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The effect of sex hormone on antigen-induced Th1/Th2 cytokine production
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The incidence, severity and prognosis of asthma can be affected by a number of factors,
including the patient’s age and sex. Clinical observations and epidemiologic studies indicate
that the prevalence and severity of asthma is higher among boys than girls, but that the
ratio inverts after puberty. The reversal of the male/female prevalence of asthma at puberty
strongly suggests a role of sex hQrmones. However, the mechanisms underlying the gender
differences in the prevalence of asthma are not clear. Recently, we suggested that the sex
differences were due to those in not only sex hormones but also lymphocyte functions
based on findings in a murine model of allergic asthma. Therefore, we investigated the
effect of sex hormones on antigen-induced cytokine production by lymphocytes to further
investigate these gender differences. Splenocytes from ovalbumin (OVA)-sensitized female
mice produced more IL-5, Th2 cytokine, than those from OVA-sensitized male mice, upon
simulation with OVA. Progesterone decreased the production of IFN-g, Thl cytokine, by
splenocytes from both sensitized male and female mice. 17/3-estradiol had no effect on Thl
and Th2 cytokine production by splenocytes from both mice. However, 5a-dihydrotestosterone
decreased the production of Th2 cytokines by splenoytes from sensitized female mice but
not these from male mice. Our findings suggest that lymphocytes from males and females

have different sensitivities to sex hormones in antigen-induced cytokine production.
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B ADTEORMAIREZF &2 3. [ERAEIC
X, REMER X CRENECB N TEEL L
IFEEER, ~ A MifE, ~2 a7 7 -V BLUTY
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i, Fic/ vy —nuf4Fxy (IL) 28407 —
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BRI, REWEDERIZHETIILE
M E Y, BEIICHEET 2@M8H % 01xf
L, ZMCIZEFRNUBDORELSS . EEED
BZE 75 ARETHOED L 10% CEMEIT
DH2ETH B, 10 TIIRA K HEDOFRDE
<D, 20l E TR LU BRI 3EL 2 5.
M D 353 D 1 5% #EHT Chn BIEIR D EAL %
AN R I EAERATEAL T A EICH B
B, HIRBHICIIEET S v ) GV H 5 5.
FAEEAIC 70 5 & W B REFE Cldm EERATEAL L,
REETOMENFET L LI HEDLH B,
Estrogen fi 7EHEE CIIMEDOFERE ) A 7 2 RS
BAHY), ZOXHIBRIENL, HEICBITARE
RBRBEEEOUZDFEROD DL LTHFRIVE
VOFRBENRBEEINTWE, L, FOFEME
A= ALEIRETH 5.

HERIVE VSRR A HIRBICL C B LT
BY, TY VSEZ SO KEML TS FAEDIFE
D5 N5, ThllEZid androgen AR & estrogen
SEAR, progesterone XEMEVIEAET B T L HHE
BENTWBH3ED, Fi2 7 LILF—HiEREKE
& DRIE T estrogen 524K & progesterone 2445
DBPFBESROND, 7L VF—thiB & Mok
WE VZEFROBES REIN TS, HRIVE
& B Th/Th2 FUEOFE & LT, PR
& B VITIERERNICRE S N~y AR T
MiE2»oD0Th2Y A P A4 VELAEL-
dihydrotestosterone (DHT) E#f L&, 175-
estradiol (E2)9 % progesterone® (IfEi§ 5 Z &
PHEINTWE. MEET VT AT, PR
W Af%, HECHAMECRE MR (BALF)
H ORI DE LIS R S5 5 251, £8
L 7-HE~ ™7 A 120 R progesterone = ¥ 5- SNz~
7 A1) TIEBALF O IL-5 R UFEEER B OB, &
EBREEOITTENRD LNz, Zo k)i,
WEYIHA AL YERL, TUVF-MRE
RIEHEBY 5252 LIRENTWE, — KT,
1) VOSERDOBEREZ D b DITHEED D Y, FEIRRR
IS L B4 M4 VBB TALE, TR
BYEIZHATh2 RUIBASThl G & VB TH 5 =
EPHEINTNDY,

Plozens, MEWBITAMEE, YRR

FEHy7: Thl, Th2¥ A4 MU A VEECHRT LS
VB DB VSBREWEY SERE DORIT
Bl llllBbeEZ. FITRARBIDIR
HERRAET B 72D \[ZMERED B E~ 7 A DR %
fix OWERBEOWARLVE Y OFAE T CREFEIC X
STHIEL, ThIBLXUOTh2H A M A VEER
L7,

KRB LUTE

1. {FHEMY

6 ~ 8 B D CHTBL/6 AMEME L & U~ 7 A
(A&7 V7, KK, BA) #FH L. BiidE
BRIZMEH 4 CTHEEY A 27V 128/ (B
7:00~19:00, HEH#A19:00~7:00) FEig22+2CH—
EFRETCTIAMLLEFEET L. 28, B
B E A D~ 7 A HETEE B L O E A DK
EAKZE HHEICEBR S &7, EERIIHI SRR
WEBRIREHHE > TIT o 7.

2. FiERE

ZEERIZ, Kumagai 5 OHEIHE- TiTo 7.
PURE LT, BIET V7 3~ (OVA) (Grade V,
Sigma, St.Louis, MO, USA) % Fiv:, OVA/Alum
(OVA 16 pg/ml , ALl(OH), 8 mg/ml in saline) (FIfg
e KB, AA) 500 p L O BEFEPHR 512 TRAE L
7z, ®B535HER 24T o 72 (Fig. 1A).

3. IR OIS E

2[81H @ OVA/Alum #%5-12 H#, ~ 7 X % [l
FE S SRR BRI L, FEIRAHENE % Wise 59 Ok
WL THBEB X UEE L2, Be% L7 IEimiE
% RPMI 1640 (Life Technologies, Gaithesburg, MD,
USA) [FEM@{L L 72 10% fetal bovine serum (ICN,
Costa Mesa, CA, USA), 55 M 2-mercaptoethanol
(#13%), 50 U/ml penicillin G -(BIE8E, 55 H
%), 50 4g/ml streptomycin sulfate (BH/AELE) B
L2 mM L-glutamine (F108) #&¢] 2HWT
5 X 108 cells/mliZ & L7z, ZALIZOVA (200 4
g/ml) Z@HMML, 96 well 7L — F{Z1 X108
cells/well 127 5 £ ) IZ#EE, 5% CO,FAET37TTC
THEE L7z, MR IVE VORI E B R ORI
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LT OHETIT- 7 (Fig. 1B).

(D17p-estradiol (E2) (102 M) (Sigma) % OVAR
I 1EERE AT % VT OVA & FEFZARIL, 725
fR |82 RIE 2 BRI L 72,

(@E2 (10~ ~10~"M), progesterone (1072 ~10"6
M) (Sigma) # % \»ix5a-dihydrotestosterone
(DHT) (10-11~10-8M) (FIbHEEE) % OVA
ERIFFCEINL, 72 RRRICEE L 2RIV
L7-.

B, MEARIVE ZIEFINTEICIE ethanol (AR

0.05 %) Z@mmlL7z, BRELL 72858 BiElE, 94

A CHlEE T80 CTRAFL 72,

4. A4 MHA > DBRIE

B3 LEROILA4, IL-5, IL-1338 L OTFN- 4 13,
Z NLZF N ELISA kit (R&D systems, Minneapolis, MN,
USA) # FHWTHHE 71 b a2 — VIZhEwWillE L7z,
mB, FnENOBIEHFL, 1L-4272~500 pg/ml,

(A)

0

IL-5457~1000 pg/ml, IL-13%%1.5~1000 pg/ml,
IFN- y %52~1000 pg/ml TH 5.

5. fRating

FEHRMEIXAIN TOENBE Z F\Viz. 7
% T mean &+ SD T3 L 7-. Mann-Whitney ® UM E
THEMLE L, P<O005%BEEDYE L. %
FER O FeBU L — U EL B 70 B3 AT EE O Dunnett 12
LRI L, P<O00b2HEEED ) & L1,

& ES

1. 951 A1 EEICE T BMHE

MRS BB O IL-6 8%, MEDOFAHEICIEE L
TEEERL. L4, IL-138 X OIFN-y 212
WE T o7z 72, IFN-y L4 I2B W T
M 2o 72 (Table 1), MERRMIRGEEZE g
DIL-4 B L OIFN-y &% E2700, FERIITHEL

T

{ sensitization

> p—

| |

1x108 +OVA supernatants:
cells/well (200pg/mL) ELISA for
+E2

of cytokine
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measurement

72 (hr)

17 (days)
@
0 72 (hr)
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of cytokine
contents

Fig. 1 Diagrammatic representation of the protocols for sensitization (A), and culture of splenocytes (B).
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L7z&Z %, OVARINL BRG], & 5Wid0VA
ERIFFCRMLU CHIFRMAF L FEREZER LN
o7z (Table2).

2. A M HAUEEICHT DE20HE

IL-4 T E2RMC & 285 2 I3RS 2
EORETHR LD -7 (Fig. 2a). IL-5 Tk
107" MO E2 @I CIRRMNAE & A THETHEIC
T L7 (Fig. 2b). IL-13TiX 10 M D E2IR/RMT
FEIINEE L R THECHEREIIRT L7 (Fig 20).
IFN-y TiZ 108 M D E2 7RI CIEGIAE & T
HCTHEEICHEM L2 (Fig. 2d). IFN-y /IL-4 T,
1071, 10~ MDE2RIC & ) IERIEE & X
THETHERIIRT L7 (Fig 5a).

3. B b A CELEICKET B progesterone DESE

e s T2 R O EIEROF A A VB
13, IL-4 T3 10 ~8 M 9 progesterone VR I CIEARIN
BELHRTHETHERICHEML 72 (Fig 8a). ILB5T
1% 10 2 M@ progesterone AN CIERINEE & T
HETHBEICHEML, #THEIZET L7 (Fig. 3b).
IL-13 Ti¥ 10 —° M ® progesterone I T IEARIIHE
EHARTHECHEREICHEMLZ., $£/2, 107 MD

progesterone IR CIERMAE & LR THETHEIS
KT L7 (Fig. 8c). IFN-y TiZ107°~10"6M®D
progesterone Vs I CIETRMEE &L LR THETAHEIS
BT L7 F72, 10~ M® progesterone iINITIE
WINEE & LR THETHEREIET L7z (Fig. 3d).
IFN-y /IL-4 TiZ10~7, 106 M ® progesterone 77
ICIERMBE L AR TR ICAEIET L7
(Fig. 5b).

4. 94 bhA U EEIZXT B DHT ORE

PR T2 BR O LEFOY A M1 &
i, TL-4Tix1079 10~8 Mo DHTIICIERI
FEICHARTHTERIET LA (Fig. 4a). IL5T
(3108 MO DHT I CIRRMBE IR THETH
EIZIKT L7 (Fig. 4b). IL-13CiX10-9M @ DHT
ITCIRRMBE IR THETHEBICEKT L. £
7z, 10710~ 108 M ® DHT#ICIERMELIC L
NTHMTHEEIET L7 (Fig. 4¢). IFN-y T
10~ MO DHT IR CIRMEE IR THETHEE
WZHEIN L7 (Fig. 4d). IFN-y /IL-4 TiX DHT 700
WX 2 EELRZIIMHERIC EORETH RO
o7z (Fig. be).

Table 1. Concentrations of Thl and Th2 cytokines production by splenocytes without sex hormones.

1L-4 (pg/mL) IL-5 (pg/mL) IL-13 (pg/mL) IFN-y (pg/mL) IFN-y /1L-4
. 2896.9 + 2571.0 +
male 19.0+10.9 538.9 & 389 .4 186.0 £ 130.1
2184.2 2495 .4
42183 % 14109 +
famale 228+ 153 922.6 + 568.6% 93.3+105.5
2725.7 1129.3

*p < 0.05 compared with male

mean + SD (n=16-19)

Table 2. The effect of E2 pre-treatment on cytokine production.

IL-4 (pg/mL) IFN-y (pg/mL)
_1# 1# 0 ##
E2 (M) -
0 21.3+10.2 24.1+21.1 713.4 +303.2 591.3 + 463.8
10° 18.0+3.0 28.9 +23.0 1044.0 = 3255 880.2 £419.5

# Addition of E2 1hr before the start of OVA stimulation.

mean = SD (n=3-4)

## Addition of E2 at the same time as the start of OVA stimulation.
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Fig. 2 The effect of E2 on cytokine production by splenocytes. Splenocytes from male (closed columns) and female
(opened columns) mice were incubated in the presence of E2 (10~ ~10~7M) and OVA (200 xg/ml). The
levels of IL-4(a), IL-5(b), IL-13(c) and IFN-v (d) in the culture medium were measured and expressed as
percentage of the levels in the absence of E2. *p < 0.05 and **p < 0.01 compared with the control.
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Fig. 3 The effect of progesterone on cytokine production by splenocytes. Splenocytes from male (closed columns)
and female (opened columns) mice were incubated in the presence of progesterone (1079~10"¢M) and OVA
(200 pg/ml). The levels of IL-4 (a), IL-5(b), IL-13(c) and IFN-y (d) in the culture medium were measured and
expressed as percentage of the levels in the absence of progesterone. *p < 0.05 and **p < 0.01 compared with
the control.
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Fig. 4 The effect of DHT on cytokine production by splenocytes. Splenocytes from male (closed columns) and female
(opened columns) mice were incubated in the presence of DHT (10~ ~10-3M) and OVA (200 yg/ml) .

The levels of IL-4(a), IL-5(b), IL-13(c) and IFN-y (d) in the culture meditim were measured and expressed
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Fig. 4 The effect of sex hormones on IFN-y /IL-4 ratio. IFN-y and IL-4 produced by splenocytes from male (closed
columns) and female (opened columns) mice were measured as described in Materials and Methods. The
ratio of IFN-y to IL-4 in the presence of sex hormones was expressed as percentage of that in the absence of
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REYmBERZ I, BEELEERICHED
HHY, T, BEEFILITATYH, HEIZHR
THTL)EBECNREREFBHEINT WS 12,
Progesterone ¥ 5- L 72 MG BE 7V < 77 A R0 KB
L7k B E 7L< AT, Th2HA bl A »ob
& o 7o RERIE D EALDHRE SN T N5 813,
—75, ) USEROBREIC O MEDH Y, LTI
BHIZHARThU/ThR2 BB TH L Z L mE SN
TWbY, DX ) IIHEICBIT A REREDOH
ARV E L DEIEL ) Y SHROBEVPLE R
N5, FAFLENS, B~ A0 % IE
WY T ACEAL, PURRAIZ & 5 RKAE% HE L
g L7210, BAE LM 22Ol = B A
LA =T~ AR LZRA L2 E 2 A,
MED RIS 2 A L7z~ 7 A C & 0 iV KFE %
RL7z. THIE, REOHEDIREDY ¥ /33D
EWTHDLZERTRT S, LOLBIEL-/ESE
TAIMEDRBRIE A BA L7z A — T~ ATH
FRICHE L7 ZA, AIBREOREZRLIZZE
o, BEOEREIZY VSEROATIIFHBHETE %
W, LYYV IR ADOWDFE DEARIVE VB
BIZ LD, ) UONERBEREIC BT AMUED RO L
N, Roahrolz)dsblTTHE ZDTE
o, TULVF—MREREICBW TR IVE >
DEFE L) VISEROBVOWMENEETH S Z L
HRBENS, FZTHALIL, HARLVEZDY »
ISERICH BPER, 2 CIEBUEERENY A MY
A VEE, IRNTAZETEB IO P NBR
THE L.

M= 2 ARSI E2 & OVA & [ 5-3 5 v
FHTHS- L, IFN-y BLOIL4EAT B L2 &
A, BEREIRONW o7, 22T, 7
FIZRRL TR WAE2DO5FEEEREL, E2
% OVA & AR, X 51224, 48HRMIMRICEINE
51, EF8EMRML, OVA & EEFRIMDADE L
Lz 2n, 4 VA VEEICEEREDN
Ronehroi., LoT, MEAIVEYDOFRINGE
WZE AT A VA VEEDEIT RV EHRT L7
W, DBOERTIE, HFRIVEIZOVA L FEE

whne L.

E213, SRETIETh eaREL, RigET
L Th2 SUB FARAET 5 &) JEDH 2510, 4
O34 DEERTIEEIRE, KEBEVWITNIIBWNT
bE2 DR BIIMBEX ICHERTE 2o 7.
Progesterone (351 CD3 5Lk & T CD28 Pk THllEL
L7z~ 2O S TR B> T Thl 751k % P
L, Th2 53 bz RET B & V) FHENDH A1V,
A DEERTH EARIZ, progesterone (3 >/
RIS UAARPERE (1078 M) L) EVIRETH
BH107 S MEIMC X D L4288, 1079~10-¢
MEINZ & 0 BRI IFN-y 2R L7z, —
F, MED CoSERICH L TiZ 10 MRz X
IFN-y 2METF L7z, F72, 1077, 10~6 MiEhIIC
L0 WEREFIZIFN- MLADET L7z, T2k &
Y, progesterone @ IIC & 0 MMV T IIZEB T
b, Thi Koz EH L, Th2 Koz RET % &n
) T EAIRBE NIz, DHT X CD3HLAETRIE L
72 A RN THIBIC BT 5 IL-4, IL-5, IFN-y
EAZRTID L) mEVH LY. s DER
Ti, 1078 MODHTHRMC X Y METIL-4, IL-5,
IL-132MEKF L7, DHT#INC X B HETOHA M4
A VEEDOEILIZR S N d o 72, Fig. 2¢, Fig. 2d
TEZENEFNE2D107°, 10 MO —iEEDHD
7%4t, ¥ 7-Fig. 3b, Fig. 3c Tl progesterone & &
1079, Fig. 4d TIZDHTEKHE 101, Fig. ba Tl
E2EHAE10 1L 10 2R TOENTH 7.
HEEREEIZZD SN2 WH 5 WIHEHAZIC BV
TORRBOLND &) GiERIEON-EEBLE L
T, FHEE S N EIEHAL O Z B heterogeneity 75
ZoNb. TbbIE SN PEMEE, TH
Fa LAt o segiiia, #1213 B MM NK ML % &
H, A DI A VEEIZBWTRERIC T 7235
FNAEHT A0 &ENns. 2 L CRAEEICE
DHBFYVREL L LIRS, 72, O
heterogeneity {2 & 0, YA +H A v EAEEME
A M A A Y EEIHRIIEASEIREZ ROV E 1T
LRSS N, R LEPHID/INT » ADSEAITHE
L7ZBEIZOARY A NI A VDT & 7= et
LBEETE R\,

Progesterone & DHT D41 b 4 Y EEANDFE
BHWEE HED ) Y SERCR L BERIE, S HOE
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KR4 R IBEDOMRIVE Y RRIML TR L)
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Mozl wIREDH LY. 72, Thl, Th2H A

A VEAEICEDLEER T L L Cnuclear
factor kappa B, T-bet, GATA-374%% %S08 =
NS DOFBIMUED D 5 DEP I S Twi
V., —J, B2I2L ) GATA-S ORI ML 72 &
WIOFRELH B0, A M A VEEICHT SR
WE Y DFBITHEPHNT-DIL, V) V5 EkkEE
BT BRIV E Y ZHEEEERFOREIIHE
ENFETELODH LNk,

FAc OEBRERENS, ME~Y Y A TORERE
DUZEDHRIVE L DOBEEL Y L ERkOE VI &
b ENEZONL, Fiz, DHTHRINZ L U Th
FA MDA PR F LI ERDS, ORISR
HEIZHMERIVE HFIHTEETH 5 2 & H7RIE &
na.
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