culation failure, and the production of active oxygen
[37, 38]. The percentage of our HCV patients with
liver damage significantly increased with alcohol
consumption, confirming that alcohol consumption
intensifies the development of liver disease caused by
HCV.

Because the lifestyle factors were different between
men and women, the group with liver damage was
skewed toward men. Many patients were at extreme
risk because of overlapping strenuous physical labor,
cigarette smoking, and alcohol consumption. Step-
wise logistic regression analysis, including alcohol
consumption, cigarette smoking, and physical labor,
was done to evaluate which lifestyle factors were most
closely related to elevation of ALT levels. It is notable
that strenuous physical labor was more influential
than alcohol consumption, especially among the
HCV patients, but not among control subjects with-
out HCV infection. In addition, the odds ratio of
strenuous physical labor over 2 h was notably worse
than that of under 2 h. Men had more severe liver
damage than women in the present study, as has been
found in other studies {13, 14], for reasons not
elucidated, but possibly because strenuous physical
labor and drinking tend to be more pronounced in
the male Japanese lifestyle.

Cigarette smoking and elevated ALT levels were
compared with all patients. Previous studies had
mixed results concerning a causal relation between
cigarette smoking and hepatic disorders, possibly
because of differences in patients and study areas [39~
42)]. Cigarette smoking causes hepatic necroinflam-
mation, because the liver is a target organ for the
chemicals found in cigarettes [42]. Cigarette smoking
seems to cause liver damage, by hypoxia of the he-
patic cells. The data showed that cigarette smoking
was related to elevation of ALT levels, and that it was
more closely related to the liver damage of women
than men.

This study shows that these lifestyle habits were
significantly more common for men than women,
but that female patients with liver damage were
more sensitive these habits than males. Women have
been shown to be more vulnerable to ethanol’s toxic
effects because of gender differences in alcohol
metabolism [43] and because liver function depends
on the stage of the menstrual cycle [44]. Because no
significant factor was extracted in stepwise logistic
regression analysis of female patients, the relation-
ship between lifestyle habits and the liver damage of
women remains unclear. Many previous reports
have shown male sex to be related to liver damage
in patients with chronic HCV viremia [13, 14].
Although the reason for the relationship is not
known, the lifestyle habits studied in this report may
be influential.

It is important to evaluate the factors involved in
deteriorating liver function with fibrosis stage. As
this study was the large-populationed epidemiologi-
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cal study, it was difficult to do the liver biopsy and
score the fibrosis stage in all patients. We evaluated
our data including the fibrogenesis makers such as
platelet counts, HA, and IV-C levels. Much is
known about the relationships between the histo-
logical progression of liver disease and increases in
serum HA and 1V-C levels, which are representative
serum hepatic fibrosis makers, and decreases in
platelet count [24]. Despite using the above analysis,
only platelet counts was significantly associated with
the elevated ALT levels of HCV patients of these
factors.

In conclusion, strenuous physical labor over a long
period of time might be related to the elevated ALT
levels in patients with chronic HCV viremia, and
interestingly it was extracted before alcoho! con-
sumption as a factor in the elevated ALT levels of our
patients with chronic HCV viremia. Therefore, we see
a need to educate the patients with chronic HCV
viremia about the risk of strenuous physical labor
over a long period of time.
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Abstract

There have been many studies of the prevalence of atopic dermatitis (AD), but few pop-
ulation-based epidemiologic studies measure the prevalence in Japan among children aged
5 years and younger. We examined the prevalence of AD, serum total IgE. levels and specif-
ic IgE antibodies to 10 common allergens among children in Ishigaki Island, Okinawa,
Japan in 2001. We also obtained information on the predictability of the U.K. Working
Party diagnostic questionnaire criteria for AD in this population. Five hundred and sixty
five children aged 5 years and younger were enrolled in this study with informed consent
from their parents. The questionnaire of the U.K. Working Party diagnostic criteria for AD
was translated into Japanese, and the parents completed the questionnaire sheet. Physical
examination and blood sampling were done for all children. Thirty-nine out of the 565
(6.9%) children were diagnosed with AD by physical examination. The total and specific
IgE levels were significantly higher in the children with AD than in those without AD., High
levels of total IgE were found in 33.3% of the children with AD. A specific IgE to one or
more allergens was detected in 64.1% of children with AD. However, a substantial popula-
tion of children without AD also had high levels of total IgE (12.7%) and a specific IgE to
one or more allergens (30.2%), and the increment of total and specific IgE levels was sig-
nificantly associated with age. The percentage of positive answers to the questionnaire of
the U.K. Working Party diagnostic criteria for AD was significantly higher in children with
AD (59.0%) than in children without AD (5.83%) (P<0.0001). Its specificity was 94.7%. The
false negative rate was 41%. In conclusion, the prevalence of AD was relatively low in chil-
dren in Ishigaki Island. High levels of total IgE were found in only one third of children
with AD under 5 years of age. The Japanese translated form of the questionnaire of the
U.K. Working Party diagnostic criteria for AD should be refined to improve its sensitivity.

Abbreviation: AD; atopic dermatitis
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Introduction

Atopic dermatitis (AD) is a common
chronic inflammatory skin disease that is
characterized by relapsing itch and eczema.
It is a major skin disease of children that is
increasing in both developed (1-3) and de-
veloping counties (4). A similar trend has
been documented in Japan (5); however,
one study has reported that AD is no longer
increasing (6). There have been many stud-
ies of the prevalence of AD (6-13), but few
population-based epidemiologic studies
that measure the prevalence in Japan
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Table 1. The prevalence of atopic dermatitis (AD) in children aged 5 years and under in
nursery schools in Ishigaki City, Okinawa, Japan, in 2001

A Boys Girls Total
(yegtrgs) Numbers AD Numbers AD Numbers AD
examined Cases (%) examined Cases (%) examined Cases (%)
1 47 2 (4.3) 41 4 (9.8 88 6 ( 6.8)
2 57 3 (5.3) 56 3( 5.4) 113 6 ( 5.3)
3 78 5 (6.4) 52 8 (15.4) 130 13 (10.0)
4 65 5 (7.7) 68 4 ( 5.9) 133 9( 6.8)
5 55 4 (7.3) 46 1(22) 101 5 ( 5.0)
Total 302 19 (6.3) 263 20 ( 7.6) 565 39 ( 6.9)

among children aged 5 years and younger.

The first set of standardized diagnostic
criteria for AD arose from the work of Hani-
fin and Lobits, and it was revised by Hanifin
and Rajka (14, 15). The Japanese Dermato-
logical Association criteria for the diagnosis
of AD were established in 1995 (16). In
order to set more useful criteria for mass-
screening, the United Kingdom (U.K.)
Working Party furthered the development
of a standardized questionnaire defining
the diagnostic criteria for AD (17). This
questionnaire was composed of only b ques-
tions that were easy to answer by parents.

The aim of the present study was to deter-
mine the prevalence of AD, serum total IgE,
and specific IgE antibodies among children
aged b years and younger living in a relative-
ly isolated area, Ishigaki Island. An addition-
al aim of the study was to obtain informa-
tion on the predictability of the question-
naire of the U.K. Working Party diagnostic
criteria for AD when used in combination
with physical examination in a Japanese
population.

Methods

Study population

A large-population, long-term study of resi-
dents of the Yaeyama District of Okinawa, Japan
for hepatitis B virus markers has been ongoing
since 1968 (18-20). The present study was done
as a part of the above-mentioned epidemiologic
study in 2001. We visited 15 nursery schools in
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Ishigaki Island, which has a population of
45,000, in the Yaeyama District of Okinawa Pre-
fecture, Japan. Approval for the study was ob-
tained from the Ethics Committee of Kyushu
University Hospital as well as from the directors
and class teachers of the schools. Informed con-
sent to allow participation of the children was
obtained from the parents and guardians. The
yearly average temperature and humidity were
25.4°C and 76% on Ishigaki Island.

Six hundred and five children were originally
enrolled in the study. There were 40 exclusions
because of insufficient physical and laboratory
examination or incomplete answers to question-
naires. The remaining 565 children were 302
boys and 263 girls, with a mean age of 3.1 years,
and represented 13.7% of the 4,112 kinder-
garten pupils in Ishigaki City. Physical examina-
tions with questionnaires concerning histories
of symptoms and family history were completed,
and venous blood samples were obtained be-
tween July 30 and August 3, 2001.

Physical and laboratory examination

The medical examinations for all children
were done by two dermatologists from the De-
partment of Dermatology at Kyushu University
Hospital. AD was diagnosed according to the
Japanese Dermatological Association criteria for
the diagnosis of AD (16). All children were test-
ed for total and specific IgE antibodies. Total
IgE level was determined by a radioimmunoas-
say with a detection limit of 20 IU/ml (Shiono-
ria IgE, Shionogi & Co., Ltd. Japan). A total IgE
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Fig. 1. Levels of total IgE in children 5 years of age and younger in nursery
schools, Ishigaki City, Okinawa, Japan, in 2001.
The black bar () indicates children with AD and the open bar ([])
shows children without AD. The standard deviations are shown by the
thin, vertical bars and statistical significance is indicated by the “*”
(P<0.05) and “**” (P<0.001).

Table 2. Comparison of the rates of abnormal total IgE levels between children with and
without atopic dermatitis (AD) in Ishigaki City, Okinawa, Japan, in 2001

A With AD Without AD
ge
i Abnormal IgE Abnormal IgE
(years) No. tested No. #(%) No. tested No. #(%)
1 6 3 (50.0) 82 3 ( 3.7)%*
2 6 1 (16.7) 107 7 ( 6.5)%*
3 13 3 (23.1) 117 23 (19.7)%*
4 9 5 (55.6) 124 15 (12.1)**
5 5 1 (20.0) 96 19 (19.8)**
Total 39 13 (33.3)* 526 67 (12.7)

*A total IgE level of over 230 IU/ml was considered abnormal.

*A statistically significant difference was found between children with and without atopic
dermatitis (P=0.0029)

*#P=0.0007, calculated by use of the Cochran Armitage test.

level over 230 IU/ml was considered abnormal ese cedar pollen, Dermatophagoides pteronyssinus,
for statistical analysis. Specific IgE antibodies Dermatophagoides farinae, Candida, Malassezia,
against acroallergens such as house dust, Japan- and food allergens, such as chicken egg white,
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Table 3.

Comparison of positive specific IgE antibody responces of children in Ishigaki City,

Okinawa, Japan, in 2001, with and without atopic dermatitis (AD)

AD children (n=39)

Non-AD children (n=526)

Specific IgF antibody Positive No. (%) Positive No. (%) P value*
house dust 17 (43.6) 115 (21.9) 0.0038
Japanese cedar pollen 0 — 0 — —
D. pteronyssinus 19 (48.7) 122 (23.2) 0.0008
D. farinae 19 (48.7) 98 (18.6) <0.0001
Candida 2 ( 5.3) 2(04) 0.0255
Malassezia 0 — 1(0.2) —
chicken egg white 10 (25.6) 57 (10.8) 0.0167
cow’s milk 9 (23.1) 68 (12.9) 0.1233
rice 1( 2.6) 0 — —
soy 2 ( 5.3) 2(04) 0.02b5
one or more antibodies 25 (64.1) 159 (30.2) <0.0001

#P values represent the result of statistical comparison of children with and without atopic

dermatitis.

D. pteronyssinus, Dermatophagoides pteronyssinus; D. farinae, Dermatophagoides farinae

Table 4. Comparison of positive rates for one or more specific IgE antibodies in children
with and without atopic dermatitis (AD) in Ishigaki City, Okinawa, Japan, in 2001 by age

Age with AD without AD
(years) No. tested Abnormal No. (%) No. tested Abnormal No. (%)
1 6 3 ( 50.0) 82 21 (27.6)**
2 6 5 ( 83.3) 107 29 (27.1)**
3 13 5 ( 38.5) 117 36 (30.8)**
4 9 9 (100.0) 124 32 (25.8)**
5 5 3 ( 60.0) 96 41 (42.7)%*
Total 39 25 ( 64.1)* 526 159 (30.2)

*A statistically significant difference was found between children with and without atopic

dermatitis (P<0.0001)

*¥+%P=().0394, calculated by use of the Cochran Armitage test.

cow’s milk, rice, and soy were tested with the
Pharmacia Enzyme CAP procedure (Pharmacia
CAP System Specific IgE FEIA, Pharmacia Diag-
nostics AB, Sweden). A level of specific IgE anti-
bodies over 0.7 UA/ml was considered abnor-
mal for statistical analysis.

Questionnaire
The questionnaire of The U.K. Working Party
diagnostic criteria for AD was translated into
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Japanese by a staff member of Kyushu University
Hospital. The questionnaire has 5 questions re-
garding the present and past history of skin con-
ditions (17). Each one-page questionnaire was
completed by parents on behalf of their chil-
dren. Children with suitable positive answers
were diagnosed as AD using the same evaluation
method proposed by the U.K. Working Party
(17).
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Table 5. Responses to the United Kingdom Working Party questionnaire for children with
and without AD diagnosed by clinical examination
Physical examination
. . AD Non-AD
Questionnaire N=39 N=596
AD N=51 23 (59%) 28 ( 5.3%)
Non-AD N=514 16 (41%) 498 (94.7%)

Statistical analysis

Continuous data were expressed as mean val-
ues * standard deviation (SD) or standard error
(SE) of the mean. Unpaired t-test and Mann-
Whitney U-test were used to compare the means
of samples between the two groups. The chi-
square test or Fisher’s exact test was used for cat-
egorical variables for comparisons between the
two groups. The Cochran-Armitage test was used
to determine the relationship between the in-
crease or decrease in the prevalence rate of AD
or the IgE abnormality rate. P<0.05 was consid-
ered statistically significant.

Results

Prevalence of AD

Table 1 shows the overall prevalence of
AD in the study population. Out of 565 chil-
dren, 39 (6.9%) were diagnosed with AD by
physical examination. The prevalence
peaked at age 3 (10%), and was lowest at
age 5 (5%); however, the age-related differ-
ence was not statistically significant
(P=0.7146 by the Cochran-Armitage test).
No significant differences were found when
boys (19 of 302, 6.3%) and girls (28 of 263,
7.6%) were compared for disease preva-
lence.

Total Igl levels

The mean (£ SE) total IgE levels were sig-
nificantly higher in children with AD
(451.1 £120.4 IU/ml) than in those without
AD (139.2+£14.71U/ml) (P<0.001 by Mann-
Whitney U-test) (Fig. 1). The total IgE levels
were quite variable in each age group, and
significant differences in mean IgE levels
were found at ages 1, 3, and 4 between chil-

dren with and without AD (1 year old,
P=0.0026; 3 years old, P=0.0272; and 4 years
old, P=0.0037, by Mann-Whitney U-test)
(Fig. 1). As shown in Table 2, the occur-
rence of abnormal total IgE levels of over
230 TU/ml was significantly higher in chil-
dren with AD (13 of 39, 33.3%) than in
those without AD (67 of 526, 12.7%)
(P=0.0029 by the chi-square test). Interest-
ingly, the rate of abnormal total IgE levels in
children with AD did not significantly in-
crease with age, however; the rate of abnor-
mal total IgE levels in children without AD
significantly increased with age (P=0.0007
by the Cochran-Armitage test) (Table 2).

Positivity of specific IgE antibodies against
aeroallergens and food allergens
Antigen-specific IgE antibodies against
aeroallergens and food allergens, as indicat-
ed by values over 0.7 UA/ml, were found in
184 (32.6%) of the total of 565 children.
~Table 3 shows the differences in specific IgE
antibody between children with and without
AD. A positive response for one or more
specific IgE antibodies was significantly
higher in children with AD (64.1%) than in
those without AD (30.2%) (P<0.0001). Spe-
cific IgE antibody positivities, with the ex-
ceptions of Japanese cedar pollen,
Malassezia, cow’s milk and rice, were signifi-
cantly higher in children with AD than
those without AD (Table 3). The percentage
positivity of specific IgE antibodies in chil-
dren with AD did not significantly differ ac-
cording to age (Table 4) (38.5% to 100%,
P=0.3618 by the Cochran-Armitage test).
However, the percentage positivity of specif-
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ic IgE antibodies significantly increased with
age in children without AD (Table 4)
(25.8% to 42.7%, P=0.0394 by the Cochran-
Armitage test).

Questionnaire

We determined the sensitivity and speci-
ficity of the translated questionnaire of the
U.K. Working Party diagnostic criteria for
AD (Table 5). Fifty-one out of 565 children
(9%) fulfilled the criteria for AD by the
questionnaire. When compared to the actu-
al diagnosis by physical examination, the
sensitivity was 59% (23 out of 39), and the
specificity was 94.7% (498 out of 526). The
false positive and negative rates were 5.3%
and 41%, respectively (Table 5).

Discussion

Symptoms of AD began during the first
year of life in 656% of the children and in
85% during the first b years (21); it is thus
worthwhile to determine the prevalence in
children under the age of b years. In 2000 to
2002, the research team of the Japanese
Ministry of Welfare (chief researcher; Dr. S.
Yamamoto) performed physical examina-
tions of 39,755 children living in Asahikawa,
Iwate, Tokyo, Gifu, Osaka, Hiroshima,
Kochi, and Fukuoka (22). They reported
that the national average prevalence rate of
AD was 12.8% in 4-month-old children,
9.8% in 18-month-old, 13.2% in 3-year-old,
11.8% in 6- to 7-year-old, and 10.6% in 11- to
12-year-old children. In our study, the preva-
lence of AD (6.9%) in children aged b years
and younger in Ishigaki Island, which is lo-
cated in the subtropical zone of Japan, was
lower than the average rate on the mainland
of Japan. It is also interesting that the pre-
sent result, like Yamamoto’s study, showed
that the prevalence peaked at age 3. A
worldwide survey has reported that AD is in-
creasing in the developed countries in cool-
er climates (8). Japanese investigators also
reported that the prevalence (17.3%) of AD
was significantly higher in the cooler cli-
mate of Gifu than in the warmer climate of
Itoman, Okinawa (3.4%), even after con-
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trolling for genetic and environmental fac-
tors (9, 10). The reason for the lower preva-
lence in Okinawa (Itoman and Ishigaki) re-
mains to be elucidated.

IgE levels have been reported to be elevat-
ed in 80 to 85% of children who developed
AD (23, 24). In the present study, the total
IgE levels were significantly higher in chil-
dren with AD than in those without disease.
The children with AD also had higher posi-
tive rates of most specific IgE antibodies
against aeroallergens and food allergens
than the children without AD. However, the
positive percentage was lower than expected
(high levels of total IgE; 33.3%, one or more
specific IgE; 64.1%). None of the children
had specific IgE antibody to Japanese cedar
pollen, probably because there are no
cedars in Ishigaki. Approximately 20% of
children with AD have been reported to
show allergic reactions to food constituents
(25). In infancy allergic sensitization is pre-
dominantly to food. In later childhood, al-
lergic sensitization to aeroallergens, such as
house dust mites and pollen, is common
(26). We also confirmed that the major al-
lergens (specific IgE positive rates) were
house dust mites, egg white, and milk in
children with AD in Ishigaki. It should be
emphasized that high serum levels of IgE
ware detected in 12.7% (67/526) of chil-
dren without AD, and that 30.2% of these
non-atopic children had one or more posi-
tive specific IgE antibodies to common aller-
gens in our study. House dust mites, milk,
and egg white were also the major antigens
for specific IgE production even in the non-
atopic children. It is also very interesting
that both the total and specific IgE levels sig-
nificantly increased with age in children
without AD. The tendency of age-related ac-
cumulation of total and specific IgE was not
observed in the children with AD, because it
had already reached high levels as early as at
age 1. Nolles et al.(27) reported a similar
age-related increase of IgE antibodies.
These results suggest (1) that the total and
specific IgE levels increase with age proba-
bly with cumulative exposure to common al-
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lergens even in non-atopic individuals, and
(2) that earlier and higher increases in total
and specific IgE antibodies are associated
with AD.

The prevalence of AD has been studied in
a variety of populations throughout the
world (6-13), but comparisons of preva-
lence is difficult because of differences in
study populations and study methods. Some
investigators have measured point preva-
lence (28, 29), while others have measured
12 months prevalence in different age
groups (8). The variation problem of study
designs was addressed by the International
Study for Asthma and Allergies in Child-
hood (ISAAC) (8). The methodology was
subsequently standardized by the use of a
questionnaire based on the U.K. Working
Party definition of AD (17). A previous va-
lidity study suggested that the questionnaire
might slightly overestimate the true preva-
lence (30). In the present study, we translat-
ed the questionnaire of the U.K. Working
Party into Japanese and analyzed the sensi-
tivity and specificity of the translated ques-
tionnaire. Although the specificity of the
translated questionnaire for AD was 94.7%,
its sensitivity was only 59%. This low sensitiv-
ity may be due to some incomprehensibility
in the Japanese translation and to insuffi-
cient parent cooperation. It is critical that
we refine the translation to improve the par-
ents’ understanding of the translated ques-
tionnaire.
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Abstract

To investigate age-related alterations in human humoral immunity, we analyzed the quantity and
quality of peripheral B cell subsets, CD27-negative (CD27") and CD27-positive (CD27) B cells, by
flow cytometry analysis in 54 aged individuals (mean age = SE, 74.6 + 0.7 years) and 30 young
individuals (mean age = SE, 26.1 = 0.5 years). CD27" and CD27* B celis are regarded as naive and
memory B cells, respectively. CD38, Ki-67, CD95 and hcl-2 were used as activation, proliferation and
apoptotic markers. Susceptibility to apoptosis was evaluated by cell size and annexin-V binding in
culture cells. The percentage of CD27* B cells was significantly lower in aged (mean, 19.2%)
individuals than that in young individuals (mean, 28.2%). The opposite was true for CD27 B cells
(mean, 80.8% in aged and 71.8% in young) (P < 0.01). The absolute number of CD27* B cells in aged
individuals was significantly less than the number of CD27™ B cells. The CD27* B cells from aged
individuals showed litile susceptibility to apoptosis, although CD95 expression on the CD277 B cells
was significantly higher in the aged individuals than in the young individuals (P < 0.05). The CD38 and
bel-2 expression on the CD27 B cells was significantly higher in the aged individuals than in the
young individuals (P < 0.05). In addition, the CD27~ B cells from the aged individuals showed

a decreased susceptibility to apoptosis compared with that of the young individuals. These findings
suggested that human aging leads to both quantitative and qualitative alterations in the peripheral B
cell developmental system, including memory and naive B cell balance and their surface phenotypes.

Introduction

Susceptibility to infectious diseases has a serious sffect on
human longevity, with mortality from infectious diseases,

age (2, 3). We have recently demonstrated that somatic
mutations of Ig variable region genes accumulate in IgG B

particularly pneumonia, increasing in aged humans (1). One
cause for this phenomenon is 'immunosenescence,’ alteration
of host defense mechanisms elicited by aging. The study of
immunosenescence in humans is less developed than that in
mice. In particular, humoral immunity, which is a defense
system against infectious agents, has not yet been fully
investigated in aged humans. The prevalence of human
peripheral B cell neoplasms, such as B cell-chronic lympho-
cytic leukemia and B cell lymphoma, rapidly increases with

cells from aged humans (4). These findings suggest that
human aging could affect peripheral B cell development,
resulting in augmented B cell oncogenesis.

CD27 antigen expression on B cells primed by antigenic
stimulation is important to promote the differentiation of B cells
through T-B interaction (5, 6). Few CD27-negative (CD277) B
cells carry somatic mutations in Ig variable region genes,
whereas CD27-positive (CD27%) B cells accumulate sub-
stantial numbers of somatic mutations (7). Accordingly,
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CD27~ and CD27* B cells are regarded as naive and memory
B cells, respectively (8). CD27™ (naive) B cells are exclusively
produced at birth and, afterwards, by the adolescent period,
CD27* (memory) B cells gradually increase (9). However, little
is known about how the composition of these peripheral B cell
subsetsis altered from the young adult period to that of old age.

Understanding how peripheral B celis are influenced by
aging is important for clarifying one aspect of humoral
immunity in aged humans. In particular, the analysis of B cell
subsets, CD27~ and CD27* B cells, is critical in addressing
the alteration of the peripheral B cell developmental process
caused by aging. In the present study, the peripheral levels of
all B cells and B cell subsets were examined, and their
biological characteristics, including activation, proliferation
and susceptibility to apoptosis, were investigated in young
and aged adults using cell surface and intracellular markers.

Methods

Individuals

With informed consent, 30 young individuals (15 men and 15
women) and 54 aged individuals (28 men and 26 women)
were the subjects used in the present study. The ages of the
young subjects ranged from 22 to 34 years, with amean age *
SE of 26.1 = 0.5 years. The ages of the aged subjects ranged
from 68 to 87 years, with a mean age = SE of 74.6 + 0.7 years.
All subjects were independent, were not hospitalized and were
not taking any prescription medications. None of the subjects
had acute infections. No chronic viral infections, including Hiv-1,
human T-cell leukemia virus type 1, hepatitis B virus (HBV) and
hepatitis C virus (HCV), were detected in any subject. No
monoclonal gammopathy was found. Blood sampling was done
from March to October 2003.

Measurement of serum Ig

Serum y-globulin, IgG, IgA, IgM and IgE levels were de-
termined by turbidimetric immunoassay or fluorescence-
enzyme immunoassay at Mitsubishi Kagaku Bio-Clinical
Laboratories (Tokyo, Japan).

Flow cytometry

For phenotypic analysis of the peripheral CD19-positive cells
(B cells), one- to three-color flow cytometry was done using the
following FITC-, PE-, or PE-cyanin 5.1 (PC5)-conjugated
mouse anti-human mAbs: CD3-PC5, CD19-PC5, CD38-
FITC, CD95 (Fas)-FITC (Immunotech, Marseille Cedex,
France), CD27-PE (Becton Dickinson, Bridgeport, NJ, USA),
Ki-67-FITC, bcl-2-FITC (PharMingen, San Diego, CA, USA)
and IgD-FITC (Southern Biotechnology Associates, Birmingham,
AL). Ig isotype-matched FITC-, PE- or PC5-conjugated mouse
antibodies were used as negative controls for non-specific
staining. A 50-pl volume of whole blood was incubated with
mAbs, lysed in 1 ml of 10 Test 3 Lysing Solution (Immunotech)
and prepared for analysis. This analysis was done with the
following combinations of conjugated mAbs: CD19-PC5 and
CD27-PE; CD19-PC5, CD27-PE and CD38-FITC, and CD19-
PC5, CD27-PE and CD95 (Fas)-FITC.
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PBMC were isolated from heparinized venous blood by
density centrifugation. After the addition of goat serum to block
Fc receptors, freshly isolated PBMC were stained with CD19-
PC5, CD27-PE and IgD-FITC, and prepared for analysis.

Fixation, permeabilization and intraceliular staining of PBMC
were performed with the CytoStain Kit (PharMingen) accord-
ing to the manufacturer's instructions. Briefly, freshly isolated
PBMC were stained with CD19-PC5 and CD27-PE. After
staining with mAbs, the cells were fixed, permeabilized and
stained with Ki-67-FITC or bcl-2-FITC mAbs for three-color
flow cytometric analysis.

The stained cells were analyzed by a flow cytometer,
Cytoron Absolute (Ortho Diagnostic Systems, Raritan, NJ,
USA), using ImmunoCount 2 software (Ortho Diagnostic
Systems). Lymphocyte gating was performed using forward-
and side-scatter parameters; up to 30 000 cells were acquired
from this gate. CD19-positive cells from the lymphogate were
used for each analysis.

Measurement of apoptosis

A total of 2.5 x 10° PBMC per well were cultured in 24-well
plates for 24 and 48 h in 1 ml of RPMI 1640 supplemented with
10% heat-inactivated FCS, 50 U ml™" penicillin and 50 pg ml~"
streptomyecin, all supplied by GIBCO BRL (Life Technologies,
Inc., Gaithersburg, MD, USA). The apoptosis levels of the B cell
subsets were evaluated by two markers, small cell size and
annexin-V binding, as described elsewhere (10-12). Briefly,
cultured PBMC were washed, suspended and stained with
CD19-PC5 and CD27-PE. After being washed, the cells were
re-suspended with 500 pl of binding buffer and stained with
annexin-V-FITC for 10 min on ice using the Annexin V-FITC Kit
(Immunotech). The cell size of the B cell subsets was measured
by the level of forward light scatter using cultured PBMC
stained with CD19-PC5 and CD27-PE. Two- and three-color
flow cytometry were performed after the above procedures.

Statistical analysis

The Mann-Whitney U-test was performed to compare differ-
ences in the analysis data between the young and aged
subjects. The association between two related variables was
analyzed by using Spearman’s rank correlation test.

Resulis

Immunological characteristics in young and aged
individuals

Table 1 summarizes the immunological characteristics of the
subjects examined in the present study. The absolute number
of white blood cells was significantly lower in the aged
subjects than in the young subjects (P < 0.01). The absolute
number of lymphocytes and CD3 cells was also lower in the
aged subjects than in the young subjects (P < 0.01). Serum
y-globulin levels between the young and aged were compar-
able. The serum mean IgG and IgA levels of the aged subjects
were higher than those of the young subjects, although the
differences were not significant. The serum IgM levels were



Table 1. Immunoclogical characteristics in young and aged
individuals

Aged Young
Number of individuals 54 30
Age (years) 74.6 26.1
White blood cell (cells pl™")* 5109 = 160 6257 * 270
Lymphocyte (cells ui=Ty* 1620 * 60 1995 + 70
CD3* T cell (cells pl="y* 811 + 47 1314 = 55
y-Globulin {mg di™") 1210.0 * 30.2 1200.4 + 43.2
IgG (mg dI™") 1396.5 + 32.0 1350.7 + 43.9
IgA (mg di™") 2849 + 16.4 251.5 + 14.6
IgM (mg di~")* 89.1 = 5.1 148.9 * 10.2
IgE (IU di™") 168.6 + 41.7 186.1 + 47.3

Data are presented as mean *+ SE.
*P < 0.01.

significantly lower in the aged subjects than in the young
subjects (P < 0.01).

Circulating CD27~ (naive) and CD27* (memory) B cells in
young and aged individuals

Representative FACS analysis of PBMC stained by anti-CD19
and CD27 antibodies is shown in Fig. 1(a). The CD27~ B cells
were distinctively separate from the CD27" B cells. The
percentage of circulating B cells in lymphocytes was lower in
the aged subjects (mean, 10.9%) than in the young subjects
(mean, 12.9%) (P < 0.05, Fig. 1b). The absolute number of B
cells was also lower in the aged subjects than in the young
subjects (P < 0.01, Fig. 1b). The percentage of circulating
CD27~ B cells of all B cells was significantly higher in the aged
subjects (mean, 80.8%) than in the young subjects (mean,
71.8%) (P < 0.01, Fig. 1c). In contrast, the percentage of CD27*
B cell was significantly lower in the aged subjects (mean 19.2%)
than in the young subjects (mean, 28.2%) (P < 0.01, Fig. 1d).
Although the absolute number of both the CD27~ and CD27* B
cells was lower in the aged subject than that in the young
subjects (Fig. 1¢ and d), the rate of reduction in the absolute
number was significantly higher in the CD27* 8 cells than that in
the CD27 Bcells (P < 0.01, Fig. 1e). CD27~ and CD27" B cells
have been reported as being naive IgD-positive (IgD*) B cells
and memory B cells, respectively (13). The percentage of
circulating CD27~ B cells positively correlates with the
percentage of circulating IgD* CD27~ B cells (P < 0.01, r =
0.7), suggesting that the increased CD27~ B cell and de-
creased CD27" B cell percentages found in the aged subjects
were not a result of CD27 down-regulation on memory B cells.

CD38, CDI5 and bcl-2 expression on circulating CD27~
(naive) and CD27* (memory) B cells in young and aged
individuals

To investigate the biological characteristics of B cells in aged
individuals, activation, proliferation and apoptotic markers
were compared between the young and aged subjects. CD38
and Ki-67 expressions on lymphocytes are known to be
activation and proliferation markers, respectively (14-16).
CD95 and bcl-2 are often used as representatives of apoptatic
and anti-apoptotic agents expressed by lymphocytes (17, 18).

The percentage of CD38-positive (CD38*) B cells of all B
cells was significantly higher in the aged subjects than that in
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the young subjects (P < 0.05, Table 2). CD38 expression was
primarily observed in the CD27~ B cells rather than in the
CD27* B cells. The percentage of CD38* CD27~ B cells of all
CD27~ B cells was significantly higher in the aged subjects
than that in the young subjects (P < 0.05, Table 2). The
intensity of CD38 on the CD38" CD27~ B cells between the
young and aged subjects was comparable. In contrast, CD38
expression on the CD27* B cells was similarly low in both the
yound and aged subjects (Table 2). To examine whether the
elevated CD38 expression on the B cells from the aged
subjects could be explained by B cell proliferation, B cell
proliferation was evaluated by Ki-67 expression. The percent-
ages of proliferative B cells between the young subjects
(mean, 2.9%) and aged subjects (mean, 2.5%) were compa-
rable. No increased proliferation of either the CD27~ or the
CD27* B cells was observed (data not shown).

The percentage of CD95-positive (CD95*) B cells of all B
cells appeared to be higher in the aged subjects than that in
the young subjects, although the difference was not significant
(P = 0.15, Table 2). CD95 expression was dominant on the
CD27% B cells but was scarcely observed on the CD27~ B
cells. The percentage of CD95* CD27* B cells of all CD27* B
cells was significantly higher in the aged subjects than in the
young subjects (P < 0.05, Table 2). The intensity of CD85 on
the CD95% CD27* B cells between the young and aged
subjects was comparable. In contrast, CD95 expression on
the CD27~ B cells was low and comparable between the
young and aged subjects (Table 2).

Bcl-2 was expressed on almost all of the circulating B cells
of the subjects. The intensity of bcl-2 on the B cells was
significantly higher in the aged subjects than that in the young
subjects (P < 0.05, Table 2). Bcl-2 intensity on the CD27~ B
cells was significantly higher in the aged subjects than that in
the young subjects (P < 0.05, Table 2). Bcl-2 intensity on the
CD27* B cells was higher than that on the CD27~ B cells
(Table 2). Bel-2 intensity on the CD27* B cells appeared to be
higher in the aged subjects than that in the young subjects, but
the difference was not significant (Table 2).

Susceptibility to apoptosis of circulating CD27~ (naive)
and CD27* (memory) B cells in young and aged
individuals

To investigate whether altered CD95 and bcl-2 expression on
the B cells from aged individuals affect susceptibility to B cell
apoptosis, cell size and annexin-V binding in cultured B cells
were examined as apoptotic markers. Representative FACS
analysis of the cultured B cells is shown as the detection of
apoptatic cells in Fig. 2(a). In the analysis of cell size, B cells
with small cell size (small B cells) were observed only in the
CD27~ B cell compartment and were distinctively separate
from the cells with normal cell size. Similarly, annexin-V-
binding B cells were observed in the CD27~ B cell compart-
ment and few were found in the CD27* B cell compartment. A
decrease in CD27 antibody-binding capacity could occur in
the apoptotic cells. Thus, it is possible that some apoptotic B
cells detected in the present study could come from CD27-
positive cells. In the present study, the percentages of CD27~
and CD27* B cells as a percentage of all B cells, 71.8 versus
28.2% in the young subjects and 80.8 versus 19.2% in the
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Fig. 1. (a) Representative FACS analysis of anti-CD19 and anti-CD27 stained PBMC in one young and one aged subject. Numbers in the upper and
lower right quadrants show CD27* and CD27" B cells as a percentage of alt peripheral B cells, respectively. (b) Percentage of peripheral CD19*
cells in lymphocytes (left) and absolute number of peripheral CD19* celis (right) in young and aged subjects. (c) Percentage of peripheral CD27™ B
cells of all B cells (left) and absolute number of peripheral CD27~ B cells (right) in young and aged subjects. (d) Percentage of peripheral
CD27* 8 cells of all B cells (left) and absotute number of peripheral CD27* B cells (right) in young and aged subjects. () Ratio of absolute number
of CD27* B cells to CD27~ B cells in young and aged subjects. The horizontal and vertical bars represent the mean levels and SE, respectively.
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Table 2. CD38, CD95 and bcl-2 expression in B cell subsets
from young and aged individuals

CD19*" B cell CD27~ B cell CD27* B cell
CD38 expression (%)
Aged (n = 32) 533 = 25% 621 + 2.4% 116 = 1.0
Young (n = 30) 44.0 * 2.4* 540 + 2.8* 13.0 + 1.6
CD95 expression (%)
Aged (n = 32) 18.4 = 0.8 14.3 + 0.6 38.4 £ 2.3%
Young (n = 30) 171+ 0.7 13.5 = 0.7 29.5 & 1.6*
Bci-2 expression (MFI)
Aged (n = 32) 105.0 = 1.1* 103.8 = 1.1* 109.8 * 1.4
Young (n = 30) 102.1 = 0.9* 100.5 = 1.0* 1076 = 1.1

MFI, mean fluorescence intensity. Data are presented as mean + SE.
*P < 0.05

aged subjects, were stable in culture at 0, 24 and 48 h. There
were no statistical differences in the percentage of CD27" B
cells in the comparison of 0, 24 and 48 h of culture time. If
a part of apoptotic B cells detected in the CD27~ B cell
compartment come from CD27* B cells, the percentage of
CD27* B cells should decrease with time. The apoptotic B
cells were probably derived from the CD27~ B cells, and any
contribution of the CD27* B cells to the apoptotic cells would
be slight.

The percentage of small CD27~ B cells of all B cells was
significantly lower in the aged subjects than that in the young
subjects (P < 0.01, Fig. 2b). No small CD27* B cells were
detected in any of the subjects (Fig. 2b). The percentage of
annexin-V-binding CD27~ B cells of all B cells was significantly
lower in the aged subjects than that in the young subjects (P <
0.01, Fig. 2¢). Few annexin-V-binding CD27* B cells were
detected in any of the subjects (Fig. 2¢). In both the young and
aged subjects, the percentage of annexin-V-binding CD27~ B
cells was inversely correlated with bcl-2 intensity on the
CD277 B cells (Fig. 2d). No relationship was found between
the percentage of annexin-V-binding CD27~ B cells and the
percentage of the CD95* CD27~ B cells.

Discussion

In the present study, both guantitative and qualitative alter-
ations of B cells from aged humans were found, clarifying the
characteristics of B cells from aged humans by the analysis of
B cell subsets, CD27~ and CD27*. In aged humans, the
percentage of CD27* (memory) B cells was dramatically less
than the percentage of CD27~ B cells. CD27~ (naive) B cells
exhibited a reduced susceptibility to apoptosis. Interestingly,
the serum Ig of aged humans were maintained at a level
comparable to those of young humans,

The quantitative and qualitative features of memory B cells
in aged humans have not been fully investigated. An extreme
depletion of CD27* (memory) B cells from aged individuals
was indicated in the present study (Fig. 1d). Although the
absolute number of CD27~ (naive) B cells from aged
individuals was also reduced, the rate of reduction of the
CD27* B cells was much highet than that of the CD27~ B cells
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(Fig. 1e). Thus, depletion of memory B cells is a characteristic
phenomenon in aged humans.

Germinal center B cells display high CD95 expression.
Thereafter, most of these B cells are induced into apoptosis
(17), which indicates that CD35 antigen expression on B cells
might be induced through antigen-specific immune responses.
In the analysis of peripheral B cells from healthy individuals,
CD387IgD™ (memory) B cells have been shown to have
a significantly higher fraction of CD95 expression than that of
CD38*IgD" (naive) B cells (19). Thus, the induction of CDY5-
related apoptosis is possibly important as a mechanism of cell
death of peripheral memory B cells (post-germinal center B
cells). Similar results were obtained in the present study. In
addition, aged individuals showed an increased percentage of
CDO5* CD27* B cells compared with that of young individuals
(Table 2), suggesting that an apoptotic pathway induced by
CD95 signaling is important for memory B cell survival in both
aged and young humans.

Bel-2 intensity, a critical anti-apoptotic factor, was signifi-
cantly higher in CD27* B cells than in CD27™ B cells (Table 2).
In both young and aged individuals, the percentages of
CD27* B cells were stable during culture, and few small or
annexin-V-binding CD27* B cells were detected (Fig. 2b and
¢). These findings suggest that memory B cells are less
susceptible to apoptosis than are naive B cells. The present
study does not clarify the mechanism of memory B cell
depletion caused by aging. To examine whether an age-
related increase of CD95* CD27* B cell fractions is related to
this loss of memory B cells, further investigation, such as
a functional analysis, will be necessary.

Quantitative and qualitative alterations were found in naive
B cells as well as in memory B cells. CD27~ (naive) B cells
became more predominant in the peripheral B cells of aged
individuals (Fig. 1c). CD27~ B cells of aged individuals
showed a decreased susceptibility to apoptosis under the in
vitro cuiture condition, as indicated by cell size and annexin-V
binding (Fig. 2b and ¢). Thus, CD27™ B cells seem to became
‘apoptosis-resistant’ in aged humans, as the in vitro condition
itself is generally thought to cause cells to become more
apoptotic when compared with the in vivo condition. Under the
ex vivo condition before culture, CD27~ B cells showed
a significantly higher bcl-2 intensity in aged individuals than in
young individuals (Table 2). Bcl-2 plays a critical role in con-
trolling the apoptotic pathway, and over-expression of bclk-2 is
known to increase the resistance of lymphocytes to apoptosis
(18). 1t is possible that the bcl-2-related anti-apoptotic
pathway plays an important role in ‘apoptosis resistance’ in
the naive B cells of aged humans.

Activated and proliferated B cells augment CD38 expres-
sion under various stimulations including T-cell-independent
and ~dependent responses (14, 20). In general, lymphocyte
activation is closely related to increased susceptibility to
apoptosis (21). In HIV-infected patients, CD27~ B cells with
high CD38 intensity have shown a low level of bgl-2 intensity
and a high susceptibility to apopiosis (22), suggesting that
persistent HIV infection can induce naive B cells to change
into an activated and apoptosis-susceptible phenotype. in the
present study, CD27~ B cells from aged individuals showed an
increased percentage of CD38 expression compared with that
of young individuals (Table 2), but the intensity was similar
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between the young and aged individuals. In addition, the
CD27~ B cells were less susceptible to apoptosis in aged
individuals. Although CD38 expression on CD27~ B cells
increases in frequency with age, it is probable that naive B
cells from aged humans are not an activated phenotype.

Some investigators have reported that serum Ig levels of
aged humans are significantly higher than those of young
humans (23, 24). In the present study, the serum Ig levels of
young and aged individuals were comparable (Table 1),
suggesting that the production of Ig in aged humans is
maintained at a level equivalent to that of young hurmans. The
mechanism of serum Ig maintenance is unknown. Antibody-
secreting cells are thought to be derived from peripheral B
cells. The age-related B cell alterations found in the present
study, as characterized by memory B cell depletion and
apoptosis resistance in naive B cells, might affect the
differentiation of peripheral B cells into antibody-secreting
cells. Further investigation will be necessaryto clarify this issue.

Human aging induces both quantitative and qualitative
changes in peripheral B cells. During aging, memory B cells
decrease and apoptosis-resistant naive B cells increase. We
have also reported a higher accumulation of somatic
mutations in Ig variable region genes of peripheral IgG B
cells among aged humans (4). Thus, it is possible that human
aging affects the developmental system of peripheral B cells.
This behavior is possibly associated with presumed immuno-
logical dysfunctions and hematological disorders in aged
humans. The detailed mechanisms and pathological signifi-
cance of the age-related B cell alterations found in the present
study should be addressed.

Abbreviation
PC5 PE~cyanin 5.1
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Fig. 2. Susceptibility to apoptosis of peripheral CD27~ and CD27* B cells. Apoptotic B cells were measured using cultured PBMC stained with
anti-CD19, anti-CD27 and annexin-V at 24 and 48 h. The level of apoptosis was evaluated by small cell size and annexin-V binding. (a)
Representative FACS analysis of B cells with smalt cell size (small B cells) in one young (right) and one aged (left) subject (top). PBMC were
cultured for 24 and 48 h, followed by a dual staining with anti-CD19 and anti-CD27, aiter which, among gated B cells, the cell sizes of the CD27~
and CD27* B cells were measured by the level of forward light scatter. The smalt B cells were clearly separate from the B cells with normal cell size.
Representative FACS analysis of annexin-V-binding B cells in one young (right) and one aged (left) subject (bottomn). PBMC were cultured for 24
and 48 h, followed by a staining with anti-CD19, anti-CD27 and annexin-V, after which annexin-V binding the CD27~ and CD27* B cells were
measured among the gated B cells. Culture data at 48 h is shown. Each number in the quadrant is the percentage of all B cells. {b) Percentage of
small CD27™ B cells of all B cells (left) and percentage of small CD27* B cells of all B cells (right) in the young and aged subjects. The horizantal
and vertical bars represent the mean levels and SE, respectively. (c) Percentage of annexin-V-binding CD27~ B cells of all B cells (left) and
percentage of annexin-V-binding CD27* B cells of all B cells (right) in the young and aged subjects. The horizontal and vertical bars represent the
mean levels and SE, respectively. (d) Correlation between the percentage of annexin-V-binding CD27" B cells and bol-2 intensity on CD27~ B cells

in young (right) and aged (left) subjects.
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