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Epidemiological data indicate that the prevalence and severity of asthma is higher among
females than males after puberty. The influence of sex on asthma incidence suggests that
sex hormones could play a role in the pathogenesis of the condition associated with asthma.
However, the mechanisms of the affect of sex are not clear. Therefore, in the current study,
we investigated the sex differences in allergic inflammation in terms of lymphocyte
function, using a murine model of allergic asthma. In either BALB/c or C57BL/6J mice, the
airway inflammation in female mice sensitized with OVA followed by OVA inhalation was
more severe than that in male mice. The contents of Th2 cytokines, such as IL-4, IL-5 and
IL-13, in bronchoalveolar lavage fluid from female mice were significantly increased
compared with male mice. The airway inflammation in female mice after adoptive transfer of
splenocyte from sensitized female mice was more severe than that in any other combination
of donors and recipients. Furthermore, splenocytes from sensitized female mice produced
more Th2 cytokines than those from sensitized male mice, upon stimulation with OVA. The
degree of airway inflammation induced by lipopolysaccharide inhalation was not
significantly different between male and female mice. Our findings suggest that sex
differences in allergic airway inflammation are due to those in not only sex hormones but

also lymphocytes function.
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Fig. 1. Diagrammatic representation of the protocols for sensitization and challenge for experiments.
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Fig. 2. Diagrammatic representation of the protocols for sensitization, and adoptive transfer and culture of

splenocytes.
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Fig. 3. Time course of cell numbers in BALF of BALB/c mice. Sensitized BALB/c mice were exposed to nebulized
OVA. Cell numbers in BALF obtained at time points indicated in male (a) or female (b) were counted
as described in materials and methods. <;total cells, ll:macrophages, A:eosinophils, O;neutrophils,
X lymphocytes. Data are expressed as mean = S.D. (n=6-12). *p<0.05, **p<0.01: compared with before

exposure (pre)
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Fig. 4. Sex differences in cell numbers in BALF of BALB/c mice. Sensitized BALB/c mice were exposed to
nebulized OVA.The numbers of total cells (a), macrophages (b), eosinophils (c) and lymphocytes (d)
in BALF obtained at time points indicated were counted as described in materials and methods. Closed
columns represent data of male mice, and opened columns female mice. Data are expressed as mean *
S.D. (n=6-12). *p<0.05, **p<0.01
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Fig. 5. Time course of cell numbers in BALF of C57BL/6J mice. Sensitized C57BL/6J mice were exposed to
nebulized OVA. Cell numbers in BALF obtained at time points indicated in male (a) or female (b) were
counted as described in materials and methods. {;total cells, ll;macrophages, £ ;eosinophils,
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Fig. 10. Time course of white blood cell numbers in peripheral blood of C57BL/6J mice. Sensitized C57BL/6J
mice were exposed to nebulized OVA. Cell numbers in peripheral blood obtained at time points indicated
in male (a) or female (b) were counted as described in materials and methods. ;total cells,
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PRl MARISE LEEROY A M AHA BOME
RIS Es HBEO BT oY A M4 v &
MR T T AL, IL4TIRRAEELREITR
b h oz, IL-5IEMIEEICHEY R L7
(Table 1)

PRI AR D C57BL/6] RV T RICH T B
BALF X fE#HfE

AR LoD R 2 A L 72 (male-m.s)
Lt (female-m.s) 2B T L E, w7017 7 —

VTl femalems DA BEICEEER L.
—F, MR TIIEELRERR oN o7,
JEAE L7 MO A A L7 (male-f.s) &M
(female-f.s) % LB 5 &, MMl & GFERERE
Cfemale-f.s O A B FEAE % 7~ L7z (Fig.13).

male-m.s & male-f.s # LT 5 &, &2 TO4H
B THELZEIRON 2o 7.
female-f.s % B4 5 &, AEMIRL B & hF R EREL,
VR ER U female-f.s D DBE EICEMBE R L
72 (Fig.13).

female-m.s &

LPS IR A B BALF th % fE#H R
HETIELPS W AT (LPS-male) D#EHIRLEL, 4F
HEREIE LPS W AHT (pre-male) & U A& IZIEH0
L7z (Fig.14). WETIZLPSW A% (LPS-female)

DN E, WFRERE, U Y NEREUILPS A

Table 1. Sex differences in IL-4 and IL-5 production by splenocytes of C57BL/6J mice.
male female
IL-4 (pg/mL) 62.2 + 60.22 60 -+ 35.36

IL-5 (pg/mL)

2617.8 £ 15638.0

9963 £ 2573.37*

350
300

250

200

x10%ells/mL

mean £8.D. (n=5-9) *p<0.05

* %

total cells macrophages eosinophils neutrophils lymphocytes

Fig. 13. Cell numbers in BALF of C57BL/6J mice after adoptive transfer. Splenocytes from sensitized mice were
cultured in the presence of OVA and transferred to naive recipient mice. The recipients were challenged
with OVA and cell numbers were counted as described in materials and methods. Male transferred with
splenocytes from sensitized male (closed columns), male transferred with splenocytes from sensitized
female (black with white spots columns), female transferred with splenocytes from sensitized male
(opened columns) and female transferred with splenocytes from sensitized female (white with black
spots columns) . Data are expressed as mean + S.D. (n=7-9). *p<0.05, **p<0.01
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*

B

total cells macrophages eosinophils neutrophils lymphocytes

Fig. 14. Sex differences in cell numbers in BALF of C57BL/6J mice after LPS nebulization. C57BL/6J mice were
exposed to nebulized LPS. Cell numbers in BALF obtained from male or female before and 24 hours after
nebulization were counted. Pre nebulized male (closed columns), pre nebulized female (opened
columns), LPS nebulized male (black with white spots columns) and LPS nebulized female (white with
black spots colurnns) . Data are expressed as mean £ S.D. (n=5-7). *p<0.05, **p<0.01

Bl (pre-female) X D AEICHML7: (Fig.14).
LPS-male & LPS-female DK Cld~ 27 a7 7 —
D, ) Y SEREIC BV TLPS-female O 5 0SH
BICEMEE R L7, HRIRECRARERER
Honhhorz (Figl4d).

% =

T U F — W RERIE I DRIEDRRSE S
DD D I EPHRE SN TWES, 4R 4 I,
M BT 5 X DT L& — P 5GE SO (3
) USERE MRV E Y DA E DB D LR
TEEYHL LT

PEARIVE Y &) ERNBREOE S XD R
fx AN HEE DO~ 2D THEEN
TETAIEPLREEINS, L LEOREY
ANTEE OB THBEEVPECENL, %
FEDFERIZMEARNVE Y T TIISHHETE 20,
F720) YoNEROB G T HE & O BRI 2 A7z
DIXIADKBTEEEANH LI L, LRBRS
Nan. Lo LHEEHEOMEZ AN DO~ T A
DB THEEN  LholzZ s, 1 NE
DADEZETL VI EFRBENSL. UEo
ENL, TUIVF—URKEEIIBW T
FNVEZEMD) YNEKBUOMAEDLEDPE
ETHHLEIREINS.

COZEDNLMEDY VSERIZBIT A LRI
EVZBRHROBEEN, ThbbMHDY) 285k
BT BERVE Y ZEEODEBICEDNHH 2
EARIBENS. L Lol S— TR ok R
WVE VESEARDVBFELETH I L2100 F /2in vitro
T, B MY NI DEASINLTh2Y A M
A EHHRRE D D KPEEER) P NERD A3
BWIERREINTVWEE, L Lkrs,
) UOSERIZBT B MR IVE VR RRRSE oM
BT A2 IR, FMRVEYOERN
R, ) Y NEROBERRIE K F O MEHEE B S A
2L 728G b v, A oA s L
DA PAA HER/RTIE, MDY 2 BRI
HED ) v SERE W L CIL-5 BEAE D B ICHE
R TWi, Akl d, B4 M A VR
BT SRR ICHEESFIET 5 D0
b Lz,

Aelnl, B A b A A CEBLO B R R
AFEERTIE Th2 REBALO BALB/c A~ 7 ATl %
{, CHTBL6J R~V T AR HWTWA., OVAFSR
M JHE B % BALF RO RFEAMB BT L 72
R LD, BALB/cR Y ATIIMET D RIS
AERC MEHEE DN S Wiz, MHEATRKEW
CH7BL/6I A~ 7 A& W CHEL L /2. C57TBL/6J
RY T AR H OVAFRMESE S DI
DWTIE, RAYIMLAF O OVAFFERIgE & TIdH



T UNF R ERIEIZBIT ARV E B L Y SERORE 123

Tl 72 WEHEFS 13 7 2 > 7225, BALF H O RAEH AL
Bt A M A vE, FEEFOHERKEO W
THRICBWTOERICHEES AL, TV
F-MREREET VT ALLTINRE T
HEIFFHRTHL EHBLT.

-HTCRPEE & LT, BALZZRIEMIE O
BiZZH2THANZFDK) VI BRI IE K 2
TWwiwicw, BARDRGEMCIEA L7
fa o~ —THIOE G2 X 282 2T
TWAHBIREMEDH A5, FEBREENrL, 4
o] i D LRV E PAEALR R DS B DTl
PRI L 7205, SICHEMERIVE I L
TltHayashi & DT, KB LI~ ATE
EDSTEALT 5 L) G H B, L LEks
OEBTIIEMAIVE YOS OLFELERT
HHBIEH R Do 7.

RV E VRO oNERERREIC X B K ER
BEOAHZALELT, Th2H A M A A D%
B msSER S N7z, BHICBIT Rk D5
-5 % TS 5 L HE SN T W5 9 IL-5 77,
BALF B X O BAE R RS 28 by & DL
HBELTHTARICEHEZRL TS Z Ehb,
R E L TRENOUHBREZE 27U L 727 6
A B H. F72, BALF FOIL-4 13 HEICILET L
THORPEEICSERZRLTWS I b,
IL-4 |2 & 5 vasecular cell adhesion molecule-1 @
TEBIEE R 2 S L CTHFERIKO A DTEL T b
HREEARR S NS,

LPS W A £ BALF i1 45ERIE o i T,
LPS W ARIT% CTHEME & I HEHERE BB UM R EL
PAHBAZINL TWAH A, BERER O TR
FaBR L AP ERER & S A AN 2o 72 LPSH
A & AUF ek S E 20EE, keratinocyte cell-
derived chemokine %> macrophage inflammatory
protein-27% £ T H 4 HPIFHERERKICE
F2020 THLA, —F T UIVF—MEEREL,
Th2 ¥ A M A »eHul & L72HBRERYEO R 5E
TH5. [HLURERIET D BIEMT S RIES D
Bhb _ODORECHHELHETHZ LI
0, RIS BT B MEHEADT LV F — %
JEVCHFRN, T2bb7 LIV —MERERFREDN
FHERFORHFEICHEEAZ S E Do TnD 2

NN STz,

B ClEC DRRICHEAEADRD 5TV B,
Wi LA O B 2 SEEE & L TidE %
P LE, BUEES Y v, aatt) T~
=T AL EOHULREREND L. LI
{bsiE, B ) v~ F CRAREOB LI
12256 1:3, &%) 7Y F—TATEHEL
D19 THAE., ZhbHOHCRERBAERE
OWEICBWTL, HRLVEVDREL TS
EDWEDND LD, FOFHMIAHTH S22,
COELGEEOHHEBEWNRE L TNDEDN
MEERBELVWIZEZFTHAH. WEERL I,
FAERRPLHFIEEICW S D BLENLON L IE
RIZOWTOFEE D, FOMEZEROD
Wr, 8, FHEBCDHLZLOTH A,
WOk CTlRAM 2N E% ZE LCIEBENPEAT
Wh, —F, HRTIEIWZER LB L
DTHTHY, FLREFLEEORBZIEEL T
LEWRS 2RV, Foin, EYEFETEE
Sex & fE &MY Gender BUF DER 0 5 DFFE
DEBEHFLENS.

SHOERER? SHAERE VI E 2 2mELC
AT 5L, ZmBEEORVE VEIICE
bE7-HEYEOFGHFEZ SND. F-H MR
BEEZICTFAMATO Y 2HE5TAH LT, %
FESUE %2 Th1 RIET RIEZFERT HZ L 5T
X0 L. BEICBU A EWENMEL
AT L7224 RO, 4BOMEERBEDE
BAHICBUTLRBIIFSTLb0LEbLNE.
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