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Differential Expression of Apoptotic and Low-
Grade Inflammatory Markers in Alzheimer Disease
Compared to Diabetes Mellitus Type 1 and 2
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Evangelia Stamouli,” Georgia Dalagiorgou,’ Theodoros G. Papaioannou,* Antonios Analitis,’
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Background: Neuroinflammation, impaired brain insulin signaling, and neuronal apoptosis may be interrelated
in the pathophysiology of people with Alzheimer disease (AD) and diabetes, either type 1 or 2 diabetes (T1D or T2D,
respectively).

Methods: We studied 116 patients: 41 with AD, 20 with T1D, 21 with T2D, and 34 healthy controls. The number (n)
of cytokine-secreting peripheral blood mononuclear cells (PBMCs) before and after mitogenic stimulation was
determined forinterleukin 13 (IL1B), interleukin 6 (IL6), tumor necrosis factor (TNF) by the enzyme-linked-immuno-
spot assay. Serum concentrations of C-reactive protein (CRP) and Fas ligand (FASLG) were determined by ELISA.
Results: The studied subgroups did not differ in sex but differed in age. Higher CRP concentrations were detected
in the AD group than in the T1D group (P = 0.02) and lower in controls (P < 0.001). The nPBMCs was higher in AD
patients after stimulation than in basal conditions: after stimulation in nTNF (P < 0.001 vs T2D; P <0.001 vs T1D; P
=0.001 vs control), nIL6 (P=0.039 vs T2D; P <0.001 vs T1D; P =0.007 vs control), and nIL1 (P = 0.03 vs control). The
nPBMCs increased after stimulation with PMA in all the subgroups (P < 0.001). FASLG in the AD group displayed
statistically higher concentrations than in all other subgroups (P < 0.001 vs T2D; P < 0.001 vs T1D; P = 0.012 vs
control). The nPBMCs was positively correlated with plasma concentrations of FASLG in the AD subgroup.
Conclusions: Patients with AD display a low-grade systemic inflammation compared to people with diabetes.
The FAS-FASLG pathway has a potential role because FASLG concentrations are positively correlated with the
inflammatory response in AD. However, this positive correlation cannot be seen in people with diabetes, at least
not with the apoptotic markers used in the present study.

IMPACT STATEMENT

Currently, there is intensive research around the relationship of Alzheimer disease and diabetes. Alzheimer
disease has been characterized as insulin resistance in the brain, but the role of inflammation and apoptosis
in this relationship is not clear. Alzheimer disease is characterized by inflammation that may normally react to
increased demands, as opposed to the inflammation seen in diabetes that presents a defective response with
increased demands. Apoptosis, as reflected by Fas ligand and tumor necrosis factor, seems to participate in
the inflammatory process of Alzheimer disease but not of diabetes. The clarification of the molecular pathways
involved in these chronic diseases may unravel novel druggable targets.

May2019 | 03:06 | 1003-1013 | JALM 1003

1202 KB\ 70 uo Josn (suauy Jo AsIoAluN) Jurl-TyIH Ad papiacid sse0oy Aq €1 1E09G/€001/9/€/8101E/WIEl/W0o"dNno"oIepEOE//:SARY WO} PAPEo|umMoQ



Alzheimer disease (AD)” is a neurodegenerative
disorder characterized by formation and deposi-
tion of B amyloid, resulting in neuronal death
mostly in vulnerable regions such as the neocortex
and hippocampus (7). The neuroinflammation ac-
companying this neurodegenerative process is be-
coming more prominent both as a primary and/or
secondary mediator. Moreover, the limited suc-
cess of AD treatment indicates the implication of
unknown pathogenic mechanisms. Recently, sev-
eral studies have shed light on the pathogenic link
of AD and either type 1 (T1D) or type 2 (T2D) dia-
betes, because both types are characterized by
increased risk of cognitive dysfunction (2-4). The
role of hyperglycemia or altered insulin signaling is
under investigation because impaired brain insulin
signaling leads to brain insulin resistance (5).
Nevertheless, therapeutic trials with either insulin
sensitizers (inositol) or glucagon-like peptide-1 re-
ceptor agonists have not been effective as yet (6,
7). Another emerging molecular mechanism impli-
cated in the pathophysiology of AD involves the
activation of Fas receptor and the cognate Fas
ligand (FASLG) signaling pathway that triggers ap-
optosis (7, 8 9) but without consistent high pro-
duction of FASLG in the AD brain (70).

Inversely, the presence of low-grade systemic in-
flammation in people with long-standing diabetes,
either T1D or T2D, independent of glycemic con-
trol and obesity has been documented. A higher
degree of inflammation was observed in people with
T2D than in those with T1D at basal conditions,

Inflammation and Apoptosis in Alzheimer Disease

associated with impaired elevation of cytokine-
secreting peripheral blood mononuclear cells
(PBMCs) number after mitogenic stimulation, im-
plying an immune defect with high demands (77).
Because the mediator of the aforementioned
common pathway has not been clarified and the
FAS-FASLG signaling pathway has already been in-
volved in the regulation of insulin secretion (72, 73),
it can be speculated as a common pathogenic mo-
lecular event of both T1D and T2D (74). Several
studies have also demonstrated that FAS-FASLG
signaling might protect organs from excessive in-
flammation (75, 76).

The aim of the present study was to investigate
the links of both inflammation and apoptosis as
common underlying causative mechanisms of dia-
betes and AD. We assessed C-reactive protein
(CRP) and FASLG concentrations in AD and long-
standing T1D and T2D patients along with their
capacity to produce the proinflammatory cyto-
kines interleukin 13 (IL1pB), interleukin 6 (IL6), and
tumor necrosis factor (TNF) from PBMCs in a basal
state and poststimulation.

PARTICIPANTS AND METHODS

Patients

The study consisted of 116 patients, 21 patients
with T2D, 20 T1D, 41 with AD, and 34 healthy con-
trols recruited from previous published studies
(11, 17). Patients' inclusion criteria included AD di-
agnosis by National Institute of Neurological and
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Communicative Disorders and Stroke and the
Alzheimer's Disease and Related Disorders Associ-
ation Mini-Mental State Examination score of =10,
stable medical history, and stable general health.
Patients were excluded from the study for the fol-
lowing reasons: patient had a lifetime diagnosis of
schizophrenia, bipolar disorder, or pre-AD anxiety
disorder; patient had a current substance use dis-
order, diabetes, or hypertension; patient who was
acutely suicidal or requiring inpatient psychiatric
hospitalization. None of the participants were on
any medication including aspirin, immunosup-
pressive medications, antibiotics, or antiinflamma-
tory drugs or other agents known to affect cytokine
production (17, 17).

All participants gave written informed consent.
The study protocol complies with the Declaration
of Helsinki, and it was approved by the University
of Athens Medical School Bioethics Committee.

Materials and methods

Blood samples (20 mL) were collected with stan-
dard venipuncture technique between 9:00 and
11:00 AM. Serum samples were separated imme-
diately after centrifugation at 4 °C with 2000 g for
15 min and stored at —20°C until analysis. The anal-
ysis was performed within 2 months from storage
day.

All reagents were purchased from Sigma-
Aldrich, unless otherwise described. Ficoll-Hypaque
solution was obtained from Amersham Biosci-
ences. ELISPOT reagents and plates were pur-
chased from Diaclone (Diaclone ELISPOT, Diaclone
SAS). Percent concentration of HbATc (%) was
measured in vitro in whole blood by an immuno-
assay (turbidimetric inhibition immunoassay) in an
automatic analyzer of clinical chemistry (Hitachi
912, Roche). All measurements were performed at
the Chemwell analyzer (Awareness), as previously
described (77, 17). FASLG ELISA kit (FASLG, pg/mL)
serum concentrations and high-sensitivity CRP
(hsCRP, mg/L, hsCRP enzyme immunoassay test
kit, LI7500, Linear Chemicals) were determined by

ELISA. The intra- and interassay coefficients of
variance for hsCRP were 7.5% and 4.1% for low
concentrations and 2.3% and 2.5% for high con-
centrations, respectively, while the minimum de-
tectable dose of FASLG was <12 pg/mL.

PBMCs lIsolation. Peripheral blood samples (15
mL) from all participants were collected in heparin-
containing tubes and immediately processed for
lymphocyte separation by use of the Ficoll proce-
dure. Briefly, 7 mL of blood was layered on top
of 7 mL of Ficoll-Hypaque solution, according to
manufacturers' instructions. After centrifugation,
erythrocytes and granulocytes sedimented at the
tube bottom while PBMCs (lymphocytes, mono-
cytes) concentrated at the interface. By use of
aseptic techniques, PBMCs were collected in sep-
arate tubes and resuspended in 1.5 mL of solution
containing 80% fetal bovine serum and 20% di-
methyl sulfoxide (DMSO). Cell viability as measured
by trypan blue exclusion method exceeded 95%.
PBMCs (1 x 10° cells/mL) containing cryovials were
stored in liquid nitrogen until analysis.

ELISPOT Assay. For peripheral cytokines (IL1[3, TNF,
IL6) measurement, the enzyme-linked immuno-
spot (ELISPOT) method was performed with
commercially available kits.

Briefly, 100 uL of cell suspensions (ranging from
5 x 10° to 2 x 10° cells/mL) were added into
ELISPOT nitrocellulose membrane-bottomed mi-
crowell plates precoated with the desired anticyto-
kine capture antibody. Each cell suspension was
tested in duplicate with and without the well-
established mitogen phorbol 12-myristate 13-
acetate (PMA, 300 ng/mL) that induces activation
of T lymphocytes to secrete cytokines and prolifer-
ate. Cell suspensions were incubated at 37°Cin a
5% CO,-humidified incubator for 24 h. The next
day, cell suspensions were aspirated, and wells
were washed twice with deionized water and 3
times with 200 pL of wash buffer (PBS with 0.1%
Tween-20). One hundred microliters of the detec-
tion antibody solution (toward the cytokines IL1[3,
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Table 1. Serum Fas ligand concentrations measured in the 4 studied groups.?

5P <0.05vs AD.
€P <0.05vs controls.
4p<0.05vs T2D.

Parameter studied Controls (N = 34) T1D (N = 20) T2D (N = 21) AD (N =41)
Age, years 52.88 + 14.69° 30.90 + 8.65°¢4 58.67 + 13.79° 70.39 +8.62
Sex, F, M 17,17 7,13 11,10 19,22
FASLG, pg/mL 515.56 + 233.30° 345.87 + 160.335¢4 172.26+120.22°¢ 1122.41+710.34
hsCRP, mg/L 1.67+237° 437 +3.120¢d 7.77 +4.80¢ 9.07+6.22

2The 4 study groups are control group, people with T1D, people with T2D, and people with AD. Data are mean + SD.

TNF, IL6) was added to each well, and the plate was
incubated for 2 h at room temperature. After
washing, streptavidin—-horse radish peroxidase so-
lution was added at 100 pL per well. The plate was
incubated for 1 h at room temperature, and after
extensive washing, 100 uL aminoethylcarbazole
substrate solution was added to each well. “Spot”
development was monitored from 5 to 60 min. The
reaction was stopped by washing the wells with
deionized water and allowing the plate to dry at
room temperature. Spots were enumerated auto-
matically with an ImmunoSpot Analyzer (Aid).
Optimization of the ELISPOT assay regarding sen-
sitivity and minimization of background signal was
performed before evaluation of the experimental
samples (11, 17).

Statistical Analysis. Values are presented as mean
value + SD. Statistical significance was accepted at
a Pvalue <0.05. Normal distribution of continuous
variables was assessed graphically by histograms
and statistically by the nonparametric Kolmogorov-
Smirnov test. Comparisons between groups were
made by the Mann-Whitney U-test. Correlations
were performed with Spearman p calculation. Par-
tial correlation was used to correct the parameters
studied with age in the total population studied.
Correlations between categorical variables were
estimated by the x? test. Statistical analysis was
performed with IBM SPSS Statistics for Windows
(Version 22.0, IBM Corp).

RESULTS

The studied subgroups did not differ in the
female-to-male ratios (AD, 19:22; T1D, 7:13; T2D,
10:11; controls, 17:17; P=0.672). The AD subgroup
significantly differed in age from all the other sub-
groups (P <0.001 vs controls; P<0.001 vs T1D; P =
0.001 vs T2D). The T1D subgroup also differed in
age from the controls (P < 0.001) and T2D (P <
0.001), butthe T1D group did not differ in age from
controls (Table 1).

Assessment of basal and poststimulation
inflammatory response

There was a continuum decrease in hsCRP con-
centrations from patients with ADto T2D, to T1D to
control group, but hsCRP concentrations were statis-
tically higher in the AD patient group than in controls
(P<0.001)orT1D (P=0.02),in the T2D group than in
controls (P<0.001)ortheT1D group (P=0.18),andin
T1D than in controls (P < 0.001) (Table 1).

The number (n) of cytokine-secreting PBMCs (per
10° cells) in basal conditions and after stimulation in
the studied groups is summarized in Fig. 1. In basal
conditions, NTNF was higher in the AD group than in
controls (P < 0.001) or T1D (P = 0.020), nlL6 was
higher in the AD group than in controls (P < 0.001),
and nIL13 was higher in the AD group than in con-
trols (P = 0.032). After stimulation with PMA, nTNF
was higher in the AD group than in controls (P =
0.001), T1D (P < 0.001), or T2D (P < 0.001), nIL6 was
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tions and after stimulation.

AD after stimulation; TT P < 0.05 vs T2D after stimulation.

Fig. 1. The number of PBMCs secreting cytokines (per 10° cells) in the studied groups, in basal condi-

Four groups were studied: control group, people with T1D, people with T2D, and patients with AD. The number of PBMCs secreting
TNF (nTNF; per 10° cells) in the studied groups in basal conditions (blue column) and after stimulation (red column) (A). The
number of PBMCs secreting IL6 (nIL6; per 10° cells) in the studied groups in basal conditions (blue column) and after
stimulation (red column) (B). The number of PBMCs secreting IL1B (nIL1B; per 10° cells) in the studied groups in basal
conditions (blue column) and after stimulation (red column) (C). Data are means +SD. * P < 0.05 vs controls basal conditions;
# P < 0.05 vs AD basal conditions; T P < 0.05 vs T2D basal conditions; ** P < 0.05 vs controls after stimulation; ## P < 0.05 vs

higher in the AD group than in controls (P = 0.007),
T1D (P < 0.001), or T2D (P = 0.039), and nIL1[3 was
higher in the AD group than in controls (P = 0.030)
only.

Assessment of the magnitude of increase of
the inflammatory response

The elevation of cytokine-secreting PBMC num-
bers (delta, d) after stimulation with PMA in the

.........................................................................................................
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studied groups is summarized in Table 2. The nPBMCs
increased after stimulation with PMA in all the
subgroups (P < 0.001). The dnTNF, dniL6, and
dnIL1(3 did not differ between the AD group and
the controls, but the percent rise (R) of NTNF was
higher in the control group (P = 0.016). On the
contrary, dnTNF, dnIL6, dnIL1{3, RnTNF, RnIL6, and
RnIL13 all differed between AD and T1D (P <0.001;
P<0.001; P=0.001; P<0.001; P<0.001; P=0.006,
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Table 2. Delta value of the number of PBMCs secreting cytokines (per 10°cells) was their value after stimulation minus their value

at basal conditions in the 4 studied groups.®

= 41)

AD (N
568.70 + 513.66 (119.56 + 106.45)

=21)

T2D (N
72.42 +59.0199 (18,51 + 18.63)°¢

110.00 + 109.319(31.35 + 60.24)¢

=20)

T1D (N
94.40 + 100.59°¢ (28.33 + 27.86)4

=34)

Controls (N
393.03 + 164.84 (165.79 + 104.89)°

380.65+291.98(138.70 £ 98.99)
240.50+184.50(107.86 £ 82.14)

434.00+392.03(107.26 £ 104.10)
260.38 +278.21 (85.74 + 82.96)

108.00 + 89.83%9(20.96 + 20.19)¢

78.55+53.56%9(18.21 + 14.82)4

68.10 + 64.49%9(19.26 + 17.50)¢
@The 4 groups studied were control group, people with T1D, people with T2D, and people with AD. Data are mean +SD.

®dnlIL1B, delta value of the number of PBMCs secreting interleukin 1(3; dnTNF, delta value of the number of PBMCs secreting tumor necrosis factor; dniL6, delta value of the number of PBMCs
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respectively). Similarly, dnTNF, dnlL6, dnlL1f3,
RNTNF, RnIL6, and RnIL1{3 all differed between AD
and 72D (P<0.001; P<0.001; P=0.005; P <0.007;
P =0.001; P=0.005, respectively).

Assessment of the FASLG

The AD subgroup displayed statistically higher
FASLG concentrations than all other subgroups (vs
controls, P=0.012,andvs T1D and T2D, P< 0.001),
whereas the T2D and T1D subgroups exhibited
statistically lower concentrations than controls (P <
0.001 and P = 0.035, respectively), and the T2D
subgroup showed statistically lower FASLG con-
centrations than the T1D subgroup (P < 0.001)
(Table 1).

Correlations of parameters studied

In the whole population studied, the nPBMCs of
all 3 cytokines before and after stimulation with
PMA was positively correlated with plasma FASLG
concentrations after correction for age (Table 3).
The same correlations were seen in the AD sub-
group. Regarding the delta values, dnTNF was pos-
itively associated with FASLG concentrations in the
whole population studied after correction for age,
but in the AD subgroup, dnlL1(3 and the percent-
age rise of the number of all 3 cytokines secreted
from PBMCs after stimulation with PMA (RnTNF,
RnIL6, RnIL1B) was negatively correlated with
plasma FASLG concentrations. Moreover, in the
T1D subgroup, FASLG concentrations were nega-
tively correlated with only age; in controls, FASLG
concentrations were positively related with only
dnTNF.

DISCUSSION

In the present study, a higher inflammatory
response was observed post stimulation in pa-
tients with AD than with either T1D or T2D. The
FAS-FASLG pathway may play a role in this pro-
cess because it is extrapolated by the higher
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Table 3. FASLG concentration correlations
with the parameters studied corrected for age
in the whole population (partial correlation
for age) and in the subgroups of patients
(Spearman correlation).?

r Pvalue
Partial correlation for age for
the total population
FASLG
NTNF basal 0.605 <0.001
NTNF post-PMA 0.615 <0.001
dnTNF 0.526 <0.001
niL6 basal 0.510 <0.001
niL6 post-PMA 0.414 0.002
niL1B3 basal 0327 0.015
niL1B post-PMA 0.350 0.009
Spearman correlation for
AD subgroup
Age 0.572 <0.001
NTNF basal 0.653 <0.001
NTNF post-PMA 0.529 0.001
RNTNF -0.566 <0.001
niL6 basal 0.615 <0.001
niL6 post-PMA 0.435 0.007
RnIL6 -0.599 <0.001
nIL1(3 basal 0.578 0.001
niL1(3 post-PMA 0.438 0.017
dnIL1p -0.405 0.029
RnIL1(3 -0.445 0.016

Spearman correlation for
T1D subgroup

Age -0.495 0.026
Spearman correlation for
control subgroup
dnTNF 0.733 0.025

2nTNF, number PBMCs secreting TNF; nIL6, number PBMCs secret-
ing IL6; nIL1(3, number PBMCs secreting IL13; dnTNF, delta value of
nPBMCs secreting TNF after stimulation minus before stimulation
with phorbol-myristate acetate (PMA); dniL6, delta value of nPBMCs
secreting IL6 after stimulation minus before stimulation with PMA;
dnIL1B, delta value of NPBMCs secreting IL13 after stimulation mi-
nus before stimulation with PMA; RnTNFa, percentage increase of
nPBMCs secreting TNF after stimulation with PMA; RnIL6, percent-
age increase of NnPBMCs secreting IL6 after stimulation with PMA;
RnIL1B, percentage increase of NnPBMCs secreting IL1(3 after stimu-
lation with PMA.

concentrations of FASLG in AD patients than with
people with diabetes who displayed the lowest
FASLG concentrations. Furthermore, in AD patients,
FASLG concentrations were positively correlated

with the magnitude of inflammation, as assessed by
the number of PBMCs secreting cytokines at base-
line conditions and with high demands.

FASLG is a 40-kDa type Il membrane protein,
which upon cleavage is released in a soluble form.
FASLG exhibits cytotoxic activity against FAS-
producing cells as a potent activator of the FAS-
mediated apoptotic cell death pathway such as
TNF-FAS-FASLG, and 3 amyloid was suggested to
exert its effects on neuronal death through a FAS-
like pathway (9, 18-20). FASLG has been detected
in apoptotic areas of postischemic brain (27)and in
glia cells of patients with multiple sclerosis (22).
However, the presence of inflammation, both
basal and induced after stimulation, has been con-
firmed in AD patients (8, 77). Disease progression
in AD seems to parallel an increase in inflamma-
tion, as was shown by the positive association of
FASLG concentrations and the increased number
of inflammatory cells. However, the negative corre-
lation of FASLG concentrations with the percent
increase of cytokine secretion response upon de-
mands suggests some defect of inflammatory ma-
chinery (Table 3). Moreover, cell loss in AD may be
attributed to decreased cell production, increased
destruction, or a combination of the 2 mecha-
nisms, as in the case of the aforementioned cell
death pathway. Apoptosis occurs during normal
development by the same pathway. The increased
production of another apoptotic molecule, TNF,
has been reported to induce apoptosis (8, 23, 24)
as observed in age-related neurodegenerative dis-
eases (9). Some factors related to the observed
immune dysfunction may induce production of
TNF receptors, thereby rendering cells more sus-
ceptible to TNF. In our study the number of cells
secreting TNF had the highest correlation with
FASLG concentration, in accordance with a previ-
ous study (8) that suggested TNF as the main
cytokine-mediator of apoptosis along with the
highest concentration of FASLG. Therefore, our
data provide evidence that patients with AD have a
state of immune activation that leads to apoptosis
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along with a generalized immune dysfunction. The
positive correlation of FASLG concentration with
the number of PBMCs producing all cytokines
studied even in basal conditions and under in-
creased demands confirms the immune activa-
tion. However, the magnitude of inflammatory
response seems defective, as mentioned above.
Hence, as the apoptotic process progresses, it may
become defective in terms of impaired inflamma-
tory response; this speculation may explain the re-
duced number of PBMCs secreting TNF compared
to healthy participants (Table 2). There are no data
to support a defective mechanism of apoptosis to
explain the impairment in inflammatory response;
instead there have been reports that both intrinsic
and extrinsic apoptotic pathways are activated by
B amyloid and T protein (25, 26). Possibly, as previ-
ously seen in diabetes (77), the inflammatory ma-
chinery is functioning at a higher concentration,
but it cannot be as protective as it can in healthy
participants to act toward an inflammatory stimu-
lus, rendering patients with AD vulnerable to stim-
uli, such as infections or cancer. On the other
hand, cytokines play an important role in the
pathogenesis of central nervous system diseases
altering growth and differentiation and modulating
neuronal and neuroendocrine activities contribut-
ing to neurodegeneration (&). This evidence re-
flecting a low-grade inflammation in AD patients is
further confirmed by the statistically higher abso-
lute number of PBMCs secreting all 3 cytokines
studied in either basal or poststimulation state
than the respective number of healthy controls
(Fig. 1).

Diabetes, mostly T2D, has been correlated with
dementia due to vascular disease. The relationship
with AD is less clear. Epidemiological data suggest
a connection with vascular dementia indepen-
dently of other vascular diseases and marginally
with AD in this population (2, 3, 27, 28). Studies in
animal models of diabetes support these findings
(29, 30). Glucose deregulation may be linked to al-
terations in amyloid metabolism through changes

Inflammation and Apoptosis in Alzheimer Disease

in insulin and its receptor in the brain, resulting in
brain insulin resistance, a known risk factor in met-
abolic states. Through the formation of toxic fac-
tors such as advanced glycation end products (37),
inflammation may arise or not to an earlier activa-
tion of the apoptotic pathway (25). In humans, ag-
ing alone is associated with insulin resistance,
reflecting the decreased metabolic turnover, de-
creased glucose use, reduced insulin, and reduced
IGF1 signal transduction due to receptor desensi-
tization (32, 33). Another reason for the low con-
centrations of FASLG in diabetes patients may be
the fact that naive islets produce low concentra-
tions of FAS, because they are intrinsically resistant
to apoptosis triggered by its receptor (34). How-
ever, islets become gradually sensitive to apopto-
sis during the course of inflammation (35) owing to
increased FAS production in 3 cells (36, 37) and
concomitant sensitization to FAS-mediated apo-
ptosis (38, 39). A number of proinflammatory cyto-
kines induce FAS transcription and TNF that
synergize with FAS as effector mechanisms of
B-cell destruction (39). Cytokines secreted by the
islets themselves paradoxically enhance immune
activation and islet injury under inflammatory con-
ditions (40, 47). It is difficult to define the exact time
of interaction of inflammatory factors with the ap-
optotic pathway, because most cytokines induce
FAS production (34, 42). Nonetheless, whether in-
flammation is an early phenomenon or a late one
must be further investigated.

Amyloidogenic peptides such as amylin, an islet
amyloid polypeptide, may drive neuronal cell death,
involving the activation of the FAS-associated pro-
tein with the death domain pathway (9,
18). Even though increased production and activa-
tion of FAS and FASLG have been shown in 3-cells
dysfunction (74), in the present study a decreased
concentration of FASLG was detected in both T1D
and T2D patients compared to controls. A possible
explanation arises from the evidence that amylin
misfolding could generate aggregates that up-
regulate FAS and lead to the formation of amylin
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oligomer-FAS receptor complexes that elicit ap-
optosis (74).

Despite the fact that the aim of the present
study was to underline the link between diabetes
and AD in the context of common apoptotic and
inflammatory pathways, there is evidence for the
individual role of each one of the proinflammatory
cytokines. TNF has been discussed already, be-
cause it participates in the extrinsic apoptotic cell
death pathway. IL103 is the prototypical inflamma-
tory cytokine, and as a critical early mediator of
inflammation (43), it was shown to be secreted by a
similar absolute number in all 3 chronic diseases
under study; however, the magnitude of increase
was more higher in AD than in either type of dia-
betes, confirming that IL1[3 is a crucial cytokine in
AD and directly related to plaque formation and
progression (44). Finally, the IL6 secretory profile is
explained by its pleiotropic effects. It exhibits a
dual role because it is involved in both the amplifi-
cation of and protection against inflammation or in

transcriptional activities of genes encoding mainly
proapoptotic but also some antiapoptotic mole-
cules; additionally, it synergizes with other cyto-
kines such as TNF or IL1[3 (43).

There are several limitations in the present
study, such as the limited number of patients stud-
ied and the difference in age between the exam-
ined subgroups, but this difference is expected
because of the different natural courses and age-
range onset of the studied diseases.

In conclusion, the data from this study indicate a
state of low-grade inflammation underlying AD that
parallels the activation of apoptosis. However, this
positive correlation cannot be seen in people with
diabetes, at least with the apoptotic markers used in
the present study. Previous studies have also sug-
gested interplay between diabetes, impaired cogni-
tive function, and molecular and structural AD-like
changes; however, whether inflammatory cytokines
and the FAS-FASLG system are a part of these links
remains to be confirmed in further studies.
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