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Thl/Th2 response profiles to the
major allergens Cry j 1 and Cry j 2 of
Japanese cedar pollen

Sugimuia K, Hashiguchi S. lakahashi Y. Hino K, Taniguchi Y. Kurimoto M,
lukucla K, Ohyama M, Yaniada (i. Thl/Th2 response profiles to Ihe major
allergens ( ry j I and ( ry j 2 ol Japanese cedar pollen.
Allergy 19%: 51: 732-74()! T, Munksgaard 19%.

( ry j 1 and ( ry j 2 arc known to be the major allergens of Japanese cedar
pollen. A comparalive study was carried out on the immune responses to
stimulation with Cry j i and ( ry j 2 in 24 symplomatic patients and six |
nonallergic suhjects. In I-cell proliferation assays, mean stimulation indexes I
(SI) were 10.6 for ( ry j ! and 1 1.7 for Cry j 2 stimulation, respectively, in |
the allergic [laticnts. I wo of the nonallergic subjects showed strong 1-celi |
proliferation to both allergens, while the remainder did not. All the allergic |
sub|ects ( 17/17) showed high titers of anti-Cry j 1 igF:: antibody at a mean \
value of l(i> li'/mi. whereas only W^o responded to Cry j 2 with low titers |
at a mean value of 2(i I '/ml. Nonallergic subjects did not respond with IgE i
[MH>duetion. Allergic subjects were further examined {ov their cylokine j
productuMi profiles. Al! allergic subjects tested (16/16) p'-i)dueed high levels j
of inteiferon gamma (IFN-y) in response to ( ry j 1 with a mean value of |
91<S pg/inl, while onlv five subjects showed significant elevatitin of IFN-y j
produetion in resjionse to Cry j 2 with a mean value of 679 pg/ml. The
remainder produced small amounts of IF-N-y. Cry j 1 induced higher leve
of interleukin (11)10 gene expression than did (>y j 2 stimulation, while j
both allergens induced 11,-4 expression at a similar level. The lL-12 p35 gene I
was constitutiveK expressed, whereas the II -12 p40 gene expression in '\
( r\ j 1-stimulated cells was elevated eightfold over that o{ nonstimulated \
cells! Increased expression of the I I - i f p40 gene was negligible in Cry j 2- !
stimulated cells. Ihus, ( rv | 1 stimulated mixed features of Th 1 and 'rh2-like
res]"ionses. while C r\ j 2 played a miiuir ro\c m inducing IgE production and 1
cytokine (II N-y. 11 10. and 11-12) produetion, exeept for lL,-2 produetion |
and strong 1 cell [n'oliferative activity. Therefore, it was concluded that I
( r\ I 1 IS the more important allergen, and that I-cell proliferation assays !
do not necessariK reflect the levelof alleruenicitv. '
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Since Mostiianii ĉ  Coffniati revealed the develop-
ment o{ (1)4' l-eell sLibsefs with dislinef eytokine
producti(,>n profiles and funetional eharaeteristies
(1), a number of studies have rept^rted thai Th2
eells produeing infeiieukin (lL)-4 and IL-IO are
generated in allergie responses, while Till cells
producing 11.-2 and interfeion-gamma (IFN-y) are
induced by bacterial and viral infection (2. 3),
However, how and why T cells differentiate into
differing T-helper phenotypes remains unknown,
Reeent studies have shown that a conserved, trans-
metnbrane. envelope peptide of various retrovinises.

CSK-i7. induced a 71i2-like response (4). whereas
a leishmania antigen. LeiF. induced a Thl-like
response (5), Since allergy to cedar pollen is caused
by two major allergens. Cry j 1 and Cry j 2. derived
from Japanese cedar pollen {Crvptomeria japonica).
this system gives us a good opportunity to compare
their molecular characteristics as allergens (6-11),
Cry j 1 is localized on the exine (outside) layer (12).
and Cry j 2 is contained in the amyloplast (inside)
of pollen (13), Pollen extracts contain Cry j 1 and
Cry j2 at an approximate ratio of 4:1(14).
and both allergens have been molecularly cloned

732



Thl/Th2 proxies to cedar-pollen allergens

(13, 15). Cry j 1 is an enzyme exhibiting pectale
lyase activity (16), and Cry j 2 has amino acid
sequence homology with polygalacturonase (7). In
a previous paper (6), we showed that Cry j 2 bears
a limited number of immunodominant regions for
T-cell immunity despite polymorphic features of
HLA-DR.

In order to characterize these allergens, we
examined here the cytokine production profiles of
allergic subjects with peripheral blood lymphocytes
(PBL) exposed to the allergens, which are more
representative of the in vivo situation than are
T-cell clones. We demonstrated

1) that T-cell proliferation assays do not necessarily
reflect the level of allergenicity, although T cells
might be an important target for prophylaxis of
allergy

2) that Cry j 1 is the main allergen in Japanese cedar
poUinosis rather than Cry j 2

3) that Cry j 1 and Cry j 2 have distinct character-
istics of T-cell-stimulating activity

Material and methods

ruiicm,') uriLi Lunirui!>

Twenty-four patients with pollinosis and six non-
allergic donors were studied during the allergic
season (February-May). These donors were

lal allergic rhmitis and exhibitec
rick test to Japanese cedar pollen.

Purification of Cry j 1 and Cry j 2

Cry j 1 and 2 proteins were isolated from Japanese
cedar pollen by affinity chromatography using
monoclonal antibodies specific for either Cry j 1
(mAb 065) or Cry j 2 (mAb N26). as previously
described (17. 18).

Cel/ culture

To examine cell proliferation in response to the
allergens, PBL (6xl()"^/well) were cultured for 5
days in triphcate in 96-round-bottom-well plates
(3870-096, Iwaki glass, Tokyo, Japan) in 200 |il
RPMI-1640 medium (ICN Biomedicals, Inc., Costa
Mesa, CA, USA) supplemented with 7.5% heat-
inactivated AB human serum (Biocell, Carson, CA,
USA), 100 U/ml penicillin (Banyuu, Tokyo, Japan),
100 |ig/ml streptomycin (Meijiseika, Tokyo, Japan),
and 2-mercaptoethanol (4x10'"^ M). The cell pro-

liferation was determined by the addition of ̂ H-
labeled thymidine (0.5 jjCi per well, Amersham,
Bowhng Green, St Louis, MO, USA) during the
last 18 h of culture, and incorporation was measured
by liquid scintillation. To examine the cytokine
production profiles, cultures were performed at a
cell concentration of 1 x lO'Vwell in 24-well plates
(3820-024, Iwaki glass, Tokyo, Japan) either for
16 h to isolate RNA or for 48 h to harvest supernat-
ants for cytokine ELISA assays. Cells were stimu-
lated with Cry j 1, Cry ]2 (0.1 |nM), or purified
protein derivative (PPD) (0.3 |Lig/ml, Nippon BCG,
Tokyo, Japan) throughout experiments (6). lL-2
was measured by the CTLL2 assay Briefly, CTLL2
(5000 cells) were cultured with various concentra-
tions of culture supernatants for 28 h in 96-well,
flat-bottom plates, as described above. Pulsing of
the cells with 'H-labeled thymidine was performed
for the last 8 h of culture.

Cytokine ELISA assavs

IL-4 and IFN-y in the culture supernatants were
determined by sandwich ELISA (19). Mouse anti-
human IL-4 antibody (8D4-8, Pharmingen, San
Diego, CA. USA) and biotinylated rat antihuman
lL-4 antibody (MP4-25D2, Pharmingen) were used
as coating and labeling antibodies, respectively, for
the IL-4 assay. Mouse antihuman IFN-y antibody
(mAb-IFN-y-15. Hayashibara Biochemical Lab.,
Inc., Okayama, Japan) and horseradish peroxidase
(HRPO)-con)ugated mouse antihuman IFN-y anti-
body (mAb-IFN-Y-6, Hayashibara Biochemical Lab.,
Inc.) were used as coating and labeling antibodies,
respectively, for the IFN-y assay. Standard curves
were generated with recombinant IL-4 and IFN-y.
The lower detection limits were 16pg/ml for IL-4
and IFN-y.

ELISA for IgE-hinding to pollen allergens, Cry j I
and Cry j 2

The procedures for IgE ELISA were as described
previously (20, 21). Briefly, affinity-purified Cry j 1
or Cry j 2 (10 ug/well) was coated onto microplates
(Maxisorp UI6, Nunc, Denmark), followed by
the addition of serially diluted serum samples.
Antihuman e-chain conjugated with P-galactosidase
(Phadezyme Kit, Pharmacia, USA) was used to
detect the bound IgE-allergen complex. As enzyme
reaction substrate, 1 mM 4-methyIumbelliferyl
P-D-galactoside was used, and the fluorescein inten-
sity of the reaction mixture was measured on a
fluorometric microplate reader (Fluoroscan, Flow
Laboratory, USA). The amounts of IgE antibodies
to these allergens were represented in arbitrary
units (U)/ml. Units of each serum were calculated
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from standard titratif)n curves of a pooled serum.
I'he cutoff values were 5 IJ/ml for Cry j 1 and C ry
J 2. respectively Length (bp)

fragment
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Donors

Allergic

M.H.

DT.

Y.L

E.Y.

K.H,

AY.

JT

M.D.

F,N.

MY.

K.O

H.H

K.S

T.I.

M.K.

M.S

M.O

K.K.

SN.

Y.M.

H.S

M.E

K.B

Cryj 1

326

29.8

19.8

18.5

175

14 1

13.9

11.3

88

7.6

7.4

7.4
73

7.0

6.5

5.0

4.2

3.1

3.0

3.0

3.0

2.5

n.d.

Proliferation (SI)'

Pvalue^

<0.01

< 0.005

<0.001

<0.02

<0.05

< 0.001

< 0.025

<.0.01

<0.05

<0.05

<0.02

< 0.005

<0.001

< 0.005

< 0.005

< 0.005

<0.10

<0.05

< 0.001

< 0 001

<0.01

< 0.025

Cry 1

151

33.8

28.6

15.5

22.7

15.7

6.4

14.7

24.6

2 4

14.7

5.E

10.5

5.2

13.E
4.1

8.C

5.C

2.C
1.£
4.E

Thl/Th2 profiles to cedar-pollen allergens
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\ a l u c ol 26 1 ml T h u s in e o n t i a s t to 1-cell p i o o b t a i n e d h o m C i \ \ ' a n d ( i \ i 2 - s t i m u h ) t e d eells.
l i l e i a t i o n C i \ j J cxhibi te .d d o m i n a n t i m m u n o - i e s p e c t i \ e l \ as a m e a n v a l u e ol e igh t a l lergic
p o t e n c y in I g E a n t i b o d y p i o d u e t i o n in e o m p a n s o n s u b | e e t s
wi th C r y j 2. F u r t h e r m o r e , t h e i e a p p e a l e d lo be n o We <ilso e x a m i n e d t h e e x p i e s s i o n ol 11-12 p-^>
c o r r e l a t i o n of r e s p o n s e leve ls b e t w e e n 1-cell p i o - a n d 11-12 p4() g e n e s as a c M o k i n e p i o d u e e d b \
l i f e ra t ion a n d I g E a n t i b o d v p r o d u c t i o n a c c e s s o n cel ls l a v o i i n g t h e v e n e r a t i o n ol I ' h l - l i k e

It w a s n o t e d t h a t t w o ( S H . a n d H A ) ol r e s p o n s e s (Tab le 'S) Hie e x p i e s s i o n ol lL -12 p^S
six n o n a i l e r g i c d o n o r s w i t h o u t a l l e rg ic s v m p t o m s w a s le la t ive lv c o n s t a n t wi th l i t t le l n i l u e n c e b \
did n o t p r o d u c e I g E a n t i b o d i e s spec i t i c to C r \ j 1 a l l e r g e n s t i m u l a t i o n . H t ) w e v e r , IL -12 p4() was
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Nonaiiergic

S.H.

H.A
Y.K.

T.M.

NT
T.H

Mean

14.9

8.6
3.9
2.9

1.6
5.6

<0.01

< 0 00

<0.20

< 0 00

< 0.30

<0.3G
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M.H. D.T. M.E.

IL-2 9 - m ^

IL-4

IL-10 m m m

p-actin • - • •M. i i i «i«»«»««» m^mm.§^

IL-12p35 • • • • • - ^^«. - .«»

IL-12p40 0 ^ - - • « _ ^ ^,^
/•Vt,'. /. Rl-l'CR analvsis o! cvtokme gene expression. (3-actin transcript in each sample was used to standardize various eytokine
gene expressions among samples. PPl): purified protein derivative; Con A: eoncanavalin A.

highly elevated after stimulation by Cry i 1 in all
eight cases examined. The average SI for Cry j 1
and Cry j 2 were 8.4 and 1.2. respectively. As can
be seen in the ratios of Cry j 1/Cry j 2 at the level
of each subject, the dominant preference of Cry j 1
for enhanced IL-12 p40 gene expression was evident
in comparison with Cry j 2. All of these results are
summarized in Table 6. Tlius. Oy j 1 strongly induced
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IFN-y. IL-12 p40. and IL-IO. In contrast. Cry j2
induced IL-2 and IL-4 comparably to Cry j 1. but
only weakly induced IFN-y. IL-12. and IL-10 in
spite of its strong induction of T-cell proliferation.

We did not analyze the eytokine profiles of non-
allergic subjects further, since we found only two
nonallergic subjects who showed significant Cry j 1-
and Cry j 2-induced T-cell proliferation.



Thl/Th2 profiles to cedar-pollen allergens

Table 4. Th1/Th2 response profiles (RT-PCR! induced by Cry j 1 or Cry j 2 s

Donors

Allergic

D.T.

M.S.

K.S.

Y.M.

K.K

M.E.

M.Y

K.O.

S.N.

Mean

Cry) 1

>8.V-^

>30-1

14.8

19.6

11.7

1.1

7.1

> 3 7

>11

IL-2 (SI)'

Cry 1 2

>18.3

>35.4

165.4

14.0

4.6

30.0

3.9

13.2

>9.0

>33

Thi

1/2-'

0.4

0.9

01

1.4

0.5

04

0.3

0.5

0.4

0.5

type

Cry) 1

171.4

65.6

1457

85

6.7

64

4.6

n.d.̂

n.d.

58.4

IFN-7 (Sll

Cry) 2

2.1

1.4

17.9

1 1

1.3

1.4

3.2

n.d.

n.d

4.0

1./2

81.6

469

8.1

77

5.2

4.6

1.4

n d

n.d

22.2

Cry)1

3.0

30

0.9

0.5

2 1

09

0.8

0.2

1.8

1.5

IL-4 (SI)

Cry) 2

2.3

2.0

2.0
1.4

1.2

0.5

0 7

0.9

2.7

15

Th2 type

1/2 C

1.3

1.5

0.5

0.4

18

1.8

1.1

0.2

07

1.0

: r y ) l

12.1

1.9

>12.3

29.4

10 1

0.9

15

4.9

7 7

9.0

11 10 ;si!

Ci ; , ?

09

0 1

.-• 0 6

63

0.5

0.01

1.3

,-• 1.2

':> 0.3

1.2

1 ;

134

19 0

20.5

4.7

20.2

90.0

1 2

4 1

25 7

22 1

^ SI (stimulation index): radioautographic intensity of allergen-stimulated group/that of nonstimulated group.

' 1/2 = Cry J 1 (Sl)/Cry ) 2 (SI).

" > : In this case, nonstimulated cells exhibited no mRNA expression (no visible band of autoradiography) Therefore, comparison was

nonstimuiated cells of other patient in same experiment. Comparison was made under same expression level of (Vactin gene

" n.d.: not determined

Table 5. IL-12 gene expression (RT-PCR) by Cry ) 1- or Cry ) 2-stimulated PBL

Donors

Allergic

MS

DT.

K.K

K.S.

S.N

K.O.

Y.M

M.Y.

Mean

IL-1

Cry j1

n.d

0.7

n.d

0.2

<0.V'

1.1

25

1.0

0.9

2 p35 (srr

Cryj 2

n.d.

0.7

n.d.

0.4

3.5

n.d"

0.9

1.2

1.3

1/2'

n.d

1.0

n.d.

0.5

0.03

n.d.

2.7

0.8

1.0

IL-12 p40 (SI)

Cry J 1 Crv \ 1

10.7 0.2

33 1 0 7

3.8 0.3

3.3 0.6

1.9 0.6

2.5 1 1

11.9 6.2

0.3 0 2

8.4 12

1/2

53 5

47.3

12.7

5.5

3.2

15.8

Discussion
From results obtained on the serum IgE levels in
145 patients residing in the Tokyo area, it has been
reported that Cry j 2 is as important a major
allergen as Cry j 1 (20). In our study, all of the
allergic subjects examined produced anti-Cry j 1
IgE antibody. However. 36% of them did not
produce anti-Cry j 2 IgE antibody (Table 2). There
are potential causes of this variation, including the
fact that this study involved patients from a different
environment. Particular factors in the Tokyo area

could potentiate the allergenicity of Cry j 2. Oth-
erwise, the content of Cry j 2 may differ between
cedar pollens obtained from the Kagoshima and
Tokyo areas. Thus, this study showed that Cry j 1
was basically the major allergen, in comparison
with Cry j 2, in lerms of allergenicity. In contrast,
both Cry j 1 and Cry j 2 induced the same degree
of T-cell proliferation. Even two nonallergic
subjects showed strong T-cell proliferation in
response to Cry j 1 and Cry j 2. These results
suggest that T cells activated by Cry j 1 and Cry j 2
in either allergic or nonallergic subjects may be
distinct, and that this activation does not neces-
sarily lead to either induction of IgE responses or
elicitation of pollinosis. A similar observation was
reported by O'Brien & Thomas (24), and O'Brien
et al. (25), studying T-cell responses to the house-dust-
mite allergens {Dermatophugoulc's pteroiiyssmiis)
Der p 1 and Der p 2.

We could not detect IE-4 in the culture supernat-
ants obtained 48 h after either Cry j 1 or Cry j 2
stimulation, although IE-4 niRNA was detected in
these cells 16 h after starting culture. Since a number
of studies have detected high levels of IE-4 produc-
tion in allergic or atopic patients (26-30), our
results were unexpected. We stimulated PBE at
3 )ag/ml (0.1 luM) of cedar-pollen allergen, which
was an optimal concentration for T-cell proliferation
(6). Comparable concentrations have been shown
to elevate IE-4 production in other studies on
patients allergic to either Der p 2 (31) or Loliiim
perenne pollen (Eol p 1) (26). It is well known from
in vivo experiments that exposure to low doses of
antigen favors the priming of Thl-Iike responses.

737



Sugimura et al.

while high doses lavor the generation of Th2-like Table 6 Summar\'
responses (32). On the other hand, recent studies
found IL-4 production in vitro by PBL derived '̂ ^̂ '̂ ' ̂ '̂"̂
from ailergic patients to be induced at very low ^̂ ^̂  ^ ^ ^ ^̂  ,_ ^ ^̂  ^
concentrations of allergen (().()()3-().()l |ag/nil), but _..'_' " - _ . / . !
nol at high concentrat ions (10-30 ^ig/nil) (30). in-i . n 165 - 26
Pteiller el al. showed that there was an inverse (O)' (OP
relationship between 11-4 production and F-cell '' •" • ' " ' ' ' '̂y- ^ 11^
prolileration as regards ihe antigen concentration , . ^
required to intiuce a reaction (33) Since IgF-, was ' M -,,„ r . isi, 'i _ 33
produced at high lexels in most jiatients (Table 2). i=N M 58.4 40
II -4 must be produced b \ I'fiL in these patients i'"~J ^ 39 • 13
/// VIVO, although the contribution o( IL-13 \\a^ not '" '' ' j " ' ' ; ' ~~ ^^
estimated. Thus. It is uncertain v\h\ II -4 production -i,,..,,, ,. 1 i'.^. .xi :<u 13
was so low 111 oui /// viiio svstcm. 1 ;, ,1 ,\i. 8.4 12

In addition to I! -10 as a rh2-like cvtokine. IL-5 - - - - --
uene expression v\as also e \amined in lour subiects '"" "
(D.'L. YM. . K.K.. and S.N.) in the experiment ol ''',|;,:''i;''^'pl,'^!,,,, !'""'" '"''""'" " ' " " ' ''"' ''•^"'"'" """'̂ "'''•
lable 4. ( r\ | 1 tuul ( r\ i 2 ecjuallx' increased the ••,1,, , , r,i A.>..r,r,. ,'•
II -S gene expiession in al! subjects alter /// viiro n̂ni.K , [,,. .,*i,.•,- HI „:, nn-.n ,. n, -u., ,„•. ,;•
scnsiti/alion. As no II 5 gene expiession was " M ' i-i-.i .:.,i''.;i,i ,ir,,',v.r i.-!• ">-
detected in nonstimulated celK noi m PPD-
stinuilateel celK m e \ e i \ case. SI values (experi-
mental g ioup control uroup) were not presented in 'f~^'-Y- ^^''i^'l^ t'l^'" inhibits the generation ĉ f Th2
|., | - , j^. 4 ' ' cells (.S. 40-42). Since Cr\ j I is locali/ed on the

We also examined the prohle ol II -12 pioduction. "̂̂ ''̂ ^̂  (outside) la>er (12) and Cr\ i 2 is contained
as an accessoi\-celi derived cviokine that acts to ' " l̂ î " amvU^plasl (inside) ol pollen (13). Cry j 1
induce prelerentiaiiv the development ol Lhl cells conlronts the immune system first and stimulates
(.S. 34 37). In both allermc and nonallergic subjects. accessorv cells to produce IL-12. v\hich differenti-
11-12 1̂ 35 uene expiession was relativelv c(Mistant ''^^'^ ^' '^ 1 1-^pccilic Thl)-like cells into Thl - l ike
even altei stimulation bv the allergens. In contrast. cells producmg high levels of IF-N-y. ("r\ ) 2 stimula-
11 12 p4() oene expression was remarkablv Oon might lollow this first event in immediate
lncieascdbv ("is 1 i . bu t nol ( iv j 2 ( l ab le .^). The niicioenvironments. In the case o[' cedar-pollen
same obsciv.ition has been leported bv I)"-\ndrea allergv. we could not observe the tvpical Th2-like
et a! (3S). It is o{ interest that Crv i l shows responses leported in other literatures but only the
char.ictenstics ol an 11-12 mduccr. because it mixed feaUues ol I h l - and Th2-like responses. It
induces high levels ol Igl production, while ( 1 v | 2 appears thai the localization and relative amounts
ehies not What chaiacteiistic leatuie ol this alleriien ^'' allergens in pollens at sensiti/ation /// vno might
dc te immes the .ibihtv io induce 11-12 pioductuHi criiicailv attect the generation of T h r r h 2 - l i k e
remains unknown. 11-10 stioimix inhibits ll-N-7 responses. 1 hus. nncroenvirv)nments seem to be
pu)duction In suppressing! 11 12 svnthesis in acces- crucial when and where naive l^hO-like cells
si)ix cells ( vs. 3W) 11 ( rv i 2 is a potent inducei ol encountei the allergens. The allergen-induced
11 10. ( r\ 1 :• miehi be a weak mduccr oi 11-12. immunomodulat ing activities exhibited in the
l lowevei . tins is unlikelv because ( r v i2 hardlv response o! bulk populations of T cells/;/r/i7> were
elevated I I - lOgei ie expression ( l ig . 1 and lable 6). cvidentlv dit leient trom those ol clonal T cells

In this ci)ntext it has been reported that a du r ing / / / i / f / v stimulalion. The characterization of
ct^nseiveLl. t iansmemlMane. envelope peptide o\' allergens in their natural lorms might be important
V arums ietri>v iruses. CSK- l " . induees Th2-like ^̂ ^ analyze the molecular mechanisms of physio-
lesponses (4). whereas a lecombinant leishmania l̂ l̂-'*-" li-'atures o\' allt.rgv and to devise practical
antigen. Lei l . induces Thl-like responses (5). immunotherapv for allergv.
These studies suggested that ("SK-17 acts directlv

on inonocvics macrophagcs. enhancing producticMi Acknowledgments
ol 11 -10 and reducme production ot IL-12. and that ^
Leil- lunctions as an adjuvant, 'liiis possibilitv is ^̂ '̂ '̂ '̂'""̂  ^̂ ^ ''• Hagiuara loi her inm.tl contribution to this
under mv estmat.on (or Cv^ j 1 and 2. " :'"^'\ '"'̂ '̂  7"Vi' ' ''I'Tr"'"^ '" T " "H 'Y^ ''Ti ^'T'"^

- - •' Foundation kn ( IHIICMI Pharmiicoloev. the Osaka Foundation
Numerous studies have demonstra ted that IL-12 un Promotion ol (finical Immunolog>. and the Ryoich! Naito

promotes the generation of Th l cells secreting Foundation lor Medical Research.
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