1486 T UAF PRI 6 EETORA » b—
CLr - BiRE SRR - el
AR OFMMEIRE ORERE ORLTs ¥
@Th2 lHEE O PGD2/TXA, % -
2 OImeE QKT ORIRE |
REE HMEE+RAT MLTS HABAT  |4g) 4
(+ $HR) HAER (+RR) | F| =
& £ BAFHALE BAZHALTSE || 2
REF AR A 5 o
+EBMEEE & g
+ RS
BOX70O1 FE - FHili - -

3. FEREDHRE.

CHhLEDEMITUAF—URREDOBRELLT
DEidSHVWONTELLDTH LA, SHON
ST B WD FOMEBEDITHH S
ENiEeEZ5.

oA Ay I VERT VLR ED
BETELHESN TS EATHREL LT
12 BEOBHNFDH D, &5, BEIE 2 1AL
2y IVEELT, T¥FAFVERE TR
Fv, F) VUEBE, XK AFURVIVER
o7 xV 7Y UERE Auny YU
B, sV o78d5. HESRTERO
MEAEDY, 7T UNF—HRBRROBRIITVRT
Loz BHl, —A—ADBEIZE > TEDOEHA
ok b, HHVIIMOEA L OMELE
Hid vk &, ZORRICERTHI L %
v, ZTT, BOMICE, ThoDfieRy
IVEBSTERCRARERZ EOBEDENICLY
FR AN OBIT O R 4 O AR R
NHozl, Tva—VERPILY A0 A VY,
HHRIE e L OB H T L R EHE
MBS TEY, it Ay I VEZBRT S
BOEZEHEEE L TERLEDNS.

25704 FEI7 LIV —HREBEEORT
bo bt bMhLBHITHY, EREFSCREELI
PDEEINLIENEW. T/, i, ki
WEHATOA FEIHHRSh, AR50 FEO
BISBIESY 00Hh B, F0O0H, SHOKETT

122

(k1 & 0 5IHNE)

BAFOA4 FEPRBERAT O FREEEHA
FaA FEIZHTTRIEEIN, FONEPTES
hakidiz, TNOORBYRFERICHT 5E
BRI TS,

BRNRIEEEL, TOAEDEF - EERILK
HKEACHIH SN, 7TUNF-RaRERETH
ARG BHEM 2B EFTRETH LY, K
HTELTLIERLTWA LIV Z RV, £2
T, FEHRABRE R CHRBER IR S, —ikB
BETIR VA, FROBENREEED—D L
LTRELRBEIFE LN TV B E T REREI
BT B EHRARRE N FTRERERENT
T TICE L OBRFRIIERThN, &I, AP 5L
SbENLHRABRBESIRE SN2 RFED
BHoOBKEEHEIEENS L LB, ThIZEo
THBENREREFPREINS ZENFHEEN
5.

Z0M, #6ETIE, HRE~NOTUVLVIF—HR
FAFEHBEEOYV A7 T LA AT T L
KEOFFMERENIELE SN, EFOEX DI DR
BE, ARERLRFTHAIC L 5 BRICBITEE
E e BAKIICEE L2 BEANOHBCED 1 #1758
maniz. T2, Bk, DARBREROT LIV
MR RGEBEIE L TV A D/NEHEMNO—E
FEORFEN, DROBRICBTHBEASME
Shi.

BHIEICIE, 2007 4E 10 HICEH s hizT LV



BE H—

1487

£1 7UVF-HEREDODI
» B K 2 5 B
mo.om L L% E kL H
& W E
% i%4 2 A £ R
Bk b k = T
WRE A ? O @) O O O O
TLVE—h? © O @) O @) O
RERZICH? O © O ©
BHESHoORE O © @) © O O O
O : WIAKRE (CHkl X vBIA)

F—RBOMM R TA NS4 v ThHs [TLIV
F—gBBW - WA ¥4 v PitkboT,
BHEAENT BHEAL O FPEFHIEmS R
TUNE—-RREPEML T H BIEERE L7
LV E—CHT B EEBOEMNC, ERERBER
DILE L BATLE, & ICPMEBENTE 540
ERHY, COWEPENTHEBRILELEZS
NG EDVEANORL Y Vel bh, ZOOEDH
BHAOBVEF R RIFIRBIC L o TREMFGE
LBEVIEBITH L. ZORKEE LTI, THFAA
WATHHELRZ X2 LTwb &, BRI R
RPRE, RPREHE BEREE EELE
REHLTWRILENEZONS. LizhoT,
T UNVF—UBRTREAIHVES TIERERE
o TINGRBEENT LLERH 5.
7., REBERPREXMBOEHLZE, TLIV

F—ORAPRSEEDNRL/PMETIE, RO

RAEEZIT ) S LRI N TS, FHFERNR
BRI I — R A B & S AR T, Bk
WEREXMEBIEDOTHICS RS I L2
OHHE LCHRE I,

2. HARZA2DERA 2 b EBER

TUNEF—URBRREIBEEREREO L Le i
KR, SH% 3 KERETAERTHY,
M2 ThbBBIZ0ZHBTREZLIIICED
ha, LaL, 24 VAROGEREKRSEANR
R, SHIIEMEEEM R R BEES AR
RELDOENZHIIEMEICL > CHREERZ &
PR hw, Fh REZTULF-—MRBED

123

BB TETY, TOWRFELITH)CBLTLES
BT VIVE — R IOHRIEO R S E ) 72 35
2EIRT H5DEES TIE .

DT, SREBEICBIAEAL v b BIEN
IZoWTHhR5,

1) BRICE T 28EA

TULIVEF—-HRELERICENTLICE, 7L
WVEF B RO & 5 RS 5 BEHR
5 TUNF—URZFIHIUYZIRT LV
F—RATHY, EHKREHEORIEEZALT
IR S STt e Ay I vyPufa by
TV (LT) REDT IHNWAT 4 T— 5 —H5HIR
DL Ledh, KRR, B 0T, £
Dk, BHERITICRE L -EME, & I
BERPELETH LT RE - TRBETERET S
BEMHORLEALNSG. EHIZZORBEME
bBOET LT, BHEOBEESTEL, B
TR By 7% USSR O IE 2 L ORWHE R
GRENBEENLZLEN5.

COWRBICE DT, ZULIVF-HEEIET
VIVF — e S BT FERER, BHROR
THIRL, EETAMNRERTAN, ZLTHE
K IgE MAOERIZE o TRENRE LW+ 5.
(FLPL, FENIEHEBRECHYIT XS
DIFEEET, BEWN E s B cdh-Td
FEERZONIFTD1ITHY, ERBZTHERR
WIGE ABREART LAPETH L. (R 4)
L7ehioT, TUNVF—HRREOBHIChLT
NTCORERERDP OREWITHETRETH Y,
HB—0OREL TR BRERCERN gE R



1488

% LI X KB

TUNF PR R—E 6 BGETORA ¥ b—

% FET LK —JREE

100

50

¥

DILEE B R A N FE e BEH
4. AMRICBIFZAF - ¥ 5 8EE (CAP-RAST 2237 —).

(ZHk S & b B HEE)

gz

HOHRTRMOFRBOIEIRE BT 5 BK L OFH
AR TH L L 2T L LENH 5.
2) BEICHITIBESR
TUNEF—HBROEBFETETITINEI LR
FiEORELEETHS, LirL, HEAFEOR
NTINEZEICEMT S LIEARTRTHY,
M OhOEWEBRPLEL L. ZOERGESE
Wa L TEPHRIN, TUVE—RROER
A7 & T BB ARG B 22 & QARG
CHEOE 28 Lhho R EERELD, LA
FORIRICERT A LI HRL BV, ZCT,
HA RBI A4 vi2id, ZENENOHEBEOR M B
FAC, TUVEF-MREOFEBEEBERICED
7 HHN OB FBEAEERT LV —RRE
EMEICTTRER TS, LL, TR
XNTVBEDEHL T THUHNEHHVITEA
FETHH, BERBCBLTED L) ICEAE
BEHLVRIEEL T oPPHEIRTYE
Vv, MR TRERSEEL L Qe edik
Y, BHYBOREEZWHPDTCAT vy T I T
5] EOAREBENTWAEDY, Thigr2TTr3iA
WATF 4 =5 —EHEIREZE L 2 Dozl A0
HBRBZFOFIREINTHELEIDTHS. 514,
BRI HE  MEREIRIE, IBRMIRRRER T O
HNEHEEZFOI A I VT BEZODVTHALR
ot ERL, BRERBICDL » TEAIPES
ENLOECULENHBEEZZ L.

124

100

50

¥
D34S B 4hIRER 0 FE w BEH

4=

TEMIE, B TdAFEREICH LT TIC
% L DR THRESER I LTV 525, 2005
EEHRONA BIA4 I, THERREmGE L D
12, FEERSA LT BN R TR
HET A EEEZSEICBVWTIIAMA
74 L& — RIS, B2 e Xy I ¥
g Mol a by EERIRT L. [
TWBEDOKRTY, AN X o> CTHRFEFIEL A
ENCRLBIZE b ST, € ORERIGRE
HEDVPRICESRLTWEd o/, 22T, 20
FoMTH [BIE, HWOIEHERE R TRE T
mEEzBO 5. E21He A ¥ I YEITE
BREFIE 2 ERID L TEINLRRT
NRZBEBL, ZoboEHACIRRTFUME
1~2BME 20 EICRBEERD L. [L, TOHEH
ERBAWICERIN WS, LaL, 521
Hie A% 3 VEDINOEH D Zh ERICERPE
MUEFARLY, Thod [ZofofR)) &L
TFEHLHIEICEMELED S,

F 7z, SROYWET CTHHIREDOFEH L LT Th2
YA bhA4 VHERE JLPGD2 - TXA2 EAH7:
Wz ohizd, BEEHATOAL FREIEZOM
FAMESEVICIEDLTRASATVS. (B
2) DML LT, HHRECBITSREBEHA
FuA4 FEROILEFYAPZ LI L BHIToh
5. LaL, R, BEFHATOAL FRLHe
A¥IVBEDET V¥ ubE =T VT RIViEET



BE #H—

BELBRABRSER S, BEFHAAT O FE
PEIMRIMC A I VEIVYRIERLZ L
MEFENTVWE Y T2, TUNF - RIEHIE
FrakrZvaansdasl FEEEOREHHIH
ENB7D, A704 FEIMEIILARBIE
HBIWWENTWE, Thbb, EMEOLIICT
UV F— B REFRCEEETIRERICA T, F
ARG THEIVPNENLELON, 5%, B
BHATUA FEOMPRERE LTOFREL
ZFOVERBF 2 RGELHPCT 208N H 5. £
7o 2 A e Ay I VR LT #, Th2 44
M4 VHEREZ L TH PGD2 - TXA2 & Off
WIMTR B RIRG HED, COFA K74
KR RAFhAZ EPEEN S,
TUVWVEF—HRBROERTH oL D FHRTHD
REHTHY, BREAOELVWEHICERERAEN
PVETHLI LB LA UL, HFaREgRe
PHDOERDSZNEIT) DR—KRWTERL, 0O
HAFTAPERIARRUNOERMORE L
THERENLZLEVIBEEEIRRPTETS. Ly
L, REBRBARESERLTCETEY, 2k
2T, TUNVF-HRRRENELELTLHER
O YR 7 BEET R & IR & % v i& CD-ROM i
WATAEREThE, —BREOSEZICRLLED
b,

el

TUVEF—HRBEDHEREN LEEEL-D121,
FORTEEILThoZOEom L2 HIET o &8
HETHE. 205012, COFL V4 0%

1489

HRIRBEREOATEL, L% L ORBER/N
RMEOBERZL - L) BIFC, BERHOH S
bONELELIERITERY, ZhIZE T,
—OFREGHEZLCT LIV F—HBaKkEHE
MeT2HBREREOMBEMD L YEHBIh
BHICZFOEMEDIEF o T EELS,

X B

) B7LVE—BHRIL Fo4 r—BEHRR
R ETEMIE—2009 £hR. SLETHE 6 B HE -
FA4 7% 4R 2008,

Okubo K, Gotoh M, Fujieda S, Okano M,
Yoshida H, Morikawa H, et al. A randomized
double-blind comparative stidy of sublingual
immunotherapy for cedar pollinosis. Allergol
Int 2008; 57: 265-75.
HEEAEHRT LV F—24 7TUVF—E
BN - WBESA N5 4 22007 BE ;A0
A3 5 2007.

4) BBEMTF. MEOTLVF—HRE MB
ENT 2007 ; 82+ 11~7.
BT7TVNE—BERNA Fo4 v—BEHRR
# & TEMIE—2005 M. ETHE 5. i :
G479 AL T A 2005,

EEE RS, R T, MR, R,
BIGER, MLBdh. A SERERE T
570 VBRINF AV EREE T T
YV IRRRGEIC L AR ICE T A
HBHE 10y PR 7 4. BRIEER
IET L IV¥— 2008 ; 26 : 277-83.

MIERZE BB U KRR ERE bR
HHARE), MRS, RMET. fEHm
Bir. ARAEIR 2005 ; 54 : 1975-9.

2)

3

5)

6)

7)

©2009 Japanese Society of Allergology

125

Journal Web Site : http://jjajsawebip/



Allergology International. 2009;58:119-124
DOI: 10.2332/allergolint. 0-08-535

ORIGINAL ARTICLE e

Aging Exacerbates Restraint Stress-
Induced Inhibition of Antigen-Specific
Antibody Production in Mice

Yumiko Ichiharal, Mitsuhiro Okano?, Keiko Nishioka3, Noriko Manabe4, Naoto Ichihara?,
Fumihiko Jitsunari!, Tazuko Fujiwara? and Kazunori Nishizaki?

ABSTRACT

Background: We:have recently found that exposure to acute restraint stress suppresses antigen-specific an-
tibody production, including IgE, in a murine model of allergic rhinitis. Aithough age-related alterations in im-
mune responses are known, it remains unclear whether aging modulates the antibody production under stress-
ful conditions. In this study, we set out to determine the effects of aging on antibody production under acute re-
straint stress in mice.

Methods: Both young and aged CBA/J mice were repeatedly sensitized intranasally with phospholipase A2
(PLA2) without adjuvants. Restraint siress was applied using uniform cylinders once a week for a continuous 8
h period; on 5 occasions in total. Blood samples were taken at 0,20 and 30 days after primary: sensitization,
and production of PLA2-specific antibodies and levels of IL-4, IFN-y, IL-10 and IL-1B in sera were determined
by ELISA.

Results: Repeated intranasal sensitization with PLA2 induced PLA2-spegific IgE; IgG1. and IgG2a production
in‘aged mice. We found that exposure to restraint stress significantly inhibited production of PLA2-specific IgE,
lgG1 and lgG2a in aged mice. In addition, antibody production under restraint stress decreased significantly in
aged mice when compared with young mice. No IL-4, [FN-y, IL-10 or IL-13 were detected in sera from non-
stressed or stressed aged mice.

Conclusions: Aging exacerbates the immunosuppressive role of acute restraint stress in antigen-specific an-
tibody production in mice.

KEY WORDS :
aged mouse, immunosuppression; phospholipase A2, restraint stress, specific antibody

B cells in old mice are impaired in their capacity to

INTRODUCTION rearrange themselves to both D to J and V to DJ gene
It is:-known that aging is associated with a reduced segments in mice.5 In addition; serum IgE levels and
immune function, so called immunosenescence, in antigen-specific IgE production are known to decline
both humans and animals.** For example, a shift in with age in humans.57
lymphocyte population from conventional T cells to Exposure to physical, neurological,; or emotional
NK cells and extrathymic T cells is observed in hu- stress can’ also- affect both. innate and acquired: im-
man centenarians.! Changes in the proportion of T mune responses.$10 For example; exposure to acute
cell subsets, in addition to increases in. memory T stress: modulates: antigen-specific. T cell responses, 1!
cells, impairment of response to mitogens and other ‘We have recently reported that inhibition of antigen-
stimuli, and alterations in cytokine production also specific antibody production was confirmed using a
occur with aging. 24 type of restraint stress following intranasal sensitiza-

In terms of humoral immunity, it is known that pro- tion with phospholipase A2 (PLA2) in mice.!2 How-
THygiene and Public Health, Social Medicine, Faculty of Medicine, ogy, Takinomiya General Hospital, Takinomiya 486, Ayauta, Aya-
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Fig. 1 Treatmeént schedule; Mice were intranasally sensitized to 10 ug of
PLA2 in 20 yl safine. Sensitization was repeated in the same manner. Fol-
lowing sensitization, restraint stress was applied to mice using a single
transparent cylindrical chamber and repeated once every week, for a total
of 5 applications. Blood samples were taken from each tail vein at 0, 20,

and 30 days after primary: sensitization.

ever, little is ' known whether  aging ‘affects stress-
induced alterations in-humoral immune responses.

In this study, we compared stress-induced inhibi-
tions of antibody production between aged and young
mice in an intranasal sensitization model. As physical
restraint is occasionally used in geriatric care in order
to prevent bed fall in hospitals;!3 the results pre-
sented here may provide a basis for evaluating the
risk of restraint stress on humoral immunity in eld-
erly patients.

METHODS

ANIMALS

Nine-week: old female, young adult mice (18-20 g)
anid 17- month old female; CBA/J strain mice (26-30
) (Chatles River Japan, Yokohama, Kanagawa, Ja-
pan) were used in this study. Mice were maintained
in an:animal house according to the guidelines of the
Animal Study Commiittee of the Kagawa Prefectural
College of Health Sciences. All animals were housed
in: groups of 3, each in an opaque polycarbonate
mouse cage (30 x 20 x 30 cm) with access to food and
water ad libitum; and were maintained on a 12-hour
light-dark cycle for 2-3 weeks before the experiments
began. The temperature in- the animal house was
maintained at 25C.

REAGENTS

ELISA plates were purchased from Corning (Corn-
ing, NY, USA). Purified rat anti-mouse IgE was pur-
chased ' from  Biosource = (Camarillo; = CA, USA);
extraAvidin-peroxidase conjugate, PLA2, carbonate
buffer-and fetal calf serum from: Sigma - (St. Louis;
MO, USA),  tetramethylbenzidine = substrate from
Kirkegaard & Perry Laboratories ' (Gaithersburg,
MBD, USA), phospholic acid from Wako Pure Chemi-
cal Industries (Osaka; Japan), peroxidase-conjugated
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goat anti-mouse IgG1/IgG2a monoclonal antibody
from Boehringer-Mannheim (Indianapolis, IN, USA)
and biotin (long-arm) ‘N-hydroxy succinimide ester
from Vector Laboratories (Butlingame, CA, USA). It
is known that endotoxin contamination suppresses
allergen-induced immunologic responses including
IgE Production on mice.l4 Contamination of endo-
toxin was negligible as ‘determined using an En-
dospec assay kit (Seikagaku Kogyo, Tokyo, Japan) in
accordance with the manufacturer’s instructions.

SENSITIZATION OF MICE

Mice (# = 6-8 per group) were sensitized by nasal ad-
ministration of 20yl of saline containing. 10 ug of
PLAZ2 using a microsyringe (Hamilton, Reno, NV,
USA)., PLAZ was carefully given as 7-8 drops of aque-
ous solution-into each nostril in turn. Sensitization
was repeated in the same manner after.'1 and 2
weeks. On day 21 and on the following 7 consectitive
days, the same amount of PLA2 was: given in the
same manner. Blood samples were taken from the
tail vein on days 0, 20, and 30 after primary sensitiza-
tion (Fig. 1).

INDUCTION FOR RESTRAINT STRESS

Following sensitization, restraint stress was applied
to.mice (n = 6-8 per group) using a single transpar-
ent polymethylmethacrylate cylindrical chamber (20
mm diameter, 100 mm long) commonly used for
drawing blood from mice. This chamber was placed
horizontally in the mouse cage, and the mice were
mainfained therein for a continuous &hour period
without food or water. This manipulation was per
formed once a week, on a (otal of 5 occasions (Fig. 1).
Control mice were maintained in their cages without
food and water at the same time. Three separate ex-
periments were performed to confirm reproducibility.

Allergology international Vol 58, No1, 2009 www.jsaweb.jp/
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Fig. 2 Effect of restraint stress on PLA2:specific IgE (A);
1gG 1 (B) and lgG2a (C) production in aged and young mice.
Both aged (n = 9, closed friangle) and young (7. =9, closed
circle) were placed in a'cylindrical chamber for a continuous
8-hour period without food or water, This manipulation was
performed once a week, on a total of five occasions. Control
aged mice (n = 9, open triangle) were maintained in their
cages without food and water at the same time. Blood sam-
ples were taken on days 0, 20 and 30 after primary sensitiza-
tion, . and - levels of - PLA2-specific . antibodies. were
determined by: ELISA; Results are expressed as mean =
SEM. Data are representative of 2:separate experiments.
*P.< 0.05 between stressed aged group and control aged
group. TP <. 0.05 between  stressed ~aged group. and
stressed young group:
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PLA2-SPECIFIC IgE, 1gG1, AND IgG2a IN SERUM
Serum levels of PLA2-specific IgE, IgG1 and IgG2a
were determined using ELISA.12.14 Titers for specific
IgE were estimated as mean optical density (OD) at
450 nm of 1 : 4 diluted sera. Titers for specific IgG1
and IgG2a were estimated as mean OD at 450 nm of
1: 100 diluted sera.

TOTAL IgE, IgM, AND IgG IN SERUM

Serum levels of total IgE in serum were measured as
described previously.14 The detection limits of this
system was 0.3 ng/ml. The levels of total IgM and to-
tal IgG were measured using ELISA Quantitation Kit
(Bethyl Lavoratories, Inc.,, Montgomery, TX, USA).
The detection limits for IgM and IgG in this system
were 0.4 and 0.4 ng/ml, respectively.

CYTOKINE DETERMINATION

Concentration of IL-4, IFN-y, IL-10 and IL-1p in sera
were measured using Opt EIA sets (Becton Dickin-
son Biosciences, Franklin Lakes, NJ, USA). The de-
tection limits for I1-4, IFN-y, I11-10 and IL-1B in this
system were 10, 60, 15 and 30 pg/ml, respectively.

STATISTICAL ANALYSIS

Data are expressed as means z standard error of the
mean (SEM) for each subject group. Statistical analy-
sis was performed using Student’s unpaired t- test to
compare titers of PLAZ-specific IgE, IgG1 and IgG2a
for restrained and control groups. Values of p-< 0.05
were considered to indicate a statistically significant
difference.

RESULTS

EFFECT OF RESTRAINT STRESS ON ANTIGEN-
SPECIFIC  ANTIBODY: PRODUCTION. IN. -AGED
MICE

Production of PLAZ2-specific IgG1 was seen 20 days
after the first intranasal sensitization in control aged
mice, and production of PLA2-specific IgE and IgG2a,
30 days after the first sensitization. In aged mice un-
der restraint stress, impaired production of these 3
antibodies was observed. On day 30, aged mice under
stress produced significantly lower amounts of PLA2-
specific IgE, IgG1 and IgG2a as compared with non-
stressed aged mice (P < 0.05). (Fig. 2A, B, C).

EFFECT OF AGING ON RESTRAINT STRESS-
INDUCED  INHIBITION  OF ANTIGEN-SPECIFIC
ANTIBODY PRODUCTION

We then compared PLA2-specific: antibody produc-
tion under ‘restraint stress:between young and old
mice.. Young mice under: stress: produced  PLA2-
specific IgE and IgG1 20 days after the first sensitiza-
tion; and produced PLAZ-specific IgG2a 30 days after
sensitization. The level of PLAZ-specific IgE on day 20
was significantly less in aged mice under stress than
young mice, and the difference could still: be ob-
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Fig.. 3. Effect of restraint stress and/or aging on levels of to-
tal' IgE-(A), IgM: (B); and 1gG (C} in sera. Both aged (closed
triangle) and young (closed circle) mice were placed in.cylin-
drical chambers for a continuous 8-hour period without food
or water. This manipulation was performed once a week, on
a total of five occasions: Control aged mice (open triangle)
were maintained in cages without food and water at the
same time. Blood samples were taken on days 0, 20 and 30
after primary sensitisation, and levels: of total Ig were deter-
mined by ELISA. *P.< 0.05 between stressed aged:group
and control aged group. TP < 0.05 between stressed aged
group and stressed young group.

served on day 30 (p < 0.05). In addition, a significant
reduction ‘in the prodiuction of both PLAZ2-specific
IgG1 and Ig(G2a was seen on day 30 in aged mice as
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compared with young mice (¢ < 0.05) (Fig. 2A, B, O).

EFFECTS OF RESTRAINT STRESS ON SERUM
LEVELS OF IL-4, IFN-Y, IL-10 AND IL-18

Serum levels of 1L-4, IFN-y, IL-10 and IL-1B were de-
termined in mice with and without restraint stress.
None of these cytokines were detected in sera from
non-stressed or stressed aged mice. In addition,
these cytokines were not detected even in sera from
stressed young mice.

EFFECTS OF AGING AND/OR STRESS ON LEV-
ELS OF TOTAL IgE, IgM, AND IgG IN SERA
Levels of total IgE,; total IgM, and total IgG in sera did
not- differ between stressed aged and non-stressed
aged groups. On the other hand, levels of serum total
1gM and IgG but not IgE were significantly lower in
the - stressed . young - group. compared with. the
stressed aged group.throughout the experimental pe-
riod (Fig. 3).

DISCUSSION

Reductions in T-cell function in aged mice have been
shown to reduce IgE antibody production by impair-
ing differentiation - of IgE-containing progenitor: B
cells . into IgE antibody-producing - plasma: cells.16
These age-associated reductions in. immune function,
and T-cell function in particular, are thought to affect
the: function of helper B cells and: suppress-indirect
antibody production response.

In aged mice, various effects: of stress in. the im-
mune system,; and. particularly in: T cells, have been
investigated.in previous studies. For example, Kanno
et al. reported in a study of restraint stress on mice
that atrophy of the thymus and decreases in splenic T
cells: were observed  after exposure to:stress. How-
ever, young mice showed a rapid recovery of the im-
mune function after 1. week, while the aged mice
never recovered.l” However, little is known whether
aging can affect stress-induced humoral responses
despite the fact that aging and stress share similar ef-
fects on immune function.18

‘We previously reported that the humoral immune
system in: young mice was suppressed by restraint
stress in the early stages of antibody production fol-
lowing intranasal sensitization with PLAZ2.12 In this
study we: have further demonstrated that; although
repeated intranasal sensitization with PLA2 induced
PLA2:specific IgE, IgG1 and 1gG2a in aged CBA/J
mice, exposure {o restraint stress significantly inhib-
ited production of PLAZ2-specific antibodies. In addi-
tion, the present study. found that aged mice under-
went even more marked suppression of antibody pro-
duction - than .young mice: under: restraint . stress.
These results suggest for the first time that aging and
stress have a synergic effect on the impairment of hu-
moral immunity, and more importantly, that aging ex-
acerbates stress-induced inhibition -of -humoral re-
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sponses. None or only slight differences in antibody
production were found between the aged control
group and young stressed group. This may be due to
an aging effect, and may suggest that the impact of
aging on antibody production in our model resembles
that of restraint stress seen in young mice.

Restraint stress - suppresses both PLAZ2-specific
IgG1 and IgG2a production in aged mice. It is known
that IgG1 and IgG2a is Th2 and Thil-type IgG isotype,
respectively.!® Fukui et al. reported. that restraint
stress significantly suppressed both Thl- and Th2-
type immune responses in mice;10 It has also been re-
ported by Dhabhar et gl. that B cells show a greater
stress-induced decrease than T cells.20 These reports
support our findings,; suggesting that restraint stress
suppresses bothThil- and Th24ype humoral re-
sponses in aged mice. Defective ‘induction of func-
tional Th2 c¢ytokine responses has been reported: in
aged mice?! in-addition to Thl type immune response
being important for the protection against intracellu-
lar pathogens such as viruses, mycobacterium and
protozoan parasites.?? Thus susceptibility to impair
Thiltype immune responses by restraint stress in eld-
erly patients may increase the risk of suffering from
infectious diseases by intracellular pathogens.

The levels of total IgE; total IgM; and total IgG in
sera: did not differ between stressed aged and non-
stressed aged groups: This result suggests that re-
straint stress selectively affects antigen-specific anti-
body production in aged mice. Interestingly, levels of
serum total IgM and IgG but not IgE were signifi-
cantly lower in the stressed young group compared
with the stressed aged group. This may be due to
baseline: differences, as serum total:IgM and IgG in
aged groups were higher than in young groups even
before intranasal sensitization. Long-term life in the
animal house under a conventional environment may
increase serum total IgM and IgG levels.

Although no IL-4; IFN=y, IL-10 or -1 was detected
in sera from non-stressed aged mice or stressed aged
mice, the mechanisms involved in the suppression of
antibody production in aged mice under stress have
not been clearly elucidated.

Other studies have examined the application of re-
straint stress, and further studies are needed to clar-
ify the ‘direct or indirect involvement of endocri-
nological neuronal pathways in'the initiation of aller-
gic rhinitis. 2325 Accumulation of findings from a wide
field of research focusing on the immune system and
including the nervous endocrine systems is neces-
sary.

In conclusion, we have shown that restraint stress
impaired antigen-specific antibody production, espe-
cially in-aged mice; and aging displays'a strong im-
pact on stress-induced inhibition of humoral immune
responses. These observations may provide a basis
for the management of care for clderly patients with
physical restraints. In ‘modern life; both the young
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and elderly are exposed to various forms of stress.26
Our study suggests stress as one of the mechanisms
for the epidemiological finding that serum IgE levels
and antigen-specific IgE production decline with age
in humans.6.7
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