areal0
no. 04/39, 15 June 2004). HPMCs were isolated from
omental tissue from 20 persons (see supplementary data,
Table 1) undergoing non-urgent, non-septic abdominal
surgery, using a previously described method (Chung-Welch
etal., 1997; Nevado et al., 2005, 2006). Cell cultures between
passages two and five were used. The morphologic and
immunofluorescence-staining features (Nevado et al., 2005,
2006, and supplementary data, Table 2) of the cells remain
stable during these passages.

Preparation of Amadori adducts

Lyophilized human haemoglobins, non-enzymatically gly-
cated at either elevated or normal levels, containing 11.1%
(catalogue no. G-1012), and 5.4% (catalogue no. G-2012)
HbA,, respectively, were purchased from Sigma Chemical Co
(St Louis, MO, USA). Before use, haemoglobins were prepared
as described previously (Peird et al., 2003; Nevado et al.,
2005). Briefly, haemoglobins were dissolved in deionized
water and subsequently reduced by incubation with an
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excess of sodium dithionite. The haemoglobin solutions
were then extensively dialysed using a 0.25 A pore diameter
(approximately 12kDa mol wt) dialysis membrane (Visking,
Serva, Heidelberg, Germany) against deionized water con-
taining 10 mgml~! ethylenediaminetetraacetic acid (EDTA)
and continuously bubbled with N,. Oxyhaemoglobins were
then aliquoted and stored at —70°C until used.

A 50mgml~! solution of BSA (Sigma Chemical Co.) was
glycated by incubation in phosphate-buffered saline (PBS)
(pH 7.4) containing 1M glucose under sterile and light-
protected conditions for 6 days at 37°C, as described
previously (Peir6 et al., 1998). A control solution was
prepared in parallel using PBS without glucose. Glycation
of serum albumin was verified using the thiobarbituric acid
assay (Ney et al., 1981).

The absence of advanced glycation end products (AGEs) in
our glycated preparation was assessed by measuring fluores-
cence in a Fluostar fluorometer (BMG Labtechnologies,
Offenburg, Germany) at excitation maximum of 370nM
and emission maximum of 440nM (Sell and Monnier,
1989). A standard curve (R?=0.99) was carried out using
AGE-modified BSA (0.5-5ugml™!). The fluorescence values
obtained in either the HHb (10nM) or the gBSA solution
(0.25mgml ') were under the fluorescence values obtained
with the Omg/ml concentration of the AGE-BSA in our
standard curve (data not shown). In addition, detection of
non-fluorescent AGEs in the glycated oxyhaemoglobin
preparations was performed by enzyme-linked immuno-
sorbent assay (ELISA), with the use of a rabbit polyclonal
antibody to AGE (Abcam, Cambridge, UK). A standard
curve (R>=0.98) was carried out using AGE-modified BSA
(0-100 ug m1~'). The absorbance values obtained in the HHb
or normal glycated haemoglobin solution (NHb) (both at
10nM) were not significantly different from the absorbance
values obtained with the O mg/ml concentration of the AGE-
modified BSA (0.748 +0.021, 0.750+0.020 and 0.740+0.020
arbitrary units for HHb, NHb and AGE-modified BSA,
respectively).

Finally, glycated preparations did not contain significative
bacterial endotoxin contamination (<0.5U endotoxin
ml~1), as measured with Pyrogent plus kit (Biowhittaker
Europe SPRL, Verners, Belgium).

Reporter plasmids

The reporter plasmids: p5SxNF-«xB-Luc (Stratagene, La Jolla, CA,
USA), human inducible NOS (iNOS) (p7.2 hiNOS-Luc) (Taylor
et al, 1998) and a short human cyclooxygenase (COX)-2
(phPES2 —327/+ 59-Luc) (Inoue et al., 19935), were used.

Transient transfection and luciferase assays

Transient transfection experiments were performed as we
have described previously (Peir6 et al., 2003). Briefly, HPMC
(10° cells) were grown in six-well plates to 80-90% con-
fluence and the culture medium (M-199) was then replaced
by vehicle medium, that is, serum-free medium supplemen-
ted with 0.1% BSA. The transfection mixture was added to
cell cultures for further 18-20h. The transfection mixture
consisted of 2 ug of the above-mentioned plasmids incubated



with 75 ul of Dulbecco’s modified Eagle’s medium and 7.5 ul
of Superfect (Quiagen Gmbh, Hilden, Germany) in vehicle
medium, following the manufacturer’s instructions. Follow-
ing treatment with the specified agents, HPMCs were
harvested and lysed with passive lysis buffer (1 x, Promega,
Madison, WI, USA), followed by one freeze/thaw cycle. The
extracts were centrifuged for 30s at 13000 r.p.m. at 4°C, and
assayed with a luciferase reporter system (Promega, Madison,
WI, USA). Luciferase activity was expressed as relative
luciferase units (RLUs, Peird et al., 2003).

Determination of cytokine levels

Cytokine levels in confluent cell (10°cells) culture super-
natants were determined using human tumour necrosis
factor (TNF)a, interleukin (IL)-1f and IL-6 Instant ELISAs
(The Bender Medsystems, Vienna, Austria), by generating a
standard curve provided by the manufacturer and normal-
ized to protein content (1 ug). Protein content of whole-cell
extract and cell culture supernatants were determined using
the BCA assay (Pierce, Rockford, IL, USA).

Measurement of nitrate plus nitrite

Nitrite plus nitrate measurements were performed as we
described previously (Nevado et al., 2005, 2006). Briefly,
confluent HPMCs (10° cells) were grown in six-well plates
and nitrite plus nitrate production (NO,), used as an indirect
quantification of NO, was measured in cell supernatants
by an ozone-chemiluminescence method (Fries et al., 2003),
using a nitric oxide detector (NOA 280 analyzer, Sievers,
Boulder, CO, USA). A standard curve was generated by
injections of known concentrations of sodium nitrate. The
levels of NO, were normalized to protein content (1 ug).

Measurement of COX activity

Total COX activity was performed as we described previously
(Nevado et al., 2005, 2006). Briefly, confluent HPMCs
(10° cells) were grown in six-well plates and COX activity
was measured by the Cyclooxygenase Activity Kit (Stressgen
Biotech, Madison, WI, USA) using a specific chemilumines-
cent substrate to detect the peroxidative activity of COX
enzymes in protein extract homogenates, as specified by the
manufacturers. Light emission is directly proportional to
COX activity in the sample. Results are expressed as RLUs
normalized to protein content (1 ug).

RNA isolation and RT-Multiplex PCR assays

Total RNA from HPMC (10°-10°cells) was obtained using
RNAquous kit (Ambion Inc., Austin, TX, USA), following the
manufacturer’s instructions. RT and Multiplex-PCR (MPCR)
were performed with appropriate kits (Maxim Biotech Inc.,
San Francisco, CA, USA), using one ug of cDNA for each
MPCR reaction. MPCR kit has been designed to direct the
simultaneous amplification of specific ORF regions of
human NOS genes and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) (hNOSG-MPCR). Levels of mRNA
were normalized to GAPDH transcript.
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Statistical analysis

Results are expressed as mean+s.e.m. as fold induction of
the basal (non-stimulated) conditions. Statistical significance
(P<0.05) using the StatView statistics program (Abacus
Concepts Inc., Berkeley, CA, USA) was evaluated using the
unpaired Student t-test or factorial analysis of variance, as
required. A simple regression analysis was carried out to
establish the potential correlation between age and each
variable of interest. The ‘n” denotes the number of experi-
ments performed in triplicates, using cells obtained from at
least three different donors for each group (<65 years, adult
cells (AC) or =63 years, old cells (OC)).

Materials

M199 medium, L-glutamine and streptomycin/penicillin
solutions were purchased from Biochrom KG (Berlin,
Germany), whereas culture plasticware was from Corning-
Costar (New York, NY, USA). PBS, foetal calf serum and
trypsin-EDTA were purchased from Amresco (Solon, OH,
USA), Biological Industries (Beit-Hamek, Israel), and GIBCO
BRM (Paisley, UK), respectively. Human TNF-« and IL-1p
were from Peprotech (London, UK) and R&D systems
(Minneapolis, MN, USA), respectively. Tag DNA polymerase
and deoxynucleoside triphosphates from ECOGEN (Barcelo-
na, Spain). Unless otherwise stated, all other reagents were
purchased from Sigma Chemical Co.

Results

Influence of age on Amadori-induced NOS and COX activities
Age modulated the effects elicited by HHb (10nM) on two
critical enzymes in the inflammatory processes, NOS and
COX in HPMCs. Indeed, the effect of HHb treatment (12 h)
on levels of nitrate plus nitrite (NO,) was nearly three-fold
lower in cells from the elderly, over 65 years (OC; mean age:
77.00+3.40 years) than in those from the younger subjects
under 65 years (AC;, mean age: 42.14+12.80 years)
(Figure 1la). Similar results were obtained with another
Amadori adduct; gBSA (0.25mgml™ '), used to show that
this stimulation was not an effect unique to HHb (Figure 1a).

In contrast to the effect of Amadori adducts, a cytokine
mixture consisting of IL-18 plus TNF-z (both at 10ngml™!
each) and used as a positive control for induction of NOS,
showed minimal differences among the two age groups
(Figure 1la). A clear inverse correlation found between
donor’s age and the effects of HHb on NOS activity was also
shown in Figure 1b.

Furthermore, Figure 1c shows that, mesothelial cell
donor’s age significantly affected the effect of HHb (10 nM)
and gBSA (0.25mgml~") on total COX activity as well. A
clear inverse correlation was also found between donor’s age
and the effects of HHb on COX activity (Figure 1d).

Influence of age on iNOS and COX-2 gene expression, and
NF-xB-dependent transcription induced by Amadori adducts
The ratio of iNOS/GAPDH mRNAs in HPMC treated with
10nM HHD was significantly lower in OC as compared with
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Influence of age on Amadori-induced NOS and COX enzymatic activities in HPMCs. (a) Nitrate plus nitrite (NO,) measurements in

cell culture supernatants or (c) total COX activity (RLUs) in whole protein extracts were assessed in HPMC from adult young subjects (AC) and
old subjects (OC) after 12 h treatment with either NHb, HHb (both at 10 nm); nBSA, gBSA (both at 0.25mg ml~") or the cytokine mixture
(CKm; IL-18 +TNF-o, 10ngml~" each), n=4. The correlations between cell donor age and the effects promoted by HHb on either NO, levels
is shown in (b) or on total COX activity, shown in (d). *P<0.05 vs basal, **P<0.05 vs AC.

AC (Figure 2a). An inverse correlation was also found
between donor’s age and iNOS gene expression (Figure 2b),
whereas NHb (10mM) failed to induce significantly iNOS
gene expression in either OC or AC (Figure 2a). As found for
iNOS, COX-2 gene expression induced by HHb, measured as
the COX-2/GAPDH mRNAs ratio was also significantly lower
in OC compared to AC (1.3 +0.03- vs 2.3 +£0.58-fold increase
over basal in OC and AC, respectively; P<0.0001, data not
shown).

We next transiently transfected HPMCs, obtained from
donors of different ages, with either iNOS or a short COX-2
gene promoter reporter plasmid (p7.2 hiNOS-Luc and
phPES2 —327/+ 59-Luc, respectively) and then treated with
HHb, NHb or the cytokine mixture (IL-1f+TNF-x), as
described above. Figure 2c and e shows that the effects of
HHb on both iNOS and COX-2 promoter activities were
higher in AC compared to OC. Again, an inverse correlation
was found between donor age and the effects of HHb on
human iNOS or human COX-2 promoter activities (Figure 2d
and f).

We further monitored the effect of age on HHb-induced
NF-kB-dependent transcription. HPMC were transiently
transfected with pS5xNF-xB-Luc reporter plasmid. Again,
NF-«xB-induced-dependent transcriptional activity by HHb
was significantly impaired in OC as compared with AC
(Figure 2g). Additionally, a significant inverse correlation
was observed between donor age and NF-xB-dependent
transcriptional activity induced by HHb (Figure 2h).
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When OC and AC were exposed to gBSA (0.25mgml™Y),
similar results to those induced by HHb were obtained,
although to a lesser extent. Thus, human iNOS promoter
activity was increased (Figure 2c), whereas COX-2 promoter
activity showed a comparable increase over basal in OC and
AC (Figure 2e). Similarly, NF-xB-dependent transcription was
increased (Figure 2g).

However, when HPMC was exposed to the cytokine
mixture, no significant differences were observed between
OC and AC, regarding human iNOS, and human COX-2
promoter activities or NF-xB-dependent transcriptional
activity (Figure 2¢, e and g, respectively).

Age-associated effects on HHb-induced proinflammatory cytokine
release

The effect of Amadori adducts on the release of three
proinflammatory cytokines (IL-18, IL-6 or TNF-o) by HPMC
was evaluated using our most potent stimuli, HHb. Figure 3a
shows that HHb (10 nm) enhanced IL-1, IL-6 or TNF-« levels
in HPMC supernatants, this effect being significantly higher
in AC than in OC, where it was barely detected. The effects
elicited by HHb on the levels of these three cytokines
decreased according to the donor’s age following a linear
regression curve, especially for IL-18, but also for IL-6 and
TNF-o. (Figure 3b). On the contrary, NHb (10nM) did not
affect the levels of these cytokines, and age did not modify
this pattern at all (Figure 3a).
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Figure 2 Influence of age on iNOS and COX-2 gene expression, and NF-xB-dependent transcription induced by Amadori adducts in HPMCs.
(a) Expression of iNOS mRNA after HPMC (from AC; adult subjects, and OC; old subjects) exposure for 12 h to either HHb or NHb (both at
10 nM) was analysed by RT-MPCR assay, (n=3). (b) A representative blot of the ratio INOS/GADPH mRNA at different ages was shown. The
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Correlation between basal and HHb-induced proinflammatory
markers over age

We further compared the levels and activities of several
proinflammatory mediators released and expressed by
HPMC, relative to donor age, either in basal (non-stimulated
conditions) or after stimulation with HHb (and normalized
over its respective basal). To achieve this, NF-xkB-dependent
transcriptional activity and several NF-«xB-related proinflam-
matory markers were measured in both basal and HHb-
stimulated cells obtained from subjects of different ages.
Thus, as age advances, a clear and significant decrease of
HHb-induced effects on NF-xB-dependent transcription
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(expressed as fold increase over its respective basal) was
observed, which was paralleled by an increase in basal NF-xB-
dependent transcriptional activity (expressed as RLUs)
(Figure 4a).

The same responses were also observed for several NF-«xB-
related proinflammatory markers, such as iNOS promoter
activity, iNOS mRNA levels and therefore for NO, levels
(Figure 4b—d, respectively) or other proinflammatory media-
tors, such as total COX activity, COX-2 promoter activity
and supernatant levels of IL6, IL-18 and TNF-o (Figure Sa-e,
respectively). Thus, ageing induces a significant decrease of
HHb-induced effects on above-described proinflammatory
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Figure 4 Correlations between basal levels of several proinflammatory markers and HHB-induced effects on the same proinflammatory
markers with age (part I). Activities of several proinflammatory mediators expressed by HPMCs (obtained from donors of different ages) were
determined in either basal conditions (non-stimulated) or after stimulation with HHb (10 mm) and normalized over its respective basal value. In
(a) effects on NF-xB-dependent transcriptional activity are shown (assayed by transient transfection assay; n=>5), and in (b) iNOS promoter
activity (n=4); (c) RT-MPCR assay for iNOS/GAPDH mRNA ratio (n=4); (d) on NO, levels (chemiluminescence method; n=4). Results are
expressed as either fold induction of its basal for HHb-treated cells or RLUs (a, b), arbitrary units (c) and um (d) for basal (non-stimulated)

conditions.

markers, which was paralleled by an increase in basal levels
of these markers, according to the previous results in our
laboratory showing that age is accompanied by the presence
of a basal inflammatory state in HPMC (Nevado et al., 2006).

Discussion and conclusions

Amadori adducts or early non-enzymatic glycated products
have been shown to induce functional and structural
changes in different cell types, including HPMCs (Peir6
et al., 1998, 2003; Vallejo et al., 2000; Rodriguez-Manas et al.,
2003; Nevado et al.,, 2005). Furthermore, through the
generation of ROS, Amadori adducts are able to induce
proinflammatory responses (Nevado et al., 2005). The most
outstanding finding of the present study is that the effect of
Amadori adducts as inducers of a low-grade inflammatory
response in HPMCs is impaired by the age of the donors of
the HPMCs.

The most frequently studied non-enzymatic glycated
products are the so-called AGEs (Cerami et al., 1998, Park
et al., 2000), which exhibit proinflammatory properties
(Luth et al., 2005) and have been detected in non-diabetic
old people at higher levels than in younger ones (Wu et al.,
2002; De Groot et al., 2004). As the presence of AGEs in our
Amadori preparations was reasonably excluded, the results
presented here seem to support that Amadori adducts may
trigger a low-grade proinflammatory response in HPMCs in
a way that is independent of the effects of AGEs.

It is worth noting that early glycated proteins can be
incorporated into mesothelial cells by a transcytosis

mechanism (Bodega et al., 2002). Indeed, the existence of
non-enzymatic protein glycation has been also reported
during continuous ambulatory peritoneal dialysis (CAPD)
(Friedlander et al., 1996) in the mesothelial layer of the
human peritoneum (Posthuma et al., 2001).

The proinflammatory properties of either HHb or gBSA, at
concentrations that are close to free, physiological circulat-
ing levels (Tietz, 1990), in HPMC cultures, have been
highlighted here in relevant systems involved in the
inflammatory response, including the enzymes iNOS and
COX-2, as well as several proinflammatory cytokines, all of
them regulated by NF-«B (Go et al.,, 2005, Nevado et al.,
2005), probably at a transcriptional level (Nevado et al.,
2005). Interestingly, the effects of Amadori adducts on
NF-xB-related proinflammatory markers were not observed
or were very subtle, in HPMCs obtained from donors with
ages between 65 and 81 years, where the basal or non-
stimulated levels of those inflammatory markers were
significantly increased, as we described previously (Nevado
et al., 2006).

As is inferred from data obtained with HHb, a negative
correlation between basal levels of several proinflammatory
markers and Amadori-induced effects on the same pro-
inflammatory substances was found over age, with a steeper
decline at earlier ages and a smoother one after middle age.
Therefore, it appears that the response induced by HHb is
dependent upon the proinflammatory state, that is, the
lower the basal response, the higher the stimulated (HHb-
induced) one and vice versa. However, these age-associated
effects elicited by HHb are not nonspecific, as in our same
experimental HPMC model, the proinflammatory effect of
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Figure 5 Correlations between basal levels of several proinflammatory markers and HHB-induced effects on same proinflammatory markers
over age (part Il). Activities of several proinflammatory mediators expressed by HPMCs (obtained from donors of different ages) were
determined in either basal conditions (non-stimulated) or after stimulation with HHb (10 mm) and normalized over its respective basal value. In
(a) effects on total COX activity are shown (luminescence assay; n=4); (b) on COX-2 (—327/+ 59) promoter activity transient transfection
assay, n=>5; (c—e) An ELISA-based assay for IL-1p, IL-6, and TNF-« levels, respectively (n=4). Results are expressed as either fold induction of its
basal for HHb-treated cells or RLUs (a, b), and pg ml~" (c—e) for basal (non-stimulated) conditions.

a mixture of cytokines was unaffected by the age of the donor.
Furthermore, such age dependency is not observed for other
regulatory systems in other cellular models of ageing. Thus,
the effect of insulin or insulin-like growth factor-1 (IGF-1) on
the proliferation and migration capacity of human smooth
muscle cells is unaltered by age (Ruiz-Torres et al., 2003).
Finally, our data suggest that, HPMCs from young people
seem to be more susceptible to the effects of early non-
enzymatic glycated products as inducers of a low-grade
proinflammatory response, than HPMC from older subjects,
which are protected from this complication. However,
findings in clinical practice would suggest the opposite.
The clinical burden induced by diabetes in the elderly
population is already high, not only in terms of complica-
tions in CAPD (higher rate of filtration failure and infectious
complications), but also with an enhanced risk of major
vascular complications. Therefore, factors others than Ama-
dori adducts must be playing a role in the complications of
diabetes with advancing age and it is tempting to suggest
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that the physiological ageing process may be able to
modulate different pathways of cellular damage in diabetes.

In conclusion, our data suggest that the proinflammatory
effects induced by Amadori adducts in HPMCs are strongly
dependent on the age of the donor of the cells. Furthermore,
the age dependence of cellular damage by glucose-related
mechanisms explored here, raises the possibility that the
mechanisms underlying the involvement of target organs in
diabetes will be different, depending upon the clinical
features of the disease, including the age of the patient. This
possibility opens new opportunities for improving our
knowledge about diabetes and its complications in elderly
people, by exploring the biochemical and signalling me-
chanisms by which hyperglycaemia-linked events contribute
to such complications in the ageing population. A more
accurate knowledge will contribute to develop and imple-
ment more specific that is, age-targeted, therapeutic strate-
gies, leading to a more successful treatment and prevention
of the devastating consequences of diabetes.
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