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ǬȘ 

 

� ƈ9ɈŲ�ĸLĢã(IɃȔ7óč9ɰ18ɮ¶į7ƈëǣǮ�Ŕ#GJI�

�4Cɮƈ9ëô8Ď÷(IȖÕ&-ƈǷǣǮ:ɮáǽȎƯ9ǧŒDńŻ�ɏ

8ŰË7ƭāLřª(I."47!ɮȺÏ7~VmV�aj�a�GƈëǣǮ

LđHɮɈŲƼ8Ēē&-�ĸLC-G(-B8ĽȔ4�I5ǳ�GJ3�I

1-5)�+9-Bɮƪ÷9ƈǌȁĬ8��3:ɮȖÕ&-ƈǷǣǮ�ƘĚ��Ȯ&

-ÿå8:ɮáȈǛǿ76�GȖÕ�ƽLǎſ(IȹəƈǷİǎſȍ�ȌKJ

3�I�ɮǎſƣŖàȿ¢9ȍĸƵƸDÆȋ�łǴ9ć 7ȆƸ57I��ɮ

ǣǮ9ăƉ�ńŻǗ9å§ƷƻƯƩCɩ� 6)�?-ɮȂĤǣǮǎſ8«Ď&7�

ÃƯƹƑ:ǈǖ%J3�G)ɮFH£ȓɮǚ®�1ǈĔ7ƐƹƑ9Ɋƻ�ű

?J3�I�ɮŴ.áǽǛǿ�ƽ9ȖÕÌĻ~Vmb}:×Ç8Ƭȗ%J3�

7���

� ýĭǿ5:ɮ�ƽǣǮ5ɋȇǣǮ9ɋ8ĵň%JIǡǹą{j�gYa9Ɓ

ȵƥ4�Hɮ�5&3ɮ�ú\��[�ɮ�|m�ɮq��V�ɮmk`S�

8FHƁň%J3�I�ýĭǿ:ɮ�ƽǡǹ9Ȯÿ5&3¹ ɮ�ƽǣǮ9ƅ
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ǺDȀð9ŁħŀǧŒ8ɌK03�HɮǣǮDȀð8F03+9ƁňÇč�Ƴ

7I7-10)�ýĭǿƁňÇč9�14�I�ú\��[�:ɮ319�Ɇ�triple 

helixƁȵLé&11)ɮƂ�7ǣǮ8Çĥ&3�I�α���Ɇ:ɮα1���-α6���96

ǐɥ�G7Hɮ+9ǣ@åK*:ɮα1/α1/α2ɮα3/α4/α5ɮα5/α5/α69319Çč

&�7!ɮα1/α1/α2:�GEIýĭǿ8ī!Çĥ(I98Ę&ɮα3/α4/α55

α5/α5/α6:ǣǮƦƳŀLŰ&ɮ©�;ɮα3/α4/α5:ǝƫ¥Dy�{�ñɮƎŮ¥

8Ď÷(I�+9-BɮCOL4A3ɮCOL4A4ɮ�F<COL4A59Ƚ�čƶł4

�IO�z�jƷ³ǲ:ɮǼƅǺɗĖDǁǌƼƳħLé(I$5�ǄGJ3�

I12, 13)�$9F�8ɮýĭǿ9Ɓň8ĄÕ�Ư'J;ɮȀð9ƅǺ8Cć 7

ĄÕ�Ư'I$5�GɮȖÕǛǿ�ƽ5ɛȖÕǛǿ�ƽ:Ƴ70-ýĭǿƁň

Çč8FHƁň%J3�Hɮ$JG9ƁňÇč9ȼ��ƈǷ9ȖÕ8Ɍ�&3

�IâǺŀ�Řƛ%JI� 

� +$4ŵǅǓ4:ɮáǽǛǿ�ƽ9ȖÕÌĻ~Vmb}��Ū4�IƠ�G

ȖÕ�ƽ4�IáȈǛǿ5ɛȖÕ�ƽ4�IɢǛǿ9ýĭǿ8�"I�ú\�

�[�9ƻƪƂıL¿ƴǣǮĐƼŊƑLư�3ǨǱƼ8ȗŹ&ɮα5/α5/α6 �Ȗ

Õ�ƽ9ýĭǿ8ɩƻƪ&3�I$5LŪG�8&-�?-ɮCol4a6Ƚ�čƆ
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Ŝ (Col4a6-KO){RaLư�-ȗŹ�F< in vitro8�"IƅǺȗŹ8FHɮ

α6ɆLçAα5/α5/α6Çč�áǽǛǿ�ƽ9ȖÕ8��3ɃȔ7ÌĻóč9�1 

4�I$5LŪG�8&-94þê(I� 

�

�

Ŷţ7G<8ťƑ 

�

	��ÓƥĔɧ�i��

� (>39ÓƥĔɧ:ğĞćĐÓƥĔɧċí�9ŋȟ��OKU-2016495, 

OKU-2017051�9C5ĔŦ&-�C57BL6/JĉČ{Ra5 8ȶɪɘŀ{Ra:ɮ

ŧŵY�OŽı�ǋ��Ÿ�ɮŧŵ�FHȪÀ&¨ư&-�?-ɮĔɧ8¨ư&-

Col4a6 Ƚ�čƆŜ  (Col4a6-KO){Ra9¦ȒŊɡL��8ǚØ8ǉ(�

Col4a6Ƚ�č9 Exon 25 Intron 2LnU{Q_�ǵŀȽ�č4ǰŚ&-e�

[ghP�ZxYe�L¦Ȓ&ɮESǡǹ=T�Yj�z��_��Ƒ83ęÀ

&-�$JG9xYe��ęÀ%J- ESǡǹL]^�u�ghP�ZƑ8FH

aY��m�Z&ɮǀæǣŚ�¥9 ESY���Lĺ-�$JG9ǡǹ�Gu�
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aj_ajƓÀƑ8FH¦Ȓ&-W~�{RaL�Q�Õ&ɮC57BL6 Ǟǥ=

9pgYY�aL 	� òĔŦ&-{RaLư�3�ŵĔɧLȌ70- 	����

�


��HE Żȅ�F<¿ƴǣǮÕĐŻȅ�

� w{jW_���TU`�ŻȅɬHEŻȅɭ8:ɮ4% paraformaldehyde (PFA)

4öē&ɮXɁ�YT�Ɂlj�R}ƎƝƕɬ22.5% XɁɮ10% YT�Ɂlj

�R}ɭ8F03ĕƚ4ǟɵŧɋǻƞ&-{Ra9ȝţ�G¦Ȓ&-Ú% ��

9q�tP�ÈƣLư�-�?-ɮ¿ƴǣǮÕĐŻȅ8:ɮġŵƑ 	��	��8FH

¦Ȓ&-ɛǻƞÅǤÈƣLư�-�(7K/ɮ{Ra�GŖà&-ȝţL

cryoembedding medium (SECTION-LAB Co. Ltd, īĠ, ŧŵ)Lư�3ÅǤÔ

û&-ĸɮȝţ9ȏɜ8Ǜǂŀ9tP�}LȧH�"ɮe�Zah�lQt4 5 

µm9Ú%4ÈƣL¦Ȓ&-�Èƣ:Ocj�83 20Çöē&ɮ¿ƴǣǮÕĐ

Żȅ83ǣǮĐƼȜ¬LȌ0-��ú\��[�9¿ƴǣǮÕĐŻȅ:ȺÛ9

þê8ý2 ĔŦ&- 	���(7K/ɮ�Ocj�83 20Çöē&-ÈƣLɮ1�% 

BSA (Sigma, MO, USA)çŰ 5 % Goat serum (Life technologies, Tokyo, 

Japan )4 1 Ŭɋu�gW�Zĸɮ�Ƈō¥L 4 �4�ŭÞľ%*-�Anti 
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Cytokeratin 10 antibody (ab76318, 1ɷ1000ɮAbcam, Cambridge, UK)ɮ�F

<ɮğĞćĐ9¤ƙ½Ư�Gª�ɠ�-ō�ú\��[�ō¥��α1 ɹH11ɺɮα2

ɹH22ɺɮα3ɹH31ɺɮα4ɹRH42ɺɮα5ɹH53ɺɮα6ɹB66ɺ)L�Ƈō¥5&3

ư�-��ú\��[�9ō¥9�/ɮH22: 50²8Ħɂ&ɮ+9�:(>3

	�� ²8Ħɂ&3¨ư&-�%G8ɮH11ɮH22ɮH31ɮRH4281�3:ɮÈ

ƣL�B 6M9ěǠLçM. 0.1M9Z�_�Ɲƕ (pH3.5)4 10ÇɋɮB668

1�3: 1 Çɋ¦ư%*-�7�ɮĘơ5&3�Ƈō¥L¦ư%*7�ÈƣL

¨ư&-��Ƈō¥5&3 Alexa Fluor 488 donkey anti-rabbit IgG (Life 

technologies), Alexa Fluor 488 donkey anti-rat IgG (Life technologies) �I

�: Alexa Fluor 647 anti-rabbit (Life technologies)Lư�ɮĕƚ83 60Çɋ

Þľ%*-�žŻȅ8: DAPI Lư�ɮŻȅ&-Èƣ:Ȋ¾ɤļɇ��W�T�

a BZ-X710ɮćɎɮŧŵ�Lư�3ȕė&ɮēɅȗŹ&-��

�

����ƽǡǹ�F<üɦƑ�

� �ƽǡǹ: CELLnTEC advanced cell systems AG (Stauffacherstrasse, 

Bern, Switzerland)�GȪÀ&-rjáǽǛǿ�ƽǡǹ��Human gingival 
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epithelial cells : hGECs)L¨ư&-�üɦ8: CnT-prime epithelial culture 

medium (CELLnTEC advanced cell systems AG)Lư�3ɮ37��ɮ5 % CO2

ƍǀ�4üɦ&-�ǡǹ�]u\�t�T�j8Ȼ&-ŬƠ4 Accutase® 

ɬAdvanced Cell Technology and Engineering LtdɮTokyoɮJapanɭL¦ư%

*ǡǹLÎəĸɮȴƑ8Ĺ�Ǧ�&ɮ���Ǧ�ǡǹL�ț9Ĕɧ8ư�-��

� hGECs 9ÇÕȠę8: Thin Cert ǡǹüɦQ�]�j��Greiner Bio One, 

Kremsmünster, Austria�Lư�ɮɑĜ9v�j\�8Ĺ�ĔŦ&-�(7K/ɮ

�ȿ chamber4�I 12 well plateư Thin Cert ǡǹüɦQ�]�j8 5×105

±�well 4 hGECs Lŝǐ&ɮCnT-Prime 3D barrier medium (CELLnTEC 

advanced cell systems AG, Stauffacherstrasse: 3D-medium�831ŧɋüɦ&

-�hGECs �ǡǹüɦQ�]�j8ŗǂ&-9Lǈȟ&-ĸɮ�� chamber

9üøLèĲĸɮ�ȿ chamber 8:üøLÑ�)ɮ�ȿ chamber 8 4mL 9

3D-mediumLÑ�ɮ7ŧɋüɦ&-��

� Ƚ�čŌÌĔɧ8:ɮStealthTM RNAi (Life technologies, Tokyo, Japan �L

¨ư&-�1?Hɮrj Col4a6 StealthTM siRNA (siCol4a6�L Lipofectamine 

RNAi MAX (Life technologies)Lư�ɮɑĜ9v�j\�8Ĺ�ɮhGECs8Ƚ
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�čęÀ&-�Ƚ�čęÀ&- hGECs: 12well plateư Thin Cert ǡǹüɦ

Q�]�j8 2.5×106±�well4ŝǐ&-�üɦ 1ŧĸ8��f��p�9üø

LèĲ&ɮ�ȿf��p�89@ɮ4 mL 9 3D-medium LÑ�-�siCol4a6

ęÀĸ�72�Ŭɋ8RNALɮ7ŧĸ8e�qYȩLòß&ɮ�ț9Ĕɧ8ư�-�

Ęơ5&3ɮStealthTM RNAi Negative Control (Life technologiesɭLȽ�čę

À&- hGECsLæƂ8üɦ&-��

�

���ēɅ RT-PCR��

� üɦǡǹ�G9 total RNA9ŎÆɮǜȒ8:ɮPureLink® RNA Mini Kit (Life 

technologies)Lư�-�Ŗà&- RNA]�v�: iScriptTM cDNA Synthesis 

Kit (Bio-Rad Laboratories, Hercules, CA, USA)Lư�3ȳȯÄÞľLȌ�ɮ

cDNALĺ-�ēɅŀ RT-PCR: CFX96 (Bio-Rad LaboratoriesɭLư�3ɮĂĨ

Þľ8: KappaTM SYBR® � FAST qPCR Kits (Kapa Biosystems, Inc., 

Wilmington, MA, USAɭL¨ư&ɮ95 � 10Ǎɮ65 � 30Ǎ9ahgvL 40

]QY�ǯHȲ&-�ÂȿƃƜȽ�č5&35&3 29s�yd�} RNAɬs29ɭ

L¨ư&-�ȗŹĘȥȽ�č�F<v�Q{�9ĀýɀÉLȏ 	8ǉ(��
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�

5. Western blotting 

� Protease Inhibitor Cocktail (Roche, Indianapolis, IN, USA)çŰ M-PER   

(Mammalian Protein Extraction Reagent; Thermo, Waltham, Massachusetts, 

USA)8 hGECs Lòß&ɮȭɞƒǇǆLȌ�ɮe�qYȩLŎÆ&-�Ǫe�

qYȩɅLēɅĸɮ10 µg9]�v�L 2.5% β�~�VvjTeo��çŰ SDS

]�v�pgtN�5Ɨå&ɮ5 ÇɋƢƏ&Ⱦ»ƧŅ8&-ĸ8ɮSDS-PAGE

4Çə&-�+9ĸɮz�tgÕsm�i�ǿ��PVDF ǿɷGE healthcare, 

Buckinghamshire, UK)8ȯÄ&-�ȯÄ&- PVDFǿL 1% skim milk83ĕ

ƚ4 1Ŭɋu�gW�Z&-�+9ĸɮKeratin10 �KRT10)8Ę(I 1Ƈō¥

5&3ɮAnti-Cytokeratin 10 antibody (ab 76318, 1: 2000; Abcam, Cambridge, 

UK)5 Anti β-actin antibody (1:2000; Sigma�L 4�83 12ŬɋÞľ%*-�

Ƈ�4ɮɱƇō¥5&3 goat anti 

-rabbit lgG-HRP (1:2000; Santa Cruz Biotechnology, Santa Cruz, CA, USA�

C&!:�goat anti-mouse lgG-HRP (1:2000; Santa Cruz Biotechnology)Lư

�ĕƚ4 1Ŭɋ¦ư%*-�_Zl�9ƀÆ8: Forte western HRP Substrate 
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(Millipore)L¨ư&ɮImage Quant LAS 4000 mini (Fujifilm, Tokyo, Japan)

Lư�3ȕė&-��

�

�ɯǥșȗŹ�

� äi�e9ǥșĐƼŰŃŀ:ɮäŷ�8Ę&3ȝţ9š´Lƛē&ɮ�»ɀ

ǰÇŠÇŹ5ĆɃƌȰƀēɮĘľ97� tƀēLư�3ƀȚ&-��

 

 

Ǥź 

 

ɰɯáȈǛǿ5ɢǛǿ8�"IǣǮĐƼȗŹ 

� ÊB8ɮ{RaáǽÂ8�"IáȈǛǿ5ɢǛǿ9ǀȼLǣǮĐƼ8ƀȚ&

-�õɰ8ɶȶɫ{RaɣȿÍɣŤɜ4ȕė%J-ɮHEŻȅ�F<¿ƴǣǮÕ

ĐŻȅ9ǤźLǉ(�HEŻȅ4:ɮ{RaáȈǛǿ�F<ɢǛǿ:5C8ɥ¡

&-ǣǮºLǉ&- (õ 1A-C)�?-ɮ�ƽȖÕ{�V�9�1 18,19)4�I

KRT109¿ƴǣǮÕĐŻȅ9Ǥźɮ+9ƻƪ:áȈǛǿ5ȹəƈǷ8ȕė%J
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-�ɮɢǛǿ8:ȕė%J7�0-ɬõ 1D, Eɭ�1?HɮáȈǛǿ: KRT10

ɕŀ9ȖÕ�ƽ4�HɮɢǛǿ: KRT10ɔŀ9ɛȖÕ�ƽ4�I$5�ǈȟ%

J-� 

 

ɱɯȖÕƈǷ5ɛȖÕƈǷ9ýĭǿ8�"IǨǱƼ7�ú\��[�9ƻ

ƪȗŹ  

� Ƈ8ɮáȈǛǿ9ȖÕ�ƽ5ɢǛǿ9ɛȖÕ�ƽ9ýĭǿƁňÇč9ǀȼL

ŪG�8(I-Bɮ8ȶɪ{Ra9ÍɣŤ9ÈƣLư�3ɮ¿ƴǣǮÕĐŻȅƑ

83ȗŹLȌ0-�+9ǤźɮȖÕ�ƽ5ɛȖÕ�ƽ5C8 α1Ɇ�F< α2Ɇ

9ƻƪ�ȟBGJɮ��ƽɋ4+JG9ƻƪĳĮ8:ģ�ȟBGJ7�0-ɬõ

2A-Dɭ�?-ɮ6/G9ǣǮ8C α3 Ɇɮα4 Ɇ9ƻƪ:ǈȟ%J7�0- (õ

2E-H)��ťɮȖÕ�ƽ9ýĭǿ8:ɛȖÕ�ƽ5ƌȰ&3 α5Ɇɮα6Ɇ9ƻƪ

�ɩ�$5�ǈȟ%J- (õ 2I-L)�?-ɮ�Ƈō¥LÞľ%*7�0-Ęơǲ

4:ɮ_Zl�:ȟBGJ7�0-� 

 

ɲɯƻƯŲ8�"I�ú\��[� α6 Ɇ5 KRT10 9ƻƪȗŹ 
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� {Raáǽ8��3ɮǸƯ 12.5 ŧ8�·9áȈǔȬ�ĵň%JɮǸƯ 14.5

ŧ4+JG:ƺåLɊĊ&ɮǸƯ 15.5ŧ8:ɉɆ&3áȈ�ĵň%JI$5�

ǄGJ3�I 20)�+$4ɮáȈǛǿ9ƻƯŲ8�"I α6Ɇ9ƻƪ5ƈǷȖÕ9

ŬǞÉLƀȚ(I-Bɮ{RaǸƯ 12.5 ŧ�G 18.5 ŧ9ǣǮÈƣL¦Ȓ&ɮ

HE ŻȅÝ<¿ƴǣǮÕĐŻȅLȌ0-�+9ǤźɮǸƯ 16.5 ŧ8áȈ�ɉɆ

&3�Iº�ȕė%J-� (õ 3A-D)ɮȖÕ{�V�4�I KRT 10:áȈɉɆ

ĸ9ǸƯ 18.5ŧ�ɒ4+9ƻƪ�ǈȟ%J-��ťɮα6Ɇ:áȈ9ɉɆFHŨ

!ɮǸƯ 14.5ŧ8ƻƪLȟBɮƻƯ55C8ɮ+9ƻƪǙôȿ¢�áȈ8��

3őć&3�!��ǈȟ%J- (õ 3E-L)�1?HɮáȈǛǿ9ƻƯ8��3ɮ

α6Ɇ9ƻƪĸ8ɮȖÕ{�V�4�I KRT10�ƻƪ(I$5�ǈȟ%J-� 

?-ɮ�Ƈō¥LÞľ%*7�0-Ęơǲ4:ɮ_Zl�:ȟBGJ7�0-� 

 

ɳɯIn vivo 8�"I�ú\��[� α6 Ɇ9ƅǺȗŹ�  

� Ƈ8ɮCol4a6-KO{RaL¨ư&ɮCol4a69áǽǛǿ�ƽ9ȖÕ8��IĶ

ɟLƀȚ&-�ÊB8ɮƯĸ 0ŧ9ɄƯú (WT){Ra�F< Col4a6-KO{R

a9 KRT109ƻƪL¿ƴǣǮÕĐŻȅ83ƌȰƀȚ&-�+9ǤźɮáȈǛǿ
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8�"I KRT109ƻƪ:WT{Ra5ƌȰ&ɮCol4a6-KO{Ra8��3Ű

Ń8£�&3�- (õ 4A,C)�?-ɮȃìƖ�$58ɮWT {Ra5ƌȰ&ɮ

Col4a6-KO {Ra9�ƽǣǮ9ɜǒ�ŰŃ8ƘĚ&3�- (õ 4B)��ťɮ28

ȶɪ9{Ra8��3ɮKRT10 9ƻƪ: Col4a6-KO {Ra8��3ɮŰŃ8

£�&3�-�ɮ�ƽǣǮ9ɜǒ8ģ:ȟB7�0-(õ 4D-F)�?-ɮ�Ƈō

¥LÞľ%*7�0-ɮĘơǲ4:_Zl�:ȟB7�0-� 

 

ɴɯIn vitro 8�"I�ú\��[� α6 Ɇ9ƅǺȗŹ 

� ůĸ8ɮhGECs9 3Ƈ»üɦƑ83 α6Ɇ��ƽǡǹ9ȖÕ8��IĶɟL

ƀȚ&-�ÊB8ɮhGECsL 3Ƈ»üɦ&ɮCOL4A6�F<ȖÕ{�V�9Ƚ

�čƻƪɅLēɅŀ RT-PCRƑLư�3ȗŹ&- 18,19)�+9ǤźɮCOL4A69

Ƚ�čƻƪ:üɦɊĊ 3ŧƾ8ǟ 2.6²ɮ7ŧƾ8 4.7²9ƻƪ�ũLȟB-ɬõ

5Aɭ��ťɮKRT1 �F< KRT10 :ɮüɦɊĊ 3 ŧƾ?4ƻƪĄÓLȟB)ɮ

üɦ 7ŧƾ8��3ŰŃ7Ƚ�čƻƪ9�ũLȟB- (õ 5B,C)� 

� +$4 COL4A6� KRT109ƻƪLÌĻ&3�IâǺŀLƀȚ(I-B8ɮ

siRNA _ah}Lư�3 COL4A6 9ƻƪŌÌĔɧLĔŦ&-�+9Ǥźɮ
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siRNA LȽ�čęÀ&-hGECs8��3COL4A69ƻƪ:ǟ80%ŌÌ%Jɮ

+J8 �ɮKRT15 KRT109ƻƪCŰŃ8£�&- (õ 5D-F)�?-ɮKRT10

9e�qYȩ9ƻƪC£�&3�I$5�ǈȟ%J-(õ 5G)� 

 

 

ǳė 

 

� áǽǛǿ�ƽ9ȖÕ�ɛȖÕ9ÌĻ~Vmb}:Ŵ.�Ū4�I�ŵǅǓ4

:ɮýĭǿ��ƽǣǮ9ÇÕDŁħŀǧŒ8ɌK03�I$5�G 21)ɮýĭǿ

9�ȔƁňÇč9�14�I�ú\��[�8ǂƾ&ɮáȈǛǿɬȖÕ�ƽɭ

5ɮɢǛǿɬɛȖÕ�ƽɭLư�3ɮȗŹLȌ0-�+9ǤźɮȖÕ�ƽ9ý

ĭǿ8:ɮɛȖÕ�ƽ9ýĭǿ5ƌȰ&ɮ�ú\��[� α5Ɇ5 α6Ɇ�ɩƻ

ƪ&3�I$5�ŪG�570- (õ 2)�?-ɮWT{Ra5ƌȰ&ɮCol4a6-KO

{Ra9ȖÕ�ƽ8��3ɮȖÕ{�V�9�14�I KRT109e�qYȩ9

ƻƪɅ�£�&3�I$5ɮ?-ɮCol4a6 9Ƚ�čƻƪL siRNA Lư�3Ō

Ì(I5ɮáȈǛǿ�ƽǡǹ9ȖÕ�ŌÌ%J-$5�Gɮα6ɆLçAï�9
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�ú\��[�4�I α5/α5/α6Çč�áǽǛǿ�ƽ9ȖÕÌĻ8ɌK03�I

ýĭǿÇč9�14�I$5�ŪG�570-� 

� �ú\��[�: 6 ǐɥ9 α ɆLŒ/ɮα1/α1/α2ɮα3/α4/α5ɮα5/α5/α6 9�

Ʌ¥Lĵň&ɮCOL4A3D COL4A4, COL4A5Ƚ�č8ĄƳ�Ư'I5ǝƫ¥

ǼƟDńɞŀɚǶL �O�z�jƷ³ǲLƻƷ(I$5�ǄGJ3�I 11-13, 

22, 23)�?-ɮ$JG9Ƚ�č9�1�ƆŜɮC&!:ĄƳ�ÀI5�9�Ɇ�

ĵň%J7�$5�þê%J3�I 11)�Col4a6-KO{Ra8��3ɮ�6Ɇ9

@7G)ɮ�5ɆCƔĈ(I$5L¿ƴǣǮÕĐŻȅ83ǈȟ&3�Hɮŵ KO

{Ra8�"I α5/α5/α6Çč9ƔĈ8FHáȈǛǿ9ȖÕ�ŌÌ%JI5@7

($5�4 Iɯ&-�03ɮα5/α5/α6 Çč�áǽǛǿ9ȖÕ8ɃȔ7ķÐL

ŏ03�IâǺŀ�ǉî%JI� 

� �ťɮƯ¥Â8:Ć!9ǣǮĪǡǹ�Ď÷&ɮ+JG8:ƦŰ9mgfƭā

�¸K03�I�ƽǾDǛǿ9�ƽǣǮÂ8C�ƽĪǡǹ�Ď÷&ɮ+JG�

�ƽǣǮ9ƻƯDŁħŀǧŒ8ɌK03�I$5�þê%J3 - 21)�$9�

ƽĪǡǹ9ĪǡǹŀLǧŒ(I98ɃȔ7ķÐLŏ03�I9�ýĭǿ4�I

5ǳ�GJ3�HɮáǽǛǿ�ƽĪǡǹ{�V�Lƻƪ&-ǡǹ:ɮ�ú\�
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�[�59ŗǂŀ�ɩ�$5�þê%J3�I 24-27)�ŉ�9Ǥź4Cɮα5/α5/α6

Çč�ɩƻƪ&3�IáȈǛǿ8��3ɮÆƯƿĸ9 Col4a6-KO {Ra4:ɮ

�ƽǣǮ9Ú@�ƘĚ&ɮǤź8:ǉ&3�7��rjáǽǛǿǡǹ8��3

COL4A69ƻƪLŌÌ(I$54ǡǹÇȐ9{�V�ɬcyclinDɭ9ƻƪ�ƘĚ

(I$5Lǈȟ&3�I����Gɮα5/α5/α6 Çč9ƘĚ8FHɮ�ƽǡǹ9

ĂƊ�ŌÌ%J-5ǳ�GJ ɮýĭǿ8Ď÷(I α5/α5/α6Çč�ȖÕǛǿ�ƽ

9�ƽĪǡǹ9ĪǡǹŀǧŒ8ɌK03�IâǺŀ�ĳ!Řƛ%JI��ĸɮ

α5/α5/α6 Çč5áǽǛǿ�ƽĪǡǹmgf9Ɍ¯LȞǡ8ƀȚ&3�!�ē4

�I� 

� �ò9ǅǓ4:ɮýĭǿ9ƁňňÇ9�14�I�ú\��[�8ǂƾ&ɮα6 

Ɇ�áǽǛǿ�ƽ9ȖÕLÌĻ(IɃȔ7óč9�14�I$5LŪG�8&

-�&�&ɮȖÕ8:�ú\��[�9@7G)�|m�L:'B5&-+9

�9ýĭǿÇčD]QjVQ��Ɍ�&3�IâǺŀ�ǳ�GJɮáǽǛǿ�

ƽ9ȖÕ�ɛȖÕ9ÌĻ~Vmb}9ÁȦȗŪ8:ɮ%G8Ƃ�7ȖĮ�G9

Ov��f�ĽȔ5ĿKJI�&�&ɮ$JG9ÁȦ�ŪG�57J;ɮFH

£ȓ4ǈĔ7ȖÕƈǷȠęƑ9Ɋƻ817�I5ǳ�I� 
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ǤȢ 

 

1. ȖÕ�ƽ4�I{RaáȈǛǿ9ýĭǿ4:ɮɛȖÕ�ƽ4�IɢǛǿ9ý

ĭǿ5ƌȰ&ɮα5/α5/α6(�)�ɩƻƪ&3�I$5�ǈȟ%J-� 

2. {RaáȈǛǿ9ƻƯȺǏ8��3ɮα6(�)Ɇ9ƻƪĸ8ȖÕ{�V�4�

I KRT109ƻƪ��ȷ(I$5�ǈȟ%J-� 

3. Ƚ�čƆŜ{Ra�F< siRNALư�-ƅǺɐĖĔɧ9Ǥź�Gɮα6ɆL

çA α5/α5/α6 Çč�áǽȖÕǛǿ�ƽ9ĵňDȖÕ9ǧŒ8ɃȔ7ķÐL

ŏ03�IâǺŀ�ǉî%J-� 

 

 

ȣȱ 
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� ǑLǢ�I8�-HɮĻŇÈ7IĻœę5ĻżɍLȨ0-ğĞćĐćĐɓÖ

ƈȉĐǪåǅǓǌ9Q�v��jÃƯȑǩĐÇɄ� ǕųŐƲşŕɮ7G<8Ç

čÖÕĐÇɄ� ćƄ°ďşŕ8ƖƮ7Ińȣ9ŃLȏ&?(�?-ɮǅǓLȸ

Ȍ(I8Ĵ-HɮǢĊĻœęɮĻɝŞLȨH?&-ğĞćĐćĐɓÖƈȉĐǪ

åǅǓǌÇčÖǌĐÇɄ� ćɄ¼ūÒş8ȤM4ńȣ9ŃLȏ&?(�ůĸ8ɮ

ŵǅǓLȷBIɖ8ɮƂ�7ĻɀņɮĻśÒɮĻÒȘ�-. ?&-ɮğĞć

ĐćĐɓÖƈȉĐǪåǅǓǌ9Q�v��jÃƯȑǩĐÇɄɮ7G<8ÇčÖ

ÕĐÇɄ9½Ưť8Ú!ĻǊƱ&�#?(� 
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õ9ȗȡŢ 

 

õ 1� áȈǛǿ5ɢǛǿ9ǣǮĐƼȗŹ  

� 8ȶɪ{Ra9ÍɣŤ9ǻƞƃŵ�Gq�tP�ÈƣL¦Ȓ& HEŻȅLɮɛ

ǻƞƃŵ�GÅǤÈƣL¦Ȓ&ɮ¿ƴǣǮÕĐŻȅLȌ0-� (A-C): HE Ż

ȅºɮ (B, C):ɮ+J,JáȈǛǿ5ɢǛǿ9őćºLǉ(�(D,E):áȈǛǿ

5ɢǛǿ9 keratin 10 (KRT10)8Ę(I¿ƴǣǮÕĐŻȅºLǉ(� (Epiɸ�

ƽǣǮɮMɸɋȇǣǮɮBɸɨɮTɸƈƤɮToɸȄ) Ĕɧ: 3òǯHȲ&æƂ9
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Ǥź�ĺGJ--Bɮ�ȏƼ7ǤźLǉ(� 

 

õ 2� ȖÕ�ƽ5ɛȖÕ�ƽ9ýĭǿ8�"I�ú\��[�9ƻƪȗŹ 

� {RaáȈǛǿ9�ú\��[�9¿ƴǣǮÕĐŻȅºLǉ(� (A, B):

α1(IV)ɮ(C, D): α2(IV)ɮ(E, F): α3(IV)ɮ(G, H): α4(IV)ɮɬI, Jɭ: α5(IV)ɮ

(K, L): α6(IV)8Ę(I¿ƴǣǮÕĐŻȅ9Ǥź4�Hɮ+J,J�Ƌ�ȖÕ�

ƽ (A, C, E, G, I, K)ɮ�Ƌ�ɛȖÕ�ƽ (B, D, F, H, J, L)Lǉ(� (Ơǭɸý

ĭǿǀĴȿɮǃÙɸpositive signalɮEpiɸ�ƽǣǮɮMɸɋȇǣǮ)�Ĕɧ: 3

òǯHȲ&æƂ9Ǥź�ĺGJ--Bɮ�ȏƼ7ǤźLǉ(� 

 

õ 3� ƻƯŲ8�"I�ú\��[� α6 Ɇ5 keratin 10 (KRT10)9ƻ

ƪȗŹ 

� ǸƯ 12.5ŧ (A, E)ɮǸƯ 14.5ŧ (B, F)ɮǸƯ 16.5ŧ (C, G)ɮǸƯ 18.5ŧ (D, 

H)9{RaɣȿÍɣŤ9 HE Żȅº (A-D)�F< α6(IV)5 KRT10 8Ę(I¿

ƴǣǮÕĐŻȅ9ǤźLǉ( (E-H)� (ȫɸα6(IV)ɮǫɸKRT10)�Ĕɧ: 3ò

ǯHȲ&æƂ9Ǥź�ĺGJ--Bɮ�ȏƼ7ǤźLǉ(� 
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õ 4� In vivo 8�"I�ú\��[� α6 Ɇ9ƅǺȗŹ�  

� Ưĸ 0ŧɫɬNewborn miceɭɬAɭ5 28ȶɪ (Aged mice) (D)8�"IWT

{Ra5 KO{Ra9 Keratin 10 (KRT10)8Ę(I¿ƴǣǮÕĐŻȅº9Ǥź

Lǉ( (Epiɸ�ƽǣǮɮ MɸɋȇǣǮ)�?-ɮWT {Ra5 KO {Ra9�

ƽǣǮ9ɜǒ�F<�ƽǣǮÂ9 KRT10ɕŀƩLǘÆ&ɮ�ƽǣǮ9ɜǒ (B, 

E)�F< KRT109ɕŀƩ9ĩù´±ƃƜµģ (C, F)LZ�t8ǉ( (Ęľ97

� tƀēɷ*p<0.05)�ɜǒ:ýĭǿ�Gɮ�ƽůąĝ?4L�ƽǣǮ5&3ǘÆ

&-�Ĕɧ: 3òǯHȲ&æƂ9Ǥź�ĺGJ--Bɮ�ȏƼ7ǤźLǉ(� 

 

õ 5� 3 Ƈ»üɦ8�"I�ú\��[� α6 Ɇ9ƅǺȗŹ  

� (A-C) hGECsLcell culture insertsLư�37ŧɋ3Ƈ»üɦ&ɮ0ɮ3ɮ7ŧ

ƾ8total RNALòß&ɮCOL4A6 (A)ɮKRT1 (B)ɮKRT10 (C)9Ƚ�čƻƪ

LēɅRT-PCR8FHȗŹ&-�+J,J9Ƚ�čƻƪɅ9ĩù´±ƃƜµģ

LZ�t8ǉ( (ANOVAɮĆɃƌȰƀēɷ**p<0.01ɮ***p<0.001)�(D-F) siRNA

Lư�COL4a69Ƚ�čƻƪLŌÌ&-hGECsLThin CertǡǹüɦQ�]�
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jLư�33Ƈ»üɦ&ɮ3ŧĸ8total RNALòß&ɮCOL4A6 (D)ɮKRT1 (E)ɮ

KRT10 (F) 9Ƚ�čƻƪLēɅRT-PCR8FHȗŹ&-�+J,J9Ƚ�čƻ

ƪɅ9ĩù´ ±ƃƜµģLZ�t8ǉ(  (Ęľ97� tƀē , *p<0.05, 

***p<0.001) � (G) 7ŧɋüɦ&-ǡǹ�Ge�qYȩLòß&ɮKRT109ƻ

ƪɅLWestern blottingƑ8FHȗŹ&-�Ĕɧ:3 òǯHȲ&æƂ9Ǥź�ĺ

GJ--Bɮ+9�ȏƼ7ǤźLǉ(� 

 

õ6� Col4a6-KO {Ra9ýĭǿ8�"I�ú\��[��5Ɇ9ƻƪ     

28ȶɪ{Ra8�"IWT{Ra5KO{Ra9α5(IV)�F<α6(IV)8Ę(I¿

ƴǣǮÕĐŻȅºLǉ(� (Epiɸ�ƽǣǮɮ MɸɋȇǣǮ) 
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Target 
gene Type 

GeneBank 
registration 

number 
Primer set 

S29 human BC032813 

 5'-
TCTCGCTCTTGTCGTGTCTGTTC 
-3'（S） 
 5'-
ACACTGGCGGCACATATTGAGG 
-3'(AS) 

KRT1 human BC063697 

 5'-CTTACTCTACCTTGCTCCTACT 
-3'（S） 

 5'-AAATCTCCCACCACCTCC 
-3’（AS） 

KRT10 human NM_000421 

 5'-
ACACCGCACAGAACCACCACTC 
-3'（S） 
 5'-
GGCAGGCACAGGTCTTGATGAAC
-3'（AS） 

COL4A6 human NM_001847 

 5’-TGATTTGGATGATTGTGTGACT 
-3'（S） 
 5'-
GACTGATTAGGCGATTAGGAAGA 
-3'（AS） 

S: sense, AS:antisense 
KRT1: Keratin1 
KRT10: Keratin10 
COL4A6:Ⅳ型コラーゲンα6 
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