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Abstract
Recent studies indicate that chronic inflammation plays a pathogenic role in both the central nervous
system (CNS) and periphery in Alzheimer’s disease (AD). We have screened for cytokines
differentially produced by peripheral blood mononuclear cells (PBMCs) isolated from subjects with
mild cognitive impairment (MCI) and mild AD subjects who had progressed from MCI using a
commercially available cytokine array. Following determination of expressed cytokines, we
quantified levels of the proinflammatory cytokines TNF-α, IL-6, and IL-8, and the antiinflammatory
cytokine IL-10 using flow cytometry. We have found a significant increase in the levels of IL-6,
IL-8, and IL-10 produced by PBMCs stimulated for 24 hours with phytohemagglutinin (PHA) in
MCI subjects compared to healthy elderly controls. However, in PBMCs stimulated for 48 h with
lipopolysaccharide (LPS), lower TNF-α/IL-10, IL-6/IL-10, and IL-8/IL-10 ratios were seen in MCI
subjects. There were no differences in plasma levels of IL-8 between aged controls, MCI, and mild
AD, and the levels of circulating IL-6 and IL-10 were below detection limits. Our data indicate that
changes in cytokine production by PBMCs may be detected early in MCI, and an alteration of the
immune response may precede clinical AD.
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1. Introduction
A chronic inflammatory process has been implicated in the neuropathology of Alzheimer’s
disease (AD), the most common form of dementia in the elderly. Both neural and systemic
alterations in the immune response have been reported (McGeer and McGeer, 1998;
Neuroinflammation Working Group, 2000; Richartz et al., 2005). Interleukin-1 (IL-1) is
associated with amyloid-β (Aβ) in senile plaques, hallmarks of AD neuropathology, (Griffin
et al., 1989, 1995) and also increases the synthesis and translation of the mRNA for amyloid
precursor protein (APP), the processing of which produces Aβ (Goldgaber et al., 1989; Rogers
et al., 1999). Blood cells express APP mRNA and protein (Allen et al., 1991; Schlossmacher
et al., 1992), and APP mRNA is increased in peripheral blood mononuclear cells (PBMCs)
from AD patients compared with cells from healthy elderly controls (Jiang et al., 2003). This
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could potentially be a source for abnormal amyloid deposited in the brain (Allen et al., 1991;
Reale et al., 2005). On the other hand, exposure of Aβ to cultured human monocytes was shown
to stimulate the production and release of IL-1β and interleukin-1 receptor antagonist (IL-1Ra)
(Meda, 1999). Compared to controls, lymphocytes from AD patients are less responsive to
stimulation with amyloid peptides which could suggest T cell anergy (Trieb et al., 1996).
However, it is unclear whether circulating amyloid is deposited in the brain and causes
neuroinflammation or immune activation to abnormal amyloid peptide in the brain then triggers
the peripheral immune response (Reale et al., 2005). Inflammatory signaling pathways exist
from the brain to the periphery, but the mechanism of induction is unknown (De Simoni et al.,
1990, 1995; Gottschall et al., 1992; Song et al., 1999).

IL-1, IL-6, and IL-10 polymorphisms have been associated with altered cytokine levels and
risk for AD (Arosio et al, 2004; Nicoll et al., 2000; Papassotiropoulos et al., 1999). A recent
report demonstrated decreased production of the proinflammatory cytokines IL-6, IL-12,
interferon-γ (IFN-γ), and tumor necrosis factor-α (TNF-α) in whole blood cell cultures of AD
patients compared to age-matched controls, suggesting an attenuated immune response
(Richartz et al., 2005). Moreover, decreased production of the anti-inflammatory cytokine
IL-10 in PBMCs stimulated with Aβ peptides was seen in AD (Arosio et al., 2004). However,
other studies have shown elevated levels of TNF-α, IL-1β, IL-6, and IL-10 (Lombardi et al.,
1999) and higher proto anti-inflammatory cytokine ratios, both IL-1β/IL-10 and IL-6/IL-10,
released from LPS stimulated whole blood cultures from AD patients compared to controls,
suggesting a proinflammatory phenotype in AD (Remarque et al., 2001). These seemingly
contradictory reports may be partly explained by changes in inflammatory phenotype that are
specific to certain disease stages as demonstrated by a study that found decreased production
of IL-1β and IL-6 by stimulated blood cells in severe AD but not mild to moderate AD patients
(Sala et al., 2003).

Increasing evidence suggests that peripheral modification of inflammatory factors may occur
early during the development of AD (Galimberti et al., 2005; Huberman et al., 1994; Tarkowski
et al., 2003). This may explain the results of several epidemiological studies that suggest that
non-steroidal anti-inflammatory drugs (NSAIDs) protect against AD but do not have
therapeutic effects (in t’ Veld et al., 2001; McGeer et al., 1996; Pasinetti and Pompl, 2002).
Many therapeutic studies target those with advanced stages of AD at which point inflammatory
processes may have already done the damage. Mild cognitive impairment (MCI) describes a
pre-clinical stage of AD, applied to a transitional period between normal aging and early AD
(Petersen, 2004). An altered immune profile has also been found in MCI patients. Serum
monocyte chemotactic protein-1 (MCP-1), a beta chemokine, was shown to be upregulated in
MCI and mild AD but not in severe AD patients as compared with controls (Galimberti et al.,
2005). Furthermore, both MCI and AD patients who had progressed from MCI had higher
TNF-α (proinflammatory cytokine) to TGF-β (anti-inflammatory cytokine) ratios in CSF when
compared to healthy controls, indicating a higher proinflammatory state in patients at risk for
AD (Tarkowski et al., 2003). Alterations in the immune response in MCI would suggest that
inflammatory events may precede the clinical development of AD.

Characterizing similar immune alterations in subjects with MCI, which represents a preclinical
stage of AD, will help clarify whether cytokine dysregulation is a cause or consequence of AD
as well as identifying potential biomarkers for MCI in easily accessible peripheral blood cells.
Our hypothesis is that alterations in peripheral immune function, specifically cytokine
production, are early events in the development of AD. The purpose of this study was to detect
cytokines that may be involved early in the pathogenesis of AD by first screening for cytokines
produced by PBMCs isolated from healthy aged controls, subjects with MCI, and subjects who
had progressed to mild AD from MCI, using a commercially available array of 20 cytokines
involved in inflammation. Following determination of expressed cytokines, we quantified
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levels of the proinflammatory cytokines TNF-α, IL-6, and IL-8 and the anti-inflammatory
cytokine IL-10 produced by unstimulated and stimulated (with PHA or LPS) PBMCs from
controls, MCI, and mild AD subjects using flow cytometry. In general, PHA stimulates
lymphocyte proliferation, while LPS stimulates monocytes to release IL-1 and TNF-α (Hsu
and Wen, 2002; Tyrsted and Munch-Petersen, 1977; Zhu et al., 2000). Reports that demonstrate
a difference in PBMC cytokine production between AD patients and controls have used
different stimulants including PHA and LPS and various time points, including 24 and 48 hour
incubations (Richartz et al., 2005; Remarque et al., 2001; Huberman et al., 1994). Because we
designed this study as a comprehensive assessment of alterations in MCI subjects that have
been previously reported in AD patients, both stimulants and time points were used. Examining
PBMC response to different stimuli will allow us to determine the relative effect of both cell
types in an environment that allows for their interaction and more closely reflects the in vivo
state. To our knowledge, this is the first study to examine the PBMC cytokine profile from
MCI subjects.

2. Materials and methods
2.1. Subjects

Blood samples were obtained from 31 subjects with MCI (mean age 75.06 ± 1.34, male/female
15/16), seven mild AD subjects who had their blood drawn after they had progressed to mild
AD from MCI (79.14 ± 0.99, 3/4), and 21 healthy aged controls (73.10 ± 1.57, 8/13). There
was no significant difference in age between MCI subjects and controls. However, the mild
AD group was statistically older than the control group (p < 0.05). All subjects included in the
study have undergone extensive physical and psychometric evaluations including blood tests,
MRI, mini-mental state examination (MMSE), Logical Memory I and II tests, and clinical
dementia rating (CDR). MCI was diagnosed following the guidelines by Peterson (2004).
Classification of MCI is based on either abnormal memory determined by the Logical Memory
II subscale or a CDR memory score of 0.5-1.0 which is based both on performance and
informant data. All MCI cases were subtyped as amnestic multiple domain MCI.

Subjects with dementia, neurological disease, history of major head trauma, DSM-IV major
depression within the past year, any unstable medical condition, history of schizophrenia, and
history of alcohol or substance abuse were excluded. Subjects taking neuroleptics, chronic
anxiolytics, or sedative hypnotics were also excluded from the study.

Protocols for collecting blood samples were approved by the Institutional Review Board of
Loma Linda University School of Medicine and informed consent was obtained from all
subjects.

2.2. Cell isolation and culture conditions
Blood was drawn from each subject into 10 ml heparin Vacutainer tubes from BD Biosciences
(San Diego, CA). PBMCs were isolated by Ficoll-Hypaque density gradient centrifugation and
resuspended in RPMI 1640 medium supplemented with 10% fetal bovine serum, nonessential
amino acids, 1 mM sodium pyruvate, 50 U/ml penicillin and 50 mg/ml streptomycin in 12 well
plates at 106 cells/ml. Cells were cultured for 24 or 48 hours at 37 °C in 5% CO2 in complete
culture medium alone or stimulated with 2 μg/ml phytohemagglutinin (PHA) or 10 μg/ml
lipopolysaccharide (LPS), concentrations and time points commonly used to optimally induce
cytokine production (Arosio et al., 2004; Huberman et al., 1994; Lombardi et al., 1999). After
incubation, samples were centrifuged and supernatants collected and stored at -70 °C until
assayed.
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2.3 Cytokine array
Human cytokine array membranes coated with 20 specific cytokine antibodies (Fig. 1A;
ChemiArray™ Human Inflammation Antibody Array I, Chemicon, Temecula, CA) were
probed with cell culture supernatants from PBMCs stimulated for 48 hours with LPS from
controls, MCI, and mild AD according to the manufacturer’s instructions. This array uses a
solid-phase sandwich technique to screen for multiple cytokines at once and is based on capture
and detection antibodies directed against different cytokines in a combination ELISA/
Immunoblotting method. Samples are incubated on a membrane coated with immobilized
antibodies against different cytokines to which a cocktail of biotinylated cytokine antibodies
are added to form the antibody “sandwich”. Then, HRP-conjugated streptavidin is added and
membranes visualized with chemiluminescence, each duplicate spot on the membrane
corresponding to a different cytokine. Briefly, membranes were blocked by incubating with
the blocking buffer for 30 min and then incubated with sample for 1.5 h, both at room
temperature. Membranes were washed with Wash Buffer I (3x, 5min each) then with Wash
Buffer II (2x, 5min each) and incubated with biotin-conjugated antibodies overnight at 4°C.
Finally, membranes were washed, incubated with HRP-conjugated streptavidin for 2 h at room
temperature, and incubated with detection buffer for 2 min. Membranes were exposed to X-
ray film (Biomax XAR film, Kodak, New Haven, CT) and developed. Average signal density
for each cytokine was determined by densitometric analysis using ChemiImager 440 (Alpha
Innotech, San Leandro, CA), and signals were normalized to the positive controls on the same
membrane.

2.4. Cytokine measurement in cell culture supernatant by flow cytometry
Levels of IL-12p70, TNF-α, IL-10, IL-6, IL-1β, and IL-8 in cell culture supernatants were
determined using the Cytometric Bead Array Assay (Becton Dickinson Biosciences, San
Diego, CA), according to the manufacturer’s instructions by flow cytometry (FACSort flow
cytometer and CellQuest software, Becton Dickinson, Sunnyvale, CA). The instrument was
calibrated with CaliBrite beads before each analysis (BD Biosciences, San Diego, CA). Since
IL-1β/IL-10 and IL-6/IL-10 ratios have previously been used as indicators of the inflammatory
phenotype (Remarque et al., 2001), ratios of each of the proinflammatory cytokines TNF-α,
IL-6, IL-1β, and IL-8 to the anti-inflammatory cytokine IL-10 were also calculated to assess
propensity to inflammation.

2.5. Cytokine measurement in plasma by ELISA
Plasma samples were collected and analyzed for IL-6, IL-8, and IL-10 using commercially
available ELISA kits (Endogen, Woburn, MA) according to the manufacturer’s instructions.
The assay sensitivity was <1 pg/ml for IL-6, <2 pg/ml for IL-8, and <3 pg/ml for IL-10.

2.6. Statistical analysis
Data are presented as means ± S.E.M. Statistical analysis was performed using the SPSS 12.0.1
software. Since cytokines are known to have a non-Gaussian distribution (De Luigi et al.,
2002; Lombardi et al., 1999), differences among cytokine production were evaluated using the
non-parametric Mann-Whitney U test. A P value of <0.05 was chosen to indicate significance.

3. Results
3.1. Cytokine array

Cell culture supernatants from PBMCs, stimulated for 48 hours with LPS, from elderly controls
(n = 6), MCI (n = 4), and mild AD subjects (n = 3) were screened for cytokines involved in
inflammation. Out of the 20 cytokines assayed for, one or more subjects expressed IL-1β, IL-2,
IL-6, IL-8, and IL-10 (Fig. 1B). However, only one mild AD case out of three, two control
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subjects out of six, and no MCI subjects expressed IL-2. Therefore, IL-2 was excluded from
further study. Only one out of six control cases showed detectable levels of IL-10 expression,
but all four MCI patients and two out of three mild AD cases expressed IL-10. IL-6 production
by LPS stimulated PBMCs from MCI subjects was significantly higher compared to elderly
controls (p < 0.03) (Fig. 2). No significant differences were seen in the other cytokines, only
a trend indicating lower IL-1β and IL-6 levels in mild AD versus MCI.

3.2. IL-12p70, TNF-α, IL-10, IL-6, IL-1β, and IL-8 production by PBMCs
The levels of IL-6, IL-8, and IL-10 produced by PBMCs stimulated for 24 h with PHA were
significantly higher in MCI patients compared to elderly controls (p < 0.03 for all three
cytokines) (Table 1). This difference disappears after cells are cultured for 48 h. In contrast,
there were no significant differences between groups in absolute cytokine concentrations when
PBMCs were stimulated with LPS. However, pro- to anti-inflammatory cytokine ratios, TNF-
α/IL-10, IL-6/IL-10, and IL-8/IL-10, after stimulation with LPS for 48 h were significantly
lower in MCI compared to controls (p < 0.03, p < 0.01, and p < 0.05, respectively) (Table 2).
No differences in cytokine ratios were seen in PHA stimulated PBMCs between groups as
expected since both the proinflammatory cytokines IL-6 and IL-8 and anti-inflammatory
cytokine IL-10 were increased in MCI compared to controls. Cytokine levels were below the
limit of detection in unstimulated PBMCs cultured for 24 or 48 h except for IL-8, and IL-8
levels did not differ between elderly controls, MCI, and mild AD subjects (data not shown).

3.3. IL-6, IL-8, and IL-10 levels in plasma measured by ELISA
There were no significant differences in the levels of IL-8 between elderly controls (n = 13,
average ± SEM = 10.2 ± 4.5 pg/ml), MCI subjects (n = 15, average ± SEM = 6.2 ± 2.5 pg/ml),
and mild AD subjects (n = 7, average ± SEM = 9.9 ± 4.1 pg/ml). No detectable levels of IL-6
and IL-10 were found in plasma in any of the three groups.

4. Discussion
In our investigation of cytokine production by cultured PBMCs from healthy elderly controls,
MCI and mild AD subjects, we found that levels of IL-6, IL-8, and IL-10 were significantly
higher in MCI subjects compared to controls when cells were stimulated with PHA for 24 h
but not 48 h. Since chronic inflammation is implicated in AD, PBMC response to stimulants
was examined at two time points, 24 and 48 h. The inability to detect differences at 48 h after
PHA stimulation may be due to cytokine release reaching a plateau in both groups and could
suggest that cells from MCI subjects are more easily stimulated to produce cytokines but that
production in controls reach similar levels to MCI over time. The concomitant increase in the
anti-inflammatory cytokine IL-10 may be in response to increased proinflammatory cytokines
IL-6 and IL-8 as IL-10 inhibits most cytokines involved in inflammation, including IL-1, IL-6,
TNF-α, and IL-8 (Grutz, 2005; Moore et al., 2001). No differences in absolute cytokine
concentrations were seen when cells were stimulated with LPS at either time point. However,
stimulation with LPS for 48 h resulted in TNF-α/IL-10, IL-6/IL-10, and IL-8/IL-10 ratios
significantly lower in MCI compared to controls which may indicate a faster attenuation in the
production of inflammatory cytokines with respect to IL-10. This is in contrast to cells
stimulated with PHA. PHA stimulates the proliferation of lymphocytes, increasing DNA
polymerase activity after incubation for 15 h (Tyrsted and Munch-Petersen, 1977), while LPS
stimulates monocytes to release IL-1 and TNF-α (Hsu and Wen, 2002; Zhu et al., 2000). Even
though the effect of interactions between cell types cannot be excluded since both lymphocytes
and monocytes were cultured together, the differential effect of PHA and LPS suggests
alterations in cytokine production in MCI specific to immune cell type.
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It has been shown that PHA stimulated PBMCs of moderately severe AD patients secrete
significantly higher levels of IL-2 compared to mild AD and age-matched controls while levels
of IL-1β do not differ between the groups (Huberman et al., 1994). Also, Lindberg et al.
(2005) have found no differences in CSF or serum levels of the soluble form of IL-1 receptor
type II (sIL-1RII) in both the early and late stages of AD when compared to controls and have
suggested that the IL-1 system appears intact in both the early and late stages of AD. Similarly,
we did not find any significant difference in IL-1β production between elderly controls, MCI
and mild AD subjects. TNF-α and IL-6 release from blood cells stimulated with LPS was shown
to be downregulated in AD (De Luigi et al., 2002). This is in agreement with our findings that
TNF-α/IL-10 and IL-6/IL-10 ratios were lower in MCI compared to controls, showing that
depressed production of these proinflammatory cytokines with respect to IL-10 in LPS but not
PHA stimulated PBMCs can be detected early in the preclinical stage of AD. The lack of
differences we found between controls and mild AD patients must be interpreted with caution
since the sample size was small. However, our findings of inflammatory markers changing in
MCI and returning near normal levels in mild AD are in agreement with reports that show
increased chemokine interferon-γ-inducible protein 10 in CSF from MCI but not AD
(Galimberti et al. 2006), decreased production of cytokines in whole blood cultures from AD
(Richartz et al., 2005), and decreased IL-1β, IL-6, and TNF-α release from LPS stimulated
peripheral blood from severe AD patients but no difference between mild and moderate AD
patients and controls (Sala et al., 2003). This also correlates with the findings of Griffin et al.
(1995) in which IL-1α+ microglia associated with plaques were found to increase in earlier
plaque stages but then decrease in later plaque stages of AD, suggesting that microglia and
inflammation play early roles in plaque evolution. However, inflammatory processes in the
brain may not have a simple direct relationship with that in the periphery and evidence points
to a more complex relationship between brain and peripheral inflammation.

In sum, the results indicate that alterations in cytokine production by PBMCs can be detected
in MCI and could precede the development of clinical AD. However, this may not be entirely
explained by a shift toward the proinflammatory phenotype as the anti-inflammatory cytokine
IL-10 was increased along with IL-6 and IL-8 when cells were stimulated with PHA.
Interestingly, the trend in PHA stimulated cytokine production seems to peak in MCI subjects
and return to control or below control levels once they progress to early AD. This is in
agreement with findings that intrathecal inflammation is seen before the development of AD
(Tarkowski et al., 2003). Paganelli et al. (2002) have found that the level of serum TNF-α is
significantly lower in mild-moderate AD compared to severe AD and vascular dementia
suggesting a difference in the cytokine profile at different stages of AD as well as between
other types of dementia. Our data support the hypothesis that inflammation is an early event
rather than a late consequence of the disease (Galimberti et al., 2005; Tarkowski et al., 2003).

IL-6 is released in response to TNF-α and IL-1 but persists longer than these cytokines in
plasma and so is a useful indicator of proinflammatory cytokine activation (Song and Kellum,
2005). At the same time, the involvement of IL-6 in several diseases with an inflammatory
component, and the heterogeneity of MCI subjects resulting in a high SEM of IL-6 production
seen in our study would preclude the use of IL-6 by itself as a biomarker for MCI. Most likely
a panel of markers, including IL-6, IL-10, IL-8, and other potential markers of MCI such as
serum MCP-1 (Galimberti et al., 2005) will be needed to selectively diagnostic MCI.
Production of IL-6, IL-1, TNF-α, and IL-8 but not IL-10 in microglia is stimulated by Aβ
(Franciosi et al., 2005; Nagai et al., 2001). In peripheral blood monocytes, Aβ stimulates the
release of IL-1β, interleukin-1 receptor antagonist (IL-1Ra) but not of IL-6, IL-10, and TGF-
β (Meda, 1999). Also, B cells from AD patients have been demonstrated to produce Aβ reactive
autoantibodies (Gaskin et al., 1993). Song et al. (2001) have shown that intracerebroventricular
injection of Aβ into mice cause increased levels of IL-6 in both brain and plasma which
implicates that deposition of Aβ in the CNS may be linked to altered peripheral immune
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responses. Furthermore, transgenic mice chronically expressing human APP have decreased
lymphocyte proliferation and production of cytokines in response to Aβ (Monsonego et al.,
2001). Together with the finding that lymphocytes from AD patients are less responsive to
stimulation with amyloid peptides compared to controls (Trieb et al., 1996), this could suggest
that chronic Aβ exposure leading to cellular immune hyporesponsiveness to Aβ may exacerbate
its accumulation in AD (Sala et al., 2003). To our knowledge, there have been no studies that
have examined modulation of cytokine release from PBMCs by Aβ in MCI subjects. We will
focus our future work on the effects of Aβ on PBMC cytokine production in MCI.

In conclusion, our results show an increased production of the proinflammatory cytokines, IL-6
and IL-8, and the anti-inflammatory cytokine IL-10 in MCI patients compared to elderly
controls. This indicates an alteration in the cytokine profile in the preclinical stages of AD
which may help to elucidate the role of inflammation and also aid in the design of therapeutics
for this devastating disease.
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Fig 1.
(A) Alignment of 20 cytokines on the human cytokine array membrane. Abbreviations : GCSF:
granulocyte colony stimulating factor; GM-CSF: granulocyte macrophage-colony stimulating
factor; IFN: interferon; IL: interleukin; TIMP: tissue inhibitors of metalloproteinase.
(B)Representative examples of cytokine array membranes probed with the cell culture
supernatants of 48 h LPS stimulated PBMCs from mild AD, MCI, and control. Each dot
represents immunoreactive staining for the respective cytokines.
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Figure 2.
Densitometric quantification of cytokine levels from the cytokine arrays in elderly controls
(n=6), MCI (n=4), and mild AD subjects (n=3). To compare results between different
membranes, the signals (average density) for each cytokine were normalized to the positive
controls on each membrane. Two out of three mild AD cases had detectable levels of IL-10
expression, but only one out of seven control cases showed IL-10 expression. All MCI subjects
showed detectable of IL-1β, IL-6, IL-8, and IL-10. Dashed lines indicate the detection limit
(0.53), *p < 0.03, significantly different from controls.
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