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The influence of age on the sex-related difference in allergic airway inflammation:
the effect of progesterone on cytokine production by lymphocytes
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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 severity of asthma is higher among boys
than girls, but that the ratio inverts after puberty. Thereafter, in the elderly, the sex difference disappears. However,
the mechanisms underlying the age-related sex differences in the severity of asthma are not clear. Therefore, to
clarify the mechanisms we compared using a murine model of asthma allergen-induced airway inflammation and the
effect of progesterone on antigen-induced cytokine production by lymphocytes between the different age and sex. In
6 weeks old C57BL/6 mice, the airway inflammation in female mice sensitized with OVA followed by OVA inhalation
was more severe than that in male mice, whereas the sex difference in the airway inflammation was not observed in
16 weeks old mice. In not only 6 but also 16 weeks old mice, bronchial lymph nodes (BLN) cells from OVA-sensitized
female mice produced more Th2 cytokine, than those from age-matched male mice, upon simulation with OVA.
Progesterone did not significantly affect the sex difference in Th2 cytokine production by BLN cells in either 6 or 16

weeks old mice. Our findings suggest that the age-related sex differences in allergic airway inflammation are not due
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to simply the differences in lymphocytes function and sensitivities to progesterone.
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vy, OVA/Alum (OVA 16 yg/mL, Al(OH) 3 8 mg/mL
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Fig. 1. Diagrammatic representation of the protocols for sensitization and culture of BLN cells
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Fig. 2. Sex differences in the numbers of cells in BALF
from age-matched male and female mice after OVA
inhalation. Male and female mice were sensitized at 6
(A) and 16 (B) weeks old, and BALF were obtained 5
days after the OVA inhalation as discribed in Materials
and Methods. The numbers of total cells (Total),
macrophages (Mg), eosinophils (Eo), neutrophils
(Neu) and lymphocytes (Lym) in BALF from male
and female mice were counted. Data are expressed as
mean = S.D. (n=16~26). *P<0.05, **P<0.01
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Fig. 3. Age differences in the numbers of cells in BALF
from sex-matched 6 weeks old and 16 weeks old mice
after OVA inhalation. BALF were obtained as in Fig.2.
The numbers of total cells (Total), macrophages (Mg),
eosinophils (Eo), neutrophils (Neu) and lymphocytes
(Lym) cells in BALF from male (A) and female (B)
mice were counted. Data are expressed as mean &= S.D.
(n=16~26) . *P<0.05, **P<0.01
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Fig. 4. Sex differences in cytokine production by BLN cells. BLN cells from 6 weeks old male and female mice were
incubated with OVA (200 y’ g/mL) in the presence (10 °~107% M) or absence of progesterone. The levels of IL-4, IL-5,
IFN-y, IFN-y/IL-4 in the culture medium were measured as described in Materials and Methods. Data are expressed as

mean £ S.D. (n=7~11). *P<0.05, **P<0.01
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Fig. 5. Sex differences in cytokine production by BLN cells. BLN cells from 16 weeks old male and female mice were
incubated with OVA (200 zg/mL) in the presence (107~107¢ M) or absence of progesterone. The levels of 1L-4, IL-5,
IFN-y, IFN-y/IL-4 in the culture medium were measured as described in Materials and Methods. Data are expressed as

mean £ S.D. (n=5). *P<0.05, *P<0.01
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Fig. 6. Age differences in cytokine production by BLN cells. BLN cells from 6 and 16 weeks old male mice were incubated
with OVA (200 zg/mL) in the presence (107~1075 M) or absence of progesterone. The levels of IL-4, IL-5, IFN-y,
[FN-y/IL-4 in the culture medium were measured as described in Materials and Methods. Data are expressed as mean &

S.D. (n=5~7). *P<0.05, **P<0.01
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Fig. 7. Age differences in cytokine production by BLN cells. BLN cells from 6 and 16 weeks old female mice were incubated
with OVA (200 g/mL) in the presence (1071°~107% M) or absence of progesterone. The levels of IL-4, IL-5, IFN-y, IFN-
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B (CHEME) &t (M) o) U XEROM TR
APEBRFENR TR W, F72, TOLH%Y
VOSERBEREIIEG E & B ICBbT ALV D
WS TWD, BEETIEIER B0mEE%) Xb
Zis (80mHIfE) ICBWTIL4EERELRD,
[FN-y pEA I ZEAbE S, LMETIE IL4 B X OV IFN-
yEEERZEL WD ZEAREINTVD, KA
EFTVEYTH, MBOREIREIN TS,
HEVEDRGEE TV T v b & W98 TlE, &g
(8 ) 12~ (3 ~ Aikk) T, BALF H o
IFN-y 235N L, SESIEIEE L CEHLZ? &
VO ERD L. —F, BHEOWMEET IV YA
AW TIE, Ak (6 ) (2
(6 7 Aik) THMILD S O IL56 35 & U IFN-y 4
wEOHEINML, KERIEICELIIALNT, O L
L, JERIEICBIT2HEEDOIMKZELD XA H =X
LEWHSPIZT B 7-0121F, S 0FRA2 HERL 72
£, VUREROY A M A A VEAREB L O
RIVEVDOEBLLIZINS DINENIC X 521L%
FRICFEACETVTRA T EDPLETH 5.
TarATa Y EPURRENICHE Iz A
LA S D Th2 4 b h A VEAERET S 18
&, TurAasa iR SN EENEE T
V= ATIEREDOIFEEEROBE I, & B D
TCHEDTFED LNAL W TR EI2X), HARLVE Y
DL TAFr AT R HWTERZIT- 72,

6 i & 16 JHG O SE JAE 2 M HER T 5
&, 6HAMTIIMETHEICE L, 16 B TIEH
BEhEIAEON o7 MM & DML %E
BT s e, METEIERELREZTIAON P72
A, HEMETIZ 16 B THREICHEELTBY, 20
ZEN 16 M TOMEBERDBTRELZ>TWDL L
FZOND. ZONENIC & B KHEKEDOMAE D
fbix, ATk R EREE O MO M2l % B
LTwbeEZONDL., ZOBFEHSLICTS
72, U YISEROY A N A CREEREB X Ok

VE Y ORBE R L. MY~ 2 T2 RE
WRESIESSEI L 72K & LT, nEs I RE D
Th2 4 t 7 A Y EABOBEND 5\ 1d Th2 EAL
DA MIA VHEEDND D ETHLLD, IL-4,
IL-5 pEE B & OV IFN-5/IL-4 12 6 J8#5 & 16 O
MICHEEGZIAON o7z, 16 AEHEED &
EIIEOWINCY A M A A YU DOBES L Twb
W& L <, Th2 #Hl#AE T H 5 Hil 4P T
(Treg) DIETRT EAA > OWMBEZON5.
— 77, MEPETIIINES 12 HE ) KB RAE IS LT A S
Nhaholzl &b, ThR2Y A MAA VigEEsS
LU IFN-y/IL4 ICH B ZLZA O N w2 &
FREINZAH, HiH CTHlEKT 5 &, 16 8§ T IL-
EAEBEIZEAL Twiz, [ERIEICHT 5 ILb
DEEN 16 WG~ 7 A TED W & REM: &
LTEZO6N5. 40, 6 HAGTALNI-FER
FE DD 16 Bl THEL Twizhs, ThET
o, 30 CRERIENSHEME L D bEMEICE
WTHEICEL, BEPHOHEHRT S 2 L 2 kR
LTwa, fEoT, B MIBWTHINEGIZ X 5%
LA MET T 2H5121E, AL SEoMIchEIcB
FAEALICOER T A2LENHLEEZOLNS.
K, FERIEDOHEE T L OMEEDERD2S, 6
FEOMEVE CTH BN E D o 72 IL-5 OVEAEDY 16 i
TRERTLIOTIE R EeE2T. L2L, 16
T D METEEEA O L5 ORI HEHRL, X512
IL-4 bW CHEEICE 2272, 202 E05,
W2 X A RBERIEOHAZDEALE, Th2 A b A
A VEEOWELZ T THHATEZbDOTIE WL
Hbhs.

A AW EE TV Y ADIMP 7 a sy AT
O V& % enzyme-immunoassay Cilll%E L7 & &
5, TOWEEIZ42X 10 ~73X10°MTHY,
MEMERE B X O EERHE ICAEEZEAON D572,
A O THRMLZ 1079~ 108 MIZ< ™7 AD
MAEEIC 3T 5. 707 270 i, ER
MEOF A4 v A4 yEX KT 2L, FERIMNCE
NI M THELEDPALNDL DD L H - 7225,
TUSAT U VRIS & BB X O~
DWBIZRLNGEPo72. T ADEKENTDOS
O7 A7 yE%ZBLTH, HEB XL
{ENDEBIIA LN R o72. HE-oT, ¥4 b T
A VEAEDOHEOMBELIC 7S A7 1 VI3
HLTwhweEzonb, 72, & hORMIML
VUWNERPSDH A M A VEEEITI TS AT



78 W OR, Tl %, FHE MR, B FE, MR-, S o, K¥ B
O Y ORI L B2 LA SN o712 L) 9) Piccinni M. P., Giudizi M. G., Biagiotti R., Beloni L.,
HmELH 5. Giannarini L., Sampognaro S., Parronchi P., Manetti

DEDZ EDsG, MBREREDHZEIZBIT S
T2 LI, A b A OEFOARTIER L,
TEANA VR, Th2 RIZEILE % IH 3 2 M TH
5 Treg % ENEG L TWALHREMENEZ NS,
L1p1E, WEIREETAHR S N L MAELINE L O %
Frici, 4 b A Y UANOLGESIEICE ST 5
MDOEFIZDONWTHETT 2 Z & LEZERD
ns.
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