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FIGURE 2. In vitro Th1/Th2 cell differentiation of naive CD4* T cells from aging mice. Naive (CD44'°%) CD4* T cells purified by cell sorting from
the spleens of aging OVA-specific TCRaf Tg (DO11.10 Tg) mice were stimulated with the indicated doses of antigenic peptide (OVA; 323-339) and
irradiated young BALB/c APCs (left panel), a minimal dose of peptide (0.1 uM) and APCs in the presence of exogenous IL-4 (middle panel) or IL-12 and
anti-IL-4 mAb (right panel) for 5 days. Intracellular staining profiles of IFN-y and IL-4 are shown with percentages of cells in each area. The results are

representative of five experiments.

FIGURE 3. Decreased Th2 cytokine production in
aging mouse CD4™ T cells. Purified BALB/c splenic
CD4* T cells were stimulated with immobilized anti-
TCRB mAb for 2 and 3 days (IL-2), or 5 and 7 days
(IL-4, IL-5, IL-13, and IFN-v). The concentration of
cytokines in the culture supernatant was determined by
ELISA. Three independent experiments were performed
with similar results.

IL-2

IL-4

IL-5

IL-13

81

day 2 day 3 D Young
Aging
( Unit/ml )
150 (ng/mi)
day 5 day 7
5 5 10 (ng/ml)
day 5 day 7
10 10 20 (ng/mi)
day 5§ day 7
100 100 200 (ng/ml)



2550

5 and 7. Similar cytokine production profiles were obtained in the
anti-CD3 stimulation cultures (data not shown).

Thi/Th2-dependent Ab production in aging mice

Th2 cells play an important role in the stimulation of B cells to
produce high levels of Ag-specific IgG1 and IgE in vivo, whereas
the IgG2a isotype is a consequence of the generation of Thl cells.
Young and aging BALB/c mice were immunized with OVA-CFA,
and the serum concentrations of total IgE, OV A-specific IgG1 and
IgG2a were measured. As expected, the serum concentration of
total IgE was significantly decreased in aging mice (Fig. 4, left
panel). The serum concentration of IgG1 was significantly lower in
aging mice (Fig. 4, middle panel), while Thl-dependent OV A-
specific IgG2a levels were not decreased (Fig. 4, right panel). The
production of Ag-specific IgE was not detected (data not shown).
These results suggest that Th2-dependent Ab responses in vivo are
decreased in aging mice preserving Thl responses intact.

Signal transduction downstream of IL-4R in CD4™ T cells from
aging mice

To assess the activation of the IL-4R signaling pathway, freshly
prepared CD4" T cells from young and aging mice were stimu-
lated with IL-4, and then the tyrosine phosphorylation of STAT6
was examined. No significant differences in the magnitude or time
course of phosphorylation of STAT6 were observed (Fig. 5A). Pro-
tein expression of STAT6 was comparable between young and old
mice. Moreover, STAT6 phosphorylation induced by various
doses of IL-4 was also comparable (Fig. 5B). Thus, the IL-4R
signaling cascade appears to be intact in CD4™ T cells from
aging mice.

Signal transduction through TCR in CD4™ T cells from aging
mice

Next, we assessed the levels of signaling activation downstream of
TCR. First, [Ca**]; mobilization in CD4" T cells was assessed
after TCR cross-linking, and a slightly higher percentages of re-
sponding cells and slightly higher magnitude of the response were
observed (Fig. 5C). Next, naive CD4* T cells from young and
aging mice were stimulated with anti-TCR mAb, and the tyrosine
phosphorylation of ERK1 and ERK2, reflecting MAPKK activa-
tion, was examined (Fig. 5D). Although the expression levels of
ERK1 and ERK2 protein were comparable, the levels of phosphor-
ylation of both ERK1 and ERK2 were reduced substantially in
CD4™ T cells from aging mice. The background phosphorylation
was also slightly reduced (see time 0). These results suggest that
the activation of the Ras-ERK MAPK cascade is impaired in aging
mouse CD4™ T cells.

ATTENUATED ALLERGIC INFLAMMATION IN AGING MICE

Decreased GATA3 induction in CD4™ T cells differentiated
under Th2 culture conditions

Because the levels of GATA3 and JunB expression are reported to
be critical for Th2 cell differentiation (11), we assessed the protein
and mRNA expression levels of GATA3 and JunB in developing
Th2 cells. Naive CD4™ T cells from young and aging BALB/c
mice were stimulated with anti-TCR mAb in the presence of IL-4
and anti-IL-12 mAb for 5 days, and the protein expression levels
of GATAS3, JunB, and tubulin-a (Fig. 6A), and the mRNA expres-
sion levels of GATA3 (Fig. 6B) were assessed. The levels of
GATA3 protein were decreased substantially in aging mouse
CD4™ T cells, while the levels of JunB were unchanged. Regard-
ing the GATA3 mRNA levels, the decredse was significant but less
dramatic in aging mouse T cells. These results suggest that
GATA3 induction is significantly impaired in developing Th2 cells
of aging mice.

In an attempt to rescue the inefficient Th2 cell differentiation in
aging mouse T cells, we introduced GATA3 by retrovirus infection
into aging mouse developing Th2 cells on day 2 of Th1/Th2 cell
differentiation culture, and the generation of Th1/Th2 cells was
assessed on day 5 (Fig. 6C). Although not complete, a substantial
rescue of Th2 cell generation was observed. These results suggest
that the inefficient Th2 cell differentiation in aging mouse T cells
is due, at least in part, to the decreased expression of GATA3.

Chromatin remodeling of the Th2 cytokine gene locus in CD4™
T cells from aging mice

We reported that Th2 responses are highly dependent on the extent
of activation of the Ras-ERK MAPK cascade (6, 48). The hyper-
acetylation of histones associated with the Th2 cytokine gene locus
is dependent on the expression of GATA3 (43, 46). Activation of
the ERK-MAPK cascade is required for GATA3-dependent his-
tone H3 hyperacetylation of the Th2 cytokine gene locus (16).
Consequently, we wished to examine the chromatin remodeling of
the Th2 cytokine gene locus in CD4™ T cells from aging mice. The
acetylation levels of histones associated with the Th2 cytokine
gene locus (IL-4 promoter, IL-5 promoter, and IL-13 promoter)
were reduced significantly in Th2 cells from aging mice (Fig. 7, A
and B). The acetylation of the CNSI region was reduced slightly
in aging mouse Th2 cells. Similarly, the methylation levels of
histones associated with the Th2 cytokine gene locus (IL-4 pro-
moter, IL-5 promoter, and IL-13 promoter) and CNS1 region were
significantly reduced in Th2 cells from aging mice (Fig. 7, A and
C). These results indicate that histone H3 hyperacetylation and
methylation of the Th2 cytokine gene locus are significantly
decreased in developing Th2 cells of aging mice.
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FIGURE 4. Thl/Th2-dependent immune responses in aging mice. Young (6 wk old) and aging (9 mo old) BALB/c mice (five mice per group) were
immunized with OVA with CFA. Two weeks later, mean concentrations of total IgE and OV A-specific IgG1 and IgG2a Abs in the serum were determined.
Data are shown with SEM. #, p < 0.05 by Student’s ¢ test. N.D., not detected.
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FIGURE 5. Signal transduction through TCR or IL-4R in CD4™ T cells
from young and aging mice. A and B, Naive CD4™ T cells from young and
aging mice were cultured for 2 days with immobilized anti-TCR mAb and
IL-4, cultured without IL-4 for 8 h, and then the IL-4-induced phosphor-
ylation on STAT6 (3-60 min with 100 U/ml IL-4 in A; 10 min with 10—
100 U/ml IL-4 in B) was assessed by immunoprecipitation and immuno-
blotting with anti-phosphotyrosine mAb. The amount of STAT6 protein
was also determined by reblotting the same membrane with specific mAbs.
Arbitrary densitometric ratios (phospho-STAT6/STAT6) are shown under
each band. Four independent experiments were done with similar results.
C, Intracellular-free calcium ion levels after TCR-cross-linking (arrows)
were measured by flow cytometric analysis of Indo-1-labeled naive CD4 ™"
T cells from young and aging mice. The mean ratio of violet to blue flu-
orescence of Indo-1 is plotted vs time following stimulation. Shown are
data obtained by gating electronically on CD4™ T cells. The percentages of
responding cells and the mean response (ratio) of the responding cells are
also shown. D, TCR-induced MAPKK activation in splenic CD4™ T cells
from aging mice. The phosphorylation status of ERK1 and ERK?2 in splenic
CD4™ T cells was assessed 3-30 min after TCR cross-linking. After stim-
ulation, the cells were lysed, and the lysates were subjected to immuno-
blotting with anti-phospho-ERK or anti-ERK Abs. Densitometric measure-
ments of the phosphorylated bands (p44 for ERK1 and p42 for ERK2) are
shown under each band in arbitrary units. Three independent experiments
were done with similar results.
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FIGURE 6. GATA3 expression and the effect of overexpression of
GATA3 in developing Th2 cells from aging mice. A, GATA3 and JunB
protein expression in developing Th2 cells. Naive CD4™ T cells from
BALB/c mice were stimulated with anti-TCRS mAb in the presence of
IL-4 and anti-IL-12 mAb for 5 days, and total nuclear extracts were ana-
lyzed by immunoblotting with anti-GATA3 mAb, anti-JunB mAb, or anti-
tubulin-a mAb. Three independent experiments were performed; represen-
tative results are shown. Arbitrary densitometric units normalized to
tubulin-a are shown under each band. B, GATA3 mRNA expression in
young and aging developing Th2 cells. Th2 cells prepared as in A were
subjected to quantitative RT-PCR analysis. C, Naive CD4™ T cells from
BALB/c mice were stimulated with anti-TCRB mAb in the presence of
IL-4 and anti-IL-12 mAb for 2 days and then infected with a mock or
GATA3-containing retrovirus vector. Th1/Th2 cell differentiation was as-

sessed on day 5.

Decreased OVA-induced eosinophilic infiltration in BAL fluid
and airway inflammation in aging mice

Next, we examined the effect of aging on Th2-dependent immune
responses in vivo. Young and aging BALB/c mice were immu-
nized twice with OVA-alum, and 2 wk later, exposed to inhaled
OVA as described in Materials and Methods. BAL fluid was har-
vested and examined for infiltrating leukocytes (Fig. 8, A and B).
Eosinophils, lymphocytes, neutrophils, and macrophages were de-
termined based on morphological criteria, and the absolute num-
bers and percentages of each cell type were determined. A sub-
stantial decrease in the absolute numbers (Fig. 84) and percentages
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(Fig. 8B) of eosinophils was observed in aging mice. The infiltra-
tion of macrophages was increased in aging mice, and the number
of total infiltrating cells was decreased in aging mice. These results
indicate that OV A-induced eosinophilic infiltration in the BAL
fluid is decreased in aging mice.

Concurrently, histological changes in the lungs of young and
aging mice were evaluated by HE staining (Fig. 8C). The absolute
numbers and percentages of each cell type are shown (Fig. 8, D
and E). The numbers of total infiltrating cells were indistinguish-
able between young and aging mice, although a slight decrease in
the absolute number, and a slight, but significant, decrease in the
percentage of eosinophils were observed. No apparent difference
in the numbers of lymphocytes, neutrophils or macrophages was
observed.

Discussion
In the present study, we used young adult (4—6 wk old) and aging
(8-12 mo old) mice, to demonstrate that the levels of Th2 cell
differentiation and Th2-dependent allergic airway inflammation
are attenuated in aging mice. In addition, we found several mo-
lecular defects in aging mouse CD4™ T cells, i.e., limited activa-
tion of the ERK/MAPK cascade, decreased expression of GATA3
and impaired chromatin remodeling of the Th2 cytokine gene lo-
cus. Because 8- to 12-wk-old mice can be considered to be in the
early stages of aging, the processes affected would be the most
sensitive among various age-related alterations in T cells.
Impaired Th2 cell differentiation in aging mouse CD4™ T cell
cultures was not restored by the addition of excess amounts of
exogenous IL-4 (10 U/ml; Fig. 2, middle panel). In addition, our in
vitro cultures contained sufficient amounts of exogenous IL-2 (30
U/ml). The production of all Th2 cytokines (IL-4, IL-5, and IL-13)
was decreased in aging mouse CD4™ T cells (Fig. 3). Thus, the
defect in Th2 cell differentiation appears to be due to intrinsic
alterations and not simply a secondary consequence of the imbal-
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ance in the production of IL-2, IL-4, or IFN-y by aging mouse
CD4™ T cells in culture. Our observations are consistent with the
results reported by H. al-Rayes et al. (52) that IL-4 production is
diminished in aged human PBL.

In our previous reports, we showed that Th2 cell differentiation
and Th2-dependent airway inflammation are highly dependent on
the TCR-mediated activation of the Ras-ERK MAPK cascade (6,
48). In the present study, we detected significantly reduced acti-
vation of the Ras/MAPK cascade in aging mouse CD4™" T cells
(Fig. 5D). Thus, the impaired Th2 cell differentiation in old mice
appears to be due to the decreased TCR-mediated activation of the
Ras/MAPK signaling pathway.

As for Thl cell differentiation, we observed no detectable de-
crease in IL-12-induced Th1 cell generation in vitro (Fig. 2, right
panels), suggesting that the efficiency in Th1 cell differentiation is
less affected by aging. We detected significant numbers of IFN-y
producing cells in aging naive CD4™ T cell cultures when exog-
enous IL-4 was not included in the culture (Fig. 2, left panels). In
addition, we detected increased production of IFN-y by ELISA
(Fig. 3). These results suggest that some shift from Th2 to Th1 cell
differentiation occurs in aging mouse CD4" T cell cultures. We
previously reported a dramatic shift from Th2 to Thl cell differ-
entiation in dominant negative Ras Tg mice (6). Therefore, these
results also support the notion that the impaired Th2 cell differ-
entiation in aging mice is due to the decreased TCR-mediated ac-
tivation of the Ras/MAPK signaling pathway.

The expression levels of the GATA3 protein are critical for
chromatin remodeling (46) and the maintenance of remodeled
chromatin at the Th2 cytokine gene locus (14). In addition, we
have recently demonstrated that the activation of the Ras-ERK
MAPK cascade controls the stability of the GATA3 protein
through the inhibition of ubiquitin-dependent degradation (16).
The results presented in this report suggest that GATA3-dependent
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chromatin remodeling of the Th2 cytokine gene locus is signifi-
cantly reduced in aging mouse CD4™ T cells (Fig. 7). The expres-
sion levels of JunB (Fig. 6A) and the activation of NF-xB were
comparable between young and aging mouse CD4™ T cells (A.
Hasegawa and T. Nakayama, unpublished observation). From
these results, we conclude that the impaired chromatin remodeling
of the Th2 cytokine gene locus in aging mice is due, at least in part,
to the decreased expression of the GATA3 protein in developing
Th2 cells.

Although it remains unclear why the activation of the Ras-ERK
MAPK cascade is affected selectively during aging, this pathway
may determine the characters of various T cell responses. In an-
ergic CD4 T cells impaired activation of the Ras-ERK MAPK
cascade has been reported (53, 54).

How allergic inflammation, such as allergic asthma is modulated
by aging has not been reported. We show in the present study that
the severity of Th2-dependent allergic airway inflammation is de-
creased in aging mice (Fig. 7). This appears to be due to the de-
creased Th2 cell differentiation in aging mice. Although there is as
yet no clear evidence in humans, the data would suggest that the
first onset of allergic asthma should occur less frequently in aged
human beings. The confirmation of this hypothesis must await a
comprehensive investigation in humans.
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In summary, this study provides the first evidence that a chro-
matin-remodeling event in T cells, i.e., chromatin remodeling of
the Th2 cytokine gene locus in developing Th2 cells, is compro-
mised during aging. Moreover, we demonstrate attenuated Th2-
dependent allergic airway inflammation in aging mice, which may
reflect the nature of allergic diseases in aged humans.
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Some issues in epidemiological study of
pediatric allergic rhinitis

Yoshitaka Okamoto!), Syuji Yonekura?, Naoki Kuniil’, Heizaburo Yamamoto?, Noya Shimizu?,
Yurie Tonoike?, Hitoshi Ozawa?), Naoki Shimojyo®, Yuichi Kohno?

1) Department of Otolaryngology, Head and Neck Surgery, Graduate School of Medicine, Chiba

University
2) Ozawa ENT Clinic

3) Department of Pediatrics, Graduate School of Medicine, Chiba University

False positive results were frequently observed in the responses to a questionnaire administered
to parents about allergic rhinitis of their elementary school children. Examination of the antigen
specific IgE was indispensable to improve the specificity of the study. In addition, nasal inspection
and nasal cytology were very helpful in the accurate diagnosis of pediatric allergic rhinitis.

Key words: pediatric allergic rhinitis, diagnosis, epidemiological study
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