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NK cell maturation, IFN-y production, and hom-
ing to the liver have been also suggested.?”

Because IL-12 1s required for NK1 cell differ-
entiation, STAT4 seems to be involved in the
differentiation of NK1 cells. IL-12Rp2 is ex-
pressed preferentially in NK1 cells.??® We have
reported that the expression of the mRNA for
IL-12RB2 and T-bet is similar in mouse 7 vitro
differentiated NK1 and NK2 cells.® Thus, al-
though this is likely, we need to await experimen-
tal results suggesting STAT4 and T-bet are ac-
tively involved in the differentiation of NK1 cells
and/or IFN-y production.

Human NK cells are known to produce IL-10
in response to IL-2.122 We detected the selective
production of IL-10 in mouse NK1 cells that were
differentiated 17 vifro with IL-2 and I11.-12.% No
IL-10 production was detected in freshly prepared
mouse spleen NK cells or in vitro differentiated
NKO or NK2 cells. The mechanism underlying
the NK1-specific expression of IL-10 is not clear
at this time, but both IL-2 and IL-12 are required
for the acquisition of IL-10 production in NK1
cells in mouse® and human systems,?” suggesting
that some transcriptional factors induced by IL-
2R~ and IL-12R-mediated signaling in NK cells
are responsible for the chromatin remodeling of
the IL-10 gene locus and/or IL-10 gene tran-
scription. Another interesting point is that no
IL-10is produced in NK2 cells. It is known that
both Th1 and Th2 cells produce I1.-10, and the
levels are higher in Th2 cells.3® Similarly, mouse
CD8* Tcl and Te2 cells produce IL-10, and the
levels of IL-10 production are higher in Tc2 cells
(Kimura et al., unpublished observation). Thus,
the NK1-specific production of IL.-10 appears to
be a unique feature of NK lineage cells. It is
worth noting that differentiated NK1 cells have
the potential to exert immunosuppressive func-
tions in some aspects of immune responses by the
production of IL-10.

The exposure of NK cells to type-1-related
cytokines such as 1L.-2, IL-12, and 11.-18 results
in IFN-y production.* Cytokine costimulation
with IL-2 and I1.-123' TL-2 and 1L-18,3233 IL.-12
and 11-18,34% or IFN-a and IL-183% enhances
IFN-y production. The secretion of type-2
cytokines from NK2 cells is also induced by IL-2.8
The production of TL-5 from human NK cells has
been reported to be IL-2 dependent.’? Similarly,
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the induction of IL-13 and IL-5 at the mRINA
and protein levels has also been shown to be TL-2
dependent.™ In in vifro differentiated mouse NK1
and NK2 cells, restimulation with IL.-2 alone
induces significant amounts of IFN-y or IL-5/
IL-13, respectively.® This is a unique feature of
NK1/NK2 cells and is not observed in established
Th or Tc cells, for which TCR stimulation is
required for the sufficient production of type-1
and type-2 cytokines. It is possible that the signal-
ing pathways downstream of IL-2R in NK1/NK2
cells are distinct from those in Th1/Th2 cells. A
detailed investigation of signaling pathways and
inducible transcription factors downstream of
IL-2R, IL-12R, and IL-18R among CDA4T,
CDS8T, and NK cells would be interesting and
could provide important hints about the unique
signaling machinery in NK cells.

In human NK cells, IL.-13 enhances IL-2—
induced IFN-y production and cytotoxic activi-
ties.3”3% A recent study suggests that IL-13 shows
two types of reactivity when NK cells are
costimulated with II.-13 and IL-2: IL-13 en-
hanced IL-2-mediated IFN-y production and in-
hibited IL-2-mediated IFN-y production.?¢ In
addition, IL-13 suppresses IL-2-induced cyto-
toxic and proliferative activities, although less
effectively than did IL-4. IL-13 induces the ty-
rosine phosphorylation of Jak3 and STAT6 in NK
cells but induces distinct STAT6-DNA binding
complexes that are distinct from those in T cells.?¢
Thus, 1L-13, unlike IL-4, appears to play multiple
roles in cytokine production in NK cells.

IL-18, identified as an IFN-y-inducing factor,
acts on NK cells to produce IFN-y and enhance NK
activity.” IFIN-y production is not induced by 11.-18
alone, but by IL-18 in synergy with IL-12. In
addition, IL-18 has been found to be a potent co-
inducer of IL-13 production in mouse NK cells in
synergy with IL-2, but not with 11.-12.3 This
effect is greater in IFN-y—deficient mice, suggest-
ing a regulatory role of IFN-y i/n vivo. In addition,
the stimulation of DX5* NK cells with IL-12 and
IL-18 results in the production of IL-13.4 NK cells
prepared from murine splenocytes cultured with
IL-2 produce IL-13, whereas those cultured with
IL-12 and IL-18 induce the production of IL.-13 as
well as IFN-y and IL-10.* Thus, IL-18 appears to
have regulatory roles in the production of both
IFN-y and IL-13.
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IV. PHENOTYPIC AND FUNCTIONAL
FEATURES OF NK CELL SUBSETS

Human NK cells express CD161, CD56, CD16,
and killer cell immunoglobulin-like receptors
(KIRs), and mouse NK cells express NK1.1, DX5/
CD49b, and Ly49. Using these cell surface markers,
developmental stages and functionally distinct
subsets of NK cells have been identified. There is
an excellent recent review on the development
and function of NK cells.*> Hematopoietic stem
cells express none of the above NK cell markers,
and committed NK cells become positive for NK1.1
(mouse) and CD161 (human). Moreover, human
NK cells can be divided into two subsets: imma-
ture NK cells are CD56" and acquire CD56 ex-
pression during maturation. In human peripheral
blood, the majority (~90%) of NK cells are CD56bv
and express high levels of CD16; the rest are
CD56hish and express CD 16"~ CD56M cells
produce IFN-y, IL-5, and IL-13; CD56 NK
cells do not produce these cytokines but show
higher cytotoxic activities.* CD56"" NK cells
are more sensitive to IL-2 during proliferation.
Resting CD56 " NK cells are more cytotoxic
than CD56"ek NK cells*S; however, CD56Meh NK
cells also become highly cytotoxic after activation
with IL-2 and IL-12.%% These results suggest
that the CD56bih cell population includes NK
cells producing IFN-y and IL-13, IFN-y-pro-
ducing NK1 cells, and IL-5/IL-13-producing
NK2 cells. Further studies, such as single-cell
level analysis, will help to clarify these points. In
mouse, the CD56 gene does not exist, and an
alternative cell surface marker, DX5/CD49b,* is
used for subset identification. This makes com-
parative studies of NK subsets between human
and mouse more complicated.

It has also been recognized that chemokine
receptor expression differs between CD56 and
CD56"eh human NK cell subsets. CD56* NK
cells show chemotaxis in response to IL-8.
CD56heh NK cells, in contrast, express high lev-
els of CCR7 and L-selectin, which are important
for homing to the lymphnodes.* This observa-
tion may account for the preferential residence of
CDs56bsh NK cells in the parafollucular T cell
area of the lymph nodes.® It is interesting that
CD56tgh NK cells accumulate in the placenta
during pregnancy, pointing to their immuno-
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regulatory roles against semiallogenic fetuses.” -
These results indicate that CD56%" and CD56kish
NK cells contain functionally distinct subsets and
that CD56bst NK cells modulate immune re-
sponses in the lymph nodes by producing various
specific cytokines.

The expression pattern of various cell surface
molecules was examined in i vitro differentiated
human NK1 and NK2 cells.’2 Both NK1 and NK2
cells were found to express increased levels of
ICOS, CD95, and CDI5L compared to freshly
prepared NK cells. CD45 RA expression is signifi-
cantly higher in freshly prepared NK cells than in
NK1 and NK2 cells, whereas CD45RO expression
is higher in the NK1 subset than in freshly pre-
pared NK or NK2 cells. The expression of NKG2A
is significantly lower in the NK2 subset. It has
been noted that NK1 cells express higher levels of
CD95 than do NK2 cells.! Increased levels of
CD95 on NK2 cells have been observed in multi-
ple sclerosis (MS) patients in remission.>

After in vitro activation with IL-2, murine NK
cells develop into two distinct subpopulations with
differential expressions of IL-12RB2.25 The pheno-
type is very stable once established. Both subpopu-
lations express a number of NK-associated markers,
including NK1.1, DX-5/CD49b, Ly49A, and
Ly49C. The expression of IL-12Rp2 is correlated
with the expression levels of an NK inhibitory
molecule, Ly-49G2. However, these IL-12Rp2"s
and IL-12RpB2v subpopulations are similarly reac-
tive with exogenous IL-12 and respond to 1L-12
stimulation with a rapid production of IFN-y and
increased cytolytic activity. No type-2 cytokine
production has been detected in either subpopula-
tion.® This is an interesting observation, but the
functional significance of these two populations has
not been established.

Another interesting question is whether cyto-
toxic function is distinct between the NK1/NK2
subsets. Human IFN-y-producing NK cells and
IL-5/1L-13-producing NK cells purified from
PBMC show similar cytotoxic activities.!>? Signi-
ficantly increased cytotoxic activity has been de-
tected in in vitro differentiated mouse NK1 cells
as compared with NK2 cells; however, no correla-
tion was noted between the levels of cytotoxicity
and the levels of IFN-y production.® Mouse NK1
and NK2 cells express similar and substantial
levels of the mRINAs for perforin and granzymes.®
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Thus, there is at present no clear evidence to
indicate that the levels of cytotoxic activity differ
between the NK1/NK2 subsets.

V. TRANSCRIPTIONAL REGULATION
OF IFN-y PRODUCTION IN NK AND
CD8 T CELLS

Substantial work has been carried out on the
transcriptional regulation of cytotoxic effector
cell function in CD8 and NK cells.’* NK cells
and CD8* cytotoxic lymphocytes are the two
major cytotoxic lymphocyte subsets in the im-
mune system, and both express an interesting
and similar set of transcription factors that may
regulate the unique cytokine production profiles
of these two lineage cells. As stated above, the
expression levels of GATA3 and ROG were
quite similar in NK cells and CD8 T cells, and
their control of type-2 cytokine production in
NK2 and Tc2 cells has been suggested.32! Here,
transcription factors that may control the pro-
duction of IFN-y in NK and CD8 T cells are
summarized.

T-bet is a T-box family transcription factor,
and its role in IFN-y production in Th1 cells and
NK cells but not CD8 T cells was originally re-
ported by Glimcher and colleagues.’> However, the
production of IFN-y from OVA-specific OT-I
transgenic CD8 T cells with a T-bet knockout
background is impaired, and a significant role
for T-bet in the regulation of IFN-y in CD8 T
cells under physiological conditions was re-
vealed.” The development of spontaneous
multiple inflammatory changes in the airway
characteristic of asthma was observed in T-bet
deficient mice, suggesting reduced type-1 cyto-
kine secretion.’” T-bet controls the terminal
maturation of NK cells and NKT cells, and a
defect in the expression of perforin and granzyme
B was prominent compared with that of IFN-y,58
In a genital herpes simplex virus type 2 (HSV2)
infection model, the cytotoxic capacity and NK-
cell-mediated IFN-y production of T-bet knock-
out NK cells are impaired, whereas T-bet defi-
ciency does not impair either IFN-y production
or the cytotoxic activity of HSV2-specific CD8
T cells.” In the Listeria monocytogenes infection
model, only a very mild defect in the production
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of IFN-y in CD4, CDS8, and NK cells was de-
tected.®® In a type-1 diabetes model, the number
of autoaggressive CD8 lymphocytes was reduced
in T-bet—deficient mice, and the production of
IFN-y was also decreased.®! Thus, it appears clear
that T-bet controls IFN-y production in both
NK and CD8 T cells, although the effects of
T-bet deficiency are not obvious in some experi-
mental models.

Reiner and colleagues®? reported that another
T-box transcription factor, Eomesodermin (Eomes),
is expressed in effector CD8 and LAK cells and
that the ectopic expression of Eomes in CD4 T
cells induces the expression of perforin and gran-
zyme. Dominant negative Eomes expressed in
CD8T cells inhibits both the production of IFN-y
and cytotoxic activity. A dominant function of
Eomes in CDS lineage T cells as compared with
T-bet was suggested, whereas no experimental
results on NK cells were reported. Future experi-
ments addressing the relative requirements for
IFN-y production in CD4, CD8, and NK cells
should increase our understanding of the nature of
the tissue-specific redundant transcriptional regu-
lation of a specific cytokine.

An ETS family transcription factor, MEF,
plays critical roles in the development of NK and
NKT cells.t? MEF-deficient NK cells secrete only
minimal amounts of IFN-y, whereas MEF-
deficient CD8 T cells produce IFN-y at normal
levels. In Ets-1-deficient mice, there is a signifi-
cantly reduced number of NK cells and decreased
cytotoxic activity against NK cell targets.®* The
effects of Ets-1 deficiency on the production of
IFN-y in NK and CD8 T cells are not known.

In CCAAT/enhancer binding protein vy
(C/EBPy)-deficient mice, the cytolytic function
of splenic NK cells after stimulation with cytokines
such as IL-12, IL-18, and IL-2 is significantly
reduced,® and the production of IFN-y in re-
sponse to IL-12 and IL-18 is markedly im-
paired. In IRF2-deficient mice, NK cell deve-
lopment is impaired and the cytotoxic function
of NK cells is diminished, but the effects on
IFN-y production were not analyzed.® Patients
with mutations in the NF-kB essential modifier
(NEMO) show normal percentages of periph-
eral blood NK cells but impaired NK cell cyto-
toxicity.” There have been no reports on the
effects on IFN-y production.

Critical Reviews™ in Immunology

— 102 —



VI. NK1 AND NK2 CELL
DIFFERENTIATION CULTURE IN
HUMAN AND MOUSE SYSTEMS

Human NK cells at specific developmental stages
have been identified based on their cell surface
expression of CD161 and CD56. CD161*CD56~
immature NK cells do not express activating or
inhibitory receptors, including NKp46, CD94,
CD158, CD159,CD160, and CD16, and do not
produce IFN-y. This population mediates cyto-
toxicity through TNF-related apoptosis-inducing
ligand (TRAIL) but do not show perforin/
granzyme-mediated cytotoxicity.#%%* CD161"
CD56- immature NK cells become 11.-13/11.-5-
producing NK2 cells by cultivation with TL-4.70
The IL-13-producing cells became NKO-like cells
that produce both I1.-13 and IFN-y when cultured
with T1.-12 in the presence of feeder cells, and
then NKO-like cells become [FN-y single produc-
ing mature type NK1 cells. The IFN-y single
producing cell population 1s reported to comprise
terminal differentiated mature NK cells, as evi-
denced by the fact that these NK cells do not give
rise to NK2 cells, even in culture with 11.-4, and
undergo programmed cell death after activation.”
The ability to produce IFN-y is acquired approxi-
mately at the stage of CD56 acquisition.’® On
CD56%v NK cells, 11-12 induces various markers
that are expressed on CD56"¢h mature NK cells,
preventing NKp44 and CD16 expression.”! In a
series of elegant experiments involving the in vifro
differentiation of human NK cells, Perussia and
colleagues™ demonstrated that I1-12 induces ter-
minal differentiation of NK cells—i.e., immature
CD161*CD56™ type-2 cytokine* cells mature to
CD56* IFN-y* cells expressing an INK markers.
NK1 cells are CD161-CD56*CD94* and show
perforin/granzyme-dependent cytotoxic activities.
The expression of CD94 occurs at the stage of
acquisition of IFN-y production and is followed by
the loss of IL.-13 production and the induction of
activating NK receptors and KIRs.

We recently established an in witro murine
NK1/NK2 cell differentiation system.® Mouse
peripheral NK cells (NK1.1*'TCRp") separated
from the spleen produce very limited amounts of
IFN-y (less than 1/10 that of NK1 cells) but no
detectable levels of IL-10 or type-2 cytokines such
as 1L-4, 1L-5, and 1L.-13 upon stimulation with
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IL-2 or PMA +10noimycin. In our culture system,
mouse NK cells are stimulated for 2 days with
PMA (50 ng/mL) and Ionomycin (500 nM) in
the presence of IL-2 (250 U/mL) for neutral
(NKO)-culture conditions; 11.-2 (250 U/mL) and
11.-12 (500 U/mL) for NK1-culture conditions;
and 1L-2 (250 U/mL), 1L-4 (500 U/mL), and
anti-IFN-y mAb for NK2-culture conditions. The
resulting NK1 cells produce substantial amounts
of IFN-y and IL-10, but not IL-5 or 1L.-13; and
NK2 cells produce 1L.-5 and IL-13, but not 11.-4
or IFN-y. The production of IL-5 and I1L-13 were
found to be STAT6 dependent. NKO, NK1, and
NK2 cells all show potent cytotoxic activities against
Yac-1 cells and express substantial amounts of
granzyme B and perforin 1.8

One of the important points of this culture
system is that the purified NK cells are stimulated
with PMA and Tonomycin in the presence of
1L-2. No feeder cells are used in the culture. We
found that stimulation with PMA and lonomycin
at the initial phase of culture (2 days) was indis-
pensable for the induction of NK1/NK2 cells,
suggesting that the generation of these cells is not
a phenomenon of cytokine-induced polarization
of cytokine production in NK cells. In the human
culture system, cultivation with y-irradiated feeder
cells or NK-sensitive tumor cells has been used
with IL-2 or IL-15.2131 In these human systems,
it is possible that the feeder cells or NK-sensitive
tumor cells may substitute the activation of both
the Ca2*/calcineurin pathway and the Ras-MAPK
signaling pathway. It is known that the crosslinking
of CD16 on NK cells induces the activation of
calcineurin and subsequent NFAT activation”
and the activation of the ERK/MAPK cascade.”
The requirement for the activation of both the
Ca?*/calcineurin pathway and the Ras-MAPK
signaling pathway for NK1 and NK2 cell differ-
entiation is reminiscent of the differentiation of
helper T cells. Antigen-induced TCR-mediated
signaling in naive T" cells is indispensable for the
differentiation of Th1/Th2 cells.>™7 This inter-
esting analogy suggests that even in NK cells, the
strength of the signaling events may influence the
direction of differentiation toward NK1 and NK2
cells. Tn addition, NK cells express various cell
surface receptor molecules that are able to trans-
duce signals.” These may also control the direc-
tion of NK1/NK2 cell differentiation.
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Vil. BRANCHING DIFFERENTIATION
(TYPE-1 VS. TYPE-2 PARADIGM) OR
LINEAR DIFFERENTIATION OF NK CELLS

On the basis of a series of studies identitying
human developing NK' cell subsets, Loza and
Perussia’ proposed a new and interesting idea for
the development of NK cells—i.e., the linear 2—
0~1 development model (Fig. 1B). These authors
cultured human peripheral and umbilical cord
blood NK precursor cells (CD3-CD161'CD567)
with feeder cells and IL-2 + Phytohemagglutinin
L (PHA-L). As described above, after cultivation
with 1L-12, the immature type 11.-5/1L-13-
producing NK2 cells differentiated first into NKO-
like cells that produce both 11,-13 and IFN-y, and
then into NK1 cells producing 1FN-y, which
appeared to be terminally differentiated cells.”®
On the basis of these experiments, the linear
sequential differentiation scenario of NK cells
from type-2 immature, type-0 intermediate, to
type-1 terminal differentiated NK cells was pro-
posed. The results reported by this group reason-
ably support the model.”

On the other hand, in the mouse NK1/NK2
differentiation culture system, we detected a clear
difference in the cytokine profiles of freshly pre-
pared NK cells and NKO cells (no production of
IFN-y, 1L-10, [L-4, IL-5, or 11-13), NK1 cells
(IFN-y and 1L-10 production) and NK2 cells (IL-5
and 11.-13 production, but not I1L.-4 production).?
These are generated from a highly purified NK1.1+
population in the spleen. The results support the
branching NK1/NK2 cell differentiation model
(Fig. 1A), which describes Th1/Th2 cell differen-
tiation from naive CD4 T cells. In the mouse NK
cell differentiation culture system, we have not
succeeded in generating IFN-y—producing NK1
cells from NK2 cells after second cycles of cultiva-
tion with IL-12. It is possible that the culture
system is not appropriate for second cycles of type-1
and type-2 cultures; however, we have no direct
evidence to suggest the linear 2-0-1 development
in mouse NK cells at this time. It is also possible
that the differentiation pathways of mouse and
human NK cells are different. In fact, the expres-
sion pattern of various NK-specific marker mole-
cules differ between human and mouse NK cells,
and these markers are associated with the develop-
mental and functional properties of NK cells.” In
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the mouse NK cell difterentiation system, a key
experiment to address this issue would be the so-
called “single cell culture and analysis,” in which a
single NK1.17 cell is isolated and cultured in a
single well to generate NK1/NK2 cells.

In the thymus, developing Va14i NKT cells™
express 1L-4 mRNA and subsequently lose their
IL-4 expression. This is reminiscent of the linear
“2-0-1" differentiation discussed above for human
NK cells.”” The ontogeny of T and NKT cells
takes place mostly in the thymus. Therefore, it is
easy to distinguish between the differentiation
(ontogeny) and functional differentiation, such as
Th1/Th2 cell differentiation in the periphery.
However, because there is no specific tissue for NK
cell differentiation (ontogeny), both differentia-
tion (ontogeny) and functional (NK1 and NK2)
differentiation may occur at the same sites, includ-
ing in the bone marrow and spleen. Thus, it is still
possible that some mature NK cells in humans
become 1L.-13— and/or IL-5—-producing cells and
[FN-y-producing cells in the appropriate circum-
stances. We need to await the establishment of
another human NK cell differentiation culture
system, in which (1) cytokine nonproducing NK
cells with a mature NK cell surface phenotype are
separated, and (2) the activation of the MAPK
cascade and Ca signals are induced at the initial
phase of differentiation in addition to in the
appropriate type-1 and type-2 cytokine environ-
ment. One of the key features of the linear “2-0-1”
development hypothesis is that type-2 cells are not
considered to be a mature functional NK cell
subset. Most of the functions of NK cells have been
studied with respect to immune responses to infec-
tious microorganisms and tumors and are empha-
sized to be mediated by the production of IFN-y
and the cytolytic activities of NK cells. However, it
remains very likely that the immunoregulatory
function of type-2 cytokine-producing NK2 cells
and IL-10-producing NK1 cells is exerted in other
types of immune responses, including allergic reac-
tions and autoimmune diseases. Even in the late
phase of viral infections, cytokine-producing NK1/
INK2 cells may play some suppressive roles against
cytolytic effector NK cells or CD8 T cells. In any
event, a more comprehensive investigation focused
on the two differentiation models would provide a
clearer view of the differentiation of functional

NK1/NK2 cell differentiation.
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Vill. PHYSIOLOGICAL ROLES OF NK2
CELLS INVIVO

It has been documented that cytokine production
by NK cells rather than their cytolytic activity
contributes to the resistance to infectious agents.™**
Type-2 cytokines produced by NK2 cells may play
important immunoregulatory roles in the early
response to infectious microorganisms as well as
T-cell responses against these pathogens.® Walker
et al.8! demonstrated using a peritoneal eosino-
philic inflammation model, which NK cells pro-
duce IL-5 in vivo and which thereby have an
important regulatory function in allergen-induced
eosinophilic inflammation. Substantial numbers
of NK cells are present in the interstitium of the
normal human lung, suggesting a role for these
cells in pulmonary immune responses.®? Clinical
studies have demonstrated that patients with
asthma show increased numbers of NK cells
accompanied by increased NK activity in the peri-
pheral blood.®# These results suggest the pos-
sible involvement of NK cells in the pathogenesis
of asthma. Korsgren et al.% demonstrated, using
eosinophilic airway inflammation in immunized
and allergen-exposed mice, that NK cells play
critical roles in the pathogenesis of eosinophilic
arrway inflammation during the process of immuni-
zation. NK cells in the peripheral blood of multi-
ple sclerosis (MS) patients in remission are charac-
terized by an elevation in IL-5 mRNA expression
and production, decreased IL-12RB2 mRNA, and
a higher expression of CID95.% These NK2-like
NK cells were not detected when there was a
relapse of the MS. Thus, NK2-like cells appear
to control the remission of MS. Recently, in-
creased numbers of NK2 cells in asthmatic pa-
tients have also been reported.?’” In atopic derma-
titis patients, freshly isolated NK cells release
higher amounts of type-2 cytokines and [FN-y,
as compared with NK cells from healthy indi-
viduals.”? It is interesting that NKG2A expres-
sion is lower in NK2 cells compared with freshly
prepared NK cells or NK1 cells in healthy indi-
viduals, but is the same in atopic dermatitis
patients. No functional Ig isotype switching to
IgE was observed in the system in which differ-
entiated NK2 cells are co-cultivated with purified
B cells, although NK1 cells show a significant

anti-IgE effect.’ These results suggest some as-

370

sociation between the presence of NK2 cells and
certain allergic and autoimmune disorders, but
direct evidence of the causal effects of NK2 cells
in the pathogenesis of these diseases is still needed.
The reports are summarized in Table 1.

IX. CONCLUSIONS

Accumulating evidence indicating the presence
of type-2 cytokine-producing NK2 cells supports
the notion that NK2 cells constitute a distinct
functional subset of NK cells. NK2 cells produce
I1.-5 and I1.-13, but not IL-4 or IL-10, and this
unique cytokine production profile suggests a
specific immunoregulatory function of NK2 cells
under some physiological and/or pathological
conditions. Further analyses are still needed to
address which transcription factors are critical for
NK2 cell differentiation and how various tran-
scription factors cooperate or counteract each
other to generate NK1/NK2 cell subsets. Re-
search efforts aimed at the manipulation of N1/
NK2 cell differentiation may be helpful for estab-
lishing novel approaches to the treatment of
allergic and autoimmune diseases, as well as
infectious diseases and tumors.
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ABSTRACT

Background: Although subcutaneous immunotherapy may cure allergic diseases, it is not commonly used in
Japan because of the pain and risk of anaphylactic shock. Sublingual immunotherapy(SLIT)overcomes these
limitations and aithough it is the most advanced form of local immunotherapy for clinical application, it is not
used in Japan nor has it been extensively studied.

Methods: After obtaining approval from the Ethics Committee of Nippon Medical School and informed con-
sent from five patients with cedar pollinosis(one man, four women ; age range, 38-66 years), administration of
a therapeutic extract was started in July 2001 or later(mean treatment period, 13.4 months). The clinical effi-
cacy of SLIT and its influence on the quality of life, as measured by the Japanese Allergic Rhinitis QOL Stan-
dard Questionnaire, and the incidence of side effects were evaluated in 2003.

Results: Between February and April the mean severity score was 1.44 in the patients undergoing SLIT and
1.86 in the patients undergoing pharmacotherapy, and the respective mean QOL total scores during the sea-

son were 3.82 and 10.0. Neither systemic nor local side effects occurred during SLIT.
Conclusions: SLIT is safe and effective for Japanese cedar pollinosis.

KEY WORDS

allergic rhinitis, Japanese Allergic Rhinitis QOL Standard Questionnaire(JRQLQ), Japanese cedar polli-

nosis, quality of life, sublingual immunotherapy(SLIT)

INTRODUCTION

Subcutaneous injection immunotherapy is a painful
procedure and has the risk of anaphylactic shock as a
side effect, which is why it is not commonly used in
Japan. To overcome these limitations, patients in
Europe and the United States can undergo local im-
munotherapy in which the antigen is administered to
the nasal, intestinal or tracheal mucosa, and of these,
sublingual immunotherapy (SLIT) is the most ad-
vanced clinical application. Placebo-control studies of
SLIT against house dust,}3 grass, 47 weeds?® and Pa-
rietaria 910 have demonstrated a marked improve-
ment in clinical symptoms after immunotherapy com-
pared with placebo, and a significantly lower inci-
dence of side effects than with injection immunother-
apy. In Japan, immunotherapy consists of subcutane-
ous injection only and local immunotherapy is not
used in clinical practice. Other than our pilot study,1!
SLIT has not been investigated in Japan. In the pre-

sent study conducted in 2003 we evaluated the clini-
cal efficacy of SLIT, its influence on the quality of life
(QOL)and the incidence of side effects in patients
with cedar pollinosis.

CLINICAL SUMMARY

SUBJECTS

After the protocol was approved by the Ethics Com-
mittee of Nippon Medical School and informed con-
sent was given by five patients with cedar pollinosis
(one man, four women ; age range, 38—66 years(Ta-
ble 1)), administration of a therapeutic extract was
started.

The main antigen was cedar and none of the pa-
tients had other allergic diseases or double sensitiza-
tion with other antigens that would influence the
evaluation of the treatment response during the cedar
pollen season. Treatment was started in July 2001 or
later, and clinical efficacy was evaluated in April 2003
(mean treatment period, 13.4 months).
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Table 1 Profile of patients

SLIT Pharmacotherapy
Age (mean) 47.3 45.0
Sex
female 4 4
male . 1 1
D(;r:grc}))n of SLIT 13.4 months
Severity
Mild 0 0
Moderate 2 4
Severe 3 1

Table 2 Schedule of sublingual administration

1stweek 2 week 3 week 4™ week
150000 1 5000 1:500 1: 500
18t day 1 drop 1 drop 1 drop 20 drops
2nd day 2 drops 2drops 2 drops
34 day 3 drops 3drops 4 drops
4t day 4 drops 4 drops 8 drops
5% day 6 drops  6drops 12 drops 20 drops
6" day 8 drops  8drops 16 drops

7th day 10 drops 10 drops 20 drops

The pharmacotherapy group consisted of five pa-
tients with cedar pollinosis who consulted the outpa-
tient clinic of the Department of Otorhinolaryngology
at Nippon Medical School Hospital during the same
period (one man, four women ; age range, 36-53 years
(Table 1)).

METHODS

Japanese cedar antigen extract(1 : 20) (Hollister-Stier
Laboratories LLC, Spokane, WA, USA)was diluted
prior to use, but because it is not standardized, there
are no data about its major allergen content. In our
preliminary study, the concentration of the major
Japanese cedar pollen allergen, Cry j 1, was regarded
as being 7.7-16.5 pg/ml.}2 Crumbs containing the an-
tigen extract were placed under the tongue for ap-
proximately 2 min and then spat out(‘sublingual spit-
out’) . The subjects attended the outpatient clinic,
weekly from week 1 to week 3 and then fortnightly
from week 4 of treatment, where they obtained the
therapeutic extract and administered it at home in in-
creasing doses(Table 2).

Clinical Symptoms(Nasal Symptom Score)

Nasal allergic symptoms were evaluated from patient
diaries and symptom/severity scores were calculated
according to the Japanese Practice Guideline for Al-
lergic Rhinitis(4th edition).13 The most severe status
was scored as 4, severe status as 3, moderate status
as 2, and mild status as 1(Table 3).

168

Medication Score

In the drug therapy group, the various medications
were also scored according to the guideline!3 as fol-
lows : first- or second-generation antihistamines and
mast cell stabilizers, 1 point ; topical steroids, 2
points ; vasoconstrictor or anticholinergic nasal drop
preparations, 1 point ; antihistaminic eye drop prepa-
rations, 1 point ; steroid eye spray preparations, 2
points ; the period during which the dose is in-
creased, 0.5 points ; the maintenance dose, 1 point ;
and mixed preparation of an antihistaminic agent and
betamethasone, 3 points(Table 4).

Evaluation of QOL

We evaluated changes in the subjects’ QOL during
the cedar pollen season using the Japanese Allergic
Rhinitis QOL Standard Questionnaire ( JRQLQ ;
2002),14 which has three parts : (I) nasal/ocular
symptoms, (I} 17 questions about QOL and(II)a com-
prehensive evaluation (face scale).

The QOL questions investigated issues in six do-
mains (‘daily life’, ‘outdoor life’, ‘social life’, ‘sleep’, ‘fa-
tigue’ and ‘emotion’), such as ‘interference with
study, work, or housework’, ‘lack of concentration’,
‘decline in thinking power’, ‘inconvenience with read-
ing and newspapers’, ‘debilitating memory loss’, ‘in-
terference with outdoor activities such as sports, pic-
nic, etc’, ‘limitation on going out’, ‘interference with
social activities’, ‘interference with conversation/tele-
phone conversation’, ‘embarrassment from presumed
public attention’, ‘sleep disorder’, ‘feeling of weari-
ness’, ‘fatigue’, ‘nervousness’, ‘frustrated’, ‘gloomi-
ness’ and ‘lack of satisfaction with daily life’. Re-
sponses were evaluated using five grades.

PATHOLOGICAL FINDINGS

In 2003, the amount of cedar pollen in Chiyoda-ku,
central Tokyo, was 3,622 grains/cm2, which was simi-
lar to the annual average (according to a survey con-
ducted by the Bureau of Public Health Tokyo Metro-
politan Government).

CHANGES IN CLINICAL SYMPTOMS ( NASAL
SYMPTOM SCORE)
As shown in Table 5 the mean symptom scores in the
SLIT group for sneezing, nasal discharge, nasal ob-
struction, and ocular symptoms between February
and April were 1.07, 1.30, 0.56, and 0.39, respectively.
All scores were highest in March and rapidly re-
turned to the February values in April. The respective
mean symptom scores in the pharmacotherapy group
were 1.07, 1.76, 1.01, and 0.80(Table 5). All scores
were highest in March, as in the SLIT group, but in
April there was a prolonged interval until symptoms
were relieved.

The mean severity scores between February and
April were 1.44 in the SLIT group and 1.86 in the
pharmacotherapy group(Table 6).
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Table 3 Criteria for symptom score and severity score

Grade No. of sneezing attacks

No. of nose blows

Nasal obstruction

per day per day
Most severe Complete
(4 points) >20 >20 (all day)
Severe 11-20 11-20 Severe
(3 points) (considerabie amount of mouth breathing required)
Moderate ~ _ Marked
(2 points) 6-10 6-10 {frequent mouth breathing)
Mild 1-5 1-5 Present
(1 point) (no mouth breathing)
No symptoms
(0 point) 0 0 None
Table 4 Criteria for medication score with the WHO position paper on allergen immuno-
1%, 2nd generation anti-histamines, mast cell _ therapy requiring a new route of administration, such
stabilizers 1 point as local immunotherapy, and treatment that does not
Topical steroids 2 points cause anaphylaxis, such as peptide therapy.2” How-
Deconaestant. anti-cholinergic agents 1 voint ever, only subcutaneous immunotherapy is used for
g — grcag P : Japanese cedar pollinosis and other than our pilot
Ocular anti-histamines 1 point study,!! and the present report, SLIT is an unknown
Ocular steroids 2 points treatment.
Specific immunotherapy Approximately 13% of the Japanese population are
During step up 0.5 points affected by Japanese cedar pollinosis?® and the pro-
During maintenance dose 1 point portion of severe status patients is higher than with
d pollinosi hich the repr -
Oral steroids and anti-histamines 3 points grass or ragweed pollinosis, which are the represen

CHANGES IN THE MEDICATION SCORE

The mean medication scores between February and
April were 0.21 in the SLIT group and 1.85 in the
pharmacotherapy group(Table 7).

CHANGES IN THE QOL

The mean QOL total scores during the pollen season
were 3.82 in the SLIT group and 10.0 in the drug ther-
apy group(Table 8).

SIDE EFFECTS

Neither systemic nor local side effects occurred dur-
ing SLIT.

DISCUSSION

The mechanism of action for SLIT, or for conven-
tional allergen immunotherapy, is still unclear, but for
allergen-specific immunotherapy, reduction of effec-
tor cells516 and blocking antibody1720 have been the
conventional theories. Recently, however, it has be-
come widely accepted that immunotherapy may mod-
ify the T cell response to natural allergens because of
T cell anergy and/or immune deviation.2?4 For SLIT
in particular, allergen administered to the oral mu-
cosa accumulates in the submandibular lymph node,
in which the immune response occurs?’ and peaks at
approximately 2 h after administraton.?6 Of the local
immunotherapy modalities, SLIT is the most effective
with a lower incidence of side effects, which complies

Allergology International Vol 54, No1, 2005 www.js-allergol.gr.jp/

tative conditions in other countries, and the symp-
toms persist for about 3 months, becoming a social is-
sue. When the amount of pollen increases, patients
show more severe symptoms, and the number of se-
vere status patients is greatest in mid-March (late sea-
son)when the pollen count reaches its peak. Substan-
tial antigen exposure enhances the antigen-antibody
reaction in the airways (airway hypersensitivity ) ,
which is the mechanism involved in severe pollinosis,
and immunotherapy with antigen-specific effects may
control the exacerbation of the symptoms in the latter
half of the cedar pollen season by inhibiting antigen-
related enhancement of nasal mucosal hypersensitiv-
ity. In the present study, SLIT both inhibited the ex-
acerbation of symptoms in the latter half of the sea-
son and reduced their severity throughout the sea-
son. Furthermore, there were neither local nor sys-
temic side effects, as reported elsewhere for other an-
tigens.

SLIT for cedar pollinosis is a new therapy and in
the future SLIT may by indicated for patients with na-
sal allergy caused by other allergens such as house
dust mites or animal dander through improvement of
the administration schedule and establishing the
dose at which the most potent effects are achieved.
Therefore, a multicenter study involving a large num-
ber of patients should be conducted.
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Table 5 Monthly mean change in symptom score

Gotoh M et al.

Mean of
Feb. Mar. Apr. 3 months
) Pharmacotherapy 0.44 1.35 1.36 1.07
Score of sneezing
SLIT 0.84 1.48 0.87 1.07
. Pharmacotherapy 1.02 219 2.00 1.76
Score of nasal discharge
SLIT 0.91 1.79 1.16 1.30
) Pharmacotherapy 0.48 1.37 1.15 1.01
Score of nasal obstruction
SLIT 0.31 0.86 0.49 0.56
Pharmacotherapy 0.46 1.14 0.76 0.80
Eye symptom score
ye symp SLIT 0.26 0.68 0.21 0.39
Table 6 Monthly mean change in severity score
Mean of
Feb. Mar. Apr. 3 months
. Pharmacotherapy 1.14 2.25 213 1.86
Severity score
SLIT 1.1 1.92 1.26 1.44
Table 7 Monthly mean change in medication score
Mean of
Feb. Mar. Apr. 3 months
o Pharmacotherapy 1.49 1.90 213 1.85
Medication score
SUIT 0.07 0.43 0.12 0.21
Table 8 Monthly mean change in QOL score
Mean of
Feb. Mar. Apr. 3 months
Pharmacotherapy 6.0 16.8 7.2 10.0
QOL score
SUIT 1.67 5.8 3.82 3.82
REFERENCES 6. Clavel R, Bousquet ], Andre C. Clinical efficacy of subl-
1. Tari MG, Mancino M, Monti G. Efficacy of sublingual im- ingual-swallow immunotherapy : a double-blind, placebo-
munotherapy in patients with rhinitis and asthma due to controlled trial of a standardized five-grass-pollen extract
house dust mite : a double-blind study. Allergol. Immuno- in rhinitis. Allergy 1998;53:493-498.
pathol. (Madr.) 1990;18:277-284. 7. Pradalier A, Basset D, Claudel A et al. Sublingual-swallow
2. Mungan D, Misirligil Z, Gurbuz L. Comparison of the effi- immunotherapy (SLIT) with a standardized five-grass-
cacy of subcutaneous and sublingual immunotherapy in pollen extract{drops and sublingual tablets) versus pla-
mite-sensitive patients with rhinitis and asthma : a pla- cebo in seasonal rhinitis. Allergy 1999;54:819-828.
cebo controlled study. Ann. Allergy Asthma Immunol. 8. Valle C, Bazzi S, Berra D, Sillano V, Puccinelli P, Parmiani
1999;82:485-490. S. Effects of sublingual immunotherapy in patients sensi-
3. Guez S, Vatrinet C, Fadel R, Andre C. House-dust-mite tised to Ambrosia : an open controlled study. Allergol. Im-
sublingual-swallow immunotherapy (SLIT) in perennial munopathol. (Madr.) 2000;28:311-317.
rhinitis : a double-blind, placebo-controlled study. Allergy 9. Troise C, Voltolini S, Canessa A, Pecora S, Negrini AC.
2000;55:369-375. Sublingual immunotherapy in Parietaria pollen-induced
4. Di Rienzo V, Puccinelli P, Frati F, Parmiani S. Grass pol- rhinitis : a double-blind study. J. Invest. Allergol. Clin. Im-
len specific sublingual/ swallow immunotherapy in chil- munol. 1995;5:25-30.
dren : open-controlled comparison among different treat- 10. Purello-D’Ambrosio F, Gangemi S, IsolaS et al. Sublin-
ment protocols. Allergol. Immunopathol. (Madr.) 1999;27: gual immunotherapy : a double-blind, placebo-controlled
145-151. trial with Parietaria judaica extract standardized in mass
5. Hordijk GJ, Antvelink JB, Luwema RA. Sublingual immu- units in patients with rhinoconjunctivitis, asthma, or both.
notherapy with a standardised grass pollen extract : a Allergy 1999;54:968-973.
double-blind placebo-controlled study. Allergol. Immuno- 11. Okubo K, Gotoh M, Shimada K, Okuda M, Yagi T, Dairiki
pathol. (Madr.) 1998;26:234-240. K. Sublingual immuno-therapy for Japanese cedar pollino-
170 Allergology International Vol 54, No1, 2005 www js-allergol.gr.jp/

— 114 —



12.

SLIT for Japanese Cedar Pollinosis

sis : pilot study. Jpu. ] Rhinol. 2002:41:30-35(in Japa-
nese).

Okubo K, Takizawa R, Gotoh M, Okuda M. Experience of
specific immunotherapy with standardized Japanese ce-

dar pollen extract. Arerugi 2001:50:520-527 (in Japanese).

13. Japanese Practice Guideline for Allergic Rhinitis. 4th edn.

14.

15.

16.

17.

18.

19.

20.

Tokyo:Lifescience, 2002.

Okuda M, Okubo K, Gotoh M et al. Japanese Allergic
Rhinitis QOL standard questionnaire (2002). Arerugi
2003;52:21-56(in Japanese).

Kimura I, Tanizaki Y, Goda Y, Komagoe H, Kitani H. De-
crease in reactivity of basophils by immunotherapy with
housedust extract. Clin. Allergy 1985;15:1-7.

Otsuka H, Mezawa A, Ohnishi M, Okubo K, Seki H,
Okuda M. Changes in nasal metachromatic cells during
allergen immunotherapy. Clin. Exp. Allergy 1991;21:115-
119.

Durham SR, Till SJ. Immunologic changes associated
with allergen immunotherapy. J. Allergy Clin. Immunol.
1998;102:157-164.

van Neerven RJ, Wikborg T, Lund G et al. Blocking anti-
bodies induced by specific allergy vaccination prevent the
activation of CD41 T cells by inhibiting serum-IgE-
facilitated allergen presentation. J. Immunol. 1999;163:
2944-2952.

Golden DB, Meyers DA, Kagey-Sobotka A, Valentine
MD, Lichtenstein LM. Clinical relevance of the venom-
specific immunoglobulin G antibody level during immu-
notherapy. J. Allergy Clin. Immunol. 1982;69:489-493.
Van-der-Zee ]S, Aalberse RC. The role of IgG in
immediate-type  hypersensitivity. Eur. Respir. J. Suppl.
1991;13:91-96s.

Allergology International Vol 54, No1, 2005 www js-allergol.gr.jp/

21.

22.

23.

24.

25.

26.

27.

28.

— 115 —

Secrist H, Chelen CJ, Wen 'Y, Marshall JD, Umetsu DT.
Allergen immunotherapy decreases interleukin 4 produc-
tion in CD4+ T cells from allergic individuals. /. Exp. Med.
1993;178:2123-2130.

Lamb JR, Skidmore B}, Green N, Chiller JM, Feldmann
M. Induction of tolerance in influenza virus-immune T
lymphocyte clones with synthetic peptides of influenza
hemagglutinin. J. Exp. Med. 1983;157:1434-1447.

Fasler S, Aversa G, Terr A, Thestrup-Pedersen K, De
Vries JE, Yssel H. Peptide-induced anergy in allergen-
specific human Th2 cells results in lack of cytokine pro-
duction and B cell for IgE synthesis : reversal by IL-2, not
by 1L or IL-13. J. Immunol. 1995;155:4199-4206.

Jutel M, Pichler WJ, Skrbic D, Urwyler A, Dahinden C,
Muller UR. Bee venom immunotherapy results in de-
crease of IL-4 and IL-5 and increase of IFN-y secretion in
specific allergen-stimulated T cell cultures. J. Immunol.
1995;154:4187-4194.

Muller D, Ruitenberg EJ, Elgersma A. The influence of
different immunization pathways on the immunological
response in the oral mucosa. Br. J. Exp. Pathol. 1983;64:
367-372.

Bagnasco M, Passalacqua G, VillaG et al. Pharmacoki-
netics of an allergen and a monomeric allergoid for
oromucosal immunotherapy in allergic volunteers. Clin.
Exp. Allergy 2001;31:54-60.

World Health Organization . Allergen immunotherapy :
therapeutic vaccines for allergic diseases (WHO position
paper). J. Allergy Clin. Immunol. 1998;102:558-562.
Okuda M. Epidemiology of Japanese cedar pollinosis
throughout Japan. Ann. Allergy Asthma Immunol. 2003;
91:288-296.

171



fﬁ“? - Bt %up-to-date

7 DIV — B R OES
—2005F0FEHFMS

Epidemiology of allergic rhinitis in Japan

[ 7 58 &

Yoshitaka Oxamoto

T-SENFRTWEI A SR BTG LT SRt - S SF M 7

O7LNF-—ERABHEOMNIMEHENT VLSS, FEELPEST LML L THL (, BN TOBZREZR
BAELTNS. 2005 FNDZX - &/ FIEMREEE THRICT > £IUBETETOTLAX —HBROKRD &
SRR ET e, DA EEEEB VA XEEMETH D0, XXTEINCH T 2RBER - REEZD LG 1T
NRD S FEEETLVWEBBTHS N, 2005 FN LI G XX - b/ XIEMOKSRENL = OER % 5
RLTWa. NEETH XXMM T 2 BIERIE 60%, FAEEIL 0% 5B THY, WMPE L L., 772,
BRMGT TRE ZTEMREBERTHIL TORE, S, TEMRBROATHE L, BRED “E” T2 RET
OERFOREENBESIND. —FH, FZICHTIREEICONTHNBTEML TV Y, th - ﬁ&TuWk
LTwiw, 7z, R, RAE HBERBIENEAIISC, ¢Ex#mﬁﬁﬁ%ﬁ%®%MV# ICEHE
BUEERL T3,

word

Doy | PLvv—tems, mrms, TOE 00 A

TULVE—RRORIMZMSR W Ic A S 3 15, PR, BEHE, PRIEOHE - W
A, T I KB 2 A SR LT SAIRTH D, EHIC, fonkT—4 - A
H. IS, DPEFAE VD AT T ICD NS 7 4 =Py 25 208hdH ), - o
WTE & ol b, HRhi N EO %+ﬁmﬁof3#&wt%ﬁ®%%u@%&&
WAL T LV ¥ — 1SR OBLR O IE i e R s 3 5.

BT LBV ETHRVY, TLAF—PRRRIC 7T MCKBHAT, LA ThHETy

G'M
=

PHY 20222 RE LT Y, MR TRt BODIZS Lok, &, @0F0a%E 2L
HZDHDDEFEDLIICH AL 2o Tw HY E I EDEMTE, %< D false positive

D MRS NIMETRRITIE D 203, Lz g #ﬁ%hé_&ﬁﬂ%nfmé SRR 17
T LD BTN S D E# A, 2006 HFICEHH HNISSAC D7 L IVF — B KD ERELRD I
STV Z 7L LX =SR] BT 2t & T, ﬁi@f%i@ﬁbclﬁjb’ﬁﬁq{ﬁ)!ﬁi%éj’L
Dz F ED TR, Tzt I 2 8500 2 7 DI T A - 5 2
U LI R R TgE BRI ELR R AR TH 5
W TN SEOREBEOERR - 0554, 7 LA I I SIS

-

EilzEl= FIELTWEEELVLILIEHEFETHD, 20
%aﬂ%@&&,m?éému%E,%m%ﬁ i?&*?i@Em%F%%%%X#&T%ﬂé
FICHEDHMN & 3387 T3 L gl WBERFEE L TRILTL £ algEr»ndH 5038, 7
Hefds ki wvi?%&wﬁ EBRoHET Y= FHRE» ST OB TS F D ISR

bimlUTH”hFh, WX Pifis, WHOLEICIIAE THs, IHLWARETHIUE, v — X P o&an

EFD&HdH Vol 216 No. 5 2006. 2. 4 | 329

— 116 —



100 — TR ORI EE 2 & 3%

0T [ Daeaitid(n—281) ez BANITERL & 3R A & Dlhic ﬁ&ﬁ@bng
sof B 2RauhiE (h=187) W ORI 2 > 2 1 12 1,
R %,ﬁM&Hwﬁhﬁ\%b,&<
g o WL, b5 2k, SHOL
i 5071 BB TIEHEL s, HRUL R f% ifuﬁ
5o BeciE, D o v@m&@wm%wm%
"l WTH 2.

ol WHOBHOZSOE LT L £ )56

0 fg e ECER I T Ly ¥ -k

BIERO # %ﬁﬁg?ﬁﬁ 15 L C 35 O 5 2 5k 0 B 7= b B,

M1 7or—MEROKPSHEBL AR m@‘ﬁmﬁf’#ﬁ%iugpkﬂﬁg

FIEMMHERREE (WAIRO B DB & Gl

HE MR E &b lomdl e L
)
“‘fﬁo)'f/?\ux}’/\g)/ »//7_1\

F Ot %rm TDFRENS

Mirc2 M 2005 FED A ¥ - &/ X AL IR

NS 4O Ledh, AT, BOFH, b 1o, AR O AR O NN

BWIFIRD &, FilliLe EBWFIcA SR
5 &wﬁl Jbblﬂﬂ“éﬂ?g%:/hT. S il

4}\0).7% T % & AR IR

u?%\%% (‘[’ ﬂHJ]@E//\, n n/ 1]”7\‘%
BE LT 55, RO - #

b, WEIE7TYr—F, 50l
E@Eﬁ%ﬁ%%%?é:&mﬁa
=7, FLERTIEERRIOT T 2 BOBLD H

HI7bRE SRR ICEE

— VRS R DB I IR T,

WY A B R 2 E 3% (

BT A xb‘.'ﬂl JZ@%‘%T’E*;?J*J’\Z)@@T@<

5. WE 7 b HOBECDALIND, 4 KD

Rl & > T 68% T, FRIMAFEE D %oz

70
®
e 60
W
& 50+
E
=) L
— 40
X
[IaY 30+
o
S
w  20r
o
o
Bk 10t
ﬁ
0

2E A= BEHY JASY SEX  EJE AUREAL

O : bresasis (n=124)
B . A (n=202)

B 2 20058/ 4OHEE ()

AERTRIBE D J7x B 2 Hubk T D 2 RES LI 1% mbla INFEDN
RINT LT Ao 5 R (CAP RAST2 BLL) % /159

330 | BEXMapkbd+ Vol 216 No. 5 2006. 2. 4

— 117 —

F 7"\_’ /J\HI

V\ )ML’P (i r”{”ﬁj
'F/}L‘ Clk

%)d*o% t(c

I:[" [

7” I "J

“rgoeH
WEWTT7LIL¥—
WRBROWMBZ T, MNELEOT7TLILF—
ﬁdi;fﬁ*\iéﬁko>
U Hit, (AL L R B TR IX ) & TR HRiE 1 4 7
1MMMMﬁﬁmeEm%mzm20@m¢&
& TW R T RIS DS 7 BT L R 7 L
M CIEWEETH WX —PERDFAE DR O 2B 5
72 &MU R HIG & LS, b adil 2 DOH T OIE S
&8 — 5 LT 1998~2003 4 DY THY 6,700
W/ em?/ > — X vk 2200 /cm?/ > — R &, 3
MLQi%S%‘
5 A0 R ZDH LT v — FRERIE 97%, FnEE
& CICHA

THEILE®E



70

60

50

40t

30t

20t

2 ¥ BEE - A (%)

2005
DS AL

19955 20004

H 3 hd XX RMEER - FRERE(T L
ET) (B R3HESE 0
- P TORE T LA T 2R RO
2005 4 & 2000 415, 1995 4 (b 6 ) o L.

it REL B D, 7o — M S Bl
[EF - AEES THERICAEETRD -
7o, F7, 2 DO TH LB EIZHEO o
7.

B 2 13RI 7 L V7 o B IR ERE RS
D3, AXIEH 60%, ¥ =50% &<, ZFDEME
J XKI50%, HESTY 25%, 78 7Y 20%, 2

X 18% & o IEMER N A S LT, A X UMK
EH D 5 B A FIEMIRIBIRF IS — 3% U 72 STk 72

O NMCHRIFRZ R Z 2 REDOES, T74b b
T 40% B A C\adz, F /o, AX IO RS
Db RS 212 60%, TN VI 40% &
Lt ZDEIINFEDOT LT ICHT S
BAER « FIEF @S L, e AT L TR
R 60%, FEIER 40% & 2001 £ T-HERTHT I
i, EHEH O /N T O RS U (R 37%,
FERESZRE 24%) &M L TREIOWETF &> T 5,
T/, 2 IgE b SRR C I AU I b
WLTEZR LT3, 727, LR DE
WIC K BHISZE X & D Cld e o7z, 2D E
o, & CICAXEMDOIBIERD LD L v,
{EMTREB DM Tl &, IR e
DELDRECHEL TV L ns,
—J7, B 3 (& FIERVL G R LI] T o f— 2y
K, 28F)EWRICLAET7vr—F, 6N
AX - b/ FALKTREHE T 5B 5~6 DIl ho
i IgE FLiA D 2005 4F & 2000 4, 1995 420 LLig
BIRT, AFXEIELY, W TNORENT LAY

[J : 2000&F (n=1,452)
Bl : 20055 (n=1,351)

(%)

o15¢

BAE

10|

a%¥
B 4 BEFEOZEONA) FeHEmY)

A¥ 5= hEAHV

[v]- -UTEF D 40 gL L DIRADFRE T L LA i
XY B REAER D 2005 & 2000 E(0FRH 6 )0
JHA

KT BB
N E R L Tw5
1IN %Aﬁ@q}mfmm%ﬁ?vwfyﬂw
»-~E%m¢WT%% QL Y = NN R S8
BT 80% & RIS T LA X =R R DA
mhins Ik, aﬁLTué%ﬁ@%f%®5%
I 20% gl X D X ZIC T LV X —EE R DT
JEL T A EWIRIREL->TED, 205450
T UNX =R RO FIEERIE 1.4 8% &R0
TERWELTVEY HE S NT RN 7

b 2000 & R LT 2005 T

VoL —ddibih o h e A L & 2 A,
u%31%0ﬂﬁﬁr57&) %I T Loy
—HRROAENE, FAWEOR VLT b E—k

u%ﬁ%%muﬁ%7vw%—@%%5%$
9% T LN X — SR RO, DA%

6?3%%§®?Ft—%*%%0 EWEIE T
7 ‘/)ff(«lrl*‘lllf) 57 1/}1/3'\""]?15551 {ﬂﬁi—"n/u

ns.

& HATORED 5

WEBHTIE 1995 4 LUKAR AR I8 #8 15 B pe v 02 f7 1
iafmmnmmwwxm5mmmouﬁ@7
LUK —HREROBEZEZIToT03Y MZiEA
?-t/#%%%ﬁ%f&@ﬁﬁﬁ?yv~b%

, M2, iEPREN IgE JUkE I L 0irh
h,mﬁ4omﬁ¢ﬂlf4m) 1,300~1,600 & 7&
M2, K4 2000 4 & 2005 FE0REH 7 LIL
KT DR L b D THBD, A
FHEHEO ERBAS LA, X2 EEE

EZDdHkdH Vol 216 No. 5 2006. 2.4 | 331

— 118 —



