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Abstract

Japanese cedar pollenosis is a type I allergic disease mediated by immunoglobulin E (IgE) antibodies. Here, we
describe that a murine model of Japanese cedar pollenosis displays Th2 dominance in the pattern of immunoglobulin
class. Intraperitoneal immunization of BALB/c mice with alum adjuvant Cry j I induced variable levels of Cry j I-specific
IgE antibodies as well as increased total IgE antibodies. The production of Cry j I-specific IgE antibodies was increasing
with repeat immunization. The balance of Th1l/Th2 responses is investigated in Cry j I-sensitized mice. The production
of Cry j I-specific IgE antibodies did not synchronized to produce IgG2a antibodies but IgGl antibodies against Cry j L.
These results show that Cry j I-sensitized BALB/c mice may be promoted to a shift in the Th1/Th2 balance toward
Th2 dominance similar to human pollenosis. Gender influence on specific IgE levels is tested in the murine model.
Serum total IgE levels before immunization were higher in female (24.0 ng/ml) than in male (12.6 ng/ml) of BALB/c
mice at the age of 8 weeks (p<0.0005). Serum total IgE levels in male (60.4 ng/ml) and female (76.4 ng/ml) Cry j I-
immunized mice increased with direct proportion to the basal IgE levels with gender difference (p<0.05). Cry j I-
specific IgE levels in serum were higher in female than in male (p<0.05). There is no significant difference in serum
IgG1 levels between male and female mice with or without immunization. These results show that female BALB/c mice
may be more sensitive to induce IgE antibodies than male. Oral intake of water soluble fraction of Astragali Radix at
dose of 170 1 g/kg/day was tend to attenuate the production of Cry j I-specific IgE antibodies in the murine model
although not decreased the production of both total IgE and IgG antibodies. The present study indicates that Cry j I-
sensitized BALB/c mice may be useful for analysis of Japanese cedar pollenosis in characteristics such as production of
specific IgE antibodies and TH2 dominance.
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THYMER LS Cry j TR IgE FUIRPEE D28 %
HITBHHMT Cry j IIEEX Y R ICH®EERG L
Cry j LR [gE ik B2 HE Lz, HEDHRS
13 Cry j I HIEISEE R SR L, IR B EURE
(a>bo—))) BEEME L, HERGRTO bOo—
IVERICHER THBENED 5N DE LX)V TR WD, 5
BV G TR BN IgE PTORFEE 2 I X 5 [H A 2
ALz (M8 ), Wkd 2 LT, HERGHTOR
IgE fifk&E (M8 )] BXU Cry j IR IgGl (¥
9) a2 hO—=)LEEEHRTELL T oz,

Z

AW TIEAFAEMHE DIEIE A F1 = X L DB LT
TEWHE DIERZE T 2 BMD A7 U — 22 7 R %
Hf)E LT, BALB/c ¥ 2 & HWTAF e O EEH
B Cry j IEAEZTY 7L+ 7Y\ RTREIELT

I~

#p < 0,005,
25 r b
@ 20 ¢
o 1.5
)
&3
I'a 10
~9
el 05 r
[&]
0.0
Control Sensitization Astragali
radix—treated
9. MEEIUCKS Cry j IEMEY T ZAD Cry j I

R IgGHUEREE~DOZE, 2[EHEEMEED 13
M OIME THE S N/, E13, 3> ho—)LEE5 T,
JEAERE 8 T, EEHRGRE 7 ILOFNZFN O +SD
T/RLTWS, Cry j I8 IgG iiRfiil, Indirect
ELISA CHIE L7z, a2 bO—)LEEE DDA,
Student’s t-test ICX DME L7z, p < 0.005, ***p <
0.0005,

Cry j TF:5M) IgE FEAEZWE TE D AFMIET T A
TFIEERL, ZOXTADRELMIRERE L 2.
AT ZEFIVTIE Cry j I OREIEICED Cry j TR
M IgE PIAEAED A2 5 TH gE ik ED EH, B X
O Cry j THRHM 1gGl HLRREAEMMEEL T, £z,
AT ZETIVTIE Cry j THRM [gG2a Hilk2NI1Z & A
ERHI NN I END, RAFMHEMIEY T AET
VT Th2 JREICEN TV B EEZ 5N 5, Th? BAr
IBINEICBWTARFEMER Y ZEF VT e MEKIE
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EFELIL T3,

AFIEMHEDFIEIZBWNWT, AFEMEHEICTY LIV
F—2ERET 2R RS EEOA I EkD 23 ETH
%, AWIFET BALB/c ¥ ™7 AT 4 DIRIES 7% Eii L
72 & TA AT EAE O SN 5 TAFIEmRE
HEPRLU Cry j TEAEICHT 2 E RN IgE Fifki
FEAEINT, F/zCry j IEAHEICHT 2R RN IgG
PiRBIEEINT, AFMEMRELEICHT 47
IgG HiEMNEEL I N7z, IgG AN ELR I N 2 &13,
Dix< EBEWENEG I N2 AF R HRE L E DR
faex 07y — 2k EOFUREEE R (APO) ICE R S
N, APCAHTHIFEIZ Y Otvs > 722 THIER T F
R (THIlR—TE b—7) &/20, MHC 7 S AN T &
#Ea L, APCEMICHIEERIN TS Z LT 5,
ZDEE, Cry j IEAE TR AFENHBRERE D
RN IgG RN EEINDZDTHR<ESH Cry j 1
FEEEE S DREHCHUREAE W72 D12 AFAEMHE DR
EHEICR> TS EEZXIT< W, ZTOHIZBWTIE,
NI ALY A ™D =D Der plPiFEA Der pld 7 OF 7 —
PIETEIC XKD Th2 B 2 DONS > A5 7 LILF—
FIERFEITRBZO>TVWDEEZ BN D,

IgE PEAE BT B AT R THEIN, A2
FIMHESY T ZAETINTHRESEHDNZ, AFKTIZ
IEZER DT &I Cry j THREM IgE Uk L X)L Of#E
RENRKRELBIEAD RSN, ZOfEKEDEEE
A THRHT 2 EMETIEHSNICHETO Cry j THR
W IgE HifRpEADTTHEL TV, T OMERIIMEEST
NTHEELTHWSENDIIH T IV T 2 > (OVA) T
BALB/c ¥ R & %ET H5E1E, OVA R EM IgE bifk-
IeGIHUER, #8 IgE FiADFIAEIL BALB/c ¥ A DREIZ
EXRTHOADEBZTITEHEW I EE—FHLTWS,
Cry j TR IgE FikEIZ AR ENRENE WD HHE
M3, MMEEE S THERICAR SN, oML TR
AN =22 %RELTIIRERBETH S0, b M
B 2EMPURE A E ISR 5 IgE Fiiifl® & FER I
RENE DN S S TIHEBL TW5,

HEOY LIVF—ICHET 2 HMEII RN, [EHT T X
B 2EEOEMZHELL gke/H %5 O M H
kDML TIXISRFEE D IL-AD ERSPE 5N TW
5%, ZORRIL, RAFEMIESY T AETIVTOR
IgE FiAEAEND ULIMEETZ I EE—BL TWD, #HE
XS ETHMTREAEEINAT IV T I > TRELE
BALB/c ¥ 2I2#53 % &, OVAIZTK B REIEHFF D
OG5 T E T O OVA #:51) IgE Hifk & OVA £
B IgGl Pk A EICHIf S, OVA KR IgGa §ii
RS ERLTHBY, BEAERLEZOHG TIE, OVA Kt
B IgE - IgGl PUANEZIZ EF L, OVA H: A IgGla

-

BHHIND ENS 2L HOHEENESNTNDY,
DWEING, EFRGEDOY A I LTI E > THRERNEDS
TLBIENEZEND, OVAIT LD REIETOF T
LB DO T OVA K 521 IgE FULARRE A1 6 = N
28, IS OFEREL, AXAFHEMEY T ZETI)IVEH
WTHEZEHRG LEEE, Cry j [HRM IgE PikpEE
EIHHERICH D L E XL —H L TWD, Tz, WE
WM GICL D1 >y —T 02y O ZHEL,
Th2 )NS5 > A DHEEFIZEH W TN AT, ZDXDIZin vivo
WCBWTERZEAL 2GS, R IgE Pk & IgE
FURDBEADEN, & D WITIRIERFEMIRG L -/l
NV EEEL NIV TORIBEDENR RSN TN S,
D ETEMRLEYONT LIIVF—IGEE2EEET S 2
T = I BNWTH IgE PifkEE H 2 WidMmL
NIVDOTA S HA P EAZT THRIRZFEEYT 5 Z S 13R
T TH D LT, XAFEMIEDTEIEA T Z X LITHN
TR IgE Pk e & IoE Fifk D& & S 2k
MRS U TN TW S AIEEMAVRIB S NS, S EO
RTIEHEOHEGREITIT00g kg HTHY, b HDE
KTHWONTWAHRGEREEZITO k. HEDOHEEHD
MIREIZ P D0Y, < DRI AEGEBTIII0EEZ %
952 &m0, BEOEREKZIASNTT 2121
B G BOMMEICE MU TRHEMBBRET NN ETH 5,
AWFZE T Cry j 1H5A IgE pEAE 2 BIE T 5 AFTE
WHEX T ZAETFIVEE- Lz, ZOETFIVEFIEDTHN
BMONREAT) =227 T 220121, KR IGE
FEEICBIT B~ ADEKRIZE 2 A S 2 E TAXFIE
WHES D ZAETF IV OMEANEIZLNS EEZ 5N 5,

-
—

Bl i

ZFH OIS T AT OB %, B W HikE R
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LT £,

51 A 3 Bk

1. Kaneko, Y., Motohashi, Y., Nakamura, H., Endo, T. &
Eboshida, A.
pollinosis: a meta-regression analysis. Int Arch Allergy
Immunol 136, 365-71 (2005).

. Okuda, M. Epidemiology of Japanese cedar pollinosis th-

Increasing prevalence of Japanese cedar

roughout Japan. Ann Allergy Asthma Immunol 91, 288-96
(2003).
3. Yasueda, H., Yui, Y., Shimizu, T. & Shida, T. Isolation and



10.

11.

12.

13.

14.

16.

17.

AFANME T XA BT IV OIER & Z O

partial characterization of the major allergen from Japanese
cedar (Cryptomeria japonica)
Immunol 71, 77-86 (1983).

pollen. J Allergy Clin

. Sone, T. et al. Cloning and sequencing of cDNA coding for

Cry j I, a major allergen of Japanese cedar pollen. Biochem
Biophys Res Commun 199, 619-25 (1994).

. Sakaguchi, M. et al. Identification of the second major

allergen of Japanese cedar pollen. Allergy 45, 309-12
(1990).

. Hashimoto, M. et al. Sensitivity to two major allergens

(Cry j I and Cry j ID in patients with Japanese cedar
(Cryptomeria japonica) pollinosis. Clin Exp Allergy 25,
848-52 (1995).

. Sugimura, K. et al. Th1/Th2 response profiles to the major

allergens Cry j 1 and Cry j 2 of Japanese cedar pollen.
Allergy 51, 732-40 (1996).

. Merayo-Lloves, J., Zhao, T. Z., Dutt, J. E. & Foster, C. S.

A new murine model of allergic conjunctivitis and effec-
tiveness of nedocromil sodium. J Allergy Clin Immunol 97,

1129-40 (1996).

. Fukushima, A., Shii, D., Sumi, T., Kageyama, T. & Ueno,

H. Cryptomeria japonica-induced allergic conjunctivitis in
mice. Biol Pharm Bull 30, 1745-7 (2007).

Imaoka, K., Sakaguchi, M. & Inouye, S. [Antibody re-
sponses against Japanese cedar pollen allergen (Cry j D) in
different strains of rats]. Jikken Dobutsu 42, 61-5 (1993).
Mamoni, R. L., Rossi, C. L., Camargo, Z. P. & Blotta, M.
H. Capture enzyme-linked immunosorbent assay to detect
with
paracoccidioidomycosis. Am ] Trop Med Hyg 65, 237-41
(2001).

Sakaguchi, M., Inouye, S., Miyazawa, H. & Tamura, S.
of IgE by a
fluorometric reverse (IgE-capture) ELISA. ] Immunol
Methods 116, 181-7 (1989).

Plebani, A., Ugazio, A. G., Avanzini, A. M., Monafo, V. &
Burgio, G. R. An enzyme-linked immunosorbent assay for

specific immunoglobulin E in sera of patients

Measurement antigen-specific mouse

cow's milk protein-specific IgE using biotinylated antigen.
Avoidance of interference by specific IgG. J Immunol
Methods 90, 241-6 (1986).

Plebani, A. et al. Role of IgE in the pathogenesis of milk
allergy in infancy: reassessment by a new ELISA tech-
nique. J Clin Lab Immunol 20, 93-6 (1986).

. Olivieri, V., Beccarini, I., Gallucci, G., Romano, T. &

Santoro, F. Capture assay for specific IgE. An improved
quantitative method. J Immunol Methods 157, 65-72
(1993).

Seitzer, U. et al. Quantitative assessment of immediate
cutaneous hypersensitivity in a mouse model exhibiting an
IgE response to Timothy grass allergens. Med Sci Monit
9, BRA07-12 (2003).

Magone, M. T., Chan, C. C., Rizzo, L. V., Kozhich, A. T.
& Whitcup, S. M. A novel murine model of allergic con-
junctivitis. Clin Immunol Immunopathol 87, 75-84 (1998).

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Snapper, C. M., Kehry, M. R., Castle, B. E. & Mond, J. J.
Multivalent, but not divalent, antigen receptor cross-linkers
synergize with CD40 ligand for induction of Ig synthesis
and class switching in normal murine B cells. A redefini-
tion of the TI-2 vs T cell-dependent antigen dichotomy. J
Immunol 154, 1177-87 (1995).

Snapper, C. M. & Paul, W. E. Interferon-gamma and B cell
stimulatory factor-1 reciprocally regulate Ig isotype produc-
tion. Science 236, 944-7 (1987).

Kaneko, M. et al. Suppression of IgE production in mice
treated with a traditional Chinese medicine, bu-zhong-yi-qi-
tang (Japanese name: hochu-ekki-to) .
Immunopharmacology 36, 79-85 (1997).

Kim, J. Y. et al. DA-9601, Artemisia asiatica herbal extract,
ameliorates airway inflammation of allergic asthma in mice.
Mol Cells 22, 104-12 (2006).

Lee, S. H., Sohn, Y. S., Kang, K. K., Kwon, J. W. & Yoo,
M. Inhibitory Effect of DA-9201, an Extract of Oryza sativa
L.,
Hyperresponsiveness in Mouse Asthma Model. Biol Pharm
Bull 29, 1148-53 (2006).

Ishimitsu, R., Nishimura, H., Kawauchi, H., Kawakita, T. &
Yoshikai, Y. Dichotomous effect of a traditional Japanese

on Airway Inflammation and Bronchial

medicine, bu-zhong-yi-qi-tang on allergic asthma in mice.
Int Immunopharmacol 1, 857-65 (2001).

Toda, M. et al. Inhibition of immunoglobulin E response to
Japanese cedar pollen allergen (Cry j 1) in mice by DNA
the
plasmid DNA inoculation method. Immunology 99, 179-86
(2000).

Takagi, H. et al. A rice-based edible vaccine expressing

immunization: different outcomes dependent on

multiple T cell epitopes induces oral tolerance for inhibi-
tion of Th2-mediated IgE responses. Proc Natl Acad Sci U
S A 102, 17525-30 (2005).

Sakurai, K. et al. IgE production after four routes of injec-
tions of Japanese cedar pollen allergen without adjuvant:
crucial role of resident cells at intraperitoneal or intranasal
injection site in the production of specific IgE toward the
allergen. Microbiol Immunol 49, 433-41 (2005).

Fang, S. P., Tanaka, T., Tago, F., Okamoto, T. & Kojima,
S. Immunomodulatory effects of gyokuheifusan on INF-
gamma/IL-4 (Th1/Th2) balance in ovalbumin (OVA)-
induced asthma model mice. Biol Pharm Bull 28, 829-33
(2005).

Suzuki, T. et al. Suppressive effects of Hochu-ekki-to, a
traditional Chinese medicine, on IgE production and hista-
mine release in mice immunized with ovalbumin. Biol
Pharm Bull 22, 1180-4 (1999).

Kobayashi, H. et al. Hochu-ekki-to suppresses develop-
ment of dermatitis and elevation of serum IgE level in
NC/Nga mice. Drugs Exp Clin Res 29, 81-4 (2003).
Kobayashi, H. The effects of Hochu-ekki-to in
patients with atopic dermatitis resistant to conventional
treatment. Int J Tissue React 26, 113-7 (2004).

et al



31.

32.

33.

34.

HIERAIRAIERE 1

Chapman, M. D., Wunschmann, S. & Pomes, A. Proteases
as Th2 adjuvants. Curr Allergy Asthma Rep 7, 363-7
(2007).

Schulz, O., Sewell, H. F. & Shakib, F. Proteolytic cleavage
of CD25, the alpha subunit of the human T cell interleukin
2 receptor, by Der p 1, a major mite allergen with
cysteine protease activity. ] Exp Med 187, 271-5 (1998).
Shirasaki, H., Yamamoto, T., Koyanagi, Y., Watanabe, N. &
Himi, T. Detection of Specific IgE Antibodies in Sera of
Japanese Birch-Allergic Patients Using Recombinant
Allergens Bet v 1, Bet v 2 and Bet v 4. Allergol Int 57,
93-6 (2008).

Rossi, R. E., Monasterolo, G. & Monasterolo, S. Detection
of specific IgE antibodies in the sera of patients allergic to
birch pollen using recombinant allergens Bet v 1, Bet v 2,
Bet v 4: evaluation of different IgE reactivity profiles.

30.

36.

37.

Allergy 58, 929-32 (2003).

Seymour, B. W. et al. Gender differences in the allergic
response of mice neonatally exposed to environmental
tobacco smoke. Dev Immunol 9, 47-54 (2002).

H., Ahn, K. S, Cho, C. & Bae, H. S
Immunomodulatory effect of Astragali Radix extract on

Kang,

murine THI/TH2 cell lineage development. Biol Pharm
Bull 27, 1946-50 (2004).

Kurashige, S., Akuzawa, Y. & Endo, F. Effects of astragali
radix extract on carcinogenesis, cytokine production, and
cytotoxicity in mice treated with a carcinogen, N-butyl-N'-
butanolnitrosoamine. Cancer Invest 17, 30-5 (1999).



