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1. ɳʶ  
 
� iP`�F�=kb-�"?6)�Ĝȟ�.45Æ(.ȣȖ/�Ƀɀʳ˺�

«Ȁ�ʔŰɍɫǝʈ,+.ȣȠǝʈ-ÇĔſ.�Yx�
?	 .ĆǄ/ɦ 24
ƺ̈)
?�*�=�ǘƲ�Yx*Ĉ0@?	ǘƲ�Yx.ȣȠȷƅɼ/�ƹ

įīä;Ĺɞīâ,+.ȡħ.ĆǄſ-þˇ��üȣ«ǝʈ.ǀ˱äCė?*

*9-� .ƺ̈ȷɑŢCɰƓ�?�*-
?	 
� Į�.ȱƁ-��(ȳȘȵȳ-/l�PƺÖ�ĸě���@=/ǘƲƺʷ-

<%(Ôŵ�@(�?*ɿ�=@(�?	F��O�ſ̸Ȏ.ȳȘ-9ǘƲ�

Yx�
>���:7�̸ Ǫ�̸ ̆.̸Ȏ 3ȳȘ/ƴǃ-ĨƂ�?�̺ ė 1 1̻,2�

 .ʆű-/�ɍɫɥ�<1ÇÎǯɥ.ǘƲ�Yx.̉��ɿ�=@?	°�

0�ȎȳſTHbMH�.ȣƈCƍÔ�?Q�SS�^SHc.ʦ��q�/

ǃƯ�Ƶ��į̈-�̌�? 3	M`S~w�/�ʦɝõɶ®ȥ-<≯̆Cƣ

č�?�� .Îǯ˾-/į̈˪��=ƶ�Ư-��(ǀ9ª»*,?ǘƲ�

Yx�ĸě�? 4,5	�=-�F��O�ſ̸Ȏ.Ɓʀ)/�ĭȪÕȊ-ň�?

̸.˫ƥôż-ƹįŕ�
>�é× 6ƺ.methacholineƎ���éű 3ƺƎ�
-ǥ˙�(Ǝ�ű.ôżſ�̴�*��Ĥą9
? 6	���,�=�F��O

�ſ̸ȎȳȘ.ðĔ*9,>�?̸ɣʑǇǔɪɸ @ʔ«.ôżſ-̉�?ǘ

Ʋ�Yx.ɇɖ/ǆ#,�	 
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ċ�̫.ǘƲ�YxǝǙ/�̡ š�˵ʲ�ò�Ǔ̺ suprachiasmatic nucleus; 
SCN̻-
?�Ǐƺʷ*�SCN¢ĭ.ʋÇ;Æ˗.ʒđ�ɪɸ-ĸě�?Ǉǔ
ƺʷ�=,?̺ė 2A̻7	SCN.�Ǐƺʷ/ɱʑ�=.ÂÅÝC÷��ƶƼT
HP�-þˇ�?	�=-��Ǐƺʷ/ɍɫſ�ǹſVQd�C��(Ǉǔƺ

ʷ-�YxƃĤC§��«Ȁ�s�z��Ƀɀʳ˺�Yxɛ.©ȾˇɞCʧ��

Æ˗.ȣȠǝʈCƺ̈ȷ-ɮý�?	SCN ɨʇÇ.�Yx/ Clock�Bmal1�
Period (Per)�Cryptochrome (Cry) ɛ.ƺʷ˴§Ķ.˘È*�]�jPȤȖ-
<?˘ÈƍÔ.mG�ci_P-<>�ɦ 24ƺ̈ĆǄ)ƕâ�?	˘ÈĔĶ)

? CLOCK�BMAL1 .�˾«� Per ; Cry .o�z�]��-
? E-box
̤ġ-ɬý�(˴§Ķ.˘ÈCµ˩�?	���(ýƈ�@" PER* CRY�
�˾«CŬƈ��ǓÇ-ɓʧ�( CLOCK�BMAL1 �˾«-ň�ƍÔC���
Per�Cry.˴§Ķ˘ÈCƍÔ�?	�.mG�ci_P��o�̾ē˘�?.
-ɦ 24ƺ̈��>� .ɬǎ�ɨʇÇ�Yx�ȵȞ�?	̺ ė 2B̻8,9	 
Į�.Ǉǔƺʷ/Q�SS�^SHcC��(�Ǐƺʷ-þˇ�?�*�Ʌ

=@(�?	ʦ�Q�SS�^SHc»/ʲš�˵��Ğ«�Úʌȹ˔

̺hypothalamo-pituitary-adrenocortical; HPA̻ɥ-<>ˇɞ�@(�>�k
b)/ǃƯ̴»*,?	HPAɥ/ SCN�Ǐƺʷ-<>Ôŵ�@(�>�6"�
 .ǳſ/Xb�XÕȊ-9ôż�?	F��O�ſ̸Ȏ.ǭȴ-̸Ē̛ȥX

`�Hcʢ�¯ȥ�@?��̸ɣʑ.ǘƲ�Yx-ň�?Q�SS�^SHc

.ŭ̟/ƶ=�),��ǭȴáǎ-¬=�.ŭ̟Cǌ�úʈſ9
?	ǈɇɖ

)/�ŀ̲ I-(�̸ ɣʑǇǔƺʷ.ĸěCƶ=�-��Q�SS�^SHc�

̸ɣʑǇǔƺʷ-��?ŭ̟-&�(ǖʸ�"	�=-�ŀ̲ II)�F��O
�ſ̸Ȏza�Cȥ��ƺ̈ǭȴ2.żȥ-&�(ǖʸ�"	Ǉǔƺʷ2.ŭ

̟/�Q�SS�^SHcƎ�ű.ǘƲ�Yx.©ȾīäCʷȁ��©Ⱦôż

ƾɴ̺phase-response curve; PRC̻C®ƈ�?�*-<>ǖʸ�"	PRC.
Ŭ/ĿŚȘƇ-��?þˇĔĶ̺ǈɇɖ)/Q�SS�^SHc̻*.̉´C

ʪ��6"�þˇĔĶ-<?ǘƲ�Yx.©Ⱦīä.ƯĀ*İ��C�ȁ�?

9.)
?	ǈŀ̲)/�ȵÂ�u�]�Cȥ�(�vIX̸ɣʑ.ƺʷ˴§

ĶȤȖ PER2 �q�.ǘƲ�Yx.ǁȐ*�Q�SS�^SHc-<?©Ⱦˇ
ɞ.ǁȐC�ex vivoŀ̲�<1 in vivoŀ̲C˥�(ǖʼ���=-�F��
O�ſ̸Ȏza�vIX-��?̸ɣʑƺʷ˴§Ķȵ�Yx*̸ȎȳȘ.ǘƲ

�Yx.̉˧ſ-&�(ǖʸ�"	 
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2. ȫ˃ʪ  
 
ǈƪ��<1ė�)¯ȥ�"ȫ˃/¢�.˥>)
?	 
 

ATP� � � � � � adenosine triphosphate 
AMP  adenosine monophosphate 
ANOVA  analysis of variance 
CRH  corticotropin releasing hormone 
CT  circadian time 
Cry  cryptochrome   
EDTA  disodium ethylenediamine tetra-acetic acid  
GAPDH  glyceraldehyde-3-phosphate dehydrogenase 
GR   glucocorticoid receptor 
GRE  glucocorticoid response element 
HEPES         4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 
HPA   hypothalamo-pituitary-adrenocortical 
IL  interleukin 
INF  interferon 
LUC  luciferase 
OVA   ovalbumin 
PB  phosphate-buffer 
PBS�   phosphate-buffered saline 
PCA   passive cutaneous anaphylaxis 
Per             period 
PRC   phase response curve 
SCN            suprachiasmatic nucleus 
ZT   zeitgeber time 
� � � � � � �  
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3. ŀ̲Ưǰ   
 
(1) ŀ̲âȖ 
� ŀ̲ I� ̸ɣʑƺʷ˴§ĶȵȞ�YxʵǍŀ̲-/C57BL/6Ji_PQ~I�
c.̖ſƈȜvIX̺6-12˨̹̻˽ȣğ̺ʔńɷǢ�<1 CLEA Japan̻�<
1�ƺʷ˴§Ķ PER2 *ȣȖȵÂ˸ɧ�VmJ~�[.ʥý]�jPCȵȞ�
?  PER2::LUC g_PH�vIXCȥ�"	g_PH�vIX/ɡę

Northwesternİĺ. J.S. TakahashiǦ-<>®ƈ�@̺ ė̀ 1̻0�ˎ ǿ�@"	

ŀ̲-/ 13�¡¢�C57BL/6JvIX*i_PP�X�" PER2::LUCg_P
H�vIXCȥ��szƙý«þĪ)�˶�"9.Cȥ�"	 
 

 

 
ŀ̲II� F��O�ſ̸Ȏza�Cȥ�"ƺ̈ǭȴ2.żȥ.ǖʸ)/�ȵÂ
ʷȁ-/PER2::LUCg_PH�vIX̺C57BL/6Ji_PQ~I�c̻*˽ȣ
ğvIX̺Balb/C�CLEA Japan̻.�̘F1.�Əðƽ̜ƺÖ-<?ȳȘīä
.ŀ̲)/Balb/C.���@9̖ſƈȜvIXCȥ��ŀ̲ I*þǋ£)̭ʄ
�"	F��O�Ɔ®/ȣű6-7˨̹)̇Ĵ�"	 

&.#�49?8B85@91�B>E9=�$�3819=�
*C3#�*C3965@1A5�
+5>#�=5><F39=�@5A9AB1=35�75=5�

��n,'-�##*/%ba\YjgZ^����l0>>���
��	���������� TU
�m�

����	,5@�R
�Qf`ii]d[hk_l*C3m3&+$X��LMN����e\`k
l�mX�JO��LWNba\YjgZ^PSH,'-�##*/%R��`jc\K��LWVI��

(5=><93�
;>3CA�

.1@75B9=7�
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� vIX/12ƺ̈�*.ƶƼTHP�̺ ƶǄ͆ 6-18ƺ�ƶǄ.ȒŤ͆ ɦ100 lux �̻
łȀ22�2 ��ȂŤ60�10 %.ǋ£�)ɷǢ̭ʄ�"	,��ƺÖ-&�(/�
ƶƼǋ£�.in vivo ŀ̲)/ƶǄ̇ĴCZeitgeber Time (ZT) 0�ƼǄ̇ĴC 
ZT12*�?ZT)ʪɊ��Ģ̮ŀ̲)/�PER2::LUC�Yx.l�P©ȾC
Circadian Time (CT)12̺1 CT=�YxĆǄ/24ƺ̻̈*�?CT)ʪɊ�"	Ʈ
ȣvIX/ȣű3˨ȼ)̙���¢ű/u�M�tf�bǜʉʮvIXR�W
̺17.2�24.0�12.9 cm -̻3-4æ�&̗ḙ̆ʄ�"	6"�ȗ-ʹ˚�,�̍>�
vIX-/ĘṶ̆Ƭ̺L�K�]�MF̻*ɭǨȢ-Å%"ǨˬǨCʔȧƟö�
�"	ŀ̲-¯ȥ�"vIX¹«Ƨ.ÇʻCʪ̾-Ɋ�"	 
� Æ(.ŀ̲/�ęɘİĺǰ�åǶˬİĺâȖŀ̲-̉�?ʱɔɚ 7 ǋɚ 1 ̡
.ʱĿ-ģ'�̼ɲ̄<>ƌˁC��"âȖŀ̲ʷȩ�ǘƲƕâ.ÎĶ�ɨʇ

yMeYx͆�Ǐƺʷ.þˇ*Ǉǔƺʷ.ɮý�̺ ƌˁȬû͆13-0064̻.�ȡ
*�(ʧB@��åǶˬİĺâȖŀ̲-̉�?ʱĿ�*�åǶˬİĺ˴§Ķɪ7

Ɲ�ŀ̲ɛļÆɝȠʱĿ�-ų%(ŀư�"	 
 

 

��(@����������:58,� '�" &!�%$# >���?-/0	��

��)@1<;3=
�
96;724.����������:58,�
���

��@���-��*+724����

��� �
�� ���� 
����

���:#� "(��&;� 4� 9� ����9�	%/$�

���:",0-�.;� 3� 6� ����9�	%/$�

2)$*�!!(+#�'%�1�",0-�.� 6� 6� ����9�	%/$9��867�

���:",0-�.;� 16� 16� ����345����9�	%/$�

��� ��� ���
�


��#��������$� 44� mRNA�

������������� 15� 	�" !�


�� �
�� ���� 	����

������������� 16� 17� ��" !#ex#vivo#DEX$�

������������� 20� 20� ��" !#�����������$�

������������� 6� 6� ��" !#����$�
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(2) ɪɸĺȷʽ³ 
1) pvbNV���KLW�ǐʚ 
� ZT10-˽ȣğ.vIXC̦Ǖʊʖ-(ŏǣű�ƭ̥�̸ɪɸC��̞/�̩
̳�ō¼/ɁɗűƯ~H�)Ïƭ�(Ƙö�"̺ė 4A 	̸̻ɪɸ/ 10 %s�v
��ǹ-( 48ƺ̈ĘĿ�"ű�10 % EDTA ȅǹ̺pH 7.4̻-( 10Ʋ̈ʊȍ
�"	̸ ɪɸ/�j~mG�-ãĠű�ÉȘƭ) 6 µm-ʡÏ�"	ɪɸÏȕ/�
ʊj~mG�ű�4 %pvbNV��ȅǹ�<1 0.25 %KLW�ȅǹ-(ǐʚ
�"	 
 

 
 
2) Ãȯǐʚ 
� ˽ȣğvIXC�ZT0 6"/ ZT12 -H\m�~�̷˷�-(�ɫźʒȷ-
ȌǴĘĿ�"	Ŕźł<>Êï 0.9 %NaClȅǹCɦ 30 mlȌǴ��Ũ�ɯ��
Êï 4 %j~s�xF�akcĂǁ 0.1 M PBȅǹC 20 mlȌǴ�"	ƭ̥ű�
�ʹƋ̢-(̸ɪɸCƘö��4 %j~s�xF�akcĂǁ 0.1 M PBȅǹ-
(�ƻĘĿ�̺�4 �� �̻10 % EDTA ȅǹ̺pH 7.4̻-( 10Ʋ̈ʊȍ�"	
 .ű�20 %V}ɤĂǁ 0.1 M PBȅǹ-ɺƝ��¯ȥƺ6)/�80 ��)¶

�!8���
��6$&(')���	���	����
�	��� ���/0��7�

�"�  *���	
324-��,+���1��,�
�#�  ��9����,��9%�5% -.����,�
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ɝ�"	�20 ��-ɪɸCƉ��P�LX]_b-(ÉȘƭ) 12 µm-ʡÏ��
X~HcQ~X-˓ �"	�ǞƏ«-u�P��d�ITOƏvIX PER2
Ə«̺Alpha Diagnostic Ɍ̻C 1:500 )¯ȥ��ǞƏ«-{OƏITOƏ«
̺JacksonɌ C̻ 1:500)¯ȥ��Avidin-Biotin complex method ̺ Vector Lab
Ɍ̻-(ÃȯǐʚCưʧ�"	˸ɧôżȤȖ/ 0.04 %3’3- diaminobenzidine 
tetrahydrochloride (Sigma-AldrichɌ̻0.04 % NiClȅǹ-(Ǜˌ�"	 
 
(3) Ŀ˾ȷreal-time PCR 
� ZT0 �= 4 ƺ̈��- 24 ƺ̈�˽ȣğvIXCƭ̥�"̺n=8 æ×6 ƺȏ/Ʋ

=48æ 	̻�̸ɣʑC̪Ÿ̃�-Ƙö��RNAļĿäǹ RNAlater̺ Sigma-Aldrich

Ɍ̻�-Å@�80 ��)¶ĸ�"	RNeasy Micro Kit (QIAGENɌ)C¯ȥ��ɲ

RNA ˾CĿ˾�"	SuperScript III First-Strand Synthesis SuperMix ̺Life 

TechnologiesɌ̻C¯ȥ��RNA 0.35 µgCˣ˘È��DyNAmo HS SYBR Green 

qPCR Kit ̺FinnzymesɌ̻C¯ȥ�( ABI PRISM 7700̺Applied BiosystemsɌ̻

-(Ŀ˾ȷ real-time PCR (qPCR) Cưʧ�"	Æ(.ǖ«-��(�Per1, Per2, 

�<1 Glucocorticoid Receptor̺GR̻.ȵȞ˾CĿ˾��þ�T�o�.hIX
N�l�Q˴§Ķ� glyceraldehyde-3-phosphate dehydrogenase�GAPDH m̻RNAȵ

Ȟ˾*.ǥ)ɜÌ�"	,��̄ ȥ�"o~Hv�.˶Ð/ʪ̿.˥>)
?	

PCR.ʺĿ/ 95 °C 15Î.ű�94 °C 10ɐ�60 °C 20ɐ�72 °C 30ɐC 45TH

P�)
?	 

� � � � �  
 

����������
����	
�������������	�

���� ����	�

Per1�
5’'CGTCCTACCTCCTTTATCCAGA'3’-�
5’'TGTTTGCATCAGTGTCATCAGC'3’-�

Per2�
5’'CATTGAACTTGAGACTGAGGT'3’-�
5’'AAGGGAACACACTGAGAGGAT'3’-�

GR�
5’'ATGGCGTGAGTACCTCTGGA'3’-�
5’'TCCAGACCCTTGGCACCTAT'3’-�

GAPDH�
5’'TGCGACTTCAACAGCAACTC'3’-�
5’'ATGTAGGCCATGAGGTCCAC'3’-�
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(4) ȵÂ�YxȁĿ 
1) ȁĿðȠ 
� Ģ̮ɪɸ-��?PER2]�jP�q�C�VmJ����VmJ~�[ôż
-<?ȣȖȵÂ.ÂĺȷȁĿ-<>ɫƺȷ-Ŀ˾ʷȁ�"̺ė͂ 	̻ŀ̲-ȥ�

"PER2::LUCg_PH�vIX/�ƺʷ˴§ĶPer2.űƯ-s]��VmJ~
�[̺Luc̻cDNACɬý��"ȾþɪƝqP]�Cȥ�(®ƈ�@"	ǈg_
PH�vIX)/PER2.¡B>-PER2*�VmJ~�[.ʥý]�jP�ý
ƈ�@?	�.vIX.ɪɸĢ̮)/�
=��8Ģ̮ǹ�-ģ˔.s]��

VmJ��CǼÞ�(��*�ʉȅſ.�VmJ��/ɨʇÇ-ö>˜6@?	

ɪɸ�)�VmJ~�[�ýƈ�@?*�ATP�Mgĸě�-ɨʇÇ.�VmJ
��*ôż��ɨʇÇ)˹ä�@LNV�VmJ��*,?	à˕ȘƇ-
? 
 

     
 

� %�� �'��
#����

�����
�'�"! %�& �


��

�'�"! %"$�

��� ���

��	����

��50+-*/1(0+-*.2,�
3�4)
�����3�4��

��

��



 
 

12 

LNV�VmJ���ģţȘƇ-˳ɓ�?*�-ȵÂ�ȣ��ȵÂ˾/�èÎ

˾.�VmJ��ĸě�)/�ýƈ�@"�VmJ~�[.˾-ǥ°�?	Ģ

̮ɪɸ�ƤÌ�?ÂĶ˾CÂ̚ĶĨºɝ-<>Ĩś��aG_V|ğ�wgy

�]�)˧ɯȁĿ�?�*)�˴§ĶȵȞ.īâC̴ƆŤ�̴ƺ̈Îʵʈ)�

F�]HxʵǍ�?�*�úʈ*,?	 
 
2) ̸ɣʑĢ̮�PER2 ȵÂ�YxȁĿǰ 
� ZT9-10-PER2::LUCg_PH�vIXC̦Ǖʊʖ-(ŏǣűƭ̥��̸ ɪɸ

CƘö�"	ÊïHanksɵʩǹ-(ɣǹCǲ�Ǵ�"ű�ÊïHanksɵʩǹ�
-��(ɁɏȥÙÍ�<1��[�Ǻ̀Cȥ�(�ŀ«̪Ÿ̃�-�¼̸�̓

ɣʑCØ̙��ɦ2�2 mm2.THY-ɣʑCb�w�Q�"	̸ɣʑɪɸ/Ƚ

ů35 mm.rb�ȺÇ)Ģ̮ʑ̺Millicell-CM Culture Insert, EMD Millipore
Ɍ�ķů0.4 µm̻-˚��1.3 mL.Ģ̮ǹCÞ��j~mG�x)ʟCV��
�"���İǧ�36.5 �)ǧǨȪĢ̮Cʧ%"̺ė̓A 	̻Ģ̮ǹ/0.1 mM 
d-Luciferin potassium salt̺ DOJINDOɌ̻Ăǁ.Dulbecco’s modified Eagle’s 
medium̺InvitrogenɌ̻-�10 µM HEPES�2.7 mM NaHCO3�20 mg/L 
kanamycin̺ GibcoɌ �̻100 µg/mL Apo-transferrin̺ SigmaɌ �̻5 µg/mL insulin
̺SigmaɌ̻�100 µM putrescine̺SigmaɌ̻�20 nM progesterone̺Sigma 
 

 
 

���,+��!�!�2*0)����,!� 1%*('.*-�

��,,�"'0.*�&*/)�

,',$.#-'�

0*//1'�/+*%'�

 1,*�3%+'�

��E���
��5
�	��

��������
��7���4�
����>:=;B�C@?AD<689
��	4�

� �
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Ɍ̻�30 nM sodium selenite̺GibcoɌ̻CǼÞ�(ȥ�"	Ģ̸̮ɣʑɪɸ
�=.ȵÂ˾C�Â̚ĶĨºɝCȥ�"aG_V|ğ�wgy�]�

̺Lumicycle�ActimetricsɌ̻-<>10ÎǤ-1Î̈.ȁĿǋ£)�5Ʋ̈¢�
˧ɯȁĿ�"̺ė̓B̻	 
 
3) PER2 ȵÂ�YxʵǍ�  
ȵÂ�Yx.ʵǍ/�10 Î̈̓)Ŵ=@?ȵÂ»̺1 Î̈.ȵÂ˾̻.ƺɥ
Ð<>�×ű 12 ƺ̈.Şĝ»Cŕ�Ũ��24 ƺ̈ab��cǰ�Cȥ�(ģ
ɴ�q�.b��cCʭǟ�"̺ė̈́A̻11	Ŵ=@"ab��c»C 5ȏɓâ
Şĝǰ-<>��=-Şȇä�"	ȵÂ�YxȁĿ̇Ĵ�= 24ƺ̈¢Ç-ÌȞ
�?ǀÑ.ȵÂ�Yxl�PCɚ 1l�P*���ȏ 2ȏǰ̺ė̈́B̻Cȥ�(
l�P©ȾCɜÌ�"	 
 

 
 
ȵÂ�Yx.ƕś̺ėͅA̻/�ɚ 1l�P.ȵÂ»*̴�ǁƅ.Ⱦ̉CɊ�
̺ė 8B �̻ȵÂȁĿǝđ.ƆŤ��<1ɪɸ.İ��-²ĸ�"	�."8�
ȁĿ̇Ĵű. 24ƺ̈¢Ç.ǀ̴ȵÂ»̺ɚ 1l�P»̻*��@-ɯ�ɚ 1ǀ
ª».ŕ̺ƕś̻Cǫ8��.»CȁĿ».ɚ 1 l�P»)Û?�*)�ǛȄ
ä�@"�Yxƕś»CɜÌ�"̺ė 8B 	̻ȵÂ�YxĆǄ/��Yx.ɚ 1
l�P©Ⱦ�=ɚ 4l�P©Ⱦ6).ēřȽɴ�=ɜÌ�"̺ė 8C�D 	̻ 
� �  
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(5) Dexamethasone (DEX)Ǝ�ǰ*�Yx©ȾôżʵǍ 
1)  ex vivo ŀ̲ 
� Ģ̮ 5 Ʋȼ.ȭ,? 4 ©Ⱦ̺l�P©Ⱦ� @-ɯ�ǀªȵÂ»©Ⱦ�l�
P»×ű.ǀª»*.�̈©Ⱦ̻-��(�Ģ̮ǹ�- 13 µl. DEX̺ǀɩȋ
Ť 10-7 M͆SigmaɌ̻CǼÞ��ǼÞ×ű). PER2ȵÂ�Yx.īäCǖʸ
�"̺ė 9̻	ňȒɻ-/þ˾.ȆʝǨC¯ȥ�"	 
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2)  in vivo ŀ̲ 
� ¹«�q�).̸ɣʑƺʷ˴§ĶȵȞ-ň�? DEX .ŭ̟Cǖʸ�?"8
-�2 mg/kg. DEX ̺300 µl/ml̻C 1Ʋ.ȭ,?ƺÖ̺ZT0�ZT6�ZT12�
ZT18̻-ʎʍÇƎ��"	ňȒɻ-/ phosphate-buffered saline̺PBS̻Cʎ
ʍÇƎ��"	ʎʍÇƎ�ű�ZT9-10-vIXCƭ̥���ʹƋ̢-(̸ɣʑ
CƘö�Ģ̮��PER2ȵÂ�Yx.ɚ 1l�P©ȾCǥ˙�"	 
 
(6) ÚʌƠÌ 
� 11˨̹.vIXC¯ȥ	H\m�~�̷˷�-�ʆ˵�=�¼ÚʌCƠÌ�
"	ʨű/Ǩ.¡B>-0.9 % NaClȅǹC̬Ǩ��"	ňȒɻ/þǚ-Ƌʨ��
"#�Úʌ/ƠÌ�,�%"	ňȒɻ-/ǨˬǨC̬Ǩ��"	ʨű2˨ȼ.
ZT9-10-ƭ̥Ƙʦ���ʹƯǰ-(̸ɣʑƘöű�Ģ̸̮ɣʑ.ȵÂ�YxC
ȁĿ�"	 
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(7) S�^SX`��F_ZH 
� ÚʌƠÌ�"vIX�<1ňȒɻ.vIX<>pj��ǼÞƘʦɝ-Ƙö�

"ʦǹ/�4 ��2,000 rpm)15Î̈˯źÎ̙��ʦȉC�30 ��-(¶ĸ�
"	ʦȉS�^SX`��»CCorticosterone ELISAN_b̺AssayproɌ̻C
¯ȥ�(ȁĿ�"	 
 
(8) F��O�ſ̸Ȏza�vIX®ƈ 
1) F��O�Ɔ® 
� PER2::LUCg_PH�vIX.i_PQ~I�c)
?C57BL/6J ɥ.˽
ȣğvIX*IgE̴˂Ŋſ.Balb/Cɥ.˽ȣğvIXCȥ�"	LtF�nw�
̺Ovalbumin; OVA, SigmaɌ̻ȅǹC1˨Ǥ4ē̺OVA 250 µg/kg6"/625 
µg/kg̻ʎʍÇƎ��(Ɔ®��"ű�5˨ȼ-/3Ʋ˧ɯ)OVA 500 µg/10 µl
Chw�b�V��W-(ȏ̸��F��O�ſ̸Ȏza�vIXC®ƈ�"

̺ė10̻12	ǀű.ȏ̸Ƚű10Î̈.��:7�̸ƛ�ēƧCʷȁ�"	 
 

 
 

!��
67/%<&@&�

PBS instead of OVA. Mice were challenged with 20 ml
PBS containing 500 mg of OVA in both nasal cavities on
days 29, 30, and 31. Sham-challenged mice received
20 ml PBS in the same manner.

4.3. Clinical symptoms

Nasal symptoms were evaluated by counting the
number of sneezes and nasal rubs (nose rubs with paws
or on cage) for 5 min after the last intranasal challenge.
The frequency of sneezes and nasal rubs was counted by
investigators, who were blind to the treatment, watching
video recordings.

4.4. Histological examination

Four hours after the final nasal challenge on day 31,
the mice were sacrificed by cervical dislocation. Their
heads were removed and fixed in 10% formalin for 24 h,
then decalcified in 2.5% EDTAe2Na solution for 10
days. The heads were embedded in paraffin and coronal
nasal sections were made and stained with Luna
solution [10]. The numbers of eosinophils infiltrating
the nasal mucosa in the sections were counted under the
microscope.

4.5. Quantification of cytokines in
nasal tissue extracts

Soon after the sacrifice, the heads of mice were
removed and the whole mucosal tissues of each nose
were collected under a stereomicroscope. These samples
were homogenized in 0.5 ml PBS containing 0.1%
Tween20, using an all-glass homogenizer, frozen in
liquid N2, thawed at 37 !C and then centrifuged for
5 min at 13,000 g. The protein concentration in the
supernatants was determined with BCA Protein Assay
Kit (PIERCE, Rockford IL) and they were stored at
"80 !C until further processing. Concentrations of
cytokines in the extracts were measured using the
Cytometric Bead Array for mouse Th1/Th2 cytokines

(BD Biosciences Pharmingen, San Diego CA), which
measured five cytokines (IL-2, IL-4, IL-5, IFN-g and
TNF-a) at the same time. The levels of cytokines in each
sample were compensated by the protein concentrations,
the contents per mg protein were calculated.

4.6. Statistical analysis

ManneWhitney U-test was used to test for correla-
tion between the variables, with P values of less than
0.05 considered significant.
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ǀű.ȏ̸.30Îű-vIXCƭ̥Ƙʦ�"	,��OVAȅǹ/�OVA̺20 
µg/ml6"/50 µg/ml in PBS *̻ FW|i�b)
?Al(OH)3ȅǹ̺ 4 mg/ml in 
PBS̻.1:1ǻýǹ)
?	ňȒɻ-/þ˾.PBS*Al(OH)3ȅǹ.1:1ǻýǹC
ʎʍÇƎ���5˨ȼ-/3Ʋ˧ɯ)10 µl.PBSCȏ̸��ŀ̲ɻ*þǚ.ʷȁ�
ƘʦCʧ%"	 
 
2) Ģ̸̮ɣʑ.PER2ȵÂ�YxȁĿ 

PER2::LUCg_PH�vIX*˽ȣğvIX̺Balb/C̻C�˶�" F1vI
XCȥ�"	6��F1vIX-�ʹƋ̢)Ɔ®��̺ OVA 250 µ�/kg �̻ZT 9-10
- OVAȏ̸�ǀű.ȏ̸Ƚű 10Î̈.��:7�̸ƛ�ēƧCʷȁ�"	ǀ
ű.ȏ̸. 30Îű-vIXCƭ̥Ƙʦ��̸Ǫ�<1̸ɣʑCƘö�"	ŀ̲
I*þǚ-̸ɣʑĢ̮Cʧ��̸ɣʑ PER2ȵÂ�YxCȁĿ�"	ňȒɻ/�
�ʹ*þǚ PBSËɺCʧ%"	 
 
3) Əðƽ̜ƺÖ-<?ȳȘīä 
� F��O�ſ̸ȎȳȘ.ǘƲīâ.ʴŇ-/�˽ȣğ̺Balb/C̻Cȥ��þ
ǚ.Ƌ̢)Ɔ®̺OVA 250 µ�/kg̻Cʧ%"ű�OVA ȏ̸C ZT0 -ʧ�ɻ*
ZT12 -ʧ�ɻ.̿ɻ-Î��ǀű.ȏ̸Ƚű 10 Î̈.��:7�̸ƛ�ēƧ
Cʷȁ�"	6"�ǀű.ȏ̸. 30Îű-vIXCƭ̥Ƙʦ��̸ǪCƘö�
"	̸Ǫ.OxUǐʚCưʧ�"	 
�

(9) HxgQ�n���THbMH�F_ZH 
1) OVAȗȭȷIgEȁĿ 
� F��O�ſ̸Ȏza�vIX̺C57BL/6J�Balb/C��<1�̘F1̻�<
1ňȒɻ.vIX<>Ƙö�"ʦǹC�łȀ)15ÎƤɺű�4 ��2,000 rpm
)15Î̈˯źÎ̙��ʦǽC�30 �-(¶ĸ�"	vIXIgE ELISA̺OVA̻
N_b̺DSmE�viHLyaGM�Ɍ̻C¯ȥ��ʦǽOVAȗȭȷ IgE»C
ȁĿ�"	 
 
2) IL-4, IL-5, IL-13, INF-�ȁĿ 
� F��O�ſ̸Ȏza�vIX�<1ňȒɻ.vIX<>Ƙö�"ȕ¼.̸

ɣʑC1ml PBS�Å%"vHP�^|�n-Å@�ǩ�)Ǡɏz�]C¯ȥ�



 
 

18 

homogenateű�4 ��12,000 rpm)10Î̈˯źÎ̙���ǽC�80 ��-(
¶ĸ�"	̸ Ǫ/ƭ̥ű��ĉ̥¼<>24 GT�m�^|�nC̸ʍ-ƖÅ��
PBSC350 µlCǱÅ�(�ŗ˻ǹCvHP�^|�n-Ƙö�"13	 .ű�4 �
�400 rpm)10Î̈˯źÎ̙���ǽC�80 ��-(¶ĸ�"	 
� ̸ɣʑhomogenateǹ�<1̸Ǫ. IL-4, IL-5, IL-13�<1 INF-�»C
Quantikine ELISAN_b̺R&D systemɌ̻C¯ȥ�ȁĿ�"	6"�üǖ«
.THbMH�˾Cǥ˙�?"8�Pierce BCA protein assay kit̺Thermo 
scientificɌ̻C¯ȥ��ǖ«�.]�jP˾Cʷȁ�"	 
 
 (10) ɮʷĺȷËȠ 
� ɮʷ»/Şĝ»�ǛȄ˄ŕ-(Ɋ�"	ǘƲ�Yx.ǖĿ/ one-way 
analysis of variance (ANOVA) with a post hoc Bonferroniʾ̲Cưʧ�"	ň
Ȓɻ*ŀ̲ɻ.ŕ/�two-way ANOVA with a post hoc Bonferroniʾ̲-<>
ǖĿ�"	6"��ɻ̈.ǖĿ-/ Student’s tʾ̲C¯ȥ�"	ɮʷ\mb-
/ Prism 6̺GraphPad SoftwareɌ̻C¯ȥ�"	 
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4. ŀ̲ɬǎ  
 
(1) Ãȯǐʚ 
� ̸ɣʑɪɸ.pvbNV���KLW�ǐʚ* PER2 Ə«Cȥ�"Ãȯǐʚ
.ɬǎCė 11-Ɋ�	PER2̑ſɨʇ/Ĉă�ȹɪɸ*Đ�ȹɪɸ.�Ư-ˁ
8"	ZT0 )/ PER2 /��@9�ȹɨʇ.7�ʡ�ǐ6?ɔŤ)
?.-ň
�̺ė 11C, D �̻ZT12)/�ȹɨʇ.��ʦɝÇȹɨʇ�ɍɫɩǇ-9�Ū�
ȵȞCˁ8"̺ė 11E, F 	̻ 
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20 

(2) Ŀ˾ȷ real-time PCR (qPCR) 
� ̸ɣʑmPer1�mPer2 �Q�SS�^SHc÷Ņ«̺GR̻.mRNA˾C 4
ƺ̈Ǥ 24 ƺ̈-ǿ> qPCR ǰ-(ȁĿ��þ�ɪɸ. GAPDH ˾-ň�?Ⱦ
ň»)Ɋ�"	 .ɬǎ�mPer1�mPer2 .ȵȞ˾-/ǁƅ, 24 ƺ̈īâC
ˁ8�̺ mPer1, p<0.05, mPer2, p<0.01, n=6–8üƺÖ̻̺ ė 12A, B �̻mPer2
.ǘƲ�Yx/ ZT12�î$�ƶƼTHP�.ƶǄűê�=ƼǄ.ɓʧǄ-l� 
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PCɊ�"	mPer1.�Yxƕś/mPer2*ǥ˙�ŋ����ZT8* ZT12 .
»�45þ�)
?�*�=�ǘƲ�Yx.l�P/�ʀ.̈-
?�*�Ɋ

Č�@"	�"�%(�̸ɣʑ-��? mPer1 .ǘƲ�Yx/ mPer2 <>9
Ƨƺ̈×˩�(�>��@/�.ɪɸ.ɬǎ*�ʕ�? 14	�Ư)�GR mRNA
.ȵȞ-/ǁƅ,ǘƲ�Yx/ˁ8,�%"	̺ n=6–8üƺÖ̻̺ ė 12C 	̻ 
  
(3) Ģ̸̮ɣʑ.ȵÂ�Yx 
� PER2::LUCg_PH�vIX.Ģ̸̮ɣʑCĢ̮ʑ�)˧ɯ5Ʋ¢�đľĢ
̮�� .ȵÂj]��CʵǍ�"	̸ɣʑ PER2::LUC ȵȞ-/�ʴȷƼǄ
×ê-l�PCƓ&ǘƲ�YxCˁ8"̺ZT14.2�0.3, n=15̻̺ ė 13 	̻ǘƲ�
YxĆǄ/ 22.7�0.1 ƺ̈�Ģ̮ɚ̾ĆǄ.ǛȄäƕś/ 1.7�0.02 )
%"	
6"�Ģ̮ƲƧCɫ?�*- PER2::LUC �Yx/Ų
-Ǿʫ��ɚ́ĆǄ-
��?ǛȄƕśCɚ̾ĆǄ. @*ǥ˙�"*�A�Ǿʫȝ/ 0.1�0.01)
%
"	 
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(4) DEX -<?Ģ̮ɣʑȣȖƺʷ.©Ⱦôżƾɴ 
1)  ex vivo ŀ̲ 
� Ģ̸̮ɣʑCȥ��Q�SS�^SHc-<?©Ⱦˇɞ.ǁȐ*ǚŧCƶ=

�-�?"8�Ģ̮ 5Ʋȼ. 4©Ⱦ- DEXCƎ��"	̸ ɣʑ PER2::LUC.
ǘƲ�Yx/ DEXƎ�̺ǀɩȋŤ: 10-7 M̻-<>©Ⱦī©CɊ�"��ňȒ
ɻ.ȅĵƎ�)/ǁƅ.©Ⱦī©CɊ�,�%"̺ė 14 	̻DEX Ǝ�-<?
PER2::LUC �Yx.©Ⱦī©/�DEX Ǝ�©Ⱦ-²ĸ�(�"̺one-way 
ANOVA, p<0.01, n=4–5ü©Ⱦ̻̺ ė 15A 	̻PER2::LUC�Yx/ CT12)ǀİ
©Ⱦűˠ̺ -10.8�0.7ƺ̈ �̻CT18)ǀİ©Ⱦ×˩̺ 7.2�0.8ƺ̈ C̻Ɋ�"	 
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CT0 )/ǁƅ,©Ⱦī©Cˁ8,�%"	©Ⱦűˠ-ǥ˙�(©Ⱦ×˩�ŋ�
�%"�*�=�CT12* CT18.̈.İ�,©Ⱦ×˩Cʰˢ�"úʈ9āĿ)
�,�	�."8�CT15). DEXƎ�9ʧ%"��©Ⱦ×˩/ 8.1�0.7ƺ̈
̺n=5̻)
>�CT18*ǁƅŕ�,%"	�Ư�ňȒɻ-��(/©Ⱦ²ĸſ
.©Ⱦīä/ˁ8,�%"	DEX-<?©Ⱦôżƾɴ̺PRC̻C®ƈ�?"8
-�ü©Ⱦ-��( DEX-<%(ȣ�"©Ⱦī©C�þ©Ⱦ.ňȒɻ.Şĝ»
*.ŕ�=ʷȁ�"	 .ɬǎ�DEX -<? PRC /̝ňɒſ)
>�ǀİ©
Ⱦűˠ/-10.8�0.7 ƺ̺̈CT12 �̻ǀİ©Ⱦ×˩/ 7.2�0.8 ƺ̺̈CT18̻*�
©Ⱦűˠ˵�İ���©Ⱦ×˩˵�ŋ���*�ƶ=�-,%"̺ė 15B 	̻ 
� Ǟ-�DEX-<?©Ⱦôż.ȥ˾²ĸſC�10-7 M DEX-<?ǀİ©Ⱦű
ˠ̺ CT12 *̻ǀİ©Ⱦ×˩̺ CT18 .̻ƺȏ)ªȋŤ. DEX̺ ǀɩȋŤ: 10-8 M̻
CƎ���ǖʸ�"	 .ɬǎ�CT12 )/ǁƅ,©ȾűˠCˁ8̺one-way 
ANOVA, p<0.01, üɻ n=5–6 �̻ .İ��/ 10-7 M DEX-<?űˠ*ǁƅŕ
�,�%"	�Ư�CT18)/�10-8 M DEX-<>ǁƅ,©Ⱦī©Cˁ8,�
%"̺ė 16 	̻DEX-<? PER2::LUC�Yx©Ⱦ¢ĭ2.ŭ̟*�(�Ģ̮

,,�

,,�

,,�

!12$

!6$

0$

6$

12$

1$ 6$ 12$ 18$ 24$

Ph
as
e$
Sh
i0
$(h

)$

Circadian()me((h)�

DEX$ cont.$

!12$

!6$

0$

6$

12$

0$ 6$ 12$ 18$ 0$

Ph
as
e$
sh
i0
$b
y$
DE

X$
$(h

)$
Circadian()me((h)�

0� 0�

9� :�

	14c<=CQUW) #?=@2^[]R�����

*9+  <=CGWHS�
����Y�$QE����R���!IV�TM����Y"$Q�K
MF����S?=@277>B;\_Z��Y;A12Eb;A823/��`�'aPKN��KMF�

*:+  <=CQUW����F;A12O�����%`-10.6D0.5�'aE;A16O�����&`5.2D0.6
�'aY�LE(��
R�����!J�VXMF�



 
 

24 

ƲƧɫ˫-(Ǿʫ�"�Yxƕś��DEXƎ�ű-Ģ̮ūÑ�q�6)ēŶ�
?ȞˑCˁ8"̺ė 14A 	̻ �)�DEX . PER2::LUC �Yxƕś-ň�?
ŭ̟* .©Ⱦ²ĸſCǖʸ�"	PER2::LUC�Yxƕś.ēŶȝ/Ģ̮ 6Ʋ
ȼ̺DEXƎ� 1Ʋű̻.ƕś*Ģ̮ 4Ʋȼ̺DEXƎ� 1Ʋ×̻.ƕś.ǥ<
>ɜÌ�"	 .ɬǎ�DEXƎ�ɻ�<1ňȒɻ.�ɻ-��(�ƕśēŶȝ
-©Ⱦ²ĸſCˁ8,�%"̺üɻ n=4–5̻̺ ė 17 	̻�."8�DEX ɻ�ň
Ȓɻ)ü©Ⱦ.a�]Cýʷ�(ēŶȝCɜÌ�"	DEX-<?ƕś.ēŶȝ
/ 3.3�0.4̺n=17̻)
%"��ňȒɻ-��(/�Yxƕś.ēŶCˁ8,
�%"̺ēŶȝ: 0.2�0.03, n=16 	̻ƕś.ǾʫȝCƎ�×̺Ģ̮ 1Ʋȼ* 2Ʋ
ȼ �̻Ǝ�ű̺Ǝ� 1Ʋȼ* 2Ʋȼ�î$Ģ̮ 6Ʋȼ* 7Ʋȼ̻.ƕś.ǥCȥ
�(ɜÌ�"*�A�DEXƎ�×ű)īäCˁ8,�%"̺Ǝ�×: 0.6�0.03, 
Ǝ�ű: 0.5�0.01, n=17 	̻ 
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2)  in vivo ŀ̲�  
� in vivo -��?̸ɣʑǇǔƺʷ2. DEX.ŭ̟Cƶ=�-�?"8�1Ʋ
.ȭ,? 4ƺȏ-vIX- DEXCʎʍÇǱŉ��Ģ̸̮ɣʑ.ȵÂ�Yx.ɚ
1 l�P©ȾCȁĿ��PBS .7CʎʍÇƎ��"ňȒɻ*ǥ˙�?�*-<
>�in vivo. DEX-<?©Ⱦôżƾɴ̺PRC̻C®ƈ�"	ňȒɻ.ɚ 1l
�P©Ⱦ/ǱŉƺÖ-��B=��Ŀ)
>�Æa�].Şĝl�P©Ⱦ/

ZT14.1�0.3 )
%"̺n=20 	̻DEX Ǝ�ɻ)/�ǱŉƺÖ-<>ɚ 1 l�P
©Ⱦ.ī©Cˁ8"	̺ one-way ANOVA, p<0.01, n=5̻̺ ė 18A 	̻6"�ŀ̲
ɻ*ňȒɻ.©Ⱦôż.̈-ǁƅŕCˁ8"	̺two-way ANOVA, p<0.01, n=5 	̻
DEX -<?©Ⱦī©˾C�DEX Ǳŉ-<?©Ⱦī©*þƺÖ.ňȒɻ.ɚ 1
l�P©Ⱦ.Şĝ»*.ŕ�=ɜÌ�"	 .ɬǎ�DEX Ǳŉ-<?

PER2::LUC .ǘƲ�Yx-/©Ⱦ²ĸſ.©Ⱦī©�ˁ8=@̺one-way 
ANOVA, p<0.01 �̻ZT18.Ǳŉ)ǀİ©Ⱦűˠ̺-4.0�0.8ƺ̈ �̻ZT0.Ǳŉ
)ǀİ©Ⱦ×˩̺ 3.3�0.4ƺ̈ C̻Ɋ�"̺ ė 18B 	̻ǛȄäƕś�<1ĆǄ/�
DEXɻ̺ƕś: 1.7�0.03, ĆǄ: 22.8�0.1ƺ̈, n =20̻*ňȒɻ̺ƕś: 1.7�
0.02, ĆǄ: 22.7�0.1ƺ̈, n =20 *̻.̈-ǁƅŕCˁ8,�%"	6"�PBS
CǱŉ�"ňȒɻ/�ɚ 1 l�P©Ⱦ̺ZT14.1�0.3 �̻ƕś̺1.7�0.02̻̺ ü
n=20̻*9-ė 13-Ɋ�"ȐËɺvIX-��?ɚ 1l�P©Ⱦ̺ZT14.2�
0.3 �̻ƕś̺1.7�0.02̻̺ ü n=15̻*.̈-ǁƅŕCˁ8,�%"	 
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(5) ÚʌƠÌ 
� ÇĔſQ�SS�^SHc.̸ɣʑǇǔƺʷ2.ŭ̟Cˇ3?"8-�Úʌ

ƠÌvIX-��?̸ɣʑ. PER2::LUC �YxCȁĿʵǍ�"	ÚʌƠÌ�
"ŀ̲ɻ.̸ɣʑ PER2::LUC �Yx.ɚ 1 l�P©Ⱦ/ ZT14.8�0.4̺n=6̻
)
>�½ƋʨCʧ%"ňȒɻ̺ZT13.9�0.6, n=6̻*ǁƅŕ/ˁ8,�9.
.�˪Ŧ¿ĀCɊ�"	�Yxƕś̺ŀ̲ɻ: 1.7�0.03, ňȒɻ: 1.7�0.01̻�
<1ĆǄ̺ŀ̲ɻ: 23.3�0.2ƺ̈, ňȒɻ: 23.1�0.1ƺ̻̈)/ŀ̲ɻ*ňȒ
ɻ.̈-ǁƅŕCˁ8,�%"̺ė 19A-C 	̻,��ʦȉS�^SX`��»/
ŀ̲ɻ-��(ǁƅ-ª»)
%"̺ŀ̲ɻ: 11.6�4.8 ng/ml, ňȒɻ: 89.9�
17.5 ng/ml, Student’s t-test, p<0.01, n=6üɻ̻̺ ė 20 	̻ 
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(6) F��O�ſ̸Ȏza�vIX-��?̸ɣʑǇǔƺʷ 
1) vIX.ɥɮ-<?Ɔ®2.ŭ̟ 
� ǘƲ�Yxɇɖ)/�ƶɄ)ļĿ�"ǘƲ�YxCɊ� C57BL/6J �ǛȄ*
,%(�>�ǈɇɖ)9ȵÂ�u�]�vIX/ C57BL/6J- 13¡¢�i_P
P�X�(ȥ�(�?	�Ư�C58BL/6J / IgE ª˂ȵ.ɥɮ)
?"8�F
��O�ŀ̲)/­>ȥ�=@(�,�	 �)�IgE̴˂ȵ. Balb/Cɥɮ*
OVA-<?Ɔ®Cǥ˙ǖʸ�"	ʦǽOVAȗȭȷ IgE »/�C57BL/6J�Balb/C
�ɥɮ*9�PBS CǱŉ�"ňȒɻ*ǥ˙� OVA Ɔ®ɻ)/ǁƅ-̴�%"
��OVAƆ®ȋŤ-<?ŕ/�ɥɮ*9ˁ8,�%"	6"�C57BL/6J*ǥ
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˙��Balb/C.Ư��ªȋŤ OVA̺ 250 mg/kg Ɔ̻®ɻ�<1̴ȋŤ OVA̺ 625 
mg/kg̻Ɔ®ɻ*9-ǁƅ-ʦǽ OVAȗȭȷ IgE»�̴�%"̺ė 21 	̻ 
   

 

 
� ̸�����:7.̸ȎȳȘ-̉�(/�C57BL/6J�Balb/C �ɥɮ+$=
-��(9�̴ȋŤ OVAƆ®ɻ�<1ªȋŤ OVAƆ®ɻ.̈-ǁƅŕ/ˁ8
,�%"	�ɥɮ̈.ŕ-&�(/�̴ȋŤ OVA Ɔ®ɻ.��:7.ēƧ�
Balb/C)ǁƅ-Į�%"��ªȋŤ OVAƆ®ɻ�<1̴ȋŤɻ OVAƆ®ɻ.
̸��ȳȘ)/ǁƅŕCˁ8,�%"̺ė 22 	̻ 
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� OVA -<?F��O�Ɔ®.ɬǎ�=�PER2::LUC g_PH�vIX.i
_PQ~I�c)
? C57BL/6J ɥɮ.vIX)9Ɔ®�ƈɘ�(�"��ʦ
ǽ IgE»�İ��ȭ,?"8�F��O�˂Ŋſ.̴� Balb/Cɥɮ.vIX*
�˶�" F1vIXC¯ȥ�(�̸ɣʑ.ȵÂ�YxCȁĿ�"	6"�̴ȋŤ
OVAǱŉƺ-FdmG~NV�ȳȘCĄ�ǡ��?vIX�ÌȞ�"�*�,
=1-�̴ȋŤ*ªȋŤ. OVA -<?F��O�̸ȎȳȘ-�Balb/C .��
:7ȳȘ¢ĭ-ŕCˁ8,�%"�*�=�¢�.ŀ̲/ªȋŤ OVA-(Ɔ®
Cưʧ�"	 
� F̾�̘ɥF��O�Ɔ®vIX.̸ȎȳȘ/�̸ ��.ēƧ/Ɔ®ɻ.Ư�

ǁƅ-Į�%"̺Student’s t-test, p<0.05, n=6üɻ̻̺ ė 23 	̻�Ư���:7
/Ɔ®ɻ)Į�¿Ā-
?9..ǁƅŕ/ˁ8,�%"	ʦǽ OVAȗȭȷ IgE
»/�Ɔ®ɻ)ǁƅ-̴�%"̺Student’s t-test, p<0.01, n=6üɻ 	̻ 
�
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2) Ģ̸̮ɣʑ.ȵÂ�Yx 
� C57BL/6J ɥɮ. PER2:LUC vIX* Balb/C ɥɮ.vIX. F̾�̘ɥC
ȥ��F��O�Ɔ®ű-̸ɣʑCĢ̮��PER2::LUC�YxCʷȁ�"	 
.ɬǎ�Ģ̸̮ɣʑ/��@9 PER2::LUC ȵȞ-��ʴȷƼǄ×ê-ɚ 1 l
�P©Ⱦ̺ZT13.7�0.2, n=6̻CƓ&�ƶɄ,ǘƲ�YxCɊ�"̺ė 24 	̸̻
ɣʑ PER2::LUC.�YxĆǄ/ 22.8�0.1ƺ̈�Ģ̮ÑƲ.ǛȄäƕś/ 1.7
�0.02)
%"	̝ Ɔ®ňȒɻ̺ F1�̘ɥ -̻��?Ģ̸̮ɣʑ. PER2::LUC
ȵȞ�Yx/�ɚ̾l�P©Ⱦ� ZT13.2�0.1��YxĆǄ/ 22.8�0.2 ƺ̈�
Ģ̮ÑƲ.ǛȄäƕś/ 1.6�0.02)
>�l�P©Ⱦ�ĆǄ�ƕś�3(-�
�(�ɻ̈-ǁƅŕCˁ8,�%"̺ė 25 	̻ 
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3) Əðƽ̜ƺÖ-<?ȳȘīä 
� ʦǽ OVAȗȭȷ IgE»/�ZT0ȏ̸ɻ�ZT12ȏ̸ɻ*9-�OVAƆ®ɻ
��ňȒɻ*ǥ˙�ǁƅ-̴�%"̺Student’s t-test, p<0.01, n=8üɻ̻̺ ė
26 	̻ZT0ȏ̸ɻ* ZT12ȏ̸ɻ.̈-/ǁƅŕCˁ8,�%"	 
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� OVAƆ®ɻ)/�Əðƽ̜-<?̸ȎȳȘ-ƶɄ,ƹįŕ�7=@"	OVA
Ɔ®ɻ/�̸ ƛ����:7.��@.̸ȎȳȘ9�ZT12ȏ̸ɻ-ǥ˙��ZT0
ȏ̸ɻ-��(�ǁƅ-ēƧ�Į�%"̺Student’s t-test, p<0.05, n=8üɻ̻
̺ė 27 	̻6"�ZT0 ȏ̸ɻ)/þƺÖȏ̸.ňȒɻ*.̈-��ȳȘ-��
(ǁƅŕCˁ8?.-ň�̺Student’s t-test, ̸ƛ� : p<0.05, ��:7 :  
p<0.01, n=8üɻ̻̺ ė 27 �̻ZT12ȏ̸ɻ-��(/ňȒɻ*.̈-ǁƅŕCˁ
8,�%"	 
 

 

 
� Əðƽ̜-<?̸Ǫĳ˹ȟƧ.īä-ƽ̜ƺÖ.ŭ̟�
?�+��Cǖʸ

�?"8�PBS -<?̸ʍǲǵǹCēõ��ǬǑ.ĦƐǛǈC®ʮ�(�ɨʇ
.ɪɸĺȷʽ³Cʾ7"	����OVAɻ�ňˑɻ+$=-��(9̸Ǫ�-
ĳ˹ȟCˁ8,�%"	ǖʸ."8-/�̸ǪƘöǰ.�=,?ƣʙ�Żʯ*

ɿ�=@?	 
 
4) IL-4, IL-5, IL-13, INF-�ȁĿ 
� ̸ɣʑ�<1�̸Ǫ. IL-4�L-5�IL-13�INF-�»/�OVA Ɔ®ɻ�ňȒ
ɻ+$=9ǖÌ»¢�)
%"	ʦǽ IL-49�ɻ*9-ǖÌ»¢�)
%"	 
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5. ɿŇ  
 
� 4�̫.ǘƲƺʷ/ SCN -
?�Ǐƺʷ*Æ˗.ǚ
,ɪɸ-ĸě�?Ǉ

ǔƺʷ�=ƈ? 7	ǈŀ̲)/�vIX̸ɣʑ-Ǉǔƺʷ�ĸě�?�*Cƶ=

�-���=-�̸ɣʑǇǔƺʷ.ǘƲ�Yx� DEX-<%(©Ⱦ²ĸſ.©
ȾīäCɊ��*Cƺʷ˴§Ķ.ȵÂ�u�]�ɥCȥ��Ñ8(ǖʼ�"	

̸ɣʑ PER2::LUC ȵȞ�Yx.l�P©Ⱦ/��ʴȷƼǄ×ê-ˁ8"	�
@/Ãȯǐʚ;qPCR)ȁĿ�"mRNA.ȵȞ».ɬǎ*ýʕ�?9.)
%
"	̸ɣʑǇǔƺʷ.ǘƲ�Yx/��ǧˬɪɸ.�Yx*̫¨�(�" 15	

ʅ.ǘƲƺʷ/P~~ɨʇ-ĸě�?*Ĥą�@(�> 16�P~~ɨʇ/ʅT

�mEP]�b-̫¨�"ɣǹCÎǯ�?�*)�ɨǧɝƢ.�ȹɪɸCĭȷ

ÕȊ�=¶ˏ�(�?*ʶB@(�? 17,18	6"�P~~ɨʇ�=Îǯ�@?

RzMH� CXCL5.ǘƲ�Yx��ʅ.Ȏȳôż-��?ƹįŕCȣ7Ì�(
�?*.Ĥą9
? 19	ǈŀ̲.Ãȯǐʚ.ɬǎ�̸ɣʑ�ȹ- PER2 ̑ſɨ
ʇCˁ8"	̸ɣʑ�ȹ/ȣ«�ĈăC��(Żȑȷ-÷�?ȖȠȷ�äĺȷ

ÕȊ��<1Ȳð«�=˗«CĻ?ǀ×ɴ)
>�̸ɣʑǇǔƺʷ.ʯ*,?

�*��Ƅ�@?	̸ɣʑ�ȹ�̴ƕś.ƺʷ˴§ĶȵȞ�YxCɊ��*/�

ȣ«�ȡħ.ĆǄſC�ȁ�(ȣ«̋ŵCʧ%(�?*ɿ�=@?	 
 
F��O�ȳȘ.ǘƲ�Yx* .yMeYx 
� Ƀɀʳ˺�«Ȁ�ʦĚC/�8�ȣ«.4*D+.ȣȠǝʈ/ȣȖƺʷ-̱

â�@?ƶɄ,ǘƲīâCɊ�	ǚ
,ȱȲ.ȳȘ-9ƶɄ,ǘƲ�Yx�ʰ

=@? 20	ʤʦſźȱƁ.ȵȳ/ǃƯ-̗���̉ ɞ�Iv^/ǃ-ĨƂ�?	

F��O�ſȱƁ9�ȵȳ-ƶɄ,ǘƲ�Yx�
?�*�ù��=Ʌ=@(

�>�ʠ̷Ȱ/į-�ǧɝƢďƀ/įê�=ƶ�Ư-ȵȳ.l�PCɊ�	�

Ư�F��O�ſ̸ȎȳȘ/�į̈�=ÌȞ�ƴǃǀ9ĨƂ�? 1,2	�VmJ

~�[�u�]�.ŊÅ-<>��Ǐƺʷ. SCN#�),��ȣ«.üʒđ�
Ģ̮�)ƺʷ˴§ĶȵȞ-ƶɄ,ǘƲ�YxCɊ��*�=�Ǉǔƺʷ.ĸě

�ƶ=�*,> 21��@=Ǉǔƺʷ�ʒđȗȭȷ,�YxCȵȞ�?�*)�

üȣ«ǝʈ�YxCȣ�?˼ʯ,ŮÛC9&�*�Ò�%(�"	Ǉǔƺʷ/�

ĭȪ. 24ƺ̈ĆǄ.ƶƼTHP�-þˇ�"�Ǐƺʷ SCN-<>©ȾˇɞC
÷�?�� .ǝŢ*�(/üǇǔƺʷ��SCN-<>ˇɞ�@"s�z�;
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ʔŰɍɫɥ.ǘƲ�Yx-ôż�?�*�ɿ�=@(�? 22	�=-�üǇǔ

ƺʷ/ @!@ʜŝȭ,?ÇĔſĆǄC9&"8 14�ü
�ʒđȗȭȷ,�Y

x©ȾCɊ��üʒđ.ȣȠǝʈ-ȗȭȷ,�YxCȣ�?*ɿ�=@?	�

"�%(�þ�F��O�ſȱƁ)9�ȹʐ�ǧɝƢ� �(̸ɣʑ.Ǉǔƺ

ʷ�ȭ,?©Ⱦ)ôż�?*ɿ�=@?	ǀ˝.ɇɖ)/�IgE Ə«-<?ʃ
ȃɨʇʊ̧ɢôż)
?÷âğȹʐF��O�ôż̺passive cutaneous 
anaphylaxis: PCA̻-/ǘƲ�Yx�
>�˽ȣğvIX-��? PCA /�
ʴȷƼǄ-ª�,?*��Ĥą�
? 23	PER2CȤȣ)�,� Per2īȭvI
X;ÚʌƠÌvIX-��(/�PCA . 24 ƺ̈īâCˁ8,�%"	�@=
.ɬǎ/�ʃȃɨʇ. IgE ²ĸſʊ̧ɢôż/�Úʌ�=.ĆǄȷ,Q�SS
�^SHcÎǯ�ʃȃɨʇ.ƺÖ²ĸȷ,Q�SS�^SHc-ň�?ôżſ�

.+$=��
?�/�ƯC˥�(�ƺʷ˴§Ķ Per2-<%(Ôŵ�@(�?
�*CɊČ�(�?	 

 
Q�SS�^SHc-<?Ǉǔƺʷ.þˇ 
ǈɇɖ)/�̸ɣʑ.Ǉǔƺʷ�Q�SS�^SHc-<>þˇ�?�*C

ƶ=�-��©Ⱦôżƾɴ.Ŭ�=�ʦ�Q�SS�^SHc�̸ɣʑǇǔƺ

ʷ.ÇĔſþˇĔĶ)
?úʈſCŪ�ɊČ�?ɬǎCŴ"	HPAɥ.ǳâ-
/ǘƲ�Yx�ĸě��vIX-��(/�Q�SS�^SHc�ĬƯ-�Ƶ

�?ƶɄ,ǘƲ�YxCɊ��*/�SCN.�Ǐƺʷ.ȵʰ¢×�=Ʌ=@(
�?	SCN.ÌÝɴɰ�ł¾Ǔ Corticotropin Releasing Hormone̺CRH̻Ȥ
ȣɨʇ.˝¾-ɩB%(�>�SCN .Ɉĩ) HPA ɥ.ǘƲ�Yx�Ǹı�?
"8�SCN � CRH ýƈCȽƙÔŵ�(�?úʈſ�̴� 24	Q�SS�^S

Hc/̴ƕś)ļĿ�"ǘƲ�YxCɊ��*�=��Ǐƺʷ�=Ǉǔƺʷ2

*·ûCˡ?ǹſ§˭Ȗ˔)
?úʈſ�ǖʸ�@(�"	�ŀ�ʂʒ;ɴɰ

ʛɨʇ,+.Ǉǔƺʷ)/Q�SS�^SHc-<%(ƺʷ˴§Ķ�Yx�©

Ⱦī©�?�*�ƶ=�-�@(�" 25	Q�SS�^SHc/�Į�.Ǉǔ

ƺʷ.þˇĔĶ)
?*ɿ�=@?	 
 
̸ɣʑǇǔƺʷ.©Ⱦôżƾɴ.ȗŹ 
ǈŀ̲.ɬǎ�=�Q�SS�^SHc�̸ɣʑǇǔƺʷ-*%(9�ŪÝ

,þˇĔĶ)
?�*�Òƶ�"	Q�SS�^SHc<?̸ɣʑ PER2::LUC
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ȵȞ�Yx. PRC/�ex vivo�<1 in vivo+$=-��(9�Š�©Ⱦűˠ
Ⱦ*ǥ˙ȷȚ�©Ⱦ×˩Ⱦ�=ƈ>ɘ%(�?	PRC.İ��*Ŭ/�üȣȖ
ƺʷ.ūʿþˇĔĶ-<?þˇ.ɟĖ*ǚŧCɊ�(�?	©Ⱦ×˩�<1ű

ˠôż*9-ɦ 12ƺ̈.İ�,ī©CɊ�PRCC̽ğPRC*Ĉ1��.ĥý�
+.©Ⱦ-þˇĔĶ�®ȥ�(9©Ⱦôż.ɬǎþ�©Ⱦ-ī©�?	�ē.

̸ɣʑ�Yx/�©Ⱦűˠ/̽ğ PRC-æƩ�?İ��)
%"��×˩Ⱦ�
ŋ��̝ňɒſ)
?	ex vivo)/ǀİ©Ⱦűˠ�ɦ 11ƺ̈-ó1��Ť.
ÕȊ)�Yx©Ⱦ.ˣ˘6)Cȣ�?�*CɊ�(�?��ǀİ©Ⱦ×˩/ɦ 7
ƺ̈)
?	�=- CT15). DEXƎ�)/�CT18*ǁƅŕ.,�©Ⱦ×˩
�ɉˁ�@"�*�=�PRC.Ŭ.̝ňɒſ/�ȁĿ©Ⱦ.�˖-<?9.)
/,�	 
�Ư��ē. PRC.Ŭ/ÂÕȊ-<?vIX.ʧâ�Yx. PRC.ɬǎ-
̫¨�(�? 26	vIX.ȣȖƺʷ.ÇĔſĆǄ/ 24 ƺ̈<>9Ɇ�	6"�
̸ɣʑǇǔƺʷ.ĆǄ9 22.7ƺ̈)
?	24ƺ̈<>Ɇ�ĆǄ.ƺʷ/�þˇ
ĔĶ-<%(©Ⱦűˠ�?�*) 24ƺ̈-þˇ�?	�."8�ȡħ. 24ƺ
̈ĆǄ2.þˇ."8-/�©Ⱦ×˩/4*D+�ʯ)
?�Ư�©ȾűˠȾ

.İ�� PRCC9&�*/ǁÓ)
>��ē. PRC.Ŭ-/Ĝ�. 24ƺ̈Ć
Ǆ2.þˇ-˱�"ƺʷC9&�*Cƅć�?	vIX.ʦȉQ�SS�^S

Hc»/ƶǄűê�=ƼǄ×ê̺ ZT10�=ZT14 -̻��(̴»*,>̺ ė 20 �̻
�ēŴ=@" PRC.Ŭ)/��.ƺÖ- DEX-<?©Ⱦűˠ�ʰ=@?	Q
�SS�^SHc-<?PRC.Ŭ*ÇĔſQ�SS�^SHc.�Yx/�ʕ
�(�>�ÇĔſQ�SS�^SHc�̸ɣʑǇǔƺʷ.©ȾCˇƨ�? SCN
�=.þˇĔĶ)
?úʈſCɊČ�(�?	 

 
ex vivo PRC * in vivo PRC .Ⱦˮ 
�ē.ŀ̲)/�ex vivo* in vivo. PRC.Ŭ�ƕś-ŕȭ�ˁ8=@"	

PRC.Ŭ.ŕȭ/�©ȾűˠȾ�=×˩Ⱦ2.ɓʧȏ̺Crossover point̻-7
=@�in vivo PRC� ex vivo PRC-ǥ˙��ɦ 6ƺ̈űˠ�(�?̺ ex vivo PRC
) CT12* CT18.̈�in vivo PRC) ZT18* ZT24.̻̈	ƕś��,B$
©Ⱦī©.İ��-&�(/�©ȾűˠȾ9×˩Ⱦ9�in vivo PRC� ex vivo 
PRC-ǥ˙�(ŋ��	in vivoŀ̲)/�ƶƼTHP�ȡħ.�)vIXC̭
ʄ�(�?�*�=�SCN.�Ǐƺʷ�=.�Yx·û-<?ŭ̟CȐʲ)�
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���@� DEX.̸ɣʑƺʷ-ň�?®ȥ-¬=�.ŭ̟Có5��©Ⱦī©
.İ��; crossover point.©Ⱦ-ŕȭCȣ���"úʈſ�ɿ�=@?	6
"�Ģ̮ơ® @ʔ«�©Ⱦī©Cȣ���?ɪɸ9
>�ex vivo PRC .
crossover point�ʜŝ×˩�"úʈſ9āĿ)�,� 27,28	"#��ǈɇɖ)

/�Ģ̮ơ®�ɪɸƘöƺ̈-²ĸ�( PER2::LUC �Yx©Ⱦ-ŭ̟�?ú
ʈſC̏ñ�?"8�ɪɸƘöƺ̈C�Ŀ-�(�?	6"��ēȁĿ�@"

PER2::LUC�Yx©Ⱦ��qPCR-(ʵǍ�"�Yx©Ⱦ*�ʕ�(�?�*
�=�̸ɣʑ PER2 �Yx©Ⱦ-Ģ̮ơ® @ʔ«�ŭ̟�"úʈſ/ª�*
ɿ�=@?	PRC.ƕś.ŕ-&�(/��ʘȷ- ex vivo PRC/ in vivo PRC
.ƕś<>˰�-İ���*�Ʌ=@(�? 25,29	�.ŕ/�in vivo-��?
ȣ«VX`x̺̒Őſƕâ«.f_b��P̻�ɪɸVX`x̺ƕâɨʇf_

b��P̻.ĸě��˫İ,VmbCƍÔ�(�?úʈſ�ɊČ�@(�?	

�Ǐƺʷ)
? SCN )/ƕâɨʇ̈-Ū�f_b��P�ĸě���."8�
¹
.ÇĔſɨʇƕâĆǄ�İ��ȭ,?-9̉B=��đľĢ̮)/̄Ǆ-

ǿ>ɨʇƕâ�þǄ��ɪɸ*�(ļĿ�"�YxCȵƕ�?�*�Ʌ=@(

�? 30-32	SCNÇ.ƕâɨʇ̈f_b��P�˫İ,©Ⱦī©;�ȀŤīä-
<?©Ⱦī©CƍÔ�(�?�*��`b�cbNV�-<?f_b��P.

˲ƭ;�üɕƺʷ˴§Ķīȭ«-<?ǖʸ.ɬǎ�ƶ=�-�@(�? 33-36	 
 
Q�SS�^SHc©Ⱦˇɞ.Ǝ�ǰ*ȥ˾²ĸſ 
�ē.ŀ̲)/�Į�.Áʧɇɖ-<?ƃĤ�ːņ, DEX .Ģ̮ǹ�2.

Bath application -<> 25�Q�SS�^SHc-<?�Yx©ȾˇɞCǖʸ

�"	ĢĜ�Ɲ/� @#�)ǒä�@"ɨʇ;Ǉǔƺʷ.©ȾCī©��?

�*�Ʌ=@(�? 22,29 	 .̔�Ģ̮�)Ǹ˒�@?Ģ̮ǹ�.Q�S�X

ȋŤ 37�Ģ̮�-īä�?úʈſ.
? pH38;ǷˤĚ 39�©Ⱦī©.VQd�

*,>�?�*9Ĥą�@(�?	 �)�Ģ̮ǹC�Ɲ�?�*,��Q�

SS�^SHc.Ǝ�Cʧ%"	Ģ̮ǹ�). DEX .êǾǄ/�ƶ)
?��
12ƺ̈˝�İ�,©Ⱦīä)
%(9�ɓʧǄ�7=@��ī©��Ʋ¢Ç-
ÌȞ�"ű/ļĿ�"�YxCɊ�"̺ė 14C̻	�.ŀ̲ɬǎ�=��Yx
©Ⱦ2.ŭ̟/ DEX Ǝ�Ƚű-ÌȞ�?*ɿ�=@?	DEX -<?©Ⱦôż
/ DEX.ȋŤ-²ĸ�?	����ȥ˾²ĸſ/�©ȾűˠȾ*×˩Ⱦ)ȭ,
?�*�Î�%"	10-7 M. DEXƎ�)ǀ9©Ⱦ×˩�" CT18-��(�10-8 



 
 

38 

M . DEX )/ǁƅ,©ȾôżCˁ8,�%"	�Ư)�10-7 M . DEX Ǝ�
)ǀ9©Ⱦűˠ�" CT12-��(/�10-8 M. DEX)9 10-7 M*45þɔ
Ť.ǁƅ,©ȾűˠCˁ8"	�.<�, DEXȋŤ-<?©Ⱦôż.Ⱦˮ�=�
DEX-<?©Ⱦűˠ*©Ⱦ×˩/�ȭ,?ǝŢ-<%(ȣ�(�?9.*ƚȁ
)�?	ÂÕȊ-<?©Ⱦűˠ*©Ⱦ×˩9ȭ,?ǝŢ�ƄĿ�@(�>�ȭ

,?§˭Ȗ˔;ɨʇÇƃĤ§˭ɥ.̉�.úʈſ�ɊČ�@(�? 40-42	 
 
Q�SS�^SHc¢ĭ.þˇĔĶ 
� ƅĭ,�*-�ÚʌƠÌ/Ģ̸̮ɣʑ.ǘƲƺʷ©Ⱦ-�4*D+ŭ̟C�

�,�%"	Áʧɇɖ-��?ÚʌƠÌ-<?ǘƲ�Yx2.ŭ̟/�ɪɸ�

<1˴§Ķ-<%(ȭ,>��Ğ«�ʅ�SCN �<1 SCN ĭ.��&�.ʋ
ɪɸ.ƺʷ˴§Ķ�Yx-/4*D+ŭ̟�,�*��Ĥą�
? 43-45	6"�

ʂʒ-��(ǘƲīâCɊ�ɦ 200 .˴§Ķ.Ç�ÚʌƠÌ-<%(ɦêƧ.
ʂ¡ˋ-̉B?ǚ
,˴§Ķ.ȵȞǘƲ�Yx�Ǹı�"��ʵǍ�@"�3

(.ƺʷ˴§Ķ�<1ƺʷ̉˧˴§Ķ.ȵȞ-/ŭ̟�,�%"*��Ĥą9


? 46	�@=.ɬǎ�=�ÇĔſ.X`�Hc¢ĭ-9��Ɔɍɫ�=Îǯ

�@?g�Fc�d��ɛ��Q�SS�^SHc.ĸě�,�ȘǮ�-��

(�¡Àȷ-ƺʷCˇƨ�?ŮÛCǎ"�(�?9.*ƚȁ�@? 47	ʂʒ-

��(9�Q�SS�^SHc�ŪÝ,þˇĔĶ*�(®ȥ�?�Ư�Fc�

d��Ǝ�)9ƺʷ˴§ĶȵȞ�YxCī©�?�*�Ĥą�@(�? 47	6

"�̩�ʏǇǔƺʷ/�Į�.Ǉǔƺʷ©ȾCVmb��?ĆǄȷÔ̍ɭ̯-

<%(9�Yx©Ⱦ�ī©�,���̩�ʏCƢ˶�(�?�Ɔɍɫɞ)
?

�̦ɍɫɞCÏ̏�?*�ŅƷ-ĆǄȷÔ̍ɭ̯-<>ī©�?�*�Ĥą�

@(�? 48	ƺʷCˇƨ�?�ɪ7�ƧĮ�ĸě�?�*/�¹
.̕Ń�


%(9̸ɣʑ.ǝʈ.ǘƲ�YxCɰƓ�?�*�úʈ*,?"8�̸ɣʑǘ

Ʋƺʷ-*%(ǁȻ*žB@?	�Ư�̸ɣʑǇǔƺʷ�ÚʌƠÌ-<%(ș

ʔ.ÇĔſĆǄ)m��~��� .ĆǄ� 24 ƺ̈-Ǘ8(˝�%""8�2
˨̈ű.�Yx©ȾȁĿ)/ǁƅŕ�Ì,�%"úʈſ/ĽÆ-/āĿ)�,

�	�.úʈſ.ǖʸ/�<>̄Ǆ̈.Úʌȹ˔ƠÌŀ̲;ʲ�ò�ǓɈĩâ

ȖCȥ�" DEXþˇŀ̲-<>úʈ*žB@��ű.ˆ̨)
?	 
�  
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Q�SS�^SHc.̸ɣʑǇǔƺʷ2.®ȥǝŢ 
ǈŀ̲.ɬǎ)/�̸ɣʑ. GR mRNAȵȞ˾- 24ƺ̈īâCˁ8,�%
"̺ė 12̻	�."8�DEX-<?©Ⱦ²ĸſ.©Ⱦī©/�ì-ɨʇÇ GR
�q�.ǘƲ�YxCôƸ�(�?B�)/,��ǘƲ�Yxȵƕ.ɨʇÇy

MeYx)
?ƺʷ˴§Ķ.˘ÈɾʻʔŰȵƕÎĶmG�ci_P��o̺S

F��o̻-®ȥ�(ȣ�(�?*ɿ�=@?	�Ư)�GR.ǝʈ�<1� 
.�ǴĔĶ.ǘƲ�Yx96"�ʭ˖ȷ-©Ⱦ²ĸſ-ŭ̟Có5�(�?ú

ʈſ�
?	Per2 .o�z�]�-/Q�SS�^SHcôż̤ġ
̺Glucocorticoid response element: GRE̻�ĸě��Per2�ĆǄȷ-ȵȞ�
(�?̈/ GR �ɬý�(�>�Q�SS�^SHc-<?ƺʷ˴§Ķ.ˇƨ
-˼ʯ,ŮÛCǎ"�(�?*Ĥą�@(�? 49	Q�SS�^SHc*ɬý

�"ǳſğ GR/�ȓV}_P]�jP˔Cʵ̙�(Ǔ-ɓʧ��Per2o�z
�]��. GRE-ɬý�(�Per2.˘ÈCµ˩��?	Per2.˘Èȝ�īä
�?�*)�SF��o-��?˘È�Þ˦6"/Ǿ˦�� @-<%(�Y

x©Ⱦ�ī©�?�*��ȁ�@? 50	 
ǈŀ̲)�̸ɣʑ.�Yxƕś/ DEX Ǝ�ű-ēŶ�"	DEX -<?ƕś
ĨŪ.ǝŢ/�ƶ)
?��ƕś.Ǿʫȝ� DEXƎ�×ű)īä�,��*�
=� .Ĩśáǎ/̾ĆǄ¢Ç)Ǹı�?*ɿ�=@?	DEXƎ�ű.Ǿʫȝ
/�Ģ̮ÑǄ.Ǿʫȝ*ǁƅŕ�,��*�6"�DEX . PRC �45̽ğ�
7.İ�,ƕśCɊ��*�=�Ģ̮�)ʊþˇ�"¹
.ɨʇƕâ� DEX)
�ƫ-þˇ�"�*��ƕśĨİ.ʯĔ*ɿ�=@?	,��DEX-<?ƕś
ĨŪ-©Ⱦ²ĸſCˁ8,��*�=�Q�SS�^SHc.ɨʇÇƃĤ§˭

ɥ/ǘƲ�Yx.ŭ̟C4*D+÷�,�*žB@?	 
 
̸ɣʑǇǔƺʷ.©Ⱦôż.ƺ̈ǭȴ2.żȥ 
X`�HcŎƊƎ�/F��O�ſ̸Ȏ.ǁá,ǭȴǰ)
>�ǭȴʢ.�

-/ 1 Ʋ 1 ē.¯ȥ)ǁá,9.9
? 51-53	̸Ē̛ȥX`�Hcʢ/«ŷȡ

-4*D+ăõ�@��ăõ�@(9˦;�-Îʵ�@�HPAɥ2.˼ɠ,Ú
®ȥ/�6)-Ĥą�@(�,� 54	�ē.ŀ̲�=�Q�SS�^SHc�

Ǝ�©Ⱦ-<≯ɣʑ.Ǉǔƺʷ©ȾCİ��Vmb��?�*�Î�%"	

̸ɣʑǇǔƺʷ/�ĭȪ�=.ȖȠ�äĺȷÕȊ;ŸȣȖƆǐ�=.�̋�Ż

ʯ*,?ǳâǄ-/ɣǹ.Îǯ;THbMH�.ǳſä-<>ȣ«̋ŵǳſC
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�Ƶ���¥ƀǄ-/ɨʇ¸ŶCʧ�,+�̸ɣʑ.ȣȠǝʈɰƓ-®ȥ�(

�?*ɿ�=@?	�."8�X`�HcƎ�-<>�̸ɣʑǇǔƺʷ��Ǐ

ƺʷ.�Yx�=�̙�?#�),���.Ǉǔƺʷ*9�̙Cȣ�?úʈſ

�
?	̸ɣʑ.ƺʷ�¹«.ǳâ*¥ƀ.�Yx�=�̙�?�*/�ȣ«

̋ŵ.ʴȏ�=9ĳ6��,�	6"�ƺÖCȐʲ�(X`�HcCƎ��?

*�̸ɣʑ.�Yx©Ⱦ�ī©�?úʈſ�
?"8�ǀ˱Ǝ�©ȾCƚĿ�

?�*�)�,�,?	ƺ̈ȣȠĺ.ʴȏ�=/�̸Ē̛ȥX`�Hcʢ.ǀ

˱¯ȥƺÖ/�©Ⱦī©�ǀŋ.ƺ̈Ř�ǂ6��	įʧſ.vIX.ĥý�

DEX -<?©Ⱦī©Cˁ8,�ƺ̈Ř/ ZT0-6 .̈�&6>ƶǄ×ê)
?	
�@/�ƹʧſ.kb.ĥý�ƼǄ×ê-Ⱦū�?	�.ɬǎ/�ăÅX`�

Hcʢ�ďƀ.ǭȴ-ǀ9áǎȷ)
?ƺÖ*�ʕ�? 55,56	�˱Ï,ƺÖ.

X`�HcŎƊƎ�/�̸ɣʑǇǔƺʷC�Ǐƺʷ;�.Ǉǔƺʷ�=ʊþˇ

��?��ÇȷʊþˇCɹ>˞��*)�ȱȲ.í̐ſ�̴6?*��Ĥą;

57�̴ ̹vIX-��?ǡ�ȝ�Ƶ,+�Ĥą�@(�? 58	˱ Ï,ƺ̈Ř).

X`�HcƎ�)�ȣ«.ƺ̈ȷɮýCɰƓ�,=ǭȴáǎCŴ?Żʯ�
?	 
 
F��O�Ɔ®.ȣȖƺʷ2.ŭ̟ 
� ǘƲ�Yxɇɖ)/�ļĿ�"ƶɄ,ʧâ�YxCɊ� C57BL/6J vIX�
ǛȄ*,%(�>��."8��ēȥ�" PER2::LUCvIX9��)- 13¡
¢�i_PP�XCʧ%(�=¯ȥ�(�?	�Ư�C57BL/6J ɥɮ/ IgE ª
˂Ŋſ)
>�F��O�Ɔ®ŀ̲)/­>ȥ�=@?�*�,�	ǈɇɖ-

��(9�OVAƆ®-<> C57BL/6JvIX9�ʦ� IgE�q��ǁƅ.�Ƶ
CɊ�"9..�̴˂Ŋſ. Balb/C vIX*ǥ˙�?*�˂Ŋ�q�/ 1/10
¢�)
%"	�Ư)�F��O�ſ̸ȎȳȘ-/ C57BL/6J* Balb/C*.̈
.ǁƅŕ�,��IgE �q��Ż��9F��O�ȳȘ.ɔŤCôƸ�(�,
��*CɊČ�?̺ė 21, 22̻	 
F��O�Ɔ®.̸ɣʑǇǔƺʷ2.ŭ̟-&�(/�ƺʷ˴§Ķ�q�.

ǖʸ-/�PER2::LUCvIX*Balb/C.F1�̘ɥCȥ��̸ ɣʑPER2::LUC
CȁĿ�?�*-<>ǖʸ�� .�.F��O�ſȳȘ.ǘƲīâ.ǖʸ-

&�(/�Balb/C˽ȣğvIXCȥ�(ǖʸ�"	ʗćǺ��*-�PER2::LUC
�Yx/�F��O�Ɔ®.ŭ̟C4*D+÷���ňȒɻ*ǁƅŕ.,��
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YxCɊ��ǘƲ�Yx.̣Ūſ�̸ɣʑ-��(9ɉˁ�?�*�)�"	

̺ė 24̻	 
� �Ư�Balb/CvIXCȥ�"F��O�ſȳȘ.ǖʸ)/�ƶɄ,ǘƲīâ
�ˁ8=@�ZT0̺ƶǄ̇Ĵ̻� ZT12̺ƼǄ̇Ĵ̻-ň�þ�.Əðƽ̜-ň
�(ȳȘĨƂ�ˁ8=@"̺ė 27̻	�.ĥý9�OVA Ǝ�ɻ.ʦǽ IgE »
-/ ZT0* ZT12-ǁƅŕ�,�̺ė 26̻�ʦǽ IgE»*ȳȘ*.�̙�ƶ=
�*,%"	ʦȉQ�SS�^SHc.ª�ƺÖ̺ZT0̻-ǥ˙��̴�ƺÖ
̺ZT12̻)/F��O�ȳȘ�ũ��*�=̺ė 27̻�ÇĔſQ�SS�^S
Hc.�q��F��O�ſȳȘ-ŭ̟�?�*�ƚȁ�@?	�.ɬǎ/�

˽ȣğvIX-��? PCA. 24ƺ̈īâ*9�ʕ�" 23	�=-�ǈɇɖ.

DEX-<?©Ⱦôż.ɬǎ�vIX)/ƶǄ×ê.Ǝ��©Ⱦī©Cȣ�,�
˱Ï,ƺ̈Ř)
?	�."8�ƶǄ×ê.X`�HcƎ�̺ƹʧſ.kb.

ĥý/ƼǄ×ê-Ⱦū̻/�ƺʷCVmb��?�*,��F��O�ȳȘC

ǁá-ǾŌ��?*ɿ�=@?	 
 
6*8 
� ǈŀ̲)/�̸ɣʑǘƲƺʷ.ˇɞǝǙCÑ8(ƜɊ�"	vIX̸ɣʑ.

PER2�Yx/�ex vivo�<1 in vivo+$=-��(9�DEX-<%(©Ⱦ
²ĸȷ-©Ⱦī©CɊ�"	DEX -<? PRC �=�̸ɣʑǇǔƺʷ/ÇĔſ
Q�SS�^SHc-<%(©Ⱦˇɞ�@(�?�*�ɊČ�@"	þ�ÕȊ

-ň�?̸ɣʑF��O�ȳȘ-9ƹįŕ�
>�ÇĔſQ�SS�^SHc

.ŭ̟�ɊČ�@"	X`�HcĒ̛ƺ̈ǭȴ/�̸ɣʑǇǔƺʷ.VmbC

ǀŋ̍-ƍ�?�*)�ǏǇǔƺʷ̈.ʊþˇC�̋�?ȏ)9�ȳȘ.ĨƂ

C˱Ï-�̋�?ȏ)9�vIX-��(/ƶǄ×ê.Ǝ���6"kb-�

�(/ƼǄ×ê�&6>ĬƯ.Ǝ��ƚĲ�@?	 
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6. ɲƒ�<1ɬˈ  
 
� ǈɇɖ�=Ŵ=@"ƮɅʰ/¢�.˥>)
?	 
 
1. vIXĢ̸̮ɣʑ-/�ʴȷƼǄ×ê-l�P©ȾCƓ& PER2 �Yx�
ĸě�"	 

2. PER2/̸ɣʑ.�ȹɨʇ�ʦɝÇȹɨʇ��<1ɍɫɩǇ-Ū�ȵȞ�"	 
3. ̸ɣʑ PER2�Yx/ DEXƎ�-<>©Ⱦ²ĸſ.©ȾīäCɊ��ƼǄ
×ê.Ǝ�)ǀİ©ȾűˠC�ƼǄűê.Ǝ�)ǀİ©Ⱦ×˩CɊ�"	 

4. DEXƎ�-(�PER2�Yx.ƕśēŶCˁ8"��ēŶȝ-©Ⱦ²ĸſ/
ˁ8,�%"	 

5. DEX -<? PER2 �Yx.©Ⱦôż-/ȥ˾²ĸſ�
%"�� .ɔŤ
/©Ⱦ×˩*űˠ)ȭ,%"	 

6. ÚʌƠÌ/Ģ̸̮ɣʑ PER2�Yx.©Ⱦ�ĆǄ�ƕś-ŭ̟C��,�%
"	 

7. F��O�ſ̸Ȏ/Ģ̮ɣʑ PER2�Yx.©Ⱦ�ĆǄ�ƕś-ŭ̟C��
,�%"	 

8. F��O�ſ̸ȎȳȘ/�ƶǄ̇Ĵ.Əðƽ̜-��(�ƼǄ̇Ĵ.ƽ̜<
>9Ū�ȣ�"	 

 
� ǈɇɖ/vIX̸ɣʑǇǔƺʷ.ĸěCƶ=�-���=-̸ɣʑǇǔƺʷ

�ÇĔſQ�SS�^SHc-<>©Ⱦ²ĸſ-©Ⱦˇɞ�@?�*CɊ�"	

Ǉǔƺʷ*�Ǐƺʷ.ʊþˇ-<>ǚ
,ǝʈ̕Ń�ȣ�?"8�̸ɣʑǇǔ

ƺʷ2.ŭ̟Cǀŋ̍-�?̸Ē̛ȥX`�Hc.Ǝ�ƺÖ/�kb.ĥý/

ƼǄ×ê�&6>ĬƯƎ��ǂ6��	�.ɬǎ/�ďƀ.ǭȴ-ȥ�?ăÅ

ȥX`�Hc.ǭȴáǎ.̴�ƺÖ*�ʕ�?�*�=�ǭȴáǎ�<1Ú®

ȥ.ȏ�=9ǀ˱ƺÖ)
?�*�ƚȁ�@?	ǈɇɖ-��(�ǘƲ�Yx

-ɂȼ�"ƺ̈ǭȴ-<>�Ʊĸ.ʢȖCáǎȷ-Óȥ�(F��O�ſ̸Ȏ

.áǎȷ�̋�ǭȴǰCƜɊ�"�*/�İ�,ƅɼ*ɿ�?	 
� �ű.ˆ̨*�(/�Q�SS�^SHc¢ĭ.þˇĔĶ.ĸě.ǁȐ;�

̸ɣʑǇǔƺʷ�̸ɣʑȣȠǝʈ-+.<�-̉��(�?�C˟ǫ��ŀʓ

š).ǁáſCǖʸ,�@0,=,�	  
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7. ˋ˛  
 
ǈɇɖCʧ�-
">�ɇɖ.ǝ¦C��(̠��ĺ©ˈƪ®ƈ.ŵƔŊC

̠�6�"ɎȦˉƦƗ-ɠ�ŵɋȨ���6�	6"�ȽƙŵƔŊ���6�

"��ʬȔÁȣ��<1�ǈ̈ɇ�ÿˀƦƗ�ǈ̈�*ȗ¤ƦƗ-ź<>ŵɋ

Ȩ���6�	6"ŀ̲Cʧ�̔�ƧĮ�.ßʶ*ëÝC̠�6�"åǶˬİ

ĺİĺ̎çĺɇɖɏƳƺ̈ȣȠĺÎ˽�Ƴ˧ƞɇɖZ�]�ÂHy�W�Q˵

̅� �(ƺ̈çĺˊť.Æ(.ȸǚ�ɪɸǛǈ®ʮ.ƔŊC�(̠�6�"

ǠĺɇɖɏøʍȲƇĺˊť.˩ʣǟ·ƦƗ�åǊĊ�Áȣ-ź<>ƆˋȨ��

�6�	 
ǈŀ̲-¯ȥ�"PER2::LUCg_PH�vIX/ɡęNorthwesternİĺ.

Dr. J.S. Takahashi̺Ȟ University of Texas Southwestern Medical Center Ʀ
Ɨ̻<>Ɯ±̠�6�"	6"ǈɇɖ/�ƪ˵ɏĺȿÁəʥýɇɖ�ǆǌÜʢ

çȴHgq�V}�ƑȏŬƈo�WJPb��Ʋǈĺʨƕʗ¦ɏĺɇɭ˒ʭß˿

̺No. 24390055�ǈ̈�*ƦƗ̻-<?ßƈC÷�6�"	  
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