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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) a., macrophage-colony stimulating factor (M-CSF) and transforming
growth factor (TGF) 1 during the development from LPC to HPC, while decreases in IL-1ra,
IL-8, MCP-1 and TNFa, 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 processl: 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)376). 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). MCl 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 p (AB) 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 resourcel6).

Next, although in our previous study9) we used glyceraldehyde-3-phosphate dehydrogenase
(G3PDH) as a reference, we added p-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 criterial8) 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 g of total RNA with Superscript |1 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 p-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 B-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 B-actin as references

We used two housekeeping genes, G3PDH and B-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), p-actin (ACTB), porphobilinogen deaminase (PBGD), hypoxanthine
phosphoribosyl-transferase 1 (HPRT), phosphoglycerate kinase 1 (PGKZ1), glucose-6-
phosphate dehyderogenase (G6PD), peptidyl-prolyl isomerase A (PPI1A), TATA box binding
protein (TBP), p2-microglobulin (B2M) and B-glucuronidase (GUSB) (Universal Probe

Tottori Rinsho Kagaku Kenkyukai Shi. Author manuscript; available in PMC 2012 May 12.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wilberding et al. Page 4

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 B-actin as references

Among the ten housekeeping genes tested, our real-time PCR followed by the geNorm
analysis17) showed that G3PDH, B-actin and GUSB produced the lowest values of the
averaged expression stability, indicating the suitability and reliability of G3PDH and p-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 B-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 p-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 mMRNA 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 B-actin
mMRNA 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 I1L-1ra that is referred to as IL-1ra (int), and GM-CSF for cases #13 and
15; or on B-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 B-actin; the data on IL-1ra (int) and GM-CSF of case

Tottori Rinsho Kagaku Kenkyukai Shi. Author manuscript; available in PMC 2012 May 12.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wilberding et al.

Page 5

#15, normalized to G3PDH; and the data of case #15 on all the cytokines tested here,
normalized to B-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, TNFa, M-
CSF and TGFp1 mRNA expression levels between the LPC and HPC groups, in IL-1 ra
(sec), IL-8, MCP-1, TNFa, TACE and M-CSF mRNA expression levels between the HPC
and AD groups, and in IL-1ra (sec), ICE, IL-2, IL-3, TNFa, TACE, M-CSF and TGFp1
MRNA expression levels between the LPC and AD groups. In the ratios of the expression
levels of the mRNA of interest to the p-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, TNFa, M-CSF and TGFB1 mRNA expression levels between the LPC and HPC
groups, in IL-1pB, IL-1ra (sec), IL-2, IL-6, IL-8, IL-10, MCP-1, TNFa and TACE mRNA
expression levels between the HPC and AD groups, and in IL-1ra (sec), IL-2, IL-3, IL-10,
MCP-1, TNFa TACE, M-CSF and TGFB1 mRNA expression levels between the LPC and
AD groups.

In summary, cytokine mMRNAs showing the similar direction of changes (increases or
decreases), including a tendency (p<0.2), between the data using G3PDH and B-actin as
references were as follows (Table 3): IL-1ra (sec), ICE, IL-2, IL-6, IL-8, TNFa, M-CSF and
TGFB1 increased in HPC, compared to LPC; IL-1ra (sec), ICE, IL-2, IL-3, TNFa, TACE,
M-CSF and TGF1 increased finally in AD in comparison to LPC; IL-1ra (sec), IL-8,
MCP-1 and TNFa decreased, albeit increased in TACE, in AD in comparison to HPC.

Regarding housekeeping genes, G3PDH and p-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 B-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, TNFa, M-CSF and TGFp1 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 TNFa; 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 TGFp1
in the early AD pathology before the manifestation of overt dementia. With fixed tissues in
the previous study9), it was completely impaossible 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 B-actin, as references to
normalize cytokine mRNA expression levels in the present study. The expression levels of
[B-actin were much higher than those of G3PDH, and the expression levels of G3PDH were
closer to the cytokine mMRNA 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 -
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 mMRNA 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 p-actin mRNA expression levels in non-
steady states20). Gutala and Reddy21) reported that G3PDH is more suitable than p-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 Ap 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 B-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
[B-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 B-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 TNFa, expressed under normal conditions, had a
tendency to decrease in the HPC9). In the present study, however, it was observed that IL-6
and TNFa mRNA expression levels increased in the HPC group, while no significant
changes in the mMRNA 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 I1L-6,
IL-10 and TNFa.

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 chemakine receptors
are upregulated in AD brains, and that chemokines may contribute to plaque-associated
inflammation and neurodegeneration23725). 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 mMRNA 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: 24726).

Production of M-CSF from the neurons activated by tau and AP 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 controversial31733).

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 AP 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 Th1l cytokine (IL-2 and IFN-y)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 p-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 p-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 I1L-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 TNFa mRNA expression levels between our
present and previous9) studies needs further clarification. TNFa expression in AD brains
generally seems to be upregulated41), although Lanzrein et al.42) reported its decline in AD.
To clarify the role of TNFa 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 TNFa 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 TNFa,
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, TNFa, M-CSF and TGFp1 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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A 1234 5 678 910 11 1213 14 15 16 17 18 19 20
294 bp

12345 678 910 1112 13 14 16 17 18 19 20
TR ENNae- 290 bp

1112 13 1415 16 1718 1920
RERceRL . _ - B

11 1213 14 15 16 17 18 19 20

E 1 23 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20

11 1213 1415 1617 1819 20

11 12 13 14151617 18 1920

192 bp

Fig. 1. Representative gels of the electrophor etic analysis of the PCR productsfor cytokine
mMRNA tested. The numbersindicating the cases are identical to thosein Table 2
A: G3PDH (294 bp), B: B-actin (290 bp), C: IL-1 receptor antagonist (IL-1ra), secretory

form (301bp), D: IL-2 (441bp), E: IL-8 (249 bp), F: TNFa (244 bp), G: M-CSF (192 bp)
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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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Scattergrams on the ratios of the expression levels of cytokine mRNA, normalized with -
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.

Tottori Rinsho Kagaku Kenkyukai Shi. Author manuscript; available in PMC 2012 May 12.




Page 14

Wilberding et al.

(1591 ABUY\-UURIA) € pataquunu elep ayl wody sired Aue usamiaq uosiiedwod ,S_ovum
(1591 ABUIY\-UURIA]) Z palagquuinu elep ayl wody sired Aue usamiaq uostiedwod .mo.ov&N

*(3591 ASUNYAN-UURIA)) T paJaquuinu elep ayl woly sired Aue usamiag saoualapiip uedliubis ou

A

*(3s91 Adunymn-uueln) sdnoif v pue DdH ‘Od auyy wiouy sired Aue Usamiag Saoualaydip Jueaiyiubis oz§

*(3s81 Asunym-uueln) sdnoib y pue DdH ‘Od 8yl wody sired Aue usamiaq saoualaydip Juediyiubis ozm

‘dnoB gy ue se ‘2 10 8 ‘6 = U Ul Bunnsas ‘GT pue ET# Sased Ul YBnoua Jou sem awn|oA ajdwes ay} J0 Junouwe ay} ‘z ajgeL Ul Umoys m<u
*dnouB DdH Ue se & = u ul Bunnsal ‘sisAjeue [213S13E1S N0 WOJJ PIAOLIBI BI9M GT# 9SeD UO BIep ‘g 9|geL pue S)Nsay ay} Ul pagliasap m<k

‘NS F SuesW Se passaldxa aJe sanjeA
¥

IN-A Al=1I m-nu Buibels seeig
av anuuysp av a|qissod aviou sisouBelp [eaiBojoyredoinau vy30
(g >¥0T F2L6) (¢ 00T ¥186) ¢ 66 F166 (> 718+ STTT), 7EL + TITT o yTET F8LTT . (Swelf) 1Brem ureig
460752 4(S0F52)y S07F9C 4&0+L2)yv0+2L2 4JY0¥FST . (Inou) [eAsaiur waniownsod
(219) (e19) 2L (orv) /8 a (/) JepusD
sWvTLv8)g(T'y F8'18) 56'€ F0'G8 s(6T+818)gTE + V'S g6V ¥8°€8 . (s1eaf) 9By
+2)(®)6 LS 9 $8580 4O JqUINU YL
8T ‘LT 'ST-0T ‘8# 02 ‘6T ‘9T '6 '/# 9-T# lagwinu [euas ased

av OdH od1

UO13IpUOD U ITed

paipns siuaied ayl Jo solydesbowsg

T alqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Tottori Rinsho Kagaku Kenkyukai Shi. Author manuscript; available in PMC 2012 May 12.



Page 15

Wilberding et al.

0TZZ 99€C G967 916C lzLc TE6T 0€LCT Lv9T 86LT €09T +.9C TvT'e 280C C9¥T G6ST 9/GT 89T [LEET 96T G82¢ (9) 450-W
8vS5'0 ¥.T'0 AN 9/T0 G8E0 <ZIF0 T900 8020 TLE0 9IS0 G¥S0 6000 8E90 #920 vEYO 2900 SIE0 ¥I00 TEO0 8800 (e) PINL
989'T €850 L€8T 000 [LJST 29T ¥€C0 1190 BIET 8SY'T 9I8T 000 102 6v80 09T 9.T0 9760 9¥00 80T0 T8E0 (9) aNL
GEE0 9/€0 AN ¥EE0 9850 €8Y0 P090 TLYO SITO TETO 90¥0 98T0 GE00 €9¥0 0€Z0 0/20 GETO SOTO €8T0 0820 (e) 30VL
TOOT €927 809T 92€T 661C L/T TIEC 86ET 60r0 690 €SET 290 02ZT0 T6VT 6TL0 8920 90L0 TrED [290 +ITT (9)30VL
VET'0 €€T0 AN 92T0 ¥S20 <2Ig0 Tve0 T.T0 €220 Ovz0 69T0 8900 2920 G0Z0 €LT0 GET'0 0220 6YT0 €0T0 EETO (e) 301
6660 9Fy0 6€90 TOSO €YOT 6v90 1260 80G0 TBL0 L.90 2950 0£20 0260 1990 IYS0 SBE0 6S90 ¥BYO €SE0  9.G0 (9)301
OvL’0 0220 AN OI0T 680T T2ZT €160 €90T /LTZT GEY'T 9980 0220 OIFT 6€2T G8T'T 9260 98€T L060 G90'T T.80 (®) 9
80z'z 9T¥'C Iwe'S L00V L9vv BEL'E g6v'E E€ST'E  6IEY TGOV G88'C TpL0 €98 G86'E OTLE S6YT T9TY  L¥6T 099€  LLLE (9) 91
G6T0 ¥T20 AN TTZ0 TG0 2920 90€0 TOE0 T/20 9220 T.Z0 6.T0 [220 SIE0 8020 G520 6220 OET0 LT20 1220 () 1d-491L
0850 LTL0 9¥80 9680 620T T080 T.TT €680 €960 6E9°0 V060 €090 €820 2ZIOT 6v90 +2L'0 8890 €Zv0 9v.0 LS60 (9) 19491
OTY'0 Tr'0 AN  0Zr0 69€0 ¥2€0 €620 P¥6E0 GZv'0 6ES0 9YS0 TS0 98¥'0 STYO €050 ¥Ip'0 0850 6960 OTT0 EVPO (e) T-doW
vzZT T8Y'T 606T [99T €TST €660 T2TT 69TT L0GT €2G6T 8IST 688T 29T GEET GIGT GYeT OpLT 002T 660 €261 (9) T-doNW
GST'0 000 AN /200 71600 TOT'O 2800 71800 €00 OST'O0 L.T0 0L00 GET'O €0T0 920 2200 0900 #9000 €900 EITO (e) 8-
vOv'0  89T'0 2IS0 L0TO €LE0 800 <2E€0 <¢h20 6S20 €Zv0 1650 9520 G9¥'0 0EE0 €6E0 €900 TI8T'0 8020 8TZ0 26Y°0 (9) 8-l
vp00 T€00 AN 0000 600 8000 0000 L000 6400 O0ZT0 #0000 9€0°0 /00 T800 2800 6900 1900 6500 SS00 9100 (&) 0T-I
€ET'0 SOT'0 0TZ0 0000 GBE0 9200 0000 2200 0820 OVED €ET00 €210 2920 €LT0 +.20 L6T0 0020 71610 6810 L900 (9) o111
€810 ¥.T0 AN 8ST0 GST'0 €9T°0 9800 06T0 €STO [6T0 ¥ET'0 0000 62Z€0 0020 2600 9.T0 600 8500 GITO GSTO (®z
VS0 2850 0280 /290 GE9'0 0050 OEE0 ¥9S0 ¥rSO 9S50 Lvb'0 0000 €EETT €490 8820 66V0 2620 88T0 96€0 0.90 0z
2290 T9S0 AN 9ST'O 9090 ¥.T0 SPr0  LIS0 ¥.80 2680 €890 TYED 6LTT 9950 66L0 YEEO0 O0I60 €870 ZETO TILO (e) 111
998'T €887 €067 0290 €8yZ €€90 O00LT ¥EST 2O0T'E 025C 9.2C 6VT'T 690% T28T T0SC 8Y6'0 <2€LC 69ST €SY0 862°€ (@) 911
60,0 2800 AN /€00 6SE€0 G050 1920 <2960 0SZ0 €IS0 22€0 6,00 YISO 890 ¥6Y0 900 CIO0 0000 €9T0  OTO () (088) waT-TI
GIT'Z 920 T6TT 8yT'0 2T 9¥ST 000T GL0T 8880 OSY'T 20T G920 ¢LLT #50C 9vST 06T°0 9€00 0000 6550 2570 (9) (08s) AT
160 9T00 AN 6200 AN  ¥0T'O 68T0 ¥600 2T00 T620 +be0 V€00 69T0 8000 T8I0 2020 0000 GITO 6700 9ST0 (e) Gun) e1T-T1
€8TT 2S00 AN STT0 AN 8IE0 T2L0 820 2v00 2280 ¥I80 €EITO ¢850 G200 9950 €60 0000 ¥/€0 ¥900 6290 (9) (un) et
6900 9500 AN 2500 AN 2900 0600 ¥OT'O ¥S00 LbT'O OVO'0 8TI00 2900 9€00 €00 TLO0 6€000 9200 €vO'0 8200 x (8 4SO-WO
G0z0 68T°0 AN 9020 AN 6810 €vE0 O0T€E0 T6TO 9T¥'0 EET0 0900 ¥TZ0 9TT0 0£20 TOZ0 LITO 8¥20 8vI'0 T2T0 MOESIB
st# ¢ 49V T €W T T oT# g 4 ock 48TH or# 6# o s v e o T#  Jaqunu [eliss ased
av OdH od1 U uod Jud1Ted

'a5e0 QY PUB DdH ‘Dd1 Yoes JO 81100 [esodwia) ay Ul auIx01A0 oes Uo S|aAs| UoIssaldxa WNYW JO elep aAneiuenb-1was

NIH-PA Author Manuscript

¢?olqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Tottori Rinsho Kagaku Kenkyukai Shi. Author manuscript; available in PMC 2012 May 12.



Page 16

Wilberding et al.

"GT# 958D J0J UNoe-g Uo J0 ‘GT pue §T# Sased 10) 4SD-INO pue (Jur) BIT-T| UO Pajonpuod 10U 1am sasAjeue YO d-1Y ‘ai0jalay ] "ST pue ST# Sased ul yBnous Jou sem awnjoA ajduwes ay Jo Junowe ayJ :aN

v

*SISA[eUE [2D1ISITRIS INO WY PAAOWISI BIBM GT4# 8SeD

w044 BIEP B} |[e pUe ‘DdH 40 aAIRIUasaIdal B Se 3]qelINS 10U SeM GT# 9Sed eyl PapIosap dABY 9M ‘810JaIaU L "Sased DdH N0y JaUI0 U Ul 9SOyl Wy payiys Ajopim (DdH) 6T# 8Sed Ul Solel ay) Jo mm:_m>\\

S]9A3] UOISSaIdXa WYNHW UIOB-g YIIM PazZIjew.ou ;e
*¥

S]ana| uoIssaIdxa WYNYW HAJED UM pazijewiou 19
¥

"08Z Se paje|Nd[ed Sem pueq a|qelosiapun
UB JO 01184 8] "S8sed QY UaAas 10 1yBIa ‘aulu pue DdH aAly ‘0d Xis Buisn syuswitiadxa juspuadapul 831y} Jo afeane Ue si anjeA yoes ‘s|aAs] YNYHW unoe-g pue HQdeo sy} 01 soles se passaidxa aJe ereq

¥90 ¥290 AN 80/0 ¥890 +T90 ¥EL0 2950 9/50 2650 /890 ¥I90 8T90 8SS0 /80 0890 YIS0 LTISO 2950 ZISO (e) e
TE6T G607 €287 6087 €08Z 088T 908 [99T €v0Z TI9T 062C 2907 EET'C G6LT €2ST 0S6T €69T 6/9T €€6T 612C (@ e
720 S0L0 AN SE0 S990 TE90 YIL0 GSG0 L0S0 89S0 £08°0 9890 €090 YSY0 OIS0 SSS0 9SY0 ZTFO  90V0  [ZS0 (e) 450-W

av OdH Od7  UonIpuod elked

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Tottori Rinsho Kagaku Kenkyukai Shi. Author manuscript; available in PMC 2012 May 12.



Page 17

"Z2°0<d sueaw ue|g 11531 ASUlyM-UUBIA aU1 yim ‘sdnolb v pue DdT 8yl pue ‘aQy pue DdH 8yl ‘OdH pue DdT 8yl usamiag uostiedwo) :anfead

"GT# 9SeD 10} UIIOB-g UO BIRp JO YOB| JO 9SNeIaq ‘Sased aulu Jou JyBIa woly ale ‘4SD-INS pue (fejnjjaoesiur) eaT-] 1daoxa ‘sauidoiko ays Jo erep pabelane ay L ‘sauI01Ad 0mi asauy} 1oy

GT pUB ST# SOSED Ul BIEP JO Y0.| JO 8SNLD3Q ‘Sased UBASS WOJ) 8Je 4SD-ND pue (Jejnjjsoriiur) vIT-T| J0 exep pafiesane sy "seses UaAss 10 1yBIs Wwoly a1e unde-g yim pazijewsou dnoib v syl Jo mm_z_m>t
"SUI 01K OM) 953U} J0J GT PuR £T# SISED Ul BIep JO 48| JO 9SNeIaq ‘Sased UBASS WOy 1B 4SD-IND pue (Jejnjadesiur) eiT-1

10 e1ep pabrlane 8y S8sed ulU WOy 1. ‘4SD-IND pue (Jenjjaoenur) eiT-T| 1da0X8 ‘SauIy01Ad 8y} Jo elep pabesane ay | "SaSed UaASS J0 UIU WOol) 818 HAJED UM pazifewsou dnoib gy ay) Jo mm:_@>,N

"GT# 8SED JO BIEP JO UOISN|OX8 LI S8SeD N0y WoJj a1e dnoib DdH ayi Jo moz_mQ

'sdnoib Qv pue ‘OdH ‘Od :sdnoub sa1y) Jo yoes ul abeiane Ue sI anjeA yaeg 's|aAs] YNYW unoe-g pue HAdeo 8y 01 solnes se passaidxe aie ereq

Wilberding et al.

S0°0> T0> SO0 F6T°0 S00+T190 LO0+SS0 T0> 050+ G¢¢ GCO0+.6T SGCO0+¢€8T €
100> T0> 600 ¥ 990 ET0FT90 900+8Y0 100> T0> T0> €50+ 6C¢C LVOF96'T 9€0F6GT (4 'd 'D)4SO-N
70> T0> S0°0> LT0+2E0 YT0+¥6¥Y'0 LTO0OF9T0 T0> T0> S0°0> YSO0+<CTT 0S0+8ST €S0+0S0 D4NL
100> 10 LT0F8E0 8T°0+9¢0 L00+¢2C0 100> €10 Y90+ VET ¥9'0+€80 82Z0FELO 30VL1
170 S0°0> S0'0+61°0 ¥0'0¥¢¢0 ¥0O0+GT0 170 S0°0> TC0+990 ET0FTL0 <¢T0+0S0 301
10> €10 €C0FS0T €CO0FVCT 620F660 810 LOT¥8LE 0L'0¥G6'€ 96'0F6C€ 911
170 T0> ¥0'0 ¥ G20 ¥0'0+9¢0 ¥00+TC0 T0> LT°0 8T'0+G80 LT0+980 LTO+F0L0 19-491
70> S0°0> L0'0F0V'0 S00+050 9TO+F1Tv0 ST0 8C0FIVT CTOFIST SS0F9€ET T-dON
S0°0> S0°0> 70’0 ¥60°0 €00F¥1'0 ¥0'0F800 10> 10> ET0F¢E0 0T0¥G¥'0 9T0F9C0 811
T0> 10 SO0+ 700 700+ .00 ¢00¥900 STO+STO0 ¢T'0¥0Cc0 L00*6T0 oT-TI
70> T0> S0°0> €00 +9T0 L00FT2¢0 V¥00+2T0 S0°0> T0> ¢T0+ .90 9¢’'0+690 LTO+F6€E0 ¢l
S0°0> 9¢'0F S0 €C0FEB0 0E0FLS0 L80F6TT ¥80F.9C TTT+¢6'T 9111

T0> T0> 100> TCO0F¥E0 TT0+1590 8TO0+V¥10 S0°0> €10 S0°0> 650F9T'T LEOFO6ST 850F9Y0 (pa1au08s)

YTOF¥T0 TT0+8T0 600+FTT0 roFvro ¢E0F9590 6C0F8€E0 (4eyny 30RAUIY)
Bl
€0'0F800 ¥0'0+ 200 <20'0+900 600 F92°0 ¢lT’'0+¢Cc’0 900+8T0 4SO-NO
L 8T ) 02 ‘9T ‘6 'L# - T# L 8T ) 02 ‘9T '6 'L# - T# Bgqunussed

LT V10T 8# LT ST-OT 8#

L 108 14 9 L 106 14 9 $8SeD JO Bquinuay L
av-0d1 dav-OdH OdH-Od1 1}av 1, 9dH od av-0d1 dv-OdH OdH-Od1 1av 1, 9dH od1 uonipuod Jusired
(enrend) unoe-g¢ (enrend) HAadso auef sous BJeY

NIH-PA Author Manuscript

sdnoib g pue DdH ‘DdT 10 Yyoes ul sjaAs] uolssaldxa YNYW aujo1Ad uo erep pabelsny
€ 9|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript

Tottori Rinsho Kagaku Kenkyukai Shi. Author manuscript; available in PMC 2012 May 12.



