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Abstract

Ž . Ž . Ž . Ž .Plasma concentrations of interleukin-1b IL-1b , interleukin-6 IL-6 , C reactive protein CRP and a-1-antichymotrypsin ACT in
Ž .145 patients with probable Alzheimer’s disease AD and 51 non-demented controls were measured. To investigate the cellular activation

of peripheral immune system, plasma levels of neopterin were also investigated. Plasma levels of IL-1 were detectable in 17 patients with
Ž . Ž . Ž .AD 13% and only in one control 2% and average levels of IL-1 were higher in AD patients than in controls p-0.001 . IL-6 plasma

Ž .levels were detectable in a higher proportion of AD and controls 53% and 27%, respectively , and were increased in patients with AD
Ž . Ž .p-0.001 . Plasma levels of ACT were increased in patients with AD p-0.001 and CRP levels were in the normal range. Plasma
levels of neopterin were slightly lower in AD patients than in controls, but differences were not statistically significant. No significant
correlation was observed between IL-1 and IL-6 levels or neopterin and cytokine levels in plasma from AD patients. Plasma levels of

ŽACT negatively correlated with cognitive performances, as assessed by the mini mental state examination MMSE; Rsy0.26,
. Ž . Ž .p-0.02 and positively correlated with the global deterioration state GDS of AD patients Rs0.30, p-0.007 . Present findings

suggested that detectable levels of circulating cytokines and increased ACT might not be derived by activation of peripheral immune
system of AD patients. Detection of these molecules might be used for monitoring the progression of brain inflammation associated with
AD. q 2000 Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

Cytokines are molecules secreted by cells of the im-
mune system and other organs with multiple regulatory

Ž . Ž .roles Kelso, 1998 . Interleukin IL -1 and IL-6 show both
paracrine activity on local tissue immune responses and
endocrine activity on other organs and systems, such as the

Ž .brain and liver Gauldie et al., 1992; Dinarello, 1998 .
Both cytokines activate the synthesis and secretion of

) Corresponding author. Tel.: q0039-51-2094730; fax: q0039-51-
2094746; e-mail: licastro@alma.unibo.it

acute phase proteins by the liver during acute or chronic
Žinflammation Travis and Salvelsen, 1983; Baumann and

.Gauldie, 1994; Dinarello, 1998 .
IL-1 is secreted by activated microglia and most mi-

croglia surrounding neuro-pathological lesions of AD
Ž .brains are immunopositive for IL-1 Griffin et al., 1989 .

Moreover, the distribution of IL-1 positive microglia cells
correlated with the distribution of amyloid plaques in AD

Ž .brains Sheng et al., 1998 .
IL-6 is also over-expressed in the brain of patients with
Ž .AD Bauer et al., 1991; Strauss et al., 1992 . It is of

interest that IL-6 appeared to be linked to early stages of
Ž .plaque formation Huell et al., 1995 . The above findings

contributed to the notion that cytokines appeared to play a
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primary role in inflammation associated with chronic de-
Žgenerative alterations of the AD brain Griffin et al., 1998;

.McGeer and McGeer, 1998 .
Increased blood levels of IL-1b has been found in

Ž .patients with late onset AD Alvarez et al., 1996 and
altered peripheral levels of IL-6 have been reported during

Žaging and in patients with Alzheimer’s disease Licastro et
al., 1995a; Kalman et al., 1997; Singh and Guthikonda,

.1997; Bonaccorso et al., 1998 . However, other investiga-
tions failed to confirm an increase of IL-6 blood levels in

Ž .AD Van Duijn et al., 1990; Angelis et al., 1998 .
ACT is a protease inhibitor and an acute phase reactant

Ž .Travis and Salvelsen, 1983 . This serpin is a secondary
Žcomponent of amyloid deposits in AD brains Abraham et

.al., 1988, 1990 , binds Ab-peptides and affects the rate of
Žamyloid fibril formation in vitro Fraser et al., 1993; Ma et

.al., 1994; Eriksson et al., 1995 . IL-1, IL-6 and ACT might
be functionally linked in brain cells, since these cytokines
induced the expression of ACT in human astrocytoma cell

Ž .lines Lieb et al., 1996 or human cortical astrocytes
Ž .Kordula et al., 1998 . Increased levels of ACT were also

Žfound in brain samples from AD patients Abraham et al.,
.1990; Licastro et al., 1998 .

Serological studies on ACT have shown that increased
Žserum levels were associated with AD Licastro et al.,

.1995a,b , while serum levels of other acute phase reactants
such as a-1-antitrypsin, a-2-macroglobulin or a-1-acidic

Ž .protein were not increased Licastro et al., 1995b . Ele-
vated levels of serum ACT have also been reported in a

Žsubset of first degree relatives of AD patients Altstiel et
.al., 1995 . However, other studies reported normal levels

Žof ACT from peripheral blood of AD patients Furby et al.,
.1991; Kuiper et al., 1993; Pirttila et al., 1994 .

The increase of some cytokines and acute phase reac-
tants in the blood of AD patients has suggested the possi-
ble presence of a systemic chronic inflammation associated
with the disease. However, circulating IL-1b or IL-6 are

Žoften undetectable or within normal range Van Duijn et
.al., 1990; Angelis et al., 1998 in many patients with AD

and this argues against the presence of a classical general-
ized inflammation in AD. Furthermore, cytokine network
is complex and these molecules are biologically labile and
rapidly disappear from the circulation.

An indirect approach to monitor peripheral immune
responses is to detect stable metabolites derived by the

Žactivation of immune system cells, such as neopterin Fuchs
.et al., 1993 . Neopterin derives from guanosine triphos-

phate and activated monocytes released high levels of this
Ž .metabolite Fuchs et al., 1993 . Recently, increased

neopterin levels have been found in patients with AD
Ž .Leblhuber et al., 1999 .

In the present study, we have concomitantly measured
IL-1b, IL-6, ACT and neopterin blood levels from a large
sample of patients with probable AD and healthy elderly.
Our findings do not support the notion of a peripheral
activation of the immune system in these patients.

2. Material and methods

2.1. Patients and controls

The present study was carried out on 145 patients with
probable AD and 51 non-demented subjects selected from
the Neurology Department of the San Raffaele Hospital
and the Geriatric Department, University of Milan, Italy.
Clinical diagnosis of AD was performed according with

Žthe criteria of the DMS III-R and NINCDS-ADRDA Mac-
.khann et al., 1984 . AD patients and controls were living at

home, they were physical examined on the day of blood
collection and their clinical records evaluated. In order to
minimize the risk of clinical or sub-clinical inflammatory
processes, both controls and AD patients were selected as
follows. Only AD patients and controls without clinical

Žsign of inflammation e.g., normal body temperature or
.absence of concomitant inflammatory disease were se-

lected for this study. Blood chemical parameters were also
evaluated and patients or controls with abnormal sedimen-
tation rate of red blood cells or altered blood profile of
albumin and transferrin plasma levels were not included. A
further selection of AD patients were performed according

Ž .the C reactive protein CRP plasma levels and those
Žpatients with CRP above 5 mgrl mean value"2 standard

.deviations of control values were not included in the
study. Informed consent to perform the study was obtained
from controls and a relative of each AD patient.

2.2. Blood cytokines, acute phase proteins and neopterin

Blood levels of IL-1b and IL-6 were measured by
Žcommercially available enzyme linked immunoassays En-

.dogen, Italy and PKL, Germany .
Levels of ACT and CRP were measured by a radial

Ž .immunodiffusion kit NANORID; the Binding Site, UK ,
Ž .as previously described Licastro et al., 1998 . Circulating

levels of neopterin were also measured by ELISA kit
Ž .PKL .

Plasma proteins were assessed as described elsewhere
Ž .Lowry et al., 1951 with slight modifications.

2.3. Statistical comparisons

Statistical comparisons between the mean values of
different variables from AD and controls were performed
by the two tailed Student’s t-test using a computerized

Ž .statistical program Stat View, USA . The degree of corre-
lation between different variables was assessed by linear
regression analysis and the regression coefficients were

Žcalculated by a computerized statistical program Stat
.View .

3. Results

Age, gender, and MMSE scores from controls and AD
patients are reported in Table 1. The degree of cognitive
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Table 1
Clinical features of non-demented controls and patients with AD. Cogni-
tive performances were assessed by the MMSE and GDS
Data are shown as mean"S.E.

n Age Gender MMSE GDS

Controls 51 78"2 31Fr20M )26 –
AD 145 75"1 91Fr54M 15"1 4.5"0.1

deterioration of AD patients according the global deteriora-
Ž .tion state GDS has also been evaluated and included in

the table.
Circulating levels of IL-1b were higher in patients with
Ž . Ž .AD p-0.001 than in controls Fig. 1, panel A . This

Ž .cytokine was detectable only in one healthy elderly 2%
Ž .and in 17 AD patients 13% . Plasma levels of IL-6 were

Ž . Žincreased p-0.001 in patients with AD Fig. 1, panel
.B . The frequency of IL-6 positivity was higher than that

of IL-1b in both controls and AD, and 27% of elderly
controls and 53% of AD patients showed detectable levels
of this cytokine. No statistical significant correlation was

Žobserved between plasma IL-1b and IL-6 regression coef-
.ficient, Rsy0.10, ps0.37 . The analysis was then re-

stricted to AD patients who were concomitantly positive
for IL-1b and IL-6; once again, no significant correlation
between plasma levels of the two cytokines was observed
Ž .Rsy0.13, ps0.61 .

Levels of blood ACT in non-demented controls and AD
Ž .patients are shown in Fig. 2 panel A . Circulating ACT

levels were expressed as percentage of total proteins and
Ž .were increased in AD p-0.001 . No difference in plasma

Žlevels of CRP between controls and AD 1.2"0.2 mgrl
.and 1.8"0.3 mgrl, respectively was observed. No signif-

icant correlation between either plasma levels of ACT and
CRP or between cytokine levels and circulating ACT or

Ž .CRP was present data not shown .

Ž . Ž .Fig. 1. Plasma levels of IL-1b panel A and IL-6 panel B in non-de-
mented controls and patients with probable AD.

Ž . Ž .Fig. 2. Plasma levels of ACT panel A and neopterin panel B in
non-demented controls and patients with probable AD.

Circulating levels of neopterin were slightly lower in
Ž .AD patients than in controls Fig. 2, panel B , but the

difference was not statistically significant.
Circulating ACT appeared to be affected by cognitive

performances in patients with AD, since plasma ACT
Žnegatively correlated with MMSE Rsy0.26, ps0.02;

. ŽFig. 3, panel A and positively correlated with GDS Rs
.0.30, ps0.006; Fig. 3, panel B .

Fig. 3. Linear regression analysis between ACT levels and MMSE scores
Ž .in patients with AD Rsy0.26, ps0.02; panel A . Linear regression

analysis between ACT levels and GDS scores in patients with AD
Ž .Rs0.30, ps0.006; panel B .
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4. Discussion

Epidemiological studies showed that the routine use of
non-steroid anti-inflammatory drugs was associated with a
decreased incidence of AD in a co-twin control study
Ž .Breitner et al., 1994 . A statistical meta-analysis of 17
epidemiologic studies confirmed a decreased association of
AD in individuals exposed to arthritis or anti-inflammatory

Ž .drugs McGeer et al., 1996 . Activated microglia, over-ex-
pression of cytokines and other inflammatory molecules

Žare common features of the AD brain pathology Mrak et
.al., 1995 . All together, these findings have led to the

hypothesis that inflammation might contribute to the
Žneuro-degeneration associated with AD McGeer et al.,

.1996 .
Altered systemic or peripheral immune mechanisms

ŽLicastro et al., 1995a,b; Alvarez et al., 1996; Kalman et
al., 1997; Singh and Guthikonda, 1997; Bonaccorso et al.,

.1998 are also observable in a variable proportion of
patients with AD. These results have suggested that a
generalized chronic inflammation might be associated with
AD.

Data presented here showed that AD patients had in-
creased blood levels of IL-1b, IL-6 and ACT and were in

Žaccordance with findings from previous reports Licastro
.et al., 1995a,b, 1999 .

However, no clinical signs of systemic inflammation,
such as elevated temperature or increased erythrocyte sedi-
mentation rate were present in these patients. Moreover,
serum levels of another acute phase reactant, CRP, were
low and did not differ between AD and controls. There-
fore, the meaning of increased levels of selected molecules
with immune-regulatory functions in the peripheral blood
of patients with AD still remained obscure.

To further investigate markers of the peripheral immune
system activation, we measured the circulating levels of
neopterin. This metabolite is generated by GTP-cyclo-
hydrolase and the activity of the enzyme and neopterine
production are increased under cytokine activation of the

Ž .reticulo-endothelial cell system Fuchs et al., 1993 .
Neopterin is stable, concentrations of this compound re-
flect the activity of the cell-mediated immune response and
increased circulating levels of neopterin are associated

Žwith infectious or autoimmune diseases Fuchs et al.,
.1993 . Recently, increased blood levels of neopterin have

Žbeen found in a small sample of patients with AD Lebl-
.huber et al., 1999 .

Our findings showed that circulating levels of neopterin
were within the normal range in patients with AD and did

Ž .not support the above observation Leblhuber et al., 1999 .
Neopterin levels were not altered even in AD patients with
increased IL-1b or IL-6 blood levels. Discrepancies with
the above report might be ascribed to a different selection
of AD patients. For instance, both AD and controls from
the present study did not show subclinical or laboratory
signs of systemic inflammation and were older than those

Ž .investigated by the other group Leblhuber et al., 1999 .
Our results suggested that the mild, but significant, incre-
ment of IL-1b and IL-6 levels in patients with AD could
not be secondary to a peripheral immune response. On the
other hand, previous investigations have shown that serum
levels of other acute phase proteins were not altered in
patients with AD, even in those patients showing increased

Ž .levels of IL-6 or ACT Licastro et al., 1995a, 1999 .
It has been shown that brain microvessel endothelium

Žcells synthesized and released IL-1 and IL-6 Fabry et al.,
.1993 . Endothelial cells were also able to release ACT

Ž .Papadimitriou et al., 1980 . Therefore, these molecules
might also derive from activated endothelia of brain ves-
sels, as a consequence of inflammatory processes in the

Ž .central nervous system CNS . It is of interest that the
activation of the inflammatory response in the CNS of rats
by intra-cerebroventricular injection of IL-1b resulted in

Ž .increased serum IL-6 De Simoni et al., 1993 . Recently,
intracerebroventricular injection of IL-1b resulted in in-
creased IL-6 levels in the CSF and blood from a primate

Ž .animal model Xiao et al., 1999 . Furthermore, It has been
shown that both IL-1b and IL-6 could induce ACT release

Žfrom human astrocytes Lieb et al., 1996; Kordula et al.,
.1998 . Therefore, increased peripheral ACT levels might

also be secondary to inflammatory events in the CNS of
AD.

In AD patients, levels of circulating ACT correlated
with the cognitive performances, as assessed by both
MMSE or GDS. These findings paralleled other data from
a prospective study showing that ACT serum levels were
increased in very old subjects and correlated with the
cognitive impairment in an elderly population without AD
Ž .Gabriel et al., 1998 . Our findings suggested that ACT
might be an important factor associated with brain func-
tioning in the elderly. For instance, this serpin bind Ab-

Žpeptides and increased the amyloid deposition Fraser et
.al., 1993; Ma et al., 1994; Eriksson et al., 1995 . More

recently, it has been shown that ACT inhibited a metal-
loendopeptidase involved in Ab-peptide degradation
Ž .Yamin et al., 1999 .

In conclusion, data presented here suggested that the
modest increase of circulating IL-1, IL-6 and ACT
molecules might be secondary to brain alterations associ-
ated with of AD and these compounds might be metaboli-
cally linked with other mechanisms controlling neuro-de-
generation of CNS. Longitudinal assessment of these
molecules from the peripheral blood might also be useful
to monitor the effects of anti-inflammatory therapies in
patients with AD.
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