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Abstract

Aims/hypothesis. This study examines whether in-
creased glucose concentrations are responsible for a
decreased expression of membrane regulators of
complement activation molecules. The effect of high
glucose in determining an increase in membrane at-
tack complex deposition on endothelial cells was
also investigated.

Methods. Endothelial cells were isolated from umbil-
ical cord tissue, cultured in the presence of increased
concentrations of glucose, and the expression of
CD46, CDS55, and CD59 was detected by ELISA (en-
zyme-linked immunosorbent assay) and by flow cy-
tometry. Glucose-treated endothelial cells were also
incubated with antiendothelial cell antibodies and
fresh complement to assess the amount of membrane
attack complex formation.

Results. High concentrations of glucose decreased the
expression of CD59 and CDS55 by endothelial cells in
a time-dependent and glucose concentration-depen-
dent manner without affecting CD46 expression.
High concentrations of soluble CD59 were found in

the supernatants of cells treated with high glucose.
The decrease in CD59 expression induced by high
glucose concentrations was reversed by coincubation
of cells with a calcium channel blocking agent (Vera-
pamil). All of these effects were not reproduced by
osmotic control media. Cells treated with concentra-
tions of high glucose were more susceptible to com-
plement activation and membrane attack complex
formation after exposure to antiendothelial cell anti-
bodies.

Conclusion/Interpretation. We speculate that hyper-
glycaemia could directly contribute to a loss of
CD59 and CD55 molecules through a calcium-depen-
dent phosphoinositol-specific phospholipase C acti-
vation and subsequent regulation of cell wall expres-
sion of GPI-anchored proteins. This phenomenon
could facilitate the activation of a complement path-
way and could play a part in the aetiology of endothe-
lial dysfunction in diabetes. [Diabetologia (2000) 43:
1039-1047]
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Several lines of evidence suggest that one of the pri-
mary events in the course of diabetic vascular pathol-
ogy is an alteration affecting the endothelial cell func-
tion, including abnormalities of vessel tone and per-
meability, coagulation, blood flow, basement mem-
brane synthesis and turnover and the appearance of
specific adhesive glycoproteins promoting the bind-
ing and migration of mononuclear cells [1, 2]. Hyper-
glycaemia and immunological factors could trigger
the development of these abnormalities [3, 4].

Many findings show that activation of a comple-
ment system occurs in diabetic patients. Complement



1040 A. Accardo-Palumbo et al.: mRCA expression on glucose-treated endothelial cells

molecules have been found to be deposited in the
blood vessel wall, in glomerular vessels and in the
mesangial area of diabetic kidneys [5-7]. Increased
concentrations of soluble noncytolytic C5b-9 were
also found in the plasma of diabetic patients together
with an increased concentration of von Willebrand
Factor, a marker of endothelial dysfunction [8].

Complement-mediated destruction of autologous
cells is regulated by many factors: decay-accelerating
factor (DAF, CDS55), membrane co-factor protein
(MCP, CD46), C3b receptor, sialic acid and CD59
(membrane inhibitor of reactive lysis, MIRL) [9].
The molecules CD55 and CD59 belong to a family
of membrane proteins that are attached to the outer
leaflet of the cell membrane through a glycosyl-phos-
phatidylinositol (GPI) moiety [10, 11].

In this study we report that in vitro treatment of
human umbilical vein endothelial cells with a high
glucose concentration causes a loss of the expression
of GPI-anchored CDS55 and CD59 without affecting
the expression of the transmembrane molecule
CD46. We also show that glucose-treated endothelial
cells are prone to C5b-9 deposition after reaction
with antiendothelial cell antibodies, purified from
the plasma of diabetic patients and fresh human com-
plement.

Design and methods

Reagents and monoclonal antibodies. Collagenase (class I) was
purchased from Boehringer Mannheim (Mannheim, Germa-
ny), Fetal Calf Serum (FCS) from Sebam (Berlin, Germany),
endothelial cell growth factor from SERVA-Boehringer Ingel-
heim (Heidelberg, Germany), and heparin from Novo Nordisk
(Bagsvaerd, Denmark). The L-glutamine and antibiotics were
purchased from Irvine Scientific (Santa Ana, Calif., USA).
The p-glucose, L-glucose and other chemicals were of reagent
grade and were obtained from commercial sources. Verapamil
was kindly provided by the pharmacy of the Internal Medicine
Division of the University of Palermo. Monoclonal antibody
(MAD) directed against CD59 and the biotin conjugate were
obtained from ICN Biomedicals (Irvine, Calif., USA) and
Pharmingen (Los Angeles, Calif., USA). Monoclonal antibod-
ies (MAD) directed against CD55 and CD46 were also ob-
tained from Pharmingen. The F(ab2) goat anti-mouse IgG-
FITC and normal mouse IgG were purchased from Dako (Co-
penhagen, Denmark) and the alkaline-phosphatase anti-
mouse IgG from Sigma (St Louis, Mo., USA). The control me-
dium comprised the standard culture medium (see methods)
and contained 5 mmol/l p-glucose. The high-glucose medium
was identical to the control medium but was supplemented
with p-glucose to increase its concentration to 30 mmol/l. The
L-glucose osmotic control medium was identical to the control
medium but was supplemented with L-glucose, a cell-perme-
able but poorly metabolised glucose isomer, (D-glucose
5 mmol/l + 25 mmol/l L-glucose) which served as osmotic con-
trol for the high-glucose medium but also, because so poorly
metabolised, served as metabolic control.

Cell isolation and culture. Endothelial cells were isolated from
umbilical cord tissue obtained from healthy pregnant women

with blood group 0 by collagenase digestion according to the
method of Jaffe [12]. Cells were grown in Medium 199 contain-
ing 20 % FCS and supplemented with 2 mmol/l glutamine, 100
U/ml penicillin, 100 ug/ml streptomycin, 50 pg/ml endothelial
growth factor and 20 U/ml heparin. Morphology was con-
firmed by contrast-light phase microscopy and characterised
by immunofluorescent staining with antifactor VIII antigen
antibodies conjugated with fluorescein isothiocyanate conju-
gate (FITC). Cells at first passage were removed from the flask
using 0.25 % trypsin EDTA, washed and transferred to wells of
96-well microtitre plates and allowed to grow in high glucose
medium or in control medium. Controls for osmolarity were
cells grown in L-glucose osmotic control medium. Endothelial
cells were cultured for 1-10 days with feeding at 2-day inter-
vals with the specific medium and then washed twice in PBS
and fixed with 1 % glutaraldehyde for 30 min at room tempera-
ture for the measurement of CD59, CDS55 and CD46 expres-
sion by ELISA. For flow cytometric studies, endothelial cells
at first passage were recultured in a 25 cm? flask with the stan-
dard medium until confluence was achieved (usually 24-72 h)
and in the presence of control medium, high glucose medium
or L-glucose osmotic control medium for the following
1-3 days.

ELISA for determination of CD59, CD55 and CD46 expression
on endothelial cells. Fixed endothelial cell monolayers were in-
cubated with PBS containing 10% FCS to reduce nonspecific
binding, and reacted for 1 h with mouse MAb against CD59,
CD55, and CD46. Bound antibodies were detected by anti-
mouse IgG conjugated with alkaline phosphatase. Unbound
antibodies were removed by washing and 1 mol/l diethanol-
amine HCI buffer pH 9.8 containing 1 mg/ml p-nitrophenyl-
phosphate di-sodium was added. Absorbance was read at 405
nm in an automated spectrophotometer. Controls included
the omission of the primary antibody (blank) and incubation
with medium alone. Results were expressed as optical density
units after subtraction of blank values.

Measurement of CD59, CD55 and CD46 expression on endo-
thelial cells by flow cytometric analysis. Cells that had been ex-
posed to the different medium were harvested in unicellular
suspension by treatment with trypsin EDTA, washed in PBS
and resuspended at 1 x 10° cell/ml. A 300 pl cell suspension
was reacted with the first (unconjugated) antibody (anti-
CD59 10 pug/ml; anti-CD55 50 pg/ml; anti-CD46 50 pg/ml) on
ice for 20 min, washed three times with PBS and incubated
for an additional 20 min with the second antibody (FITC-con-
jugated F(ab2) goat anti-mouse IgG). Isotype control IgG was
used as a negative control. The stained cells were washed twice
in PBS and then analysed by FACScan flow cytometer (Becton
Dickinson, Mountain View, Calif., USA). All measurements
were made with the same instrument setting and at least 10*
cells were analysed using Lysis II software (Becton Dickinson).
Results were expressed mean fluorescence intensity (MFT).

Measurement of soluble CD59 in the supernatants of endothe-
lial cell cultures. Supernatants of cells cultured in the various
conditions were collected, centrifuged at 1500 rpm for 15 min
to remove any detached cells and debris and stored immediate-
ly at -30° for CDS59 measurement. The 96-well microtitre
plates adsorbed with anti-CD59 monoclonal antibody (clone
2/24 indentical to YTH 53.1 antibody, mouse IgG1 isotype)
were obtained from ICN Biomedicals, Irvine, Calif., USA.
Plates were prepared by incubating wells with 1 pg/ml of the
antibody in carbonate buffer for 48 h at 4°C. Wells were then
reacted with undiluted supernatants for 2 h at 37°C, washed
with PBS-Tween and incubated consecutively with 1:500 dilu-
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tion of biotin-labelled anti-CD59 monoclonal antibody (clone
p282-H19, mouse IgG2a isotype) obtained from Pharmingen,
Los Angeles, Calif., USA and the avidin-HRP conjugate. Af-
ter the addition of the specific substrate, the color reaction
was read at 492 nm in an automated spectrophotometer. Re-
sults were expressed as optical density units after the subtrac-
tion of blank values.

Inhibition of the high-glucose effect on endothelial cells by cal-
cium channel blocking. To determine the functional role of cal-
cium channel blocking in CD59 and CDS55 endothelial cell ex-
pression after incubation with high concentrations of glucose,
experiments were carried out in which Verapamil at 40 umol/l
concentration was added to each culture and the molecules
measured, as described, by flow cytometric analysis.

Preparation of human Ig. To purify human immunoglobulin
(Ig), sera pooled from five diabetic patients with known high
positivity for antiendothelial cell antibodies (AECA), were
processed by ammonium sulphate precipitation and protein
A-Sepharose chromatography. Total proteins were determined
using the bicinchrominic method (Pierce, Rockford, Ill., USA)
and adjusted to 200 ug/ml. Some purified Ig were depleted of
AECA by repetitive incubation with endothelial cell cultures.
Depletion of antiendothelial cell activity to undetectable con-
centrations was confirmed by ELISA [4].

C5b-9 formation on endothelial cells. Wells containing endo-
thelial cell monolayers treated with high concentrations of glu-
cose were incubated for 1 h with 20 ug of AECA positive or
AECA negative Ig and then with 25 ul of fresh human serum
(as a donor of homologous complement) for another hour at
37°C. Endothelial cells treated with standard medium were
used as control. Analyses were carried out using the following:
a) endothelial cells without complement source and anti C5b-
9; b) endothelial cells + antibody and no complement; c) en-
dothelial cells + glucose + antibody and complement, d) en-
dothelial cells + glucose + no antibody + no complement.
Wells were repeatedly washed, fixed with glutaraldheyde and
C5b-9 detected by monoclonal anti C5b-9 antibody (Dako, Co-
penhagen, Denmark) followed by an alkaline phosphatase-
conjugated anti-mouse antibody. Results were expressed as
optical density units. Supernatants from all experiments were
also collected and analysed for lactic dehydrogenase enzyme
activity by commercial standard methods.

Statistical analysis. All experiments were performed on at least
six separate occasions unless otherwise indicated. Results are
expressed as the means + SD. Differences in mRCA molecule
expression were compared by ANOVA followed by a post
hoc test (Bonferroni Test) and by Student’s ¢ test for paired
and unpaired data. A p value less than 0.05 was considered sig-
nificant.

Results

Effect of elevated glucose concentrations on CD59,
CD55 and CD46 expression by human endothelial
cells. Endothelial cell monolayers were exposed to
control media or high glucose medium containing
30 mmol/l p-glucose concentration for 3 days and
CD59, CD55 and CD46 expression was determined
by ELISA. As shown in Figure 1, CD59 and CDS55 ex-
pression by human endothelial cells exposed to p-glu-
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Fig.1. Expression of CD59, CD55 and CD46 by human endo-
thelial cells after 3-day exposure to control medium, L-glucose
osmotic control medium and high (30 mmol/l) p-glucose medi-
um as determined by ELISA. Results are expressed as optical
density (OD) units + standard deviation. The expression of
CD59 and CDS55 cells treated with high glucose medium was
decreased (p < 0.001) when compared with the expression on
cells cultured with control medium or L-glucose osmotic con-
trol medium or both. No effect was observed on CD46 expres-
sion. Expression of CD46 and CD55 on cells treated with L-
glucose was increased (p = 0.01) when compared with the ex-
pression of cells cultured with control medium.

cose was significantly decreased (CD59, 1.081 +
0.062; CD55, 1.630 + 0.104; n =20) when compared
with the expression by cells incubated with control
medium (CDS59, 1.313+0.134, p<0.001; CDSS,
1.902 + 0.228, p < 0.001; n = 20). Exposure to p-glu-
cose had no effect on CD46 expression (Fig.1). To
determine whether the loss of expression of CD59
and CD55 was secondary to changes in osmolarity
caused by high glucose concentrations, cells were
grown for the same period in r-glucose. We did not
observe a loss of mRCA molecules. (Fig.1). Indeed,
the expression of all mRCA molecules was slightly
increased in endothelial cells exposed to L-glucose
the difference being significant for CD46 and CD55
expression (p < 0.01), (Fig.1). Flow cytometric stud-
ies were done to determine also whether the cell
number/confluence in the monolayer might influence
the ELISA. More remarkable results were obtained
utilising a flow cytometric analysis to show the effect
of high glucose concentrations on CD59, CDS55 and
CD46 expression by endothelial cells. Exposure to p-
glucose was followed by a consistent decrease in
CD59 (99 +25.5, n=6) and CD55 (43.6 +19, n=06)
expression [p < 0.001 vs control medium (219 + 19.8
and 196 + 41 respectively, n = 6)], (Fig.2). No chan-
ges were observed after L-glucose incubation (Fig.2)
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or in the CD46 expression under various culture con-
ditions (control medium, 44.6+16; b-glucose,
44 +17.4; L-glucose, 43 + 13.3; n = 6), (Fig.2). In ad-
ditional experiments the course of time over which
the glucose-dependent decrease of CD59 and CDS55
expression occurred was examined by ELISA, by ex-
posing cells to control media or high glucose medium
containing 30 mmol/l glucose for up to 10 days. The
decrease of CDS59 expression induced by p-glucose
was present after 1 day of exposure and was observed
to be more consistent after 6-10 days (Table 1). Simi-
lar results were obtained for CDS55 expression (Ta-
ble 2). On day 1 a slight increase of CD55 and CD59
was observed in the cells treated with L-glucose. Cells
were also exposed to various D-glucose concentra-
tions of 20—-40 mmol/l for 6 days and CD59 expres-
sion was measured by ELISA. As shown in Table 3,
CD59 expression by endothelial cells progressively
decreased, increasing the D-glucose concentration.
No significant changes increasing the concentration
of L-glucose osmotic control medium were observed
(Table 3).

Concentrations of soluble CD59 in supernatants of en-
dothelial cell cultures. In contrast with decreased
CD59 expression on cells, significantly increased con-
centrations of the soluble form of CD59 were found
in the supernatants of cells cultured for 6 days in
high (30 mmol/l) p-glucose ambient (0.571 + 0.043,
n=38)) when compared with those obtained from
cells cultured in 5 mmol/I (control medium) p-glucose
(0.340 + 0.060, n = 8, p < 0.001) or L-glucose osmotic
control medium (0.387 +0.108, n=38, p <0.001),
(Fig.3).

Effect of Verapamil treatment on CD59 endothelial
cell expression. If the glucose-mediated release in cal-
cium-dependent PLC activity is due in part to calci-
um influx, a calcium channel blocker should totally
or partially inhibit this effect. To examine this issue
we incubated endothelial cells for 3 days in media
containing 5 mmol/l p-glucose or 5 mmol/l-glucose

<

Fig.2. Effect of culturing human endothelial cell with control
medium (CM), L-glucose osmotic control medium (GOCM)
and high (30 mmol/l) glucose medium (HGM) on mRCA ex-
pression. Following 3-day culture, human endothelial cells
were then incubated with predetermined optimal binding con-
centrations of A. anti-CD59 monoclonal antibody (MADb) or
murine IgG, B. anti-CDS55 or murine IgG, C. anti-CD46 or mu-
rine IgG. Surface-bound antibody was detected using fluores-
cein isothiocyanate-conjugated goat F(ab)2 anti-mouse Ig,
and fluorescence intensity was measured by flow cytometry.
Data shown are from a representative experiment, with fluo-
rescence intensity along the x axis and number of events along
the y axis. Similar results were observed in six repeat experi-
ments.
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Table 1. Effect of high (30 mmol/l) glucose medium on CD59
expression by endothelial cells cultured for 1-10 days. High
glucose concentrations decreased the expression of CD59 in a
time-dependent manner. A. Statistically different (p < 0.001)
from CD59 expression by endothelial cells exposed to high glu-
cose medium for 1 day. B. Statistically different (p < 0.005)
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from CDS59 expression by endothelial cells exposed to high glu-
cose medium for 3 days. C. Statistically different (p < 0.001)
from CD59 expression by endothelial cells exposed to high glu-
cose medium for 6 days. D. Statistically different (p < 0.01)
from CD59 expression by endothelial cells exposed to control
medium

Incubation time n of experiments Control medium p High-glucose medium p L-glucose osmotic
OD +SD OD £SD control medium
OD +SD
1 day 6 1.485+0.118 NS 1.343 £0.073 < 0.001 1.704 £ 0.151
3 days 20 1.313+£0.134 <0.001 1.081 + 0.062° <0.001 1.238 £ 0.105
6 days 18 1.342 + 0.096 <0.001 1.020 + 0.049° <0.001 1.281 £ 0.077
10 days 16 1.280 £ 0.108 <0.001 0.923 £ 0.121°¢ < 0.001 1.250 £ 0.107

Table 2. Effect of high (30 mmol/l) glucose medium on CD55
expression by endothelial cells cultured for 1-10 days. High
glucose concentrations decreased the expression of CD55 in a
time-dependent manner. A. Statistically different (p < 0.001)
from CDS55 expression by endothelial cells exposed to high glu-
cose medium for 1 day. B. Expression by endothelial cells (p,

NS vs CDS55) exposed to high glucose medium for 3 days.
C. Statistically different (p < 0.001) from CD55 expression by
endothelial cells exposed to high glucose medium for 6 days.
D. Statistically different (p <0.01) from CDS55 expression by
endothelial cells exposed to control medium.

Incubation time n of experiments Control medium )4 High-glucose medium p L-glucose osmotic
OD +SD OD +SD control medium
OD £SD
1 day 6 1.950 £ 0.257 NS 1.830 + 0.094 NS 1.982+£0.314
3 days 20 1.902 £ 0.228 <0.001 1.630 +£ 0.104* <0.001 2.099 +0.281¢
6 days 18 1.924 £0.194 < 0.001 1.572 £ 0.090° < 0.001 2.047 + 0.264
10 days 16 1.889 + 0.231 <0.001 1.349 £ 0.085¢ <0.001 1.992 £ 0.294

Table 3. Effect of different glucose concentrations on CD59
expression by endothelial cells cultured for 6 days. High glu-
cose concentrations decreased CD59 expression by endothe-
lial cells in a glucose concentration-dependent manner. A. Sta-
tistically different (p < 0.001) from CD59 expression by cells
cultured with 5 mmol/l p-glucose. B. Statistically different
(p<0.01) from CDS59 expression by cells cultured with
20 mmol/l p-glucose

Glucose n of D-glucose )4 L-glucose
concentra- experi- OD *=SD OD +SD
tion ments

Smmol/l 18 1.342+£0.096 - ND
20 mmol/l 10 1.180+£0.073* < 0.02 1.357 £ 0.103
30 mmol/l 18 1.020+0.049° <0.001  1.281£0.072
40 mmol/l 10 0.965+£0.027 <0.001 1.421£0.150

and Verapamil, 30 mmol/l p-glucose or 30 mmol/l p-
glucose and Verapamil, and 30 mmol/l L-glucose or
30 mmol/l L-glucose plus Verapamil. The results of
this study show that Verapamil effected a significant
inhibition of the glucose-induced loss of CD59 ex-
pression (196 +41), (p <0.001 vs bp-glucose, 99 +
25.5), (Fig.4). This effect of Verapamil was not due
to a direct cellular mechanism because this agent did
not affect the CD59 expression in cells incubated
with control medium (222 + 15, n = 6) or with L-glu-
cose osmotic control medium (208 + 17, n = 6). Simi-
lar results were reproduced for CDS55 expression un-

der various conditions with or without Verapamil. In
particular, CD55 expression was 196 + 4 (n = 6) with
control medum, 228 + 35 (n = 6) with control medi-
um + Verapamil, 43.6 +19 (n=6) with b-glucose
and 234 +33 (n=6) with bp-glucose + Verapamil
(p < 0.001 vs p-glucose).

C5b-9 detection in endothelial cells. C5b-9 was deter-
mined in D-glucose and control medium-treated en-
dothelial cells after exposure to AECA negative or
AECA positive Ig and fresh human serum. Comple-
ment activation was not able to be determined by
AECA negative Ig in cells both treated and untreated
with p-glucose (not shown). Incubation of AECA
positive Ig was followed by a significant increase in
C5b-9 formation on endothelial cells treated with
30 mmol/l p-glucose for 6 days (0.464 + 0.012, n =5)
when compared with C5b-9 formation on cells treat-
ed with 5mmol/l p-glucose (0.249 +0.072, n =35,
p <0.001) (Fig.5) or on cells treated with 30 mmol/l
L-glucose (0.266 = 0.054, n =5, p < 0.001). No differ-
ence in lactic dehydrogenase enzyme activity was
noted in supernatants of cells either treated or un-
treated with AECA (not shown).
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Fig.3. Concentrations of soluble CD59 in supernatants of en-
dothelial cells exposed for 6 days to control medium, L-glucose
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Fig.4. Effect of culturing human endothelial cells with control
medium (CM), high (30 mmol/l) glucose medium (HGM) or
high glucose medium plus Verapamil (HGM-V) on CD59 ex-
pression. Following 3-day culture, human endothelial cells
were then incubated with predetermined optimal binding con-
centrations of anti-CD59 monoclonal antibody or murine
IgG. Surface-bound antibody was detected using fluorescein
isothiocyanate-conjugated goat F(ab)2 anti-mouse Ig, and flu-
orescence intensity was measured by flow cytometry. Data
shown are from a representative experiment, with fluores-
cence intensity along the x axis and number of events along
the y axis. Similar results were observed in six repeat experi-
ments.
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Fig.5. C5b-9 (MAC) detection on endothelial cells exposed
for 6 days to control medium, high p-glucose medium or L-glu-
cose osmotic control medium after incubation with AECA
positive IgG and fresh human serum (as autologous comple-
ment donor). Results are expressed as optical density (OD)
units.
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Discussion

The complement system is constantly activated in
vivo and could potentially induce damage to exposed
autologous cells including endothelial cells. Recent
functional, structural and genetic studies have shown
the existence of several molecules (mRCA, mem-
brane regulators of complement activation) embed-
ded in the cell membranes that inhibit complement
activation on the cell surface and thereby protect
them from autologous complement [9]. Two mem-
brane proteins, decay accelerating factor (DAF,
CD55) and membrane cofactor protein (MCP,
CD46), restrict complement activation on self cell at
the C3/CS5 convertase formation stage [13]. The for-
mation of membrane attack complex (MAC) on self
cells is strictly regulated by a recently described
18,000-20,000 M, glycoprotein (membrane inhibitor
of reactive lysis, MIRL, CD59) [14]. In particular,
CD59 was identified as a wide tissue-distributed gly-
coprotein that inhibits the transmembrane channel-
forming function of homologous C8 and C9 at the fi-
nal stage of MAC formation [15]. Both CDS55 and
CD59 belong to a family of membrane proteins that
are attached to the outer leaflet of the cell mem-
branes through a GPI (glycosyl-phosphatidylinositol)
moiety [16]. On the other hand, CD46 is a single
chain protein that possesses a hydrophobic trans-
membrane-spanning domain and a basic amino acid
region typical of the cytoplasmic anchor [17]. Anti-
gens CDS55 and CD59 expressed on the surface of en-
dothelial cells can be removed by PI-PLC treatment
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[18]. This is in agreement with the finding that CD55
and CDS59 expression is absent from the surface of af-
fected erythrocytes in patients suffering from parox-
ysmal nocturnal haemoglobinuria, where glycolipid
anchors are not expressed on their surface [19].

Hyperglycaemia is one of the major factos causing
accelerated vascular and renal disease in both Type 1
(insulin-dependent) and Type 2 (non-insulin-depen-
dent) diabetes mellitus and can mediate its adverse
effect through multiple pathways, one of these mech-
anisms being the activation of protein kinase C
(PKC) by inducing increases in diglycerol levels. The
activation of PKC regulates various vascular func-
tions by modulating also phospholipase activity [20].
A key role of glucose in inducing anchor processing
due to endogenous PI-PLC has been also document-
ed representing this effect as a mechanism in the reg-
ulation of cell wall expression of GPI-anchored pro-
teins [21].

In this paper we describe a novel action of in-
creased (30mmol/l) glucose concentration in endo-
thelial cells which could profoundly influence endo-
thelial cell function, notably the lack of expression of
the glycolipid-anchored CD55 and CD59.

We did not investigate the mechanism by which
CD55 and CD59 were lost during exposure to high
glucose concentrations. The inhibitory effect of high
glucose concentrations could theoretically be attrib-
uted to osmotic changes due to a hypertonic glucose
solution. The failure of L-glucose to duplicate the ef-
fect of high glucose concentrations in our study
points, however, to a biochemical rather than a physi-
cal effect of glucose. Indeed, an early increase of all
mRCA molecule expression was observed in cells
treated with r-glucose. This phenomenon was ob-
served in ELISA but not in flow cytometric studies
indicating that different cell numbers/confluence in
the monolayer might be responsible for this effect.
The possibility that osmotic changes might be consid-
ered a potential stimulus for increasing mRCA mole-
cules could be raised and specifically addressed with
new studies. The decrease in CD55 and CD59 expres-
sion was seen to be correlated with the duration of ex-
posure to p-glucose in ELISA studies but reaching
maximum after 3 days when studies were done by
flow cytometry indicating that variables in methods
might influence the results. These data do not seem
to be in contrast, however, with the hypothesis of a
role of p-glucose in the loss of mRCA molecules.

In Psoriasis, activated membrane PLC could be re-
sponsible for the splitting of the GPI anchor of the
GPI proteins [22, 23]. The observed sensitivity of en-
dothelial cell CD59 [18] and of myocardial CD59 [24]
to phospholipase C and the effect of glucose on cyto-
solic calcium levels [25] and on calcium-dependent
phospholipase C activation [26, 27] suggest that PLC
could be involved in the lack of CD59 and CDS5S5 en-
dothelial cell expression after glucose exposure.

Much is known about PLC specific for inositol
phospholipids. The observed effect of exogenous
PLC on hydrolysing inositol lipids located on the out-
er leaflet of plasma membrane and CDS59 release was
previously reported [18, 24]. With the exception of a
study involving fungus [21] there is, according to our
knowledge, no information on the role of glucose in
inducing anchor processing in humans due to endoge-
nous PI-PLC. Little data is available on the presence
of a less common cell surface-exposed PI-PLC [28,
29].

The present work was not specifically addressed to
investigate the intrinsic mechanism by which high glu-
cose could operate in determining PI-PLC activation
and CD55/CD39 splitting and further studies should
be performed to identify changes in PLC and PKC ac-
tivity. The notion, however, that high glucose concen-
trations might activate L-type calcium channels by G
protein involvement that in turn could stimulate the
phospholipase C pathway [25, 30, 31], together with
studies in diabetic patients and in animals with exper-
imental diabetes that show elevation in basal levels of
cytosolic calcium of many cells [32] support our hy-
pothesis that an increase in cytosolic calcium with
subsequent cytoplasmatic PLC activation might play
a part in the loss of CD55 and CD59. The effect of
high glucose concentrations inducing processing of a
glycosyl-phosphatidylinositol-anchored =~ membrane
ectoprotein in Saccaromices [21] further support this
hypothesis. Other results in our study are also in
agreement with this hypothesis: 1) the expression of
the transmembrane protein CD46 was almost unaf-
fected when endothelial cells were incubated with a
medium containing a high glucose concentration; 2)
the loss of CD59 and CDS55 antigen after glucose incu-
bation was completely reversed by co-incubation of
cells with Verapamil, an agent that is known to block
L-type calcium channels and PLC activity [25-27]; 3)
increased concentrations of the soluble form of
CD59 were found in the supernatants of endothelial
cells treated with high glucose concentration medium
when compared with concentrations observed in su-
pernatants of cells treated with control medium or
control medium supplemented with L-glucose.

In a previous work we found increased concentra-
tions of the soluble noncytolytic form of C5b-9 in the
plasma of diabetic patients were associated with a
marker of endothelial cell dysfunction (von Wille-
brand Factor) and increased concentrations of uri-
nary microalbuminuria [8]. In this study we also in-
vestigated the effect of high glucose concentrations
on C5b-9 (MAC) formation on endothelial cells. An
increased susceptibility of cells to the deposition of
MAC was observed when glucose-treated endothelial
cells were exposed to antiendothelial cell antibodies
and complement.

In spite of the important role of mRCA molecules
in protection from autologous complement, a limited
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number of studies have been carried out in disease
states. Because of their protective function, lack of
expression of mRCA molecules is likely to cause tis-
sue damage and disease. The MAC formation, how-
ever, was not followed in our experiments by Lysis,
assessed by the measurement of lactic dehydrogenase
enzyme activity. Indeed, several non lethal effects of
MAC have been described on endothelial cells that
include the induction of a variety of biologically ac-
tive molecules as metabolites of arachidonic acid, re-
active oxygen metabolites, interleukines and en-
zymes [33].

Many factors contribute to the development of the
vascular complications targeting endothelial cells. In
particular, in the last years, immunological factors
such as circulating immune complexes [34, 35], and
antibodies with antiproteoglycan [36] and antiendo-
thelial cell reactivity [4] have been detected in diabe-
tes and considered to play an important part in com-
plement activation and in the pathogenesis or progres-
sion of diabetic angiopathy. Moreover, although this
was not the object of the present study, it is interesting
to note the observation that the distinguishing feature
that decides whether cells or certain particles will or
will not activate complement could be the amount of
sialic acid or sulphated mucopolysaccharides present
on the surfaces [37, 38]. Sialic acid and mucopolysac-
charides are known to be significantly reduced in the
basement membranes of human diabetes [39], thus
low concentrations might facilitate a membrane com-
plement activation in diabetes in the presence of dis-
crete or undetectable immune abnormalities.

In conclusion, the role of high glucose concentra-
tions in determining a loss of GPI-anchored mRCA
molecules is reported in our study. We speculate on
a possible cooperation between metabolic and immu-
nological factors, causing glucose-mediated loss of
endothelial mRCA which could facilitate the activa-
tion of the complement pathway and an endothelial
cell dysfunction.
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