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Chemokines in CSF of
Alzheimer’s disease patients

Joice Dias Corréa', Daniela Starling?, Antonio Lucio Teixeira?,
Paulo Caramelli?, Tarcilia Aparecida Silva'

ABSTRACT

Some studies have linked the presence of chemokines to the early stages of Alzheimer's
disease (AD). Then, the identification of these mediators may contribute to diagnosis.
Our objective was to evaluate the levels of beta-amyloid (BA), tau, phospho-tau (p-tau)
and chemokines (CCL2, CXCL8 and CXCL10) in the cerebrospinal fluid (CSF) of patients
with AD and healthy controls. The correlation of these markers with clinical parameters
was also evaluated. The levels of p-tau were higher in AD compared to controls, while the
tau/p-tau ratio was decreased. The expression of CCL2 was increased in AD. A positive
correlation was observed between BA levels and all chemokines studied, and between
CCL2 and p-tau levels. Our results suggest that levels of CCL2 in CSF are involved in the
pathogenesis of AD and it may be an additional useful biomarker for monitoring disease
progression.
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Quimiocinas no LCR de pacientes portadores da doenca de Alzheimer

RESUMO

Alguns estudos tém relacionado a presenca de quimiocinas com estagios iniciais da
doenca de Alzheimer (ALZ). A identificagdo desses mediadores pode contribuir para um
diagnéstico precoce. O objetivo deste estudo foi avaliar os niveis de beta-amiloide (BA),
tau, fosfo-tau (p-tau) e quimiocinas (CCL2, CXCL8 e CXCL10) no liquido cefalorraquidiano
dos pacientes com ALZ e controles saudaveis e a correlacdo destes marcadores com
parémetros clinicos. Os niveis de p-tau foram maiores nos pacientes com ALZ em relagdo
aos controles, enquanto a razdo tau/p-tau foi menor. Houve um aumento significativo de
CCL2. Uma correlagdo positiva foi encontrada entre os niveis de BA e todas as quimiocinas
estudadas e também entre os niveis de CCL2 e p-tau. Nossos resultados sugerem que a
presenca de CCL2 esté envolvida na patogénese da ALZ e que esta quimiocina pode ser
um marcador adicional para monitorar a progresséo da doenga.

Palavras-chave: doenca de Alzheimer, liquido cefalorraquidiano, quimiocinas, inflamacao.

The dementing diseases represent a
growing medical, economic and social
problem and Alzheimer’s disease (AD) is
the most common cause of dementia as-
sociated with advancing age'. AD is mor-
phologically characterized by extracellular
beta-amyloid (BA) plaque deposition, in-
traneuronal tau-pathology, neuronal cell
death, vascular dysfunction and inflam-
matory processes'”. Cerebrospinal fluid
(CSF) closely reflects the composition of

the brain extracellular space and is likely
to have the highest yield of biomarkers for
the evaluation of dementia*. Many studies
reported elevated concentrations of tau
proteins and decreased levels of BA pep-
tides in the CSF of patients with AD7 .
Furthermore, it is widely accepted that
a chronic inflammatory reaction plays
an important role in the pathogenesis of
AD®’. The inflammatory components in
AD include microglia and astrocytes, the
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complement system, and various inflammatory media-
tors including cytokines and chemokines™'*'".

The chemokines constitute a large family of mole-
cules that induces chemotaxis, leukocytes extravasa-
tion, and modulation of a variety of leukocytes func-
tions'”. There is growing evidence that chemokines and
chemokine receptors are up-regulated in resident cen-
tral nervous system (CNS) cells during AD, which may
contribute to plaque-associated inflammation and neu-
rodegeneration”. Of these, CCL2 is a member of the CC
chemokine family that plays a significant role in inflam-
matory processes, including atherosclerosis and neuro-
degenerative disorders'. CCL2 up regulation has been
demonstrated in AD”.

CXCLS8, a microglia-derived chemokine produced
in response to pro-inflammatory signals such as BA,
could be important for recruiting activated microglia
into areas of the brain damaged during the AD patho-
logical process™.

CXCL10 immunoreactivity was markedly increased
in reactive astrocytes in AD brain. Astrocytes positive
for CXCL10 were found to be associated with neuritic
plaques and showed an apparently coordinated up-reg-
ulation of CCL4*".

The definitive diagnosis of AD can be done only after
the pathological examination of the brain; so, clinical di-
agnosis currently prevails. Auxiliary methods of diag-
nosis are valuable and can contribute to early diagnosis
and improve the quality of life of these patients. Some
studies have considered the presence of chemokines as
a sign of early stages of AD* Then, the identification of
these mediators in CSF may contribute to early diagnosis
and monitoring disease progression.

In the present study, we prospectively assessed the
levels of BA, tau, phospho-tau (p-tau) and chemokines
(CCL2, CXCL8 E CXCL10) in the CSF of patients with
AD and healthy controls. Furthermore, the correlation
of these markers with clinical parameters was assessed.

METHOD

Subjects

The study population consisted of 22 patients fol-
lowed at the Cognitive Neurology Outpatient Clinic of
the Hospital das Clinicas, Universidade Federal de Minas
Gerais (HC-UFMGQ@), in Belo Horizonte, Brazil. All pa-
tients fulfilled the diagnostic criteria of probabe AD from
the National Institute of Neurological and Communica-
tive Disorders and Stroke (NINCDS) and Alzheimer’s
disease and Related Disorders Association (ADRDA)'.
Twenty-seven controls without any neurological signs
and symptoms of dementia submitted to elective surgery
and undergoing spinal anesthesia were also included.
This study was approved by the Institutional ethics com-
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mittee for human subjects and all subjects, or their rela-
tives when appropriate, provided informed written con-
sent before admission to the study.

All participants were evaluated and had no infectious
process, cancer, inflammatory or auto-immune diseases
and were not taking any anti-inflammatory or immuno-
suppressive drugs. Information regarding medications
use, Mini-Mental State Examination (MMSE) scores
and the Functional Assessment Staging (FAST) were ob-
tained for patients and controls.

CSF sample collection

The CSF was collected by lumbar puncture with sub-
jects in lateral recumbency. The amount of material har-
vested was about 5 ml. All the assays were done by En-
zyme-linked immunosorbent assay (ELISA).

Chemokine levels were measured by using the fol-
lowing kits: Human CCL2 DuoSet (DY279); Human
CXCL10 DuoSet (DY266) e Human CXCL8 Du-
oSet (DY208) from R&D Systems (Minneapolis, MN,
USA) according to the manufacturer’s protocol. The
levels of beta-amyloid, tau and phospho-tau were de-
termined in the CSF using the following kits: Innotest®
B-Amyloid(1-42); Innotest® phospho-tau (181P) e
Innotest®htauAg from Innogenetics (Gent, Belgium).

Statistical analysis

The data were analyzed using ANOVA followed by
Dunn’s test for comparison between groups. Differences
were considered significant for p<0.05. Statistical anal-
yses were performed using SPSS 16.0 software (SPSS
Inc., Chicago, IL, USA). A p value <0.05 was considered
statistically significant.

RESULTS

An overview of the characteristics of the study pop-
ulation is described in in Table 1. The average age of the
AD group was 74.7£10.2 years, while the mean age of
the control group was 64.4+11.1 years. The AD group
included 17 women and 5 men; control group was com-
posed by 13 women and 15 men. The average duration of
AD symptoms was 46.4 months and the median MMSE
score was 16 for patients and 23 for controls.

Fig 1 shows the levels of BA, tau and p-tau in the
CSF in AD patients and controls. The levels of tau were
higher in AD compared to controls (488.4+103 vs.
299.7+48.3), while the levels of BA were decreased in AD
group (304.8+46.6 vs. 335.2+44.1). Only the p-tau levels
were significantly increased in AD patients (108.5+19.6)
compared to controls (67.2+4.1). The ratio tau/p-tau was
significantly lower in AD group (3.3+0.5) than controls
(5.3+0.7) (Fig 1).

Fig 2 shows the levels of chemokines in the CSF of
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Fig 1. Levels of Beta-Amyloide (BA) [A], tau [B], phospho-tau
(p-tau) [C] and tau/p-tau ratio [D] in the CSF of patients with
Alzheimer's disease (AD) and controls subjects (C). **Statistically
different from controls, p<0.05.

Table 1. Main clinical findings of patients.

Clinical features Control (n=27) AD (n=22)
Gender

Male 15 (55.5%) 5(22.7%)

Female 12 (44.5%) 17 (77.3%)
Age 6441111 7471102
Evolution (months)* NA 4641208
Level of education (years) 45%36 46+34
MMSE

<20 3(21.4%) 14 (63.6%)

>20 11 (78.6%) 8 (36.4%)
FAST

<6 27 (100%) 14 (63.6%)

>6 0 8 (36.4%)
|Ache

Yes 0 15 (68.2)

No 27 (100%) 7 (31.8%)

Data are expressed as mean=SD. *Disease duration was defined as the
time in months between the first symptoms (by history) and the lumbar
puncture. MMSE: mini-mental state scores; FAST: functional assessment
staging; IAche: acetylcholinesterase inhibitors; NA: not applicable.

Table 2. Correlations between the levels of chemokines and beta-amyloid (BA),
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Fig 2. Levels of chemokines CCL2 [A], CXCL10 [B] and CXCL8 [C]
in the CSF of patients with Alzheimer disease (AD) and controls
subjects [C]. **Stastistically different from controls, p<0.05.

AD patients and controls. It may be noted a signifi-
cant increase in CCL2 (611.9472.32 vs. 423.1+46.30, re-
spectively for AD and control subjects). The values of
CXCL10 and CXCLS8 did not differ between groups.

Table 2 summarizes the correlations between the
levels of BA, tau and p-tau and chemokines in the CSF
of AD patients. There was a significant positive correla-
tion between levels of BA and all studied chemokines. In
addition there was also a significant positive correlation
between levels of p-tau and CCL2.

No positive correlation was observed between the levels
of BA, tau, p-tau, chemokines and clinical parameters.

Table 3 shows the correlations between MMSE and
clinical variables. The MMSE showed a positive correla-
tion with the progression of the disease, FAST and ed-
ucational level.

DISCUSSION

The two primary cardinal lesions associated with AD
are the neurofibrillary tangles and the neuritic plaques.
The neurofibrillary tangles consist of abnormal accumu-

Table 3. Correlation between MMSE and clinical

tau (T) and p-tau (phospho-tau) in CSF (cerebrospinal fluid). parameters.
Control (n=27) AD (n=22) MMSE versus Control (n=27) AD (n=22)
CCL2 CXCL1 CXCL10 CCL2  CXCL1 CXCL10 Age NS NS
BA <0.001*  0.015 NS 0.004 0.029 0.034 Evolution NA 0.001* (0.668)**
(0.644) (0.414) (0.592) (0.466) (0.453) IAche NS NS
T-tau NS NS NS NS NS NS
FAST NS 0.001 (0.678)
P-tau NS NS NS 0.028 NS NS
Level of 0.026 (0.590) 0.005 (0.571)
(0.469) )
education
T-tau/p-tau 0.016 NS NS NS NS NS - - -
(~0.438) *P Values. **Values in parenthesis represent the correlation

*P values. **Values in parenthesis represent the correlation coefficients. NS: not significant;

AD: Alzheimer’s disease.

coefficients. NS: Not significant; NA: Not applicable; MMSE:
mini-mental state scores; IAche: acetylcholinesterase inhibitors;
FAST: functional assessment staging.
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lations of p-tau within the cytoplasm of certain neurons.
The neuritic plaques consists of a central core of BA, sur-
rounded by abnormally configured neuronal processes
or neurites'’.

Previous studies emphasized the utilization of CSF
levels of tau, p-tau and BA or their ratios as biological
markers to differentiate AD from healthy controls and
also from other dementias®” Our results are consistent
with previous findings showing increased levels of tau,
p-tau and lower levels of BA in CSF of AD patients'®,

Immunoreactivity for some chemokines has been
demonstrated in resident cells of the CNS, and the up
regulation of some of them is associated with the path-
ological changes found in AD'. A growing body of ev-
idence is implying inflammatory mechanisms and im-
mune system alterations in the pathophisiology of
AD**"_ In this setting, CXCL10, CCL2, and CXCL8
levels were evaluated in CSF of patients with AD and
compared with age-matched controls. CSF levels of
CCL2 and CXCL8 were higher in patients with AD,
while CXCL10 levels were increased only in a subgroup
of patients which MMSE score was higher than 15

In the present study, we also correlated the levels of
chemokines with known markers of AD, such as BA, tau
and p-tau. We did not observe significant differences in
CXCL8 and CXCL10 levels between controls and pa-
tients. Similar data were obtained in previous studies'*"’.

We found that only the CSF levels of CCL2 were
significant increased in subjects with AD compared to
healthy controls. In accordance, previous studies showed
immunohistochemical expression of CCL2 in mature,
but not in immature, senile plaques and in reactive mi-
croglia of brain tissues from patients with AD*. This sug-
gests that CCL2-related inflammatory events induced by
reactive microglia contribute to the maturation of senile
plaques'’. CCL2 may also exert a role in the recruitment
of phagocytic cells within the brain during the course of
AD, although activation of these cells may depend on the
presence of other molecules, such as CXCL10*

We did find a positive correlation between levels of
BA and levels of inflammatory mediators in CSF. The
deposition of BA activates microglia to produce proin-
flammatory cytokines, which may also be responsible for
the accumulation of chemokines in CSF*. Teixeira et al.'’
previously demonstrated that after exposure to BA, pe-
ripheral blood mononuclear cells from young healthy in-
dividuals had a significant increase of cytokine produc-
tion. Furthermore, in vitro studies have demonstrated
the ability of BA to stimulate the production of CXCLS,
CCL2, CCL3, and CCL4 from human monocytes'.

Another interesting finding in our study is the pos-
itive correlation between the levels of CCL2 and p-tau
in CSE. Tau is abnormally hyperphosphorylated in AD
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brain®. The released hyperphosphorylated tau causes the
disassembly of microtubules and the self-assembly of the
hyperphosphorylated protein into neurofibrillary tan-
gles. The disruption of the microtubules probably leads
to neurodegeneration™. In a previous study, it was ob-
served that high CSF p-tau levels correlated with cog-
nitive decline and conversion from mild cognitive im-
pairment to AD*. These data together may reinforce the
involvement of CCL2 in disease progression and cogni-
tive decline in AD patients. However, we did not observe
positive correlation between the levels of BA, tau, p-tau
and chemokines with clinical parameters.

We also found a positive correlation between the
MMSE and FAST, which was expected because both
instruments assess clinical parameters (cognition and
function). The correlation of MMSE with the evolution
of pathology is the same as expected, since the patient
usually has a decline of their mental abilities over time"’.
The positive correlation between MMSE and level of ed-
ucation demonstrates a fact that has been studied with
great interest. It appears that individuals with higher
levels of education have less cognitive decline®*,

In summary the study of chemokine profile in AD
may lead to a better understanding of its pathological
mechanisms. The evaluation of inflammatory mediators
production in AD patients is also important in the search
for a biomarkers for AD. The identification of AD bio-
markers may allow an early, less invasive and more accu-
rate diagnosis and be useful for monitoring disease pro-
gression and therapeutic efficacy.
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