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Abstract
It is likely that neuroinflammation begins well before detectable cognitive impairment in
Alzheimer’s disease (AD) occurs. Clarifying the alterations occurring prior to the clinical
manifestation of overt AD dementia may provide valuable insight into the early diagnosis and
management of AD. Herein, to address the issue that neuroinflammation precedes development of
AD pathology, we analyzed cytokine expression profiles of the brain, with focus on non-demented
control patients with increasing AD pathology, referred to as high pathology control (HPC) cases,
who provide an intermediate subset between AD and normal control cases referred to as low
pathology control (LPC) cases. With a semi-quantitative analysis of cytokine mRNA, among 15
cytokines and their related molecules tested, we found the involvement of eight:
interleukin-1(IL-1) receptor antagonist (IL-1ra), IL-1 converting enzyme (ICE), IL-2, IL-6, IL-8,
tumor necrosis factor (TNF) α, macrophage-colony stimulating factor (M-CSF) and transforming
growth factor (TGF) β1 during the development from LPC to HPC, while decreases in IL-1ra,
IL-8, MCP-1 and TNFα, and an increase in TACE were implicated in the later development from
HPC to AD. These findings indicate that neuroinflammation precedes the clinical manifestation of
overt dementia, rather than being involved at the later stages of AD.
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Introduction
Determination of the biological and molecular alterations occurring prior to the clinical
manifestation of overt AD dementia may provide valuable insight into the early diagnosis
and management of AD1). Recent gene ontology analyses have reveled that the significant
group of differentially expressed genes between control and AD brains partly relate to genes
involved in inflammation and immunological signaling, suggesting the involvement of
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immune cells and various inflammatory mediators in AD pathological process1, 2). So our
major focus was placed on clarifying the role of inflammation in AD pathogenesis,
particularly prior to the manifestation of overt dementia. In fact, there have been increasing
reports demonstrating peripheral and neural alterations in inflammatory factors in subjects
with mild cognitive impairment (MCI)3–6). MCI describes a preclinical stage of AD,
applied to a transitional period between normal aging and early AD3, 7). The alterations in
the immune response in MCI suggest that inflammatory events may precede the clinical
development of AD3, 4)and that a higher proinflammatorystate in patients is at risk for the
manifestation of overt AD dementia8).

We previously reported cytokine expression profiles in the autopsied brains of AD
patients9) compared to brains from normal healthy elderly (referred to as LPC) and non-
demented patients with increasing AD pathology (referred to as HPC)10). MCI is defined
entirely according to clinical criteria7). But the pathological backgrounds of patients having
MCI actually vary and are not restricted to AD changes11), although the term MCI was first
applied by Petersen7) to a transitional period between normal aging and early AD7). HPC,
on the other hand, is defined clinico-pathologically. Lue et al. 12, 13) isolated HPC cases
that were non-demented (CDR<0.5) but exhibited sufficient amyloid β (Aβ) deposits and
neurofibrillary tangles (NFT) to otherwise qualify for the diagnosis of AD. HPC cases
provide an intermediate subset between AD and LPC cases. To elucidate the role of
inflammation and also aid in the design of therapeutics for early AD, collection of data from
HPC cases is particularly important.

However, for our previous study9) we used autopsied brain samples fixed with
paraformaldehyde. Generally, with fixed tissues, it should be difficult to obtain polymerase
chain reaction (PCR) products longer than approximately 400 base pairs (bp)14, 15). In
obtaining enough PCR products to be detected on electrophoretic gels, we found that the
success rates between PCR procedures using fixed and frozen tissues were very different9).
Data from fixed brain samples were not satisfactory. Therefore, in the present study, we
used brain samples that were frozen immediately at autopsy with a short postmortem
intervals (PMI) (<4 hr) that clearly allows optimal use of the resource16).

Next, although in our previous study9) we used glyceraldehyde-3-phosphate dehydrogenase
(G3PDH) as a reference, we added β-actin as another reference to normalize expression
levels of the mRNA of interest. To evaluate the expression levels more accurately for each
cytokine among cases, normalization by multiple housekeeping genes instead of a single
gene should be required17).

Using these methods improved, in this study we performed a semi-quantitative analysis of
cytokine mRNA expression profiles in the autopsied brains from LPC, HPC and AD cases.
Our investigations of what inflammatory mechanisms or mediators are earlier or more
significantly involved in the developmental process of AD pathology prior to the
manifestation of overt dementia are expected to provide more accurate and useful
information for the establishment of therapeutic strategies for early AD pathological
progression.

Materials and methods
Patient samples

From among the 100 routine brain autopsies per year of patients who had prospectively
enrolled in the Sun Health Research Institute Tissue Donation Program and given
premortem consent, five to nine typical cases each were selected from AD, HPC and LPC
patients, based on prior medical records with antemortem neuropsychological test scores,
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including data of the Folstein Mini Mental Status Examination (MMSE) and the Clinical
Dementia Rating Scale (CDR), and on postmortem neuropathological records with the
Consortium to establish a registry for AD (CERAD) pathological criteria18) and the Braak
staging19). In addition, our study was approved by the ethical committees of both Shiga
University of Medical Science and the National Hospital Organization Tottori Medical
Center.

Tissue preparation
Briefly, brain tissue was removed within four hours of death, sectioned coronally at 1 cm
intervals, immediately frozen with dry ice, and stored at −80°C until use.

Extraction of total RNA
The frozen tissue slices from the superior temporal cortex were mildly thawed.
Approximately 100 mg of the tissue block was cut from the softened tissue slice per case.
The block was immediately transferred to a 15 ml centrifuge tube, and dissolved in 1ml of
Trizol reagent (Gibco, Invitrogen). Then, total RNA was extracted with Trizol reagent,
according to the manufacturer’s instructions. The quality of obtained total RNA was
checked by spectrophotometric measurements at 240, 260, 280 and 300 nm, and the amount
of the total RNA was quantified with the peak value at 260 nm.

Reverse Transcriptase (RT)-polymerase chain reaction (PCR)
We reverse-transcribed 2.5 μg of total RNA with Superscript II reverse transcriptase (Gibco,
Invitrogen), and the reverse-transcribed first-stranded cDNA was amplified with AmpliTag
Gold (Applied Biosystems), as described in our previous report9). The same sense and
antisense primers, and the same profile of the thermal cycle were selected for amplifying
each cytokine mRNA as done in our previous study9), to compare them with the data
reported.

As an additional reference, a PCR for β-actin was conducted. The sequences of the sense
and antisense primers were 5′-TGGTGGGCATGGGTCAGAAGG ATTC-3′ and 5′-
CATGGCTGGGGTGTTGAAGGTC TCA-3′, respectively. The profile of the thermal cycle
used was denaturation at 95°C for 30 sec, annealing at 56 °C for 30 sec, and extension at 72
°C for 60 sec, following the first hot start at 95 °C for 10 min. On the last amplification
cycle, the mixture was incubated for an additional 8 min at 72 °C. The number of cycles was
30.

PCR amplification of the samples from each case was repeated three times for each cytokine
and data were expressed as the ratio of the specific mRNA of interest normalized to the
mRNA expressed from the housekeeping genes G3PDH and β-actin. Data were statistically
compared between two pairs: LPC and HPC, HPC and AD, and LPC and AD, pulled from
the LPC, HPC, and AD groups with the Mann-Whitney test, because we focused on the
cytokine expression profiles of the HPC cases.

Determination of the reliability of G3PDH and β-actin as references
We used two housekeeping genes, G3PDH and β-actin, as references to normalize cytokine
mRNA expression levels obtained with our present semi-quantitative RT-PCR analysis. To
test the reliability of these two genes as references, we conducted a real-time PCR
(LightCycler 480 Real-Time PCR System, Roche) of ten housekeeping genes, including
G3PDH (GAPDH), β-actin (ACTB), porphobilinogen deaminase (PBGD), hypoxanthine
phosphoribosyl-transferase 1 (HPRT), phosphoglycerate kinase 1 (PGK1), glucose-6-
phosphate dehyderogenase (G6PD), peptidyl-prolyl isomerase A (PPIA), TATA box binding
protein (TBP), β2-microglobulin (B2M) and β-glucuronidase (GUSB) (Universal Probe
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Library Reference Gene Assays, Roche), with the same set of the brain samples used for our
present semi-quantitative RT-PCR. Then, we identified the most stably expressed genes in a
given set of the samples, according to the averaged expression stability values calculated
with a geNorm analysis17).

Results
Patient demographics

The demographics of the patients studied are summarized in Table 1. Histochemistry

For histological diagnosis of our cases, Campbell-Switzer silver staining to reveal senile
plaques and NFT was performed (data not shown).

Qualification and Quantification of total RNA extracted
The total RNA samples obtained were qualified by a peak value around 260 nm among
absorbance values from 240 to 300 nm.

The reliability of G3PDH and β-actin as references
Among the ten housekeeping genes tested, our real-time PCR followed by the geNorm
analysis17) showed that G3PDH, β-actin and GUSB produced the lowest values of the
averaged expression stability, indicating the suitability and reliability of G3PDH and β-actin
as references. As a result, for our following semi-quantitative RT-PCR analysis of cytokine
mRNA, we used these two genes as references.

G3PDH and β-actin mRNA expression
With our electrophoretic analysis of the RT-PCR products, a single band corresponding each
to the expected size (294 bp) of G3PDH mRNA and that (290 bp) of β-actin was constantly
observed in all cases, although the intensity of the band varied somewhat among cases (Fig.
1).

Cytokine mRNA expression
Expression levels of the specific mRNA of interest were determined by three independent
PCR amplifications, each of which was conducted using a total of 18, 19 or 20 samples
consisting of 6 LPC, 5 HPC, and 7, 8 or 9 AD cases. Fig. 1 shows the representative gels of
our electrophoretic analysis of the PCR products. In Table 2, data on the mRNA expression
levels of each cytokine in each case are expressed as the ratios to the G3PDH and β-actin
mRNA levels. Each of the data in Table 2 is an averaged value obtained from the results of
three independent experiments, each of which consisted of a series of 6 LPC, 5 HPC, and 7,
8 or 9 AD cases. Thus, the value of the ratio in each case in each cytokine is shown in Table
2. The ratio of an undetectable band was calculated as zero (Table 2). Table 3 shows the
averaged values in each of three groups which consist of 6 LPC, 5 HPC and 7, 8 or 9 AD
cases, and the results of statistical analysis with the Mann-Whitney test. As Table 2 shows,
the values of the ratios in case #19 (HPC) widely shifted from those in the other four HPC
cases. Therefore, we decided that case #19 was not suitable as a representative of HPC, and
the data of case #19 were removed from our statistical analysis. In the AD cases, the amount
of the sample volume in cases #13 and 15 was not enough for completing the PCR of all the
mRNA of interest studied here. Therefore, RT-PCR analyses could not be conducted on the
intracellular form of IL-1ra that is referred to as IL-1ra (int), and GM-CSF for cases #13 and
15; or on β-actin for case #15. Fig. 2 and 3 represent scatter grams of the ratios shown in
Table 2, with exclusion of all the data of case #19; the data on IL-1ra (int) and GM-CSF of
case #13, normalized to G3PDH and β-actin; the data on IL-1ra (int) and GM-CSF of case
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#15, normalized to G3PDH; and the data of case #15 on all the cytokines tested here,
normalized to β-actin.

In the ratios of the expression levels of the mRNA of interest to the G3PDH mRNA levels
(Table 3, 4; Fig. 2), we found statistical differences, including a tendency (p<0.2), in the
secretory form of IL-1ra that is referred to as IL-1ra (sec), ICE, IL-2, IL-6, IL-8, TNFα, M-
CSF and TGFβ1 mRNA expression levels between the LPC and HPC groups, in IL-1 ra
(sec), IL-8, MCP-1, TNFα, TACE and M-CSF mRNA expression levels between the HPC
and AD groups, and in IL-1ra (sec), ICE, IL-2, IL-3, TNFα, TACE, M-CSF and TGFβ1
mRNA expression levels between the LPC and AD groups. In the ratios of the expression
levels of the mRNA of interest to the β-actin mRNA levels (Table 3, Fig. 3), we observed
statistical differences, including a tendency (p<0.2), in IL-1ra (sec), ICE, IL-2, IL-3, IL-6,
IL-8, TNFα, M-CSF and TGFβ1 mRNA expression levels between the LPC and HPC
groups, in IL-1β, IL-1ra (sec), IL-2, IL-6, IL-8, IL-10, MCP-1, TNFα and TACE mRNA
expression levels between the HPC and AD groups, and in IL-1ra (sec), IL-2, IL-3, IL-10,
MCP-1, TNFα TACE, M-CSF and TGFβ1 mRNA expression levels between the LPC and
AD groups.

In summary, cytokine mRNAs showing the similar direction of changes (increases or
decreases), including a tendency (p<0.2), between the data using G3PDH and β-actin as
references were as follows (Table 3): IL-1ra (sec), ICE, IL-2, IL-6, IL-8, TNFα, M-CSF and
TGFβ1 increased in HPC, compared to LPC; IL-1ra (sec), ICE, IL-2, IL-3, TNFα, TACE,
M-CSF and TGFβ1 increased finally in AD in comparison to LPC; IL-1ra (sec), IL-8,
MCP-1 and TNFα decreased, albeit increased in TACE, in AD in comparison to HPC.

Regarding housekeeping genes, G3PDH and β-actin were utilized here as references to
normalize cytokine mRNA expression levels. There was somewhat of a higher percentage in
calculating p<0.1 using β-actin than in calculating using G3PDH as a reference, when the
LPC and HPC cases, and the HPC and AD cases were compared (Table 3).

Discussion
In the present study, we examined the role of inflammatory cytokines in the development of
AD pathology, particularly prior to the clinical manifestation of overt AD dementia. To
address this issue, we performed a semi-quantitative analysis of cytokine mRNA expression
in the brain, with focus on HPC cases, which provide an intermediate subset between LPC
and AD cases. As a result, we successfully found that the mRNAs encoding IL-1ra (sec),
ICE, IL-2, IL-6, IL-8, TNFα, M-CSF and TGFβ1 increased in the HPC group, compared to
the LPC group. Actually, 8 of the 15 cytokines and their related molecules tested here were
shown to increase in the HPC group, compared to the LPC group, while only four: IL-1ra
(sec), MCP-1, IL-8 and TNFα; and only TACE represented a decrease and an increase,
respectively, in the AD group, compared to the HPC group. These findings may suggest that
the mobilization of inflammatory mediators is more implicated in the developmental course
of AD pathology prior to the manifestation of overt dementia than in the later AD stage after
significant cognitive impairment occurs.

In the present study, we have newly shown participation of IL-2, IL-8, M-CSF and TGFβ1
in the early AD pathology before the manifestation of overt dementia. With fixed tissues in
the previous study9), it was completely impossible to obtain detectable bands on
electrophoresis for the PCR product for IL-2. In the present study, with freshly frozen
tissues, we were able to detect a small amount of the mRNA encoding cytokines like IL-2 as
well as to obtain PCR products longer than approximately 400 bp14, 15).
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In addition, we used two housekeeping genes, G3PDH and β-actin, as references to
normalize cytokine mRNA expression levels in the present study. The expression levels of
β-actin were much higher than those of G3PDH, and the expression levels of G3PDH were
closer to the cytokine mRNA expression levels tested here. This resulted in more limited
variations in the ratios of the expression levels of the mRNA of interest normalized to the β-
actin mRNA levels in each of the LPC, HPC and AD groups than the variations in the ratios
to the G3PDH mRNA levels (Fig. 2, 3). However, G3PDH, for which the mRNA expression
levels were closer to the expression levels of mRNA of cytokines tested, should be more
adequate as a reference, although there have been numerous reports demonstrating some
extent of inducible changes in G3PDH as well as β-actin mRNA expression levels in non-
steady states20). Gutala and Reddy21) reported that G3PDH is more suitable than β-actin as
a reference for comparative gene expression analysis using postmortem AD brains.
However, it is also true that there have been many studies demonstrating influence of Aβ on
G3PDH activity and metabolism22). Selection of the best references should be one of the
major concerns in a quantitative PCR analysis. In fact, for accurate gene quantification, it is
essential to normalize real-time PCR data to the most stably expressed housekeeping genes
in each individual experimental condition. For this reason, we tested the reliability of
G3PDH and β-actin as references, using the data obtained with a real-time PCR analysis of
the same set of the brain samples examined in the present study, and identified G3PDH and
β-actin as the most stably expressed genes in a given set of the samples. As a result, we
determined that it was reasonable to select G3PDH and β-actin as the best references in our
present study.

Our present study also indicated involvement of the IL-1 family in the early events leading
later to the development of AD pathology, as did our previous study9). Here, we will first
discuss the meaningful roles of chemokines, M-CSF and IL-2 in the AD pathogenesis. We
previously showed that IL-6, IL-10 and TNFα, expressed under normal conditions, had a
tendency to decrease in the HPC9). In the present study, however, it was observed that IL-6
and TNFα mRNA expression levels increased in the HPC group, while no significant
changes in the mRNA expressions in IL-10 occurred compared to those in the LPC group.
Then we will discuss the discrepancy in changes in the mRNA expression levels of IL-6,
IL-10 and TNFα.

Recent studies have begun to focus attention on the role of chemokines and chemokine
receptors in neuroinflammatory diseases of the central nervous system (CNS), including
multiple sclerosis and human immunodeficiency virus infection, in which the blood brain
barrier is compromised and leukocyte infiltration is found at the lesion sites23, 24). In AD,
unlike the aforementioned neuroinflammatory diseases in the CNS23, 24), abnormal or
excessive migration of inflammatory cells into the CNS has not definitely been shown to
occur23). Nonetheless, there is growing evidence that chemokines and chemokine receptors
are upregulated in AD brains, and that chemokines may contribute to plaque-associated
inflammation and neurodegeneration23–25). This evidence may offer support for an
inflammatory hypothesis of AD, which would portray chronically activated microglia
producing inflammatory mediators as harmful cellular elements24, 25). In the present study,
we demonstrated that IL-8 mRNA expression levels increased in the HPC group, compared
to the LPC group. This observation is consistent with the role of chemokines in
neuroinflammation. In fact, IL-8 has been reported to be upregulated in AD1, 2, 4, 24–26).

Production of M-CSF from the neurons activated by tau and Aβ through the receptor for
advanced glycation end products (RAGE) can cause the attraction, activation, and
proliferation of surrounding microglia23). Following the activation of microglia with M-
CSF, the microglia are subject to the activation of astrocytes and additional microglia, which
can magnify the production of inflammatory mediators, leading to neuroinflammation or
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direct injuries of neurons, and in turn intensify the AD pathology27–30). As Mitrasinovic et
al.30) pointed out in their report; however, microglia may have a neuroprotective function.
Whether microglia play a major role in exacerbation or clearance of amyloid plaques seems
to be controversial31–33).

Unlike multiple sclerosis and experimental allergic encephalomyelitis, in the pathogenesis of
which IL-2 and its receptors play an important role34), fewer reports on IL-2 involvement in
AD pathogenesis are known1, 23, 25, 26, 35, 36). In the peripheral immune system of AD
patients, the serum levels of IL-2 decrease as AD dementia progresses, suggesting a counter-
regulatory mechanism involved in the underlying immune process throughout the AD
progression37). In addition, IL-2 production from peripheral mononuclear cells and
splenocytes has been reported to be reduced in AD patients38, 39). These results may be
consistent with the fact that the safer and more effective outcome of immunotherapy for AD
using active immunization with Aβ requires induction of the T helper (Th) type 2 (Th2)-
polarized immune response, consisting of increased Th2 cytokines (IL-4 and IL-10) and
decreased Th1 cytokine (IL-2 and IFN-γ)40). The inhibition of IL-2, which occurs in the
later stages of AD, is thought to be a reciprocal change to protect the CNS from detrimental
effects of neuroinflammation in AD37). In the present study, the mRNA expression levels of
not only IL-2, but also IL-10 decreased in the AD group in comparison to the HPC group,
but only while normalized with β-actin for IL-10. According to the scatter grams on IL-10
(Fig. 2, 3), in the HPC cases in comparison to the LPC cases, IL-10 mRNA expression
levels showed somewhat of a tendency to increase. We, of course, demonstrated herein that,
in the HPC cases in comparison to the LPC cases, IL-2 mRNA expression levels
significantly increased. Therefore, there may be an earlier mobilization of IL-10, which is
expected to down-regulate cytokines including IL-2. IL-10 is thought to increase in the
preclinical stages of AD (HPC) to protect against undesirable, destructive effects of the
brain immune response. As a result, we assume that, at the later AD stages, not only that
IL-2 decreases due to the inhibitory effect of IL-10, but also that IL-10 decreases after
cessation of its role against IL-2. In addition, since the increase in cytokines in the HPC may
partly have beneficial effects on the CNS, changes in IL-2 and IL-10 in the AD progression
need further clarification.

Like IL-10, IL-6 mRNA expression decreased in the AD cases in comparison to the HPC
cases, but only while normalized with β-actin. In addition, IL-10 mRNA expression levels
finally somewhat decreased in the AD, compared also to the LPC. These results may
indicate down regulation of IL-6 and IL-10 not only in the later AD stages but also
throughout the total AD pathological course, and their possession of physiological function
in the steady state. Therefore, our present data on IL-6 and IL-10 are partly consistent with
our previous data9), although the discrepancy between the previous9) and present data were
observed in the changes in the HPC in comparison to the LPC.

Another discrepancy found in the changes in TNFα mRNA expression levels between our
present and previous9) studies needs further clarification. TNFα expression in AD brains
generally seems to be upregulated41), although Lanzrein et al.42) reported its decline in AD.
To clarify the role of TNFα in the AD pathogenesis, we should examine the two TNF
signaling pathways mediated by two receptors, p55 and p7543), which respectively exert
detrimental and beneficial effects in target cells44).

Considering the role of M-CSF mentioned above, the production and functioning of M-CSF
should be exerted in the early stage of AD27). Similarly, chemokines have been reported to
play roles in a very early event in the AD pathogenesis4–6). Involvement of TNFα and
IL-10 in the early events of AD progression has already been demonstrated elsewhere3, 45).
As mentioned above, it is likely that IL-10 is mobilized in the early stages of AD. Our
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present study is the first to show the involvement of IL-2 in the early AD stages, as far as we
have been able to determine. One possible explanation for IL-2 is that the present study
using frozen brain tissues may provide more precise information on cytokine expression
profiles during development of the AD pathology. The significant participation of TNFα,
IL-2, IL-6 and IL-10 in the AD progression prior to the manifestation of overt dementia
needs further clarification.

In conclusion, in this study, we demonstrated the temporal expression of cytokines: IL-1ra
(sec), ICE, IL-2, IL-8, TNFα, M-CSF and TGFβ1 in the HPC brain compared to the LPC
brain. Eight of the 15 cytokines and their related molecules were tested here. Our results
suggest that significant alterations in the immune response, including cytokine mobilization,
precede the clinical AD stage manifesting overt dementia.
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Fig. 1. Representative gels of the electrophoretic analysis of the PCR products for cytokine
mRNA tested. The numbers indicating the cases are identical to those in Table 2
A: G3PDH (294 bp), B: β-actin (290 bp), C: IL-1 receptor antagonist (IL-1ra), secretory
form (301bp), D: IL-2 (441bp), E: IL-8 (249 bp), F: TNFα (244 bp), G: M-CSF (192 bp)
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Fig. 2.
Scattergrams on the ratios of the expression levels of cytokine mRNA, normalized with
G3PDH mRNA expression levels. In the HPC group, the data of case #19 have been
excluded. The p values were obtained with the Mann-Whitney test.
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Fig. 3.
Scattergrams on the ratios of the expression levels of cytokine mRNA, normalized with β-
actin mRNA expression levels. In the HPC group, the data of case #19 have been excluded.
In the AD group, there are no data of case #15. The p values were obtained with the Mann-
Whitney test.
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