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������Q(�XYIJZ[DE\]^_`abc�de. f�g�Q(�hi RNA, 

NOj��$%&'�klmn?opqr����^, Zstuvb H1 wxy�z{|}~

�g, (����jS����^� shRNA NO��$%&'���)=. ��g���a�

�Z[�>����)�2�>�����.  

���    RNA ��(RNAi)  ���	
�  �
���  ������ 
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���������	
��
������

�, �����������������, ���

�� !"#$%(extracellular matrix, ECM)�&'

(), *��+,-./0���12345, ��

�678� !"9�:;<=>?@, AB��

����CD0E!FG�H'-IJK0LM�

NOPQ, *� !"RL, �S, ./&'���

T� !"�UV3�WX�YZ[
\����

]^[1].  

� _��!"`a�� !"� 90%bc , 

6�� !"#$%�d��ef. X�ghi, !

"9%�
� !"jk3lm� !"1245

nopq���[2]. rsct� uvw� xwy

Fz3�{|}x~�78�{_��!"J�3

ECM (), ������, ������YZ��[3]. 

78� !"&'�� ECM ������, �I�

����n��[4]. �������8x�����

[���/���ECM��&�, t�Z�ECM�
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������——ECM ��_� ¡¢£¤, ¥[

�Z¦>�§A¨[��©ª« .  

��¬­®¯(fibronectin, FN)�� ECM��

_���, °��§±²³�´®¯, �!"µ¶w

·<wJ�~¸¹�
º������, �I°»¼

½�9�¬­[5,6]. �S, t�Z¾./ FN �&'�

_, ¥[�Z./�¿ ECM _�t½�À�� Á

�(). RNA£Â(RNA interference, RNAi)�Ã��

�, *ÄÅÆ>0�§Ç�w[��UÈ$�ÉÊ�

ËÌ. RNAi �Í�ÎÏ�ÐÑ RNA, °�by�w

ÒÓ���!"ÁÒÔ$��Õ, Ö* mRNA ×Ø, 

Ù7!"���ÒÔ$�RÚ��Û, °6�ÜÁ

ÝÞ#�ßà��§��láâ/[7~11]. RNAi ��

��Òã�ÒÓ�äå. t�Z¾æ� RNAi ¸�, 

ç��./� _��!"&'��!"#$% , 

¥[�Z�è§8x������n��c¡¢£

¤, bÕ>�éª�. êëìæ�íîïxðñÜò

_��ó� RNAi(shRNA), ôÔ��Õ�� _�

�!"Á, _Y�./õFGö5�÷(AT÷)78�

FN�&'�Õ.  

øù¨ú, ûÁ#üýþ� RNAi ¸��� FN

��b��� ������. �ñÜ�_¨��

¡¢	
�$�YZ��3$�©ª���ËÌ.  

1  ����� 

1.1  �� 

DMEM, 1640 RIPM, FCS, Trizol, XhoÀ 3 BamHÀ 

~¨ Invitogen �
�� . ñÜ pLXIN, pVSV-G,  

pBluescriptII SK(−), pcDNA3.1(+)¨ Clontech�
�

� . Sybr GreenÀà�¨$��
�� . ��Ô�

PCR�w:��\î}�¨ Bio-Rad�
��. %�

�����¨ Promega�
��. Superfectîà��

¨ QIAGEN�
��. α-32P-dCTP���� !n"

��
 . #â$%&'���¨ Roche �
�� . 

siRNA�_��� The SilencerTM siRNA Construction 

Kit¨ Ambion�
��.  

1.2  ������	
��
��� 

(�)*+� Wistar ³,-./0±1234

�, �B5�6ghi�Q��{, Ê7�8w9�

�3FG, l:;��, � Hanks <=>? 2 @, Ê

7A!" , �;��B_ 1 mm3 ÏC , ëD��

Hanks <=>? 2 @, �?=c>EF, GHiIJ

K	��D, KL 10~50 M� 0.25%�N®¯O(pH 

7.4), P 37°C QR�S� 15~30 min, T�JKUV

)�_�W, XYE�Z[\�. ����E!G]

]E�S�=, � Hanks=? 1~3@, K 10 mL�F

>^_=, �EG`abc, *!"�O, d���

Oe�!"f=g&�hij�, �&k�!"f

=�EGl�bc�O, �D�f=¡¢mn, ^_

$¨MEM Egale^_=, oK 10% FCS, 100 u/mLp

q�, 100 u/mLÑq�. �!"­§> 25 cm2�JK

^_r�, !"s'¨ 2×106t/^_r. !"� 37u, 

vw�xM(5% CO2, 95%�ÁxM)yzi{|, 1 h

�A}^_=, b�~ 2 �A}�@, �^_�� 5

�¡¢��.  

1.3  �� RNA��� 

GH GenBank nH����³, Fibronectin �

�$�(GenBank Acc. No. NM_ 019143)�m RNAi�

��: 1531~1551 bp, -������è���cK

cÒÔ DNA ��, ��¦> 29nt DNA ����, 

FN1 oligo1: 5′-AAGGTGCCGCACCATTTCATGCC- 
TGTCTC-3′; oligo2: 5′-AACATGAAATGGTGCGGCA- 
CCCCTGTCTC-3′. FN2: oligo1: 5′-AAGGTGCCGC- 
ACCATTTGTTGCCTGTCTC-3′, oligo2: 5′-AACAAC- 

AAATGGTGCGGCACCCCTGTCTC-3′. ¨m��_

� siRNA ./ Fibronectin �ÒÓ�, �Å� FN2 �

�c�_�t�$P} . � siRNA �_����

DNA��îï_ siRNA.  

1.4  shRNA���������� 

GH��[12]�mÒÓ�$%bÄ$�J DNA

¨Z��J H1 �<�, c�: 5′-CCATGGAATTC- 

GAACGCTGACGTC-3′, i�: 5′-GCCTCGAGAGAT-  

CTGTGGTCTCATACAGAACTTATAAGATTCCC-3′,  

PCR�%� EcoRÀ3 SalÀÐOB���> pBSK÷

�, XbaÀOB pBSK÷� Klenow � ¡¢, d��

KpnÀS��¦>�C  ��� pCDNA3.1(+)ñÜ
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c(£¤¨ pCH1), pCDNA3.1 (+)n�¤¥� Bgl÷S

�� Klenow� ¡¢, ¦� KpnÀS�. ñÜ pCH1

� XhoÀ3 BamHÀOB�¦>§ H1 �<��ø�

����LíîïxðñÜ pLXIN c, ¨0¨©   

5′ LTR3 H1�ª«, ¬ H1�<�`­®L 5′ LTR

�¹ ,  £¤¨ pLXIN/H1. ÄË�_ Fibronectin 

shRNA � DNA Z��� 1: 5′-GATCCCC catgaaa- 

tggtgcggcaccttcaagagaggtgccgcaccatttcatgTTTTTGGA-  

AA-3′, �� 2: 5′-AGCTTTTCCAAAAA catgaaatgg- 

tgcggcacc tctcttgaa ggtgccgcaccatttcatg GGG-3′, �¯

°���L Bgl÷3 SalÀOB� pLXIN/H1ñÜ, £

¤¨ pLXIN/H1-FN.  

1.5  shRNA ��������� !" 

xð±²!"(� GP2-293, ^_$� 10% FCS 

DMEM, 10 mmol/L Hepes, 2 mmol/L L-³´µ¶, 1 

mmol/L MEM ·¸�2, 100 u/mL ¹³q�, 100 

u/mL Ñq�, 15 µg �íîïxðñÜ(pLXIN/H1, 

pLXIN/H1-FN)3±²ñÜ pVSV-G �º�»���

îà 25 cm2
^_¼�� GP2-293!", îàùKL 4 

µg/mL� Polybrene, 8 h�A}^_=, 24 h�!"P

½ 32u{¾b�yxð¿'. 48 h�1Àc>, -�

0.45 µm k}&k�Á 50000×g Q� 1.5 h, IÂÃ

0.1%~0.05%�fÁ TNE buffer, 4u&Ä�lÅ� 

−80uÆ�. NIH3T3!"bÇ� 6 cm�^_r­§

5×105/r, ­§� 24 hKLxðs2=\ polybrene 4 

µg/mL, 24 h�K 300 µg/mL G418j(, 1È��ÉÊ

ËÔ, Giemsa àÌ=àÌ, 'nÍ�!"��n, -

mÎxð¿', b��ò_�"(CFU/mL)�Ï.  

1.6  siRNA�# 

12 Ð�cÑÒ§Ó 3×104/Ð�� !", Ô!

"Õ��, �� superfect îà���¡¢Ö�. �

FN1× FN2 siRNA(0.15 µg/Ð)îà� _��!", 

48 h���F>� 1640^_=no 1�, d�� 10−7 

mol/LFGö5�÷(AT÷)ØÙ 16 h. 25 cm2^_¼

��!"bn��¸�3Ú�� Norther blotÛÜ.  

1.7  �����$#����	
� 

ÃcÝ¸�� 25 cm2^_¼�­§� _��

!" 105t/¼, ÔÕ��KLxðs2= pLXIN/H1 

× pLXIN/H1-FN1b\ 4 µg/mL� polybrene, 24 h�

A}Þß^_=, Ô� PCR ÛÜ FN��ÕQ . !

"�à^_¼��á¸�âU, âã� 4Uä!"�

3Ún� 1.6Ïå, Northern blot\Western blotÛÜ

FN��ÕQ . 

1.8  "% PCR&! FN�'()  

GH³, FN�� RNA�� (GenBank Acc. No. 

NM_019143) � prime5.0 æz�mÔ� PCR $%,  

c� : 5′-TTATGACGACGGGAAGACCT-3′, i� : 

5′-GCTGGATGGAAAGATTACTC-3′, Á�(�³,

GAPDHçèc��, $%¨c�: 5′-TGCACCACC- 

AACTGCTTAGC-3′, i�: 5′-GGCATGGACTGTGG- 

TCATGAG-3′. &è�¨ PCR�%é���ê#��

�'mÔ��ë'ìí¦>: 108 copies/µL, 107copies 

/µL, 106 copies/µL, î, 103 copies/µL. Trizol��!"

ï RNA-� DNase ÀS���ê#��3:�ðÔ
RNA �%3�, 2 µg DNase À3Ú�ï RNA �

M-MLV ���3#â$%íîï_ cDNA, 1ñ5 ì

í�� 1 µL�¨ PCR`ò�c�Z�, 25 µL`òÜ

ó(10 mmol/L Tris-HCl, pH 8.3; 50 mmol/L KCl; 1.5 

mmol/L MgCl2; 0.2 mmol/L dNTP mix; 50 pmol/L 

primers each; 1 U Takara Taq)¡¢ PCR�J, 95uô

� 3 min�¡Lõö: 95u, 45 s, 61u, 45 s, 72u, 40 s, 

80u, 5 s÷À��,  40tõö�� 72ui�ø 10 min, 

nä� Icycler 3.02 æz1ÀnH. ~@`ò§[�

cDNAZ��ù�T�.  

1.9  Northern blot 

Trizol ����èJ�ï RNA, ê#��3:

�ðÔ RNA�%3�, 30 µgï RNA� 1%úû´:

�, �áî}. Glassmilké� PCR�J�%, �Ü�

ðÔXü�#â$%&'�&' α-32P-dCTP FNýþ, 

42u��&Ä, �á¸�?}, −70ui½.��?. 

�a 3@.  

1.10  Western blot 

25 cm2 ^_¼��!"� 0.25%NOS���

RIPA!"�Ø=(50 mmol/L Tris-Cl, pH 7.6; 5 mmol/L 
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EDTA; 150 mmol/L NaCl; 0.5% NP-40; 0.5% Triton-X- 

100, � 1 µg/mL leupeptin, aprotinin 3 antipain; 1 

mmol/L NaVO4; 0.5 mmol/L PMSF)��ï®¯. BCA

��� (Bio-Rad)ÛÜ���®¯s'  (Bio-Rad 

Laboratories), b 30 µg ï®¯¢ 7.5%SDS-PAGE :

��î·> PVDF }c, 5%�û�� 4u&Ä	
, 

�@� 1ñ100 �Í³, fibronectin ����ÍÜ3

1ñ2000ìí
G&L�%O&'��Í� IgG`ò, 

���Ì, �a 3@.  

1.11  *+,-. 

�[�nH��� X �SD�Ï, nH��m� t

Û�¡¢��, J9±²b P < 0.05�Ï����Ó.  

2  �� 

2.1  ���������� 

��¦>íîïxðñÜ pLXIN/H1 3 pLXIN/ 

H1-FN, pLXIN ñÜ³Ï¨ 6.l kb, H1 �<�¨ 226 

bp(� 1). � EcoRÀOBðÔXü�îL GP2-293!

", �ð�s2-ÜÔ¿', `¨ 106 CFU/mL. 

2.2  FN1-siRNA/0 FN�'( 

³,� _��!"îà FN1-siRNA 3 FN2- 

siRNA �� AT÷ØÙ3Ú, �� RNA íîï_

cDNA��Ô� PCRÛÜ. îà FN1-siRNAJ� FN

�Õ���Áîà FN2-siRNAJ(Ã� 2(d)Ï��è

J±���¨: 0.723 ± 0.057, 0.250 ± 0.020, 0.457 ± 

0.060, 0.500 ± 0.040, 0.448 ± 0.035, n = 6, P < 0.05), �

I�& AT÷ØÙ���yÁ�ØÙJ(n = 6, P < 0.05) 

(� 2). �äÔ�ÛÜ PCR�J��t� 2(a)~(c)�Ï, 

FN&è��J� Ct����� r2 = 0.997, ù�T�

Ct �¨ 0, ê@�J�nH�[�m]^�, ���

�<Ø����b �, PCR`ò�![ÛÜ>$%

")Ü. n�, Northern blot���63cÝ��8, 

Ã� 3(b)Ï��èJ±���¨: 0.923±0.174, 0.464 

± 0.037, 0.714 ± 0.117, 0.259 ± 0.020, 0.692 ± 0.085, n 

= 6). FN1-siRNA îàJ� FN �Õ���Á

FN2-SiRNAîàJ.  

2.3  ����� pLXIN/H1-FN1/0 FN�'( 

³,� _��!"#äîàíîïxð�� 

 
� 1  �������	
��
 

(a) ��������	
��. 1
 1 kb DNA�����; 2
 pLXIN/H1; 3
 pLXIN/H1-FN1 (EcoR�); 4
 pLXIN/H1 (EcoR�). (b) ����
��� pLXIN/H1-FN1�� 
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� 2  
& PCR'( siRNA�)�������*+ FN,- 
(a) ����; 1
������; 2
��������. (b) � ��; 1~6
��� PCR� ��(108, 107~103copies/mL) ; 7
����� �

�. (c) ��� PCR� !����. (d) FN"#$%�; 1
 Ang&+FN2-siRNA; 2
 Ang&+FN1-siRNA; 3
 FN2-siRNA; 4
 FN1-siRNA; 5
��;  

* 
 P < 0.05, 1, 3, 5' 2()*+; # 
 P < 0.05, 1,3,5' 4()*+ 

 

 
�3  Northern blot'( siRNA�)�������*+FN

,- 
(a) FN ' GAPDH ! Northern blot ,-./; (b) 01$%�; 1 

AngII+pLXIN/H1; 2 
 Ang&+pLXIN/H1-FN1; 3 
 pLXIN/H1; 4 

pLXIN/H1-FN1; 5
��(Ang&). * 
 P < 0.05, 1, 3, 5' 2()*+;  

# 
 P < 0.05, 1, 3, 5' 4()*+ 

 

AT�����, ��� RNA	
�� cDNA
��

� PCR ��. ���� PCR ����������


� pLXIN/H1-FN1  ! FN "#$�%&
�

pLXIN/H1 (n = 6, P < 0.05), '(�) AT���


$�*&+�� (n=6, P < 0.05), , 4-�. /0

1: 0.997 ± 0.096, 0.440 ± 0.052, 0.566 ± 0.065, 0.248 ± 

0.027, 0.584 ± 0.070. ������ PCR����,

234, FN567��! Ct0!89: r2 = 0.990, 

;:<= Ct01 0, >?��!@ABC��DE!, 

F7!GH��IFJK4 PCR JKLMNCOP

QRST��U(,234). � G418 VW!
�	


�XY!Z[�\]^_`ab 4c
dNorthern 

blot(, 5(b). @A1: 1.068 ± 0.105, 0.535 ± 0.054, 

0.684 ± 0.069, 0.369 ± 0.032, 0.697 ± 0.064, n = 6)e

Western blot (, 6(b). /01: 1.090 ± 0.087, 0.550 ±  

 

� 4  
& PCR'(�����./�)�������

*+ FN,- 
1
 AngII+pLXIN/H1; 2
 AngII+pLXIN/H1-FN1; 3
 pLXIN/H1; 4
 

pLXIN/H1-FN1; 5
��. * 
 P < 0.05, 1, 3, 5' 2()*+; # 
 P <  

0.05, 1, 3, 5' 4()*+ 
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� 5  Northern blot'(������)�������

*8
,-+ FN,- 
(a) FN' GAPDH! Northern blot,-./. (b) 01$%�; 1
 Ang

&+ pLXIN/H1; 2 
 Ang&+pLXIN/H1-FN1; 3 
 pLXIN/H1; 4 


pLXIN/H1- FN1; 5
��. * 
 P < 0.05, 1, 3, 5' 2()*+; # 
 P <  

0.05, 1, 3, 5' 4()*+ 

 

 

� 6  Western blot'(������)�������*

8
+ FN,- 
(a) FN' GAPDH!Western blot,-./. (b) 01$%�; 1
 Ang&

+pLXIN/H1; 2
Ang&+pLXIN/H1-FN1; 3
 pLXIN/H1; 4
 pLXIN/H1- 

FN1; 5
��. * 
 P < 0.05, 1, 3, 5' 2()*+; # 
 P < 0.05, 1, 3, 5  

' 4()*+ 

 

0.044, 0.666 ± 0.053, 0.248 ± 0.025, 0.725 ± 0.055, n = 

6)��!��fghij. 
 

3  �� 

>kl�mnopq	
�XYrS, �s H1

tuv , w^_xy�n"#4z{F|} RNA 

(shRNA), C~n��q��������!Z[�

\]^_\]����!)�s�. ����, �C

H1tuv!	
�XY"#�� pLXIN�C~ns

� shRNA, y�*~n����!"#. >kl1�

�m�kl��������qi��!��.  

Z[��!^_����� �¡¢&Z[�

\]^_�£!¤¥e\]����. ¦Z§¨©

&.ª«¬­®¯�°±j�\]^_�²e ECM

³R, 4´Z[µ¶·`±¸¹�Zm�º»¼. ½

&±j ECM ³R!��¾¿, '(�ÀÁF8ÂÃ

p, Ä<Åi��ÆÇÈÉÊËÌÍÎÏÐÑ±j

!ECM�£[13]. Ò��wECM!s�ÓiÔÕÖ×

ÆÇÈÉ, ØÙ�ÚÛghÜÝ. \]����(FN)

B½iÞ mRNA ßà!á�vâ�� , ãäåæ

ECM.��!Ãp, FNç)èé 3′ ê!¿�Ùëì

íîïð�¿ª¸ñS. Ò�w 5′ êòÎóCôõ

ö÷, Ùø-C!¸ñSðùúû'ü&��eý

þ~�, ��>klW�q FN Ã1�!��ÆÇÌ

�. w���vL��W�q������(AT�)

Ã1��¢. w.ª±jZ[��!���:�v

L, �������C$�!	±Z[�\]^_

�²e)��£ ECM Ãp, wZ
��)�L�


ä+¹��!��. ��ýþqw��vÃp� FN

�£��!�ë��pRNAi�Ë<Îs�!��Ã

p.  

w���Ëg>kl��qp RNAi ¥�ÆÇ

����!Ù�. ��JE����w��"#�

�L!Kp�1� , !ÎC�"!#ï, /ÒÎ�

�-$%�&&fLY'�+¹�é, '($�¹

3(�])�~[14,15]. RNAi Bé*z´!iª^_

w+��¢:XY­^,-.!/�012�. ç

)w^_x
�f3��8Iôõ! 21 bp !4}

RNA, 5Ùø3��6H, '(�C7¸:8·��

~9*¼7ï. ½&4}RNAwSxÊËy�"#'

z:Ãp, kl;<z´=!z{F RNA——shRNA 

(small hairpin RNA)Ù�z:f4} RNA8I!Ãp. 

ç)w>?uP^_Sx
��C RNA Rs@At
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uv H1­ U6!��, Ù�ð�z{F! RNA[16~18]. 

H1tuv!7ïBw¦ÎBU�C 5�DEFG�, 

HI±!
�J°ÔÍ, M(
�KPwbQ�L

FG�Tí�¡, Ù�¾�Mnð�=!z{�ñ. 

>kl��qò H1tuvNsÆ`�!	
�XY

"#rS�y�"# shRNA !Ù�:, Ò����

C~, ØááOPq3QR!VWS�, '(Ù�ò

-T!rSU�KY
ÆÇ^_V��WSVW�

!^_�­ÆÇSx�X.  

��YZp['\Ës�q]Þ^< FN mRNA

ºIî_! siRNA. ç)��, z´è 5′ ê  1531~ 

1551 13ôõ! RNAi ~9�*, '(Ùø-C!

FN ¸ñS6H, M&ÆÇ��. `, 2 Ù�a4, 

FN1-siRNA �C~n6% FN !"#, w AT�!�

��, 2ÆÇ siRNAÈÉ! FN!"#��"�b, 

' FN1-siRNAÈÉ FN!"#�$��0, f<=

 Êc¸.  FN2-siRNA df FN1-siRNA Ce�f�

!c¸ , gNCãU��Ãp , `'h�q FN1- 

siRNA!7¸:. ½&�i
�-ã!ÃpjBk�

! , ����YZòlm4! H1 tuvn.

pcDNA3.1(+)rS, oòÎplma	
�XYrS

pLXIN L . H1 ÕêqC Bgl�e Salr@íîï

(pLXIN gÊ Salr îï), -�s
d$�w3QR

ÕêbgBgl�eSalrîïs�4}����, U�

n.�rS5ÙKp. 1ÚÛrS>t 5′ LTRe H1

tuv!uv, ��ò H1tuvJwn. 5′ LTR!


x. KY�p VSV-G yz!	
�XY�C¾*

!V�~9, '(�{S|Z
}�# 107 CFU/mL, 

Ù��>~�Sx
�!$��. KY
p NIH3T3

^_��}�#U 106 CFU/mL. XYV�Z[�\

]^_ 16 h 
p AT���, `, 4 Ù�a4, FN1 

shRNAºÄ����¹Þ�� FN!"#��, '(

< AT���Þ��! FN "#ÙC~n��, øÎ

"#���U�¹, �� pLXIN/H1-FN1	
�"#

��< FN s�!��BC~!. 1h��rSw^

_xÙy�"#, ��p G418 VWV�
!^_, 

` 4 c
, o?p AT���, �� FN ��, `, 5

e 6Ù�a4�� ��"%&<= , ��h$�

rS�K! shRNA Ù��y�n�� AT�±j!

FN³R. shRNA< mRNA!��Ãp�C��i�

�ï, 5Ù�ø��!"#6%U-$!��, Mº

ø���»û�m�. FN B2S+¹��!���

�, �»��Î"#°+¹��, �Ckl"$ FN

��L!ÊEvë°±j��!��[19], ���)

FN��!"#��B+¹C��!, shRNA< FN!

����, ��~�Ói��. 

�g-h, >klYZñ�qi�*~·O�!

shRNA "#��. ½	
�XYrSð�! shRNA

�C¾8!V��¬ , áá�&�irSð�!

shRNA, (Ù�y�n"#w^_x, <�!��)

C��. >kl-T! FN ��QRÙ�< AT��

�-±j FN s�ÆÇC~n��, Óò<Z
��

)�L	
 ECM !)"#ãU¾��!Ãp. ��

!���� shRNA òwZ
��!����LC+

¹��!Kp�0, �rSjÙ�1����! 

iC¬��.  
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