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ABSTRACT : To study the nature of differentially manifested adaptive responses of an organism
according to the intensities of the siress, the immune effects of different levels of repeated hypoxia were
investigated. Four experimental groups (NH : not-handled, 20% : handled, 15% or 10% : exposed to 15%
or 10% O, with balanced nitrogen, respectively) of mice were exposed to different levels of hypoxia for 60
min/day, 5 days/week in a repeated and intermittent manner. After 8 weeks' exposure to hypoxic
environment, mice were subjected to immune function measurements. A decreased proportion of CD3"
CD8' phenotype cells in the study of splenocyte subsets was observed in the 10% group. Ovalbumin-
stimulated IgG2a production was increased in the 15% group, while no changes were noted in the IgG1
and IgM production. No significant changes of the antigen-stimulated splenocyte proliferation and the
natural killer cell cytotoxicity were found. These results show that the stress effects on the immune
systems can be varied according to the strength of the stress and that a mild level of repeated hypoxic
stress can enhance the immune function of mice in this experimental model.

Key Words : Hypoxia, Repeated stress, Adaptation mechanism, Immune function, Splenocyte, Im-
munoglobulin, Subsets
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LIST OF ABBREVIATION: NH, not handled; PBS, phosphate-
buffered saline; PBST, phosphate-buffered saline-Tween 20; FBS,
fetal bovine serum; FITC, fluorescin isothiocyanate; R-PE, R-phy-
coerythrin; BSA, bovine serum albumin; ELISA, enzyme-linked im-

munosorbent assay; KLH, keyhole limpet hemocyanin; IFN-y, in-
terferon-y; Th1, type 1 helper T cell; Th2, type 2 helper T cell;

A& A~EHA AHE Hole 85 A1 A+
Qe 7)50] Aot DA AR B (rwins, 1990;
Maes 5, 1992)¢} zto] AEHAE QAL WY 7|5
<& A A 7|9 (Irwin3} Livnat, 1987; Lewicki 5-, 1988;
Ferry 5, 1991) 1A AWz} Fp4 Aol gk =l
Y& Z7}A]71tH(Cohen¥} Williamson, 1991). o)<}
e RN 2EALE WAL 7% o4E o
71 g4 A= QA= 9t gy 2B
of med A @ Harh wkeA] oA o2 2HealA)
w2 AL A9r)5E $HA7I7IE
= d3s od¥ ¥aFE s g)rk(MacNeils} Hoffman-
Goetz, 1993; Wood =, 1993; Dhabhar¢} McEwen,
1996).
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259 77| § LB AAY Aolr} Al 4
U AR S AACA ZHeAl 222 8/
o] 7HA7} -iﬂrxﬂ,—i A5 F gle7ke] o o) u}
2} A2 o A3t delhd Zles AzbE. a8y
AR AT7E2 AR o 2EHE 3 k5 HMI
A A = 273 g uiskike] WHelrl s HES W
aslgerg e )\Ez-"/\}ﬂJgoﬂ/(-] /\E‘;’ﬂ___ 7LE_
2] =Z7)e wet QA7 AE HYr)s HES By
5 Qlexel el ABA Sgo] ofgich. & A
Fol A Ao et 2Ed~e) &R Foiql A=
A 24| =)o} W, 22T olel] Hijt AL
S of ol w2k 7% YA m Aste) Fpgor v
% vbehd & slche 7Hd shel, AP 4o s 4
S 5 Qe 2z AFd dside Bdr)5e
BHol £go] B WHoR A3 > QS o
Azts)gich.
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2152] A7 whet /NA 9] whgo] thEA vehter)
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1) A¥SE ¥ AT
A13E 8- SPF &7oA A" A7 25g W
9le] A4%k £71 BALB/c w28 WY EEEZN-
B 7t o] g3t AR 20 1°CE FAIA A
2n 0700X)F-E 1900A]7}%] 1227k 7HAH 22 wigle]
ZAEEE 3t AT v vl FoE Rl
o] AT F 109l 2 sl AYHE ZJ%E%}%‘E}.
NH(not handled)7 : AR&A ol A7t A3
20%7 - Ad F7 ol xEFH oY ?ﬂ*&*oﬂ—t« =Z
A oL
(20% A+22/80% B A 7ol %)
15%T : 15%2] AAta 87 =57
(15% A+A/85% A s 724l 6087 %)
10%7- : 10%2] AAit4 B w57
(10% A}2:/90% R4 7}2el 6087t k&

2) gy M3 L wa Hol -
o} AE etherZ vl A7) F, AAbo] A%k ¥-¢
E 70% ethanol2 |3 4 4253}l c). Cardiac punc-

e o] g3le] Welg FF FA|o] AL )%
el 142 sl AueelE + 429l 93
& Aste] LHAAA T0CH B F Yol A3
ek,

3)HIZMZ 22|
vl - A8 }Esle] =4 70% ethanol® B A RS
A% F u3e $EA0E AFsNct A2 A
A& &5 meshell FIHAIA HA BE F, ohA] ol F
pore =717} 100 um<] nylon mesh 9|2 XA E3A|A
HAA EE dgir). o5 10% $-e]& A (fetal bovine
serum, FBS)e] ¥3 % RPMI-1640 »]f4(10% FBS-
RPMI; Gibco, Grand Island, NY, USA)2. 2 H-5-A]|A
AR F AHE Axo S/HTE A A2
2 Jlaled HUFE AARTL 2 2 FEY FBS
RPMIE th] 7}sto] Sarelo g we & 94%e)s)
93:} A A Fol 2mie] 10% FBS-RPMIES- 7}5}e]
$A2 F AL 55 245l AY A et 1
A% AL S5 250l Aol o8k ol 7
BE AYE AY AR} v A E Hfdg e
2zt ske] w715 AALE Al skt

2. AE 2

Aika B4 x=F ARRe VLR, A=, Fol7t 420
cm X 370 cm X 250 cme) ¥ F7] FY-9} vjET-E A
943}—1—— 94#‘9]' ]' H ez e FUTE
Solet At o S e g MOz} U e
% dA] {5 (ﬂow rate) 2 2 o] EorleE 3¢l

g€ 3 71A ge T oS Fle e
shof AsH o b Sm ke o) Lxe
HHE di7|skd AW 229 FLEA fA1E o 9l
T8 Ak Aitas B4 232 A A5
Fe 2 APsldct. &, 259 Nles 3 134
dFdel 5Y=2 sl =F 712 857 R 13] =
AL 0RO sel 2 A4bs BN wEAZ
2 40X17k0] FEF ST AR o) Abk FES) B
AL 158-0]¢)c}.

39 A A% 24E
$]3}e ovalbumin(chicken egg albumin, grade V; Sigma,
Louis, MO, USA)S 3102 o]g-3le] & A ¥

A Z3ae FEskch & vk 1mhe] 3 100 pg o



ovalbumin®} adjuvant24] 250 pug®| aluminium hydro-
xide gel(Alhydrogel 1.3%; Superfos Biosector a/s, Ved-
baek, Denmark)- 0.4 m/2] QlAkekE= 2] 5=(phosphate-
buffered saline, PBS)ell o #4AtA =Z 5575
1% Aoz 33 whe2e) So JakFAled 85
Aol WS AR Adskgch. ¥F B L
289 g3} zpdat Az AZ5AF A 7
7t Ag Tl AHLE ulg-AollE ovalbuming F-of 3}%]
st

3) HAT|s At

e L EA L N

B AFA E 2588 tube & 1X 10702 Z50] tube
o &7 & 1% FBS7} 3% RPMI-1640 vieFd (1%
FBS-RPMI) .2 23] A|H3}sitt. o] & UAlHe]3}e]
AR 7|z A" AZZE Sowe Azdst A
Hol H5AR F THE% o] Assigch 7]
fluorescin isothiocyanate(FITC) ¥+ R-phycoerythrin
(R-PE)o] A%= wE-238 A (monoclonal antibody)E
tube T 1 pg¥ go] HAlol] Fa 4°C 2:ellA 458
Zo} kg Azt o] o] R-PEZ AjHA 7] HFE3HA
2 hamster anti-mouse CD3e, rat anti-mouse CD4 =
rat anti-mouse CD19 34| &, FITCE A3A] &2
&} 2| 2 rat anti-mouse CD8a 3}A|5 AFE-3lH T} ARS-
3 =2 23}Al= 2% PharMingen(San Diego, CA,
USAVLY] A F-& AHg-slsdct. whge] 2 tubeo]] o
A] 0.1% $-83 &%) (bovine serum albumin, BSA)o]
3% ice-cold PBS(0.1% BSA-PBS) 3 miE 7}3}o]
23] AlH stz AR ST AEAE S0 Wt =)
7 ¥ oS Az A Az EF el
200 pwl/®] 0.5% paraformaldehyde PBS -£-<8-5 7|3}
FAZA ). o]5 FACStar(Beckton Dickinson, San
Jose, CA, USAYZ o]43F fAlE EA7[{low cyto-
metry) 2 H|AA E o} o] FEF FAI3kdct

@) 4 oA AL 27

Z4ka 22 7)17F F4k ovalbumin & 2 ZHAHAIZ] vl
2ollA] Eegt A& o]83le] ¥A ¢ IgGl, IgG2a,
IgM9] $5& 7P EA4HS AR (indirect  enzyme-
linked immunosorbent assay, ELISA)S. 2 ZA3}¢it}.
@A, 10 pg/ml E%2 carbonate £+ (pH 9.6)°l 3
A& ovalbuming 100 W4 round-bottom microwell
plate®] z+ wellel] 'go] 37°Cellx] 2A17F ¥H-3-A]A plate
o FAo] FEZE 3lgri. v 0.05%((v/iv) Tween
200] %35 PBS(PBST, pH 7.4)2 A ¥ st F2te]7|
oro 39l-e AAIT 1%(v/v) BSAZ} 3¢5 PBST
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(1% BSA-PBST)Z 37°Cell4 1A%} blocking3}32 PBST
= 33 AHsisch 4% 24 AR 100 e 7
wellol] @31 AF-2ol|4] 2417k F<F 9h&A[Z] F PBST
2 43] AFs 2 1pgml 59 biotine] A% rat
anti-mouse IgG1(E= IgG2a, IgM) HZ-E3HA| (Phar-
Mingen, San Diego, CA, USA)YZ- 100 p/¥ 7}ste] A2
oA} 4587k uk-gAZiT) thA] PBSTZ 53] A% 3
peroxidase”} 735l anti-biotin goat 8} 7 (Calbiochem,
La Jolla, CA, USA)E 7t wello]] o] A-&ollA) 1417¢
ul-2 A7}, thS citrate-phosphate 2584 (pH 5.0)°]]
3]4J8t o-phenylenediamine-H,0, 713 4H4& 7}skar
Wo 2ehgl A2 1087 Aol A& F 50 pie]
25N H80.2 wH-& AAA7Z &% F=A
(Spectra Max 340; Molecular Devices, Sunnyvale,
CA, USA)Z 7} well®] F335E 490 nmol|x] A3}
et

() 2 B HIRAE) FA S 2

B AN Z£E 96-well microculture plateol] wellgd 1X
10° A 257} HEZ sho] 200 W F53ka 3 2
zF-2- 2]&) ovalbuming welld 0.1, 1, 10 ug®] oFe] =
T2 10 WA sakeich dlz well2A s ovalbuming-
Wz ¢rolm zhzte] rwE dalsle] A7 welld
3wl % (triplication)2. 3}¢] 37°C, 5% CO, 82345710l
A} 128A17F Et wioksladct. v, ZF well & 1 uCi/
10 u/2} [methyl-’H}-thymidine(NEN, Boston, MA,
USA,; specific activity 2 Ci/mmol)2- g 16A17k vif
3t & A F#7)(Skatron Instruments, Sterling, VA,
USA)E o]8-3}o] fiber glass filter discoll S3A|A ¥
AANZE ANk AR WAAES A
liquid scintillation counter(LS 5000 TA; Beckman In-
struments, Fullerton, CA, USA)E =4 3l t}.

@ v AQEA T AEFYS 54

HAATE FEAZD Bo] 4470 felgoz
AEEASE AT vAAHAEE 10% FBS-
RPMIZ ¥§A1A 1x107/ml FE& Fv]slgich 24
AEZ2E AAQAA T e & 7HA JEZF A 2T
3l YAC-1 A|ZE o]-&3lsic}t. B M| EE trypan blue
o] M N (Sigma, Louis, MO, USA)2.E dye exclusion
method & A]883}o] cell viability S 73 A}3}e] 90% oAk
2] viability & 7} AL FAF F o] AEZF 1x107
ml 257} E§] 52 10% FBS-RPMIZ gt3g]c}. o]
Gole AIFA(200x g, 10E)3}o] AF=ed& 100 pl
e Wiz WE oS Ay AAAZE AelA
nexAzct o] ¥-{He| 100 uCigl Na,”'CrO,(NEN,
Boston, MA, USA)ZS 7}3le] 37°C Aled 2-FollA
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90% F<t EXAFHE EAE AEE 10% FBS-
RPMIZ 33] 4|43 & 5 wjfd oz Ffsle] o}
Al 37°Cel|A] 30%-7F wlekst thS 10% FBS-RPMIZ
HFAS 1X10/ml F27t HEE st FAH 7A
A ZE FHI8FE T B A EE welld 100 pis o]
AESS 1X10°0.2 sS4 3 FEAL - 2429 ¥]
€8 100:1,50:1,25: 1°] %8 FF 4L well
3 A E5E 231 10% FBS-RPMIZ v} 2] ok 7}
3}od 96-well microculture plate®] 7z} wellol] £oigl 3
% W3- 2] ¢k& 200 /) H=E st ) chro-
mium FE]EE F-317] 93 tl2 welldls X% &
HAE 100 pie} L L8k 5%(v/v) Triton X-1002-
9ol FH3, A SR AR A% AL BAW
JEHAE 100 piet = 832 10% FBS-RPMIZ -
33ttt o] plated Ab2ol|l A 287} 200x g2 YA R
2|7 F o] Al 37°C, 5% CO, 3-2-8457) o)A
4A17F ot vRE-A1Z. g % microculture plate S
AL (200x g, 108)3ta AFEd 50 WE # sl
gamma counter(Cobra II, Packard Instruments, Meridon,
CT, USA)Z WHAsS 2x3he] thosh o] ulg
AL FHFE AT

A8 F2 F(cpm) - A F2] F(cpm)
Hd F2F (cpm)— A 2| % (cpm)

HE SHE %)=

3. X2 2y

Fo|z 2p5E - (mean)+ EF 2 X} (standard error
of the mean, SEM)Z R A]3}9l o, AT Alo]o] &
A8HA Bl o= EAHEA] (analysis of variance, ANOVA)
% Jutsk B4R (one-way ANOVA)YS- o]-4-3)3ic).
o]ojx o}FH|EA] ZIAH(multiple comparison test)
24 E72e] Bl S Dunnett & o]-431e] X33}
At

m. # 1
L Xt 'nE 0] OHE H|E HYM|E ok BXE

FAIE E7](flow cytometer)S 3] 7z} A3 T2
AEE 10,0004 75t 10,000/ AZA ] Al
X o}7e] #EE AAbstder
- TAE A FEF vehlE CD3' HZ9} BAZ
o] #EE Sl5lshe CDIO" ALY A$ APT Aol
2o 7t gidch. 2 TAHI X9 B33 ZAHCD3* CD4Y)

cD3* 0 cD19*

% of Spleen Cells

NH 20% 15% 10% 15% 10%

*1t

% of Spleen Cells

NH 20% 18% 10% NH 20% 15%  10%

Fig. 1. Splenocyte subsets of mice after repeated exposure to different
levels of oxygen. Immunophenotypic analysis was performed with
flow cytometer using FITC- or R-PE-labelled monoclonal antibo-
dies. The proportion of phenotypic cells was expressed as per-
centage of 10,000 spleen cells counted. Each group consisted of 7
animals. NH : not-handled group, 20% : group exposed to 20% O,/
80% N gas, 15% : group exposed to 15% 0,/85% N, gas, 10% :
group exposed to 10% 0,/90% N, gas. * : p<0.05 compared to the
20% group, ¥ t : p<0.01 compared to the NH group by Dunnett's
multiple comparison test.

M= APT Afele] Aoli= BolA] edghet. a2,
CD3" CD8" ¥ & 71 AAAESFAE TAZS 7
¥ 10%T2] ¥E&0] 20%7 2 NHT-ol| njste] 2t
shsih(2t p<0.01, p<0.05)(Fig. 1). B TH|Z9} A
EEA THES H|(CD4/CDS ratioy= NHF 2.9+0.3,
20%3 3.2£0.3, 15%F 3.1+0.2 ¥ 10%T 3.3+0.5%
APT Abelell Apol7h dsdeh.

2. XA =& M0 IHE ovalbumin SO[EHA| A4

ELISA HWiiof 9J3le] W 224 HEE OD.
(optical density) ZtO.2 w|ws}gl oo, AT w}2
IgG12] B4 52 AP Alo]oll 2po]7} §lalrh(Fig.
2A). 23, 1gG2a8] A F52 15% 7oA o2 A
HTER} F7H 3¢ 2 90Hp<0.05; Fig. 2B). IgM
o] A$ 84 =579 20%T-0] NHZ ol v]5le] Y&
TEE Hlor} 20%7 3 vl ad o e Aaks wE T
Al 15%T3 10%T-2] WA 52 2}o] & Holx] kgt
t}(Fig. 2C).

3. NAtA & HE0| 2 ovalbumin ZtE} H|ZbA|
Eo| BAs

Ovalbumin®] F%Xof w2 8|AFA| Z2] *H-thymidine
incorporationg- =3 3§F zko 2 u|w3t A3} ovalbumin
2] in vitro 7}2HA] Fo gl -7Fo] F713tel wpe} 2k Al
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Fig. 2. Production of ovalbumin-specific antibodies from spleno-
cytes of mice after repeated exposure to different levels of oxygen.
Antigen-sensitization was done 3 times over a week interval by sub-
cutaneous injection of ovalbumin. The concentration of immunoglo-
bulin was expressed as an optical density at 490 nm measured by
an indirect ELISA method. A : IgG1, B : IgG2a, C : IgM. Each
group consisted of 9 animals. * : p<0.05 compared to the 20%
group, 1 : p<0.05 compared to the NH group by Dunnett's multiple
comparison test. Other legends are the same as Fig. 1.

3 7¢] *H-thymidine incorporationo] Z7}3lc}. 18]
1} 7+ ovalbumin 72t FEoll A AT Abe]e Aol
W& 4 glsich(Fig. 3).

4. Mot =E HEo| T2 HIE XIHAAIZES] ME
=

oo

:

EAANES YAC-1 Al Fof didt FEAFEQ 8v|AA
22| n]go] Aol wet 2 APTolA YAC19] &
(% lysis)e] Z7sksdet. A £ vl gl A vl
e o) 2 AT Abeld] -3k Aol BolA] o
stri(Fig. 4).
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Fig. 3. Proliferation of ovalbumin-sensitized splenocytes of mice
after repeated exposure to different levels of oxygen. The proli-
feration was measured by a H-thymidine incorporation 16 hours
after in vitro sensitization of spleen cells with ovalbumin. The
values were expressed as net CPM. Each net CPM was calculated
by subtracting the mean cpm of non-stimulated triplicate control
from the mean cpm of ovalbumin-stimulated triplicates. Each group
consisted of 8 animals. Other legends are the same as Fig. 1.

[115%
10%

18- L] NH
20%

10-

% Lysis of YAC-1

100 : 1
Spleen cell : YAC-1 ratio

Fig. 4. The cytotoxicity of natural killer cells from spleen cells of
mice after repeated exposure to different levels of oxygen. The ac-
tivity of *'Cr released from YAC-1 lymphoma cell line as a target
cell during 4-hour reaction was expressed as % lysis. % Lysis was
calculated from the difference in cpm of sample release and spon-
tancous release divided by the difference in cpm of maximal
release and spontaneous release. Each group consisted of 7 animals.
Other legends are the same as Fig. 1.
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2 EY A S AEH A 2FFo 3t AEA ] A
o5} e] Aot} 1R E AEIHAY FF, UL,
A7 B 2B 2T} 7lelA e WA @A 22
sk AAAQ) Ag 71 wet AEwHA ukg-2] oAt
o] ZAA ¥ c}(Kant 5, 1985; Dantzer2} Kelly, 1989; Pit-
man 5, 1990; Gaillet 5, 1991; Fricchione3} Stefano,
1994). B A7 AEY A0 E2F2A itk 2B
2% Ak B F g ol4ajed AATA

reds A4S 2AFY ~Edx AT HE W
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Hh8-5 v aslg] o] AEHA 2T Fxe] oo
w2t Hejukge] M2 o2 A vepdg FFsigdct
£ 79 A A AT Askr 2B 20
3] A+= ovalbumin 7}z}el] 2]) IgG2a 3] AYAJo]
7H vb AFA Aakx Al 2)sted = CD8!
3 u|2A 2] v)go] zhas )

1gG2a8] AT Alo]9] 2ol 15% T4 A o)
AA3) Z7)sla 10%ZANAE ohA] gz 29
ZolAl e S Byl o9} o] AT AEH
2ol A 8] ukgo] 71 ZhehA el mASA &
Ed 2o 23 uhg-2 dlZ279] ko) v]dt 50
B2 vehes o 7 AT Alolol Roldk Aol
Ut A Eohre] 2383 AL IgG1 L IgM 34
A4, ovalbumin 732} B AA| £ 2415 23] A3} S
A& fAFSHAl Vet (Fig. 2 2 Fig. 3). 223 A Zo}
T2 £33 F CD3' CD8" M| XolT2 #2134 A4
A 2EHA whea) v 2 27 BlEle] o] 7ka
= A B} o] AMLS B o) AMukd
Ql APAe) AHA 2EHA 2T Fxol we}
Hedukgo] thzA vehta gle-s RojFEoh B o
To] #$-o} o] FTA3MA WA AL AEFHA
A5 o]-&3te] AEH A A=Y FrEahE daste
2E#H 20 o3t Hukg-S HAF B uE glov &
ARgF o] 2 Rinner £-(1992)2] A7-E E 4 glt}. o] &
= 2Ed2 AT AEE D) s19e of Welnks
o] MR ehdg ¥ yslgEd], o] IHE A
2 717 FoF 714 A7) €l (immobilization stress)g-
A3l B T2y YA F T Y B AE
&k < 4 (mitogen) x}5-of] 2J7F F2]5-& AdwE A
F} =2 1%-2k] handling :EEH]*“% 71 A8 ¥
ZAZE FARZ0] F7lel ot 1 2B 2 9
sled= SAMESo] 2Tl 316}04 ZHAsE oL 314
7|17ke] A4E o8- FFasigvia sk e o]
Y AYLE 2EHA AT o2 3 AEHA
2 ol g3to gy AEHA 2T P E AEY
27} 7HA = AIZEe 2 Ao n g Hkg-o] xjolr}

3HAl ApF2] Al7]el 97 AR opw zFe]
X ZAZEe Aoz} A" AR HEsHA TREA
Boug B e} o] AEHA Ak AA o] A7k
o] obd =43 A5 AI7I1E AA = A Wskvhe Al
g o] 9l

olflolx & AFANE= o} o] F 7px| &9
A8} AJabH-& AlFska slvh AA|, AT Ale]e
froJ3tA thaA vehd 9975 gr 2sdA 2t
Fo| Zxol wpet M2 T oot o} =

B oy to

AAFA 2220 2 W75 oA A 4
A5 24N 29 sl ekt Aoy de FEo
s 7R Aoz Jehd i, a3 A
2ol 27 W75 Wshe TAE ol vl g3ta g
A A EA ‘%i"—ﬂ‘ o] 7rA SlAl vt B4,
A2 D ZAFA 2EH 2 AT diste] SX%
He7)se] WEate] 74 QA ‘JrEP;’ﬁ:F— Xq"]‘;}
Z, A=A ’\Efﬂ/\v% 3 ANBA 75 W Foll
A& IgG2arte] kA QlA| ‘/}E}‘;’& o 3ASA 2~
Ed 2o A5 AxA “d°—‘.'7] S veble Hg Tl
A% CD3' CD8" %33 TAX OHT- 3}Egte] {24
QA & Aoz el

oo} ZHe- AML ohE 7FES] AEHA abFo] A
2 Hhe T4 B2 PUHE DA Yehgos
A AR T2 Welrls HES don # 9eE A
gl Carr 5(1992)& u]"l‘—"ﬂ A& AE# 2(cold
stress)E WHIA 02 F}ak F 7o} 28 F(sheep) 5|
IgM AAo] F713HS FAs e ol=dHdElAl «
84 dA|2FE<2] phentolamine-d ¢] EFH-E B3}
Reovt B 48A dA|eFEQl propranolold B4 38}A]
3T Btol o o]e} e By ojug AEY
2 Aol 23 wdr)s wEol SolA 7)o vl
A QIS5 HolFETh B A ARFA Aika
AE#H 2 &3te] o 3k4| (immunoglobulin)®] sub-
class Foll 4 & IgG2aqte] &7} A X o)8) 2+& 7 =]
ol Fold = gleh. ahAle] FF A Aol A
(isotype switching)2- #}o] £7}<l(cytokine)?] %4 3}
ol o] FAX I glFo] deA glor IgMellA IgGle
29 Mg A 28 Hx TAZ(Th)e] &Jste] Fu)
+ interleukin-4ol] 2]3}e], [gMel|A] IgG2aR. 2] A3
A13 BE TA|ZE(Thl)el] &]sle] E8]% & interferon-
YIEN-DS] i7H2 o] Foie] el glch(Finkelman
% 1990; Noble 5, 1993; Saoudi 5, 1993). 23|22
1gG2a8] AQYAo] AMA}FA AAbL AEH 2o o]3)e]
Solqoz 2718 AE ANFA AAba ATl o
Hel7)5e] 27} 7|4el Thi AE ool o3 [Ny
o 24] 27} AW FFsAel ek oleh FAR
d2 2Ees Ao 2A) B welol w12k o
g 4 ¢l= A7]| Al (inescapable tail shock)S 3L
keyhole limpet hemocyanin(KLH)el] &l &} A)-S
ZA 8o 3 KLH IgG ¥ IgMo] A7|7k 7h43)% 2
=g 1gG19] Zhae glo] IgGattte] ZhAdlgivta 3}
S th(Fleshner 5, 1996). o|e} & 7jxog B 2§
A= 1gG2a8] WFo] BolA g Jehd 7oz A
Z+Elw yo} HEs 7138 47 $lsiAE Aol el




2] YT Ex FE2 FAo] I o] Foixof & A
o2 AL} w3k glucocorticoids7} o]2]g EolA]
ThI/TH b4 2Aske A2A A9 Fog 4
£ 3= Aoz dejx g] e = 2 (Wilckens2} De Rijk,
1997) o] 249} A= Wysioo} & oz A7t
=

24718k vie} Zro] E AoA o] W) HES
FAFA 2 ARFA A osle] 47t g AR &
Fo At o3t HE-S FASIG ot 24T el
0 o HYrls 34 HeE fARE F3E 249
o} & Al o] 837 HAaka: 2T HEE A=
A3 3AFA AAFo2 FEEG o AAkA =ET)
b ES 2ot AAdaFg d o Hxo) o) A4E
2] AT ohlddet. afebd & Al felg
Aol7} Sl A2 et 1gG2a B4 W CD3
CD8' B AE o} $x g sk Ak AT
o &3 W) WEFE F Aol olb A ¥
& ez A7 G2 B AT o] waaq)
2EH 2 AF F THA Y $9 75 WHE5E 2R
A4 % CD3* CD8" 83 A¥59 71yt 24
A Aol s THZS) S2155 28 o) 24 3%
FANE WAk vehd 8E 92| g{ehBauman
X, 1990). 131} CD3* CD8* E&3d A xo] 7+47}
A3 b 28] thatol i o AT} o) 2olA
oF & Aoz A7,

B AGelE AT FEe) 2B A W A}
% A% WY /1% WEe] Zrlehe weres e
gt 2 2Ed g AEAY 7]5E Jsdske o
Atz Rre] ofe} AP XS 15Tl QoA
A5 E 2= AAEME By gk 9ler
(Ottaviani®} Franceschi, 1996), ¥ o33-2] Az}l o))
g A& AR} w3k S HoAE 3 2=
o] W3] W& AA M} AAL AE Alo] BE
A7 Aol Al o] FfA= 4174 A3 A (neuronal
plasticity)e] o]Foizltle A7} Ru=z glon
(Ramachandran, 1993; Rao -5, 1993; Theodosis2} Poulain,
1993), 0|2l W EL B o] Ashs} Y| AAG
2EH A 2T AAEg Al QleiME Agr)s &
7t} - A A7) 5ol Hsle] FHR Ao g 2443 S
a2 AlAFR

vd B

w5 A2 oS R XAk A6 2197
WHEAH o ¥ EA7 A AAFA Aidsn AEHA

33

ol 9J&ll4& ovalbumin 7}H2}bel] 27 IgG2a A YA
o] 71 Wb IAlFA HAlA: AEH X 9sle]e
CD3* CD8" Z& 3 u|AA| L] v]go] 7tasle] =z}
4 2B 2 S 2B 20 HYYF WE
o] A2 A vehdS FAsln). &, 2EH 2

S A W)l AEE Wre 2R vpeh)

© o] ohg}t KB X AT x| we} dehd
& glem HAFA 2Bz osle] Heulge] 3
7H & A& FFs

ZAel 2

R e S DM EC R EREE ]
19974 28] A o] 2s}e] o] Lojg on, A7u]9 A
ol ZHAL=2)E Hheluit.
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