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ORIGINAL ARTICLE

Elevated release of sCD40L from platelets of
diabetic patients by thrombin, glucose and
advanced glycation end products

NEREA VARO, PETER LIBBY, REBECCA NUZZO, JOSEPH ITALIANO, ALESSANDRO DORIA,

UWE SCHONBECK

Abstract

he pro-inflammatory CD40/CD40L dyad partici-
Tpates in atherogenesis. Plasma levels of the soluble

ligand (sCD40L) predict cardiovascular events and
are elevated in diabetic patients. This study compared
CD40/CD40L surface expression on platelets and T lym-
phocytes of diabetic and control subjects, and tested
whether glucose and advanced glycation end products
(AGEs) stimulate sCD40L release.

Constitutive and inducible surface expression of
CD40/CD4O0L on platelets or T lymphocytes did not differ
between diabetic patients (n=9) and controls (n=13).
Platelets from diabetic patients contained higher intracel-
lular CD40L than controls (p<0.05) and thrombin stimu-
lated greater platelet sCD40L release in diabetic patients
(15.11+16.77 ng/ml) compared to controls (3.64+2.03
ng/ml; p<0.05). Glucose and AGEs induced platelet
sCD40L release and CDA40L expression in mouse
megakaryocytes.

This study demonstrates elevated CD40L content and
inducible release from platelets of diabetic patients, and
identifies glucose and AGEs as potential triggers of
expression and release accounting for the elevated
sCDA40L plasma levels in these patients.

Diabetes Vasc Dis Res 2005;2:81-7

Donald W Reynolds Cardiovascular Clinical Research Center, Brigham and
Women's Hospital and Harvard Medical School, Boston, MA 02115, US.
Nerea Varo, Postdoctoral Research Fellow

Peter Libby, Chief, Cardiovascular Division

Rebecca Nuzzo, Research Technician

Cardiovascular Disease, Boehringer Ingelheim Pharmaceuticals, Inc., 900
Ridgebury Road, Room 7542, Ridgefield, CT 10877, US.
Uwe Schonbeck, Executive Director

Division of Hematology, Brigham and Women’s Hospital, Boston, US.
Joseph Italiano, Associate Biologist

Section on Genetics and Epidemiology, Joslin Diabetes Center, Boston, US.
Alessandro Doria, Consulting Physician

Area of Cardiovascular Pathophysiology, Center for Applied Medical
Research, University of Navarra School of Medicine, Pamplona, Spain.
Nerea Varo, Senior Researcher

Correspondence to: Dr Peter Libby

Brigham and Women'’s Hospital, 77 Avenue Louis Pasteur, Boston, MA
02115, US.

Tel: +1 617 525 4350; Fax: +1 617 525 4999

E-mail: plibby@rics.bwh.harvard.edu

Key words: CD40 ligand, inflammation, diabetes,
platelets.

Introduction
The inflammatory mediator CD40L and its receptor, CD40,
participate in the pathogenesis of atherosclerosis. Activation
of CD40 on human vascular endothelial and smooth muscle
cells, and on mononuclear phagocytes as well, mediates a
wide variety of pro-atherogenic functions in vitro."”
Disruption of CD40 signalling in hypercholesterolaemic
mice not only inhibits lesion formation but also limits the
progression of established atheroma and promotes plaque
characteristics associated with stability.”® Moreover, patients
with unstable angina express higher plasma concentrations
of the soluble form of CD40L (sCD40L) compared to healthy
volunteers or those with stable angina.” Elevated plasma lev-
els of sCD40L precede thrombotic events and identify
apparently healthy individuals who are at heightened risk of
cardiovascular events.® Furthermore, sCD40L levels predict
recurrent cardiovascular complications in patients with acute
coronary syndromes®’ and correlate with features of plaque
composition such as the presence of a lesional lipid core."

Elevated levels of sCD40L also associate with known tra-
ditional cardiovascular risk factors. Patients with diabetes
mellitus have significantly elevated plasma levels of sSCD40L
compared to non-diabetic controls. Furthermore, treatment
with thiazolidinediones (TZDs; glitazones) can diminish plas-
ma sCD40L levels.”*” However, the cellular source of
sCD40L and its inducers of release into plasma remain
uncertain, and the surface levels of CD40 and CD40L found
on peripheral blood cells of diabetic subjects are unknown.

Advanced glycation end products (ACEs) arise by the
non-enzymatic glycation of proteins via reducing sugars,
such as glucose. Serum of diabetic patients contains elevat-
ed levels of ACEs, and AGEs may contribute to the compli-
cations of diabetes mellitus, although the underlying molec-
ular mechanisms remain uncertain.*"> AGEs act in part by
binding to the receptor for advanced glycation end products
(RAGE), which also binds ligands other than AGEs, such as
S100/calgranulins.'*" Ligation of RAGE on several cell types
implicated in atherosclerosis, such as endothelial cells and
mononuclear phagocytes, induces pro-inflammatory
responses that might contribute to the evolution of both dia-
betes and atherosclerosis."

The present study compared CD40 and CD40L expres-
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sion by platelets and T lymphocytes of diabetic and control
subjects and tested the hypothesis that glucose and AGEs
stimulate release of sCD40L from these cell types.

Research design and methods

Subjects

The study population consisted of type 2 diabetic patients
(five male and four female, aged 58+18 years) followed at
the Joslin Diabetes Center (Boston, MA) after diagnosis
(according to the recommendations of the American
Diabetes Association Expert Committee on the Classification
and Diagnosis of Diabetes) and non-diabetic controls (six
male and seven female, aged 35+15 years).

Whole blood was collected in 0.1 volume of Aster-Jand|
anticoagulant solution (85 mM sodium citrate, 69 mM citric
acid) by venous puncture. No significant differences were
found between diabetic patients and controls in levels of total
cholesterol (216+70 vs. 203+32 mg/dl, respectively
[5.59+1.81 vs. 5.25+0.82 mmol/L]), low-density lipoprotein
cholesterol (LDL) (137450 vs. 140438 mg/dl, respectively
[3.54+1.29 vs. 3.62+0.98 mmol/L]) high-density lipoprotein
cholesterol (HDL) (49434 vs. 42420 mg/dl, respectively
[1.2640.88 vs. 1.0840.51T mmol/L]), and triglycerides
(151491 vs. 105444 mg/dl, respectively [1.7041.07 vs.
1.18+0.49 mmol/L]). Study protocols were approved by the
institutional review board and all participants gave their writ-
ten informed consent.

Reagents

Human thrombin, phorbol-12 myristate 13-acetate (PMA),
ionomycin, bovine serum albumin (BSA), D-glucose, manni-
tol, vitamin C, vitamin E, and butylated hydroxytoluene
(BHT) were obtained from Sigma (St. Louis, MO). Anti-
human CD40L, anti-CD40 and control 1gG1 fluorescein
isothiocyanate (FITC)-conjugated antibodies were obtained
from Ancell (Bayport, MN). FITC-labelled P-selectin was pur-
chased from Pharmingen (San Diego, CA). The thrombin
receptor PAR-T-activating peptide (TRAP), S100 calgranulin,
and rCD40L were purchased from Bachem (San Diego, CA),
Calbiochem (San Diego, CA), and Leinco (St. Louis, MO),
respectively.

Generation of AGE-BSA

BSA was incubated with glucose (0.5M) in phosphate-
buffered saline (PBS) under sterile conditions for eight weeks
at 37°C. During the incubation period, fluorescence intensi-
ty was determined (excitation 370 nm, emission 440 nm) to
monitor the formation of ACEs. At the end of the incubation
time, the presence of AGEs was confirmed by a change to
brown colour, a shift in 2D gel electrophoreses, and Western
blot analysis employing an anti-AGE antibody (TransGenic,
Inc.[Kumamoto, Japan]) (data not shown). Samples were
dialysed against PBS and stored at -20°C, protected from
light.

Cell culture

Platelets were isolated from platelet-rich plasma generated
by centrifuging whole blood containing Aster-Jand| anticoag-
ulant solution (200 xg, 20 minutes) by a metrizamide gradi-

ent” and resuspended in 140 mmol/L NaCl, 3 mmol/L KCl,
0.5 mmol/L MgCl,, 5 mmol/L NaHCOs3, 10 mmol/L glucose,
10 mmol/L N-2-hydroxyethyl piperazine-N 2-ethanesulfon-
ic acid (HEPES), pH 7.4. The concentration of platelets was
adjusted to 2x10%mL in the buffer and purified platelets
were allowed to rest (30 minutes, 37°C). For the experiments
employing glucose, platelets were isolated glucose-free by
layering platelet-rich plasma onto a Sepharose 2B column,
eluted with HEPES buffer, 0.3% BSA, and adjusted to
2x10%/mL. Platelets were stimulated (30 minutes, 37°C) with
human rCD40L (10 ug/ml), thrombin (1U/mL), TRAP (25
uM), D-glucose (range 100 mg/dl [5.5 mM] to 500 mg/dl
[27.7 mM]), or S100 calgranulin (100 nM) in the absence or
presence of different antioxidants (vitamin E [0.5 mM], vita-
min C [100 uM], and BHT [10 uM]) or the glycoprotein
receptor llb-llla antagonist eptifibatide (2 ug/ml). Equimolar
concentrations of D-mannitol were used as iso-osmotic con-
trols. Ten ul of the platelet solution were collected for fluo-
rescence-activated cell sorting (FACS) analysis. Supernatants
were obtained (15 min, 1,000 g) and pellets were resus-
pended in lysis buffer (1%Triton X-100, 20 mM Tris/HCI [pH
7.4], 150 mM NaCl, TmM EDTA [pH 8.0]).

Megakaryocytes were isolated from murine fetal livers
and single cell suspensions were generated, as described pre-
viously.” Briefly, until the fifth day of culture, cells were incu-
bated with ST00 calgranulin (0.1 uM) or glucose (16.6 mM)
and placed on a 1.5-3.0% albumin step gradient. Following
sedimentation, the enriched population of megakaryocytes
was lysed in 1% Triton buffer and separated (50 ug total pro-
tein/lane) by sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE) under reducing conditions
before being blotted onto polyvinylidene difluoride mem-
branes (Millipore [Bedford, MA]). Blots were blocked for one
hour in 5% non-fat milk/PBS/0.1% Tween 20 and primary
antibody was added overnight (1:250 goat anti-mouse
CD40L, Santa Cruz ([Santa Cruz, CAJ]). Immunoreactive pro-
teins were visualised after incubation with a secondary anti-
body (rabbit anti-goat, 1:5000) employing the Western
Lighting Chemiluminescence system (Perkin Elmer [Boston,
MA]).

T lymphocytes were isolated from whole human periph-
eral blood by CD4* selection employing magnetic beads
coated with anti-CD4 mAb (Dynabeads M450 CD4; Dynal
[Brown Deer, WIJ). The purity of the T-lymphocyte prepara-
tions was > 98%, as determined by FACS using an anti-
human CD4* mAb, FITC-conjugated (Pharmingen, San
Diego, CA). The cells were cultured for six or 24 hours in
RPMI 1640 (BioWhittaker, Walkersville, MD) in the absence
or presence of phorbol myristate acetate (PMA) and iono-
mycin (50 ng/T ug/ml). CD40 and CDA40L cell-surface
expression were measured by FACS following six hours of
stimulation and sCD40L release was measured by enzyme-
linked immunosorbent assay (ELISA) in the supernatants col-
lected after one (no release detected; data not shown) and
24 hours of stimulation.

FACS analysis
Cells were incubated with CD40, CD40L or P-selectin FITC-
conjugated antibodies (30 minutes, 4°C). Following
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immunofluorescence labelling, cells were washed twice with
PBS/0.2% BSA and analysed in a Becton Dickinson FACScan
flow cytometer. Data were processed using CellQuest soft-
ware (Becton Dickinson, Franklin Lakes, NJ). At least 20,000
viable cells per condition were analysed.

ELISA
sCD40L concentrations in plasma as well as culture super-
natants and lysates were determined by ELISA
(BenderMedSystems [Vienna, Austria] detecting both full
length and sCD40L), as described previously.”'® The intra-
assay variation among the duplicates for all samples was less
than 10%. The detection limit was 10 pg/ml sCD40L.
Platelet-derived growth factor (PDGF) and the
chemokine regulated on activation normally T-cells
expressed and secreted (RANTES) concentrations were also
determined by ELISA (R&D Systems, Minneapolis, MN). The
intra-assay variation among the duplicates for all samples
was less than 15% for both assays. The detection limits were
15 pg/ml and 30 pg/ml, respectively. Total protein concen-
tration in the lysates was determined by the bicinchoninic
acid method (Pierce, Rockford, IL).

Data analysis

Statistical analysis utilised the Statistical Package for Social
Sciences (SPSS, 11.0). Results are presented as mean=SD.
Means between diabetics and controls were compared
using the Mann Whitney test. The Wilcoxon test was used
to compare variables before and after stimulation. All p val-
ues are two-tailed and all confidence intervals were
computed at the 95% level. Multivariable linear regression
models were used with sCD40L release after thrombin
stimulation as the dependent variable. Age and other pos-
sible confounding variables were included as independent
factors.

Results

Elevated expression and release of sCD40L by platelets of
type 2 diabetic subjects

In accord with our previous report, plasma of type 2 diabet-
ic (h=9) patients contained higher sCD40L levels compared
to those in non-diseased (n=13) subjects (2.7041.1 ng/ml
vs. 0.94+0.7, p<0.05). Neither age nor gender accounted
for this difference: this is consistent with observations from
previous multivariate analysis in larger cohorts, demonstrat-
ing association of elevated plasma sCD40L levels and dia-
betes mellitus independent of other variables studied,
including age and gender.""

To test whether these patients also have elevated cellular
levels of CD40 and CD40L, we determined surface expres-
sion of both the receptor and the ligand on T lymphocytes
and platelets and release of sCD40L from these cell types.
Surface expression of CD40L on unstimulated T lympho-
cytes did not differ significantly between type 2 diabetic
patients (mean intensity of fluorescence [MFI] 19.0+13.5;
n=9) and non-diabetic controls (MFI 17.849.83; n=13), as
determined by FACS analysis. Furthermore, inducible cell
surface expression of CD40L triggered by stimulation of T
lymphocytes with PMA/ionomycin did not differ between

Figure 1. CD40, CD40L and P-selectin surface expression on
resting or stimulated platelets does not differ between
diabetic patients and controls

Platelets from type 2 diabetic patients (n=9) and controls
(n=13) were isolated from whole blood and cultured (30
minutes) in the absence (none) or presence of thrombin (1 U/ml)
or TRAP (25 uM). CD40, CD40L and P-selectin surface
expression were determined by FACS. Data are expressed as
MFI+SD
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diabetic patients (MFl 35.14+22.8) and controls (MFI
33.9+18.7).

Similarly, cell surface expression of CD40 and CD40L on
resting platelets did not differ between type 2 diabetic
patients (MFI 20.0+8.2 and 19.8+10) and controls (MFI
24.1410.2 and 20.3£8.5) (figure 1). Stimulation with
thrombin (1 U/ml) or TRAP (25 uM) significantly (p<0.05)
increased CD40, CD40L and P-selectin cell surface expres-
sion, but comparably so in platelets obtained from diabetic
patients and controls. However, platelets from diabetic sub-
jects had significantly (p<0.05) higher resting intracellular
concentrations of CD40L compared to controls (0.19+0.05
vs. 0.08+0.05 ng/ug of total protein, respectively) (figure
2A); the majority of the ligand localised in the cytoplasm and
not within granules (data not shown), as determined by
immunofluorescent labelling.

To investigate mechanisms that might explain higher
intracellular concentrations of CD40L in platelets from dia-
betic patients, mouse megakaryocytes were cultured in the
absence or presence of S100 calgranulin, an established
RACE agonist (0.1 uM), or glucose (16.6 mM) (figure 2B).
Glucose (figure 2B) and S100 calgranulin (data not shown)
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Figure 2. Increased intracellular CD40L content in platelets from diabetic subjects and increased CD40L expression in

A) Platelets were isolated from whole blood from type 2 diabetic patients (n=9) and controls (n=13) and incubated (30 minutes) in the
absence (none) or presence of thrombin (1 U/ml). Cells were pelleted, resuspended in lysis buffer and CD40L concentrations were
determined by ELISA. Data are expressed as ng of CD40L/ug total protein+SD. B) Protein extracts (50 ug) from mouse megakaryocytes
stimulated (five days) with S100 calgranulin (0.1 uM) or glucose (16.6 mM) were analysed by Western blotting. Megakaryocytes from

B) Mouse

megakaryocytes

KD e« CDAOL

25KD  —»
20KD >

75KD  » A
50KD - S <« P-Tubulin

37KD >

A) Platelets
30
*
25
Z 204
£ *
5 15 -
—
g
a 10 4
(@]
w
5
0 d==—mlm
None Thrombin TRAP

* p<0.05 vs. controls

Figure 3. Increased release of sCD40L from platelets, but not T lymphocytes, of diabetic patients compared to controls

T lymphocytes and platelets were isolated from whole blood. T lymphocytes were cultured (24h) in the absence (none) or presence of
PMA/ionomycin (50 ng/ml/1 ug/ml); platelets were incubated (30 minutes) in the absence (none) or presence of thrombin (1 U/ml) or
TRAP (25 uM) and sCD40L was measured in the supernatants by ELISA. Data are expressed as mean sCD40L+SD

Key: TRAP = thrombin receptor PAR-1-activating peptide; lono = ionomycin
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induced CD40L expression in mouse megakaryocytes above
non-stimulated cells (both n=3). Parallel studies analysing
the expression of beta-tubulin immunoreactive protein
demonstrated application of equal amounts of protein in
each condition.

In accord with the elevated intracellular concentrations,
platelets derived from diabetic patients released substantially
(p<0.05) more sCD40L than did those from healthy controls
following stimulation with the established inducers of sCD40L
release, thrombin (1 U/ml; 15.11+16.77 vs. 3.64+2.03
ng/ml) or TRAP (25 uM; 7.264+9.49 ng/ml vs. 2.394+1.87

ng/ml) (figure 3A). A significant (p<0.05) decrease in the
intracellular content of CD40L in both diabetic patients and
controls accompanied the release (figure 2A). Multivariate
analysis shows that differences in sCD40L release did not
depend on age or other confounding factors. In contrast,
release of sCD40L by T lymphocytes obtained from diabetic
subjects or controls did not differ significantly (figure 3B).

Glucose, AGEs and S100 calgranulins induce sCD40L
release from platelets
Interestingly, stimulation of platelets with glucose signifi-
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Figure 4. Glucose, AGE-BSA and S100, but not mannitol, induce sCD40L release from platelets

Platelets isolated from peripheral blood of healthy volunteers (n=6) were stimulated (30 minutes) with (A) increasing concentrations of
glucose or mannitol (100 mg/dl [5.5 mM] to 500 mg/dl [27.7 mM]), (B) AGE-BSA (100 ug/ml) or S100 calgranulin (0.1 uM) in the absence
or presence of vitamin E (0.5 mM) solubilised in ethanol. Following centrifugation (15 min, 1000 g), sSCD40L concentration was deter-
mined in the supernatants by ELISA. Data are expressed as mean sCD40L+SD
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Figure 5. Glucose- and S100 calgranulin-induced release of sCD40L is higher in diabetic patients compared to controls

Platelets from type 2 diabetic patients (n=9) or controls (n=13) were stimulated with increasing concentrations of (A) glucose (100 mg/d|
[5.5 mM] to 500 mg/dl [27.7 mM]) or (B) S100 calgranulin (0.1 uM). Following centrifugation (15 min, 1,000 g), sSCD40L concentrations
were determined in the supernatants by ELISA. Data are expressed as percent change of sCD40L released in response to glucose com-
pared to baseline in diabetic patients and controls (set as 100%). (B) Data are expressed as mean+SD sCD40L

+
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cantly induced P-selectin surface expression (data not
shown) and significantly (p<0.05) and concentration-
dependently (200 mg/dl [11.17 mM] to 500 mg/dl [7.7 mM]
induced the release of sSCD40L (figure 4A). The presence of
the antioxidants vitamin E (figure 4A, 4B), vitamin C or
BHT (data not shown) did not affect sCD40L release
induced by glucose. Equimolar concentrations of mannitol
did not affect the release of sCD40L. Furthermore, stimu-
lation of platelets with AGE-BSA (100 ug/ml) or S100 (100
nM) significantly (p<0.05) induced the release of sCD40L
(figure 4B).

Platelets derived from diabetic patients released signifi-
cantly more sCD40L than those from controls when stimu-
lated with glucose or S100 calgranulin (figure 5).

Recombinant soluble CD40L increases P-selectin cell
surface expression and the release of PDGF and
RANTES from platelets

Stimulation of platelets with recombinant CD40L did not
affect CD40 cell surface expression (figure 6A). However,
stimulation with CD40L significantly (p<0.05) increased
platelet P-selectin cell surface expression (mean intensity of
fluorescence: 93.4+89.8 and 41.7+31.7, respectively), com-
pared to non-stimulated platelets (mean intensity of fluores-
cence: 33.34+54.7 and 26.3+27.8, respectively). This treat-
ment also significantly (p<0.05) induced the release of other
inflammatory mediators, such as platelet PDGF - and
RANTES — (13.045.8 and 106.2+22.15 ng/ml) compared to
non-stimulated platelets (7.5+4.1 and 86.24+34.4 ng/ml,
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Figure 6. Recombinant CD40L increases P-selectin surface expression and PDGF and RANTES release by platelets
Platelets were incubated (30 minutes) in the absence (none) or presence of rCD40L (10 ug/ml). A) CD40 and P-selectin surface
expression were determined by FACS and B) PDGF and RANTES concentrations were measured in the supernatants by ELISA. Data are

expressed as mean+SD
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respectively). The GPIlIb-Illa antagonist eptifibatide blocked
PDGF- and RANTES-induced release by rCD40L (8.5+4.3
and 90.2+15.0 ng/ml, respectively), suggesting that rCD40L
mediates this proinflammatory response in platelets by bind-
ing to GPlIb-Illa rather than through CDA40 ligation (figure 6B).

Discussion

This study explored the mechanisms that underlie elevated
plasma sCD40L concentrations in diabetic patients. Several
cell types, including T lymphocytes and platelets, may
release sCD40L into blood.! Platelets release sCD40L upon
activation by thrombin in vitro and during thrombus forma-
tion in vivo.” The present study found no difference in the
cell surface expression of CD40L on resting T cells or
platelets between diabetic patients and controls.
Furthermore, sCD40L release from T lymphocytes upon
stimulation with PMA and ionomycin was similar in diabetic
subjects and controls. Interestingly, however, platelets from
diabetic patients released significantly more sCD40L after
stimulation with thrombin or TRAP.

Taken together, our data suggest that heightened platelet,
rather than T cell, activation likely accounts for the elevated
plasma sCD40L concentrations in diabetic patients.
Furthermore, induction of CD40L expression in murine
megakaryocytes by AGE-modified proteins or hypergly-
caemia, both of them relevant to the pathogenesis of dia-
betes,"” suggests a mechanism for the observed elevated lev-
els in platelets. These observations shed new light on the
thrombotic diathesis of diabetic patients.

Numerous studies have indicated that AGEs contribute
to diabetic complications, including nephropathy, retinopa-
thy, neuropathy and vasculopathy.”** The present study fur-
ther examined regulation of platelet release of sCD40L by
glucose and ligands for RAGE, namely AGE-BSA and S100
calgranulin, as a potential molecular pathway. The observa-
tion that antioxidants did not affect glucose- and AGE-
induced sCD40L release argues against oxidative stress as

the stimulus of CD40L shedding. Furthermore, the finding
that glucose and AGEs, but not mannitol, increased sCD40L
release from platelets suggests a novel link between hyper-
glycaemia and inflammation, and provides a new mecha-
nism for the elevation of sCD40L plasma levels in diabetic
patients and the link between diabetes and atherosclerosis.
These effects of AGE-BSA and S100 calgranulin probably
depend on RAGE, though this proposition was not tested
directly in this study. Future studies will need to evaluate
whether pharmacological inhibition of AGE formation and
disruption of pre-formed AGE protein cross-links can modu-
late plasma sCD40L levels in diabetic patients.

CDA40L translocates rapidly to the platelet surface after
platelet stimulation by agonists such as ADP, thrombin or col-
lagen, coincident with the release of alpha granules’ content
including PDGF, transforming growth factor-beta (TGF-f),
PF4 and thrombospondin.” Platelets shed CD40L from their
surfaces as sCD40L. The present study shows a significant
elevation of thrombin- or TRAP-induced CD40L surface
expression that did not differ significantly between diabetic
patients and controls. However, resting platelets from dia-
betic patients have increased intracellular content and
showed higher release of sCD40L following stimulation
compared to controls. These findings suggest that elevated
levels of preformed CD40L, but not the pathway(s) of
release in platelets rather than T cells, account for the differ-
ences in sCD40L plasma concentrations between diabetic
patients and control subjects.

Although the functional activity of released sCD40L
remains controversial, activated platelets can express and
release CD40L, which does elicit pro-inflammatory respons-
es by endothelial cells.” However, little is known regarding
the possible effects of CD40L on platelets. Upon activation
with different agonists, platelets release from their alpha
granules a gamut of preformed pro-inflammatory molecules
such as TGF, RANTES, PDGF and P-selectin. We report here
the release of two of these mediators following stimulation
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with CD40 ligand, RANTES, which stimulates leukocyte
chemotaxis and activation,* and PDGEF, a trigger of smooth
muscle cell migration and proliferation.” These findings
identify a pathway whereby the activation of platelets by
CD40L may link thrombosis and the inflalmmation underly-
ing diabetes.

In conclusion, this study suggests increased intracellular
levels in and release of CD40L by platelets of diabetic sub-
jects, and induction of CD40L expression and release from
platelets by glucose and ACEs as a novel mechanism that
could account for accelerated atherogenesis in diabetes.
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