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���	
�� 1�HMGB1������������������ � DNA!"#$%&'��()*

+,-�HMGB1./0123��4�5�4! HMGB16789!:;<=�>?@A�BC� �D

EFA�;GHI!JK12�L5�A�;MNOPQRSTU<=& 

���/��C4VWJXYZ[\]^���_`����a7Cbcd 10%!efgh[\]^��

VWiPVW�jklmn��op3qgh! DMEMqkVWi�rs�Cbcd 1%O

2

t5%CO

2

t94%N

2

!uvVWwPxy�zjn�{|}~�!VWi�VW�����VW& 

 

�� 

���������JXC������$% 1(high mobility group protein�HMGB1)!12��YZ�?!

�z8A����C4VWYZ[\]^����� HMGB1����jklm/zj!()����& 

�������JXYZ[\]^�� HMGB1-����jklm/zj!()<=& 

���[\]^��L�� SD JXYZ���c��VW ¡&¢£c¤¥c¦§�¥c¢£�C4VW

JXYZ~¨[\]^�������jklm/zj©ª�¢£c#¦�«#�¬VW®jklm 6 h/z

j 6�12�24 h#&§¯¥c¢£�[\]^��c#¦�«#�¬VW®jklm 6 h/zj 24 h#®°

±M RNA²³#®"°±M RNA²³#®´µ¶·¸#&¹=Western blot@ ELISAº»¼½¥c¢£½

#[\]^�� HMGB1!¾¿@12K�¹=À¶ÁÂÃ!ÄÅ�@ MTTº»¼��!()@�Æ��Ç

È�ÉÊ��()-��\Ë�Ì!ÍÎ& 

������ÏYZ[\]^��jklm/zj-�HMGB1$%¾¿�cÐÑ�(P < 0.01)�ÒzjÓ 24 h

n¿3Ô�Õ(P < 0.01)®°±MRNA²³#�´µ¶·¸#HMGB1!¾¿KÖ×ØÙ��Ú°±!HMGB1 

shRNA@´µ¶·¸?7Û�� HMGB1¾¿®Ü��jklm/zj-�À¶ÁÂÃÄÅ�ÝÖ×Þo��

��Æ�ØÙ(P < 0.01)�zjÓ 24 hn()ÔßàT(P < 0.01)&ájklm 6 h/zj 24 h#âã�°±M

RNA²³#�´µ¶·¸#��!À¶ÁÂÃÄÅ�Ö×�Ø®äÇÈ�ÉÊ���jklm/zj-���

Ååæç�cèF()ÍÎ�5°± RNA²³@´µ¶·¸#��()Ö×��®é�ê�Ú�HMGB1�

YZ[\]^��()Q�áQëPE3ìíM!<=�Ò�� HMGB1-?��jklm/zj�JXYZ

[\]^��!()<=& 

���� 

��������	
��HMGB1�
�������/������������MTT�LDH 

���� 

������������	�� !"# 

 !"#� 

$%&'()*+(81401028)�,-./0(123*+(2015021201)�,-4(5)6789*+

(03201422) 

 

�� HMGB1������	
����������/�������� 

����

�����

 !"

#$%&'(&)*"

(1)���� 

(2)���� 6 h/	� 6 h�� 

(3)���� 6 h/	� 12 h�� 

(4)���� 6 h/	� 24 h�
 

+,*"

(1)Western blot�ELISA�HMGB1��

����� 

(2)����������������
 

 

#-%&'(&)*"

(1)���� 

(2)���� 6 h/	� 24 h�� 

(3)� ! RNA"#�� 

(4)$� ! RNA"#�� 

(5)%&�'(�
 

+,*"

(1)Western blot� ELISA� HMGB1��

����� 
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Abstract 

BACKGROUND: Many investigations focus on the inhibition of high mobility group protein (HMGB1) for improving the functional recovery of 

spinal cord in mice, but how to culture spinal cord astrocytes in vitro and inhibit the expression of HMGB1 for attenuating oxygen glucose 

deprivation/reoxygenation (OGD/R) injury is rarely reported. 

OBJECTIVE: To investigate the effect of HMGB1 inhibition on spinal cord astrocytes after OGD/R in vitro. 

METHODS: Astrocytes were isolated from rat spinal cord, and were then cultured and identified. (1) The rat primary spinal cord astrocytes 

were subjected to 6-hour OGD, followed by 6-, 12-, and 24-hour reoxygenation, respectively. The rat primary spinal cord astrocytes cultured in 

the normal medium were used as controls. (2) The rat spinal cord astrocytes were divided into five groups: control group (normal medium); 

6-hour OGD/24-hour R group; 6-hour OGD/24-hour R plus HMGB1 shRNA group; 6-hour OGD/24-hour R plus non-targeting shRNA group; 

6-hour OGD/24-hour R plus ethyl pyruvate group. The expression and release of HMGB1 in astrocytes were determined by western blot 

assay and ELISA. The cell injury and survival rate were assessed by lactate dehydrogenase and MTT assay. The morphological changes of 

the cells were observed under light microscope. 

RESULTS AND CONCLUSION: The expression and release of HMGB1 protein was increased after OGD/R (P < 0.01), and reached the 

highest value at reoxygenation for 24 hours (P < 0.01). The expression level of HMGB1 in the HMGB1 shRNA and ethyl pyruvate groups was 

signficnatly decreased, suggesting that specific RNA interference and ethyl pyruvate could effectively inhibit the expression of HMGB1. The 

leakage rate of lactate dehydrogenase was increased and cell survival rate was decreased after OGD/R, and cell injury was the most serious 

at reoxygenation for 24 hours (P < 0.01). Compared with the 6-hour OGD/24-hour R group, the leakage rate of lactate dehydrogenase in the 

HMGB1 shRNA and ethyl pyruvate groups was significantly reduced. There were cell swelling, decomposition and other damage changes 

after OGD/R, while HMGB1 shRNA and ethyl pyruvate RNA could significantly reduce cell injury. Our findings imply that HMGB1 plays an 

important role in the occurrence and development of spinal cord astrocyte injury, and inhibition of HMGB1 can alleviate spinal cord astrocyte 

injury in rats after OGD/R. 

Subject headings: Spinal Cord Injuries; High Mobility Group Proteins; Tissue Engineering 

Funding: the National Natural Science Foundation of China, No. 81401028; the Science and Technology Research Foundation for the Youth 

in Shanxi Province, No. 2015021201; the Doctoral Startup Foundation of Shanxi Medical University of China, No. 03201422 

 

0  ��  Introduction 

��������	
������������

������������� ����!�����"

#$%&'()*+,-.��/��012�����

�345678� ��������4���9:;<

=>?@AB����CDA��EFGHIJKL

[1-6]

! 

MNOPQRS 1(high mobility group protein� 

HMGB1)���TUVW2XY4Z[\Y]�^_2 

DNA �`&RS�a�b1�cde�f�Wghijk

�NOlmnopq!rstu�HMGB1W[\Ykv

wxy�^zM{|}�~l��Y�^z�vw(��

�>a�xy!�[\������[\���%���

HMGB1,7����?@�[\��o\��HMGB1�

�����B���~l����/Toll��/2A4���

�>��3Z^_���S[\��1AS[\��6AF

 %�acL��B¡ac�¢e?@�(�l�£Ya

cκB�xy�¤oW��B�¥�k�¦§¨8��

[7-9]

!

KikuchiL

[10]

W©ª«¬k��W�Z����®¯k�

HI�����&'kHMGB1E°±²³M�o?@�\

��HMGB1��B¡acxy´¨�������!

GongL

[11]

W����®¯µ�HMGB1E°±²³M�

¶·¸¹HMGB1����º»�¼(½¾¿�)��,ÀÁ

ÂÃKÄkHMGB1G��B�ac F %�acαAS[

\��1βAS[\��6E°�(�Å��ÆM�ÇÈ

��ÉÊË,ÀÁÌÍ%�[\ÎÏ�ÐÑ�����u

ÒÓÔÕl!WÓÔÖ×k�ØÙhd[\TU�Ú2k

ÛÓÔÖ×ÜÝÞß��à78�[\&*I�!Wáâ

ãäAåæçèAÓÔáâac�?@Ale34�éê

ëìíîLíî�¦§¨8���!�������kØ

Ùhd[\W������4A�ïð��Õl�-.«

¬k��Çñ�����ò��hd�ó���|ôÓÔ

õ\/Aö÷�øfKù^z�^z�Õl�úûxÀ�

W����küý§þ�þ¨8���

[12-13]

! 

W��©ªk��«/��â¢���ØÙhd[\�

(1��;���/.;	��®
/]�����ØÙh

d[\������¢�����ØÙhd[\��®

¯���ØÙhd[\;���/.;�HMGB1xy��

G���st�(�«¢����shRNA������»

�ØÙhd[\HMGB1�������lÂÃ[\;��

�/.;���º������������ØÙhd[\

��G��B¡�����Ý¨8���� �é�!

"! 
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1���������Materials and methods 

1.1  ��  /�[\#$%! 

1.2  �����  22017&2'(2017&9'W)*+,

¢#-�+#k.$%/0*! 

1.3  �	   

1.3.1  $%�Z  é4SD¢�51�23�Å4�/de

�10�20 g�=)*+,¢#$%�Zk.���5,úæ6

SCXK(7)2015-0001! 

1.3.2  $%�788¼G9:  DMEMM�A;<K=A

>�DMEM�â> (?@Gibco)�A�BC/HMGB1 

shRNA8¼D (EF4Z,G�HIJ )������

(sigma)�KL¢�HMGB1L/ (abcam)�f�L¢�

S100βL/(MNO)�f�L¢�GAPDH(PQ4)L/�

)RLf�FITCAST«;�ZUVW�)RLKXLA

ST«;�ZUVW�)RLf�XL(biosharp)�Y�Z

[U[\B�\]8¼DGMTT[\^_�B�8¼D(P

Q4)! 

1.4  
�   

1.4.1  ØÙhd[\��â

[14]

  `é4SD¢�51�aB

bw��cdeù`f��&'��PBS=g�h[�i

�j�Kù��klm��kn*o1 mm�fp�qr�

´/s�Î0.125%tRSU�uuvw�@237 xyz

k�.a��´{0|�â>�}a��i.qr[\~

��´{�â�vwÙ*�[\���vw�200Ï��

«�!m1×10

6 

/cm

2

[\��#�2�â�k��237 xA

/s�Î5%CO

2

��âzk�â30 min������	

�!`f�â��uu�-��`[\���1×10

6

/cm

2

#�2é��â�k�â��â��4������â>

´{PBS�g1��´{�/s�Î10%;<K=��â

>� ��â��[\�*�������a�çë�â�

4��3ëÊp���*��ØÙhd[\��S100β��

 ¡¢£��¤w

[15]

! 

1.4.2  �&   

��������6¥1¦&�§��;���/.;�

[\r�â0̈ ;���6 h/.;6 h&0©;���6 h/

.;12 h&0ª;���6 h/.;24 h&!ò�Western blot

�ELISA£\]Ü&ØÙhd[\HMGB1�xy�?@

e�ò�Y�Z[U�«fP�MTT£\][\����

V£P! 

��������6¥1¦&0¨;���6 h/.;

24 h&0©���RNA¬&61ØÙhd[\����

HMGB1 shRNA¬�®�;���6 h(.;(24 h0  

ª`���RNA¬&61ØÙhd[\�`���

HMGB1 shRNA	��®�;���6 h(.;(24 h0  

¯�����&6WØÙhd[\;���6 hÊG.; 

24 h���â>k´�12 µmol/L HMGB1���»�¼�

����!ò�Western blot�ELISA£\]Ü&ØÙhd

[\HMGB1�xy�?@e�ò�Y�Z[U�«fP�

MTT£\][\����V£P�¢°u��[\��s

t! 

1.4.3  ;���/.;®¯��

[16-17]

  ±²��³���

â�]���/s�Î10%;<K=ØÙhd[\�â

>�(�>´PBSn�µg2�!$%d¶Ê�´{>K=

�DMEM>��â>��2/s�Î1%O

2

A5%CO

2

A

94%N

2

��·�âzk¸¹6 h(�O

2

�ey�ºw»1%

d¶��¼Ê)!½¾¿$%Ê�±²�³>K=�DMEM

>��â>�½À´���ØÙhd[\�â>�(ÁÂ

(/s�Î5%CO

2

�37 x.;�âz���.;6�12

�24 h��[\��(�bÇ$%\]! 

1.4.4  ØÙhd[\HMGB1�»�  ¥RNA¬»�

HMGB1�í£6;�����m[\� 5×10

4

/cm

2

#�2

�â�k��237 xA/s�Î5%CO

2

�âzk�â   

24 h�m�BÃMOI»�60Ä?22 mLØÙhd[\�â

>k�@{�â�k ��â12 h�ÁÂéÅ��â> 

��â72 h���;���/.;	�0¨�����»�

HMGB1�í£6[\�âí£É��W[\;���ÊG

.;���â>kÆ´{12 µmol/L�����! 

1.4.5  Western blot\]ØÙhd[\HMGB1RSxy

E°  Ç�[\ÈlqrÜ&[\�(´{jÄRSÉ�

�k�(�O�ÊvwÆË�2Ìî
�ÍÎ30 min�É

�[\�jÄRS��BCA£]wRS�e��ÏRS�

Ð��Ñ{�2 g/L�́ {RS
�Òµ��ÓÔ��5 min!

Õ�SDS-PAGEgh�ÖÝj×]´{20 µgRS�Ð��

ij��PVDFj��-j1.5 h�ØÙÚÛÜ2 h�¸¹�

L(HMGB1L/1Ý1 000�GAPDHL/1Ý1 000)��2  

4 xÌz«Þ!�2�Zmj�237 xFyzk.y1 h�

´{��HRPVW�)RLf�/KXL(1Ý5 000)�ß	

/y¸¹2 h�gàPVDFj3���^�¯�#�¢8¼�

�Áá�(ò�â{�ãäåwe�ã! 

1.4.6  ELISA\][\
=�kHMGB1RS�Ñ{  Ã

¦ELISA8¼Dæ�çÀèéê�ÖÝ�ë`[\�â


=�50 µL�\]Ü&ØÙhd[\;���/.;��â


=kHMGB1RS�Ñ{! 

1.4.7  Y�Z[U«fP�]w  [\;���/.;��

qr[\�â�!Ü&[\Ã¦Y�Z[U8¼DçÀè

1�â�kG[\]ì�Y�Z[U��]w�¼ífY

�Z[U«fP!Y�Z[U«fP=�â�kY�Z[U

£�/(�â�kY�Z[U£�+[\]ìY�Z[U£

�)×100%! 

1.4.8  MTT\][\V£P  ØÙhd[\�10

9

 L

-1

[\

Ñ{#�296îïk��â48 h��Ö&[\Ô«;��

�/.;��Ü&[\k´{50 µL�MTTð��@237 x�

/s�Î5%CO

2

�âzk �¸¹4 h!¢°u,�ñá

ò/óZd������â��´{150 µL DMSOð��
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ß	uuôõ30 min�2UVö570 nm¢÷�u]w��

¢{»! 

1.4.9  ØÙhd[\�Ùø��  W¢#Áø°u��

Ü&[\Ùøð��st! 

1.5  �����  ¥Western blot]wØÙhd[\

HMGB1RSxyE°0¨ELISA\][\
=�k

HMGB1RS�Ñ{0©Y�Z[U�MTT£�ù\]Y�

Z[U«fP�[\V£P0ª¢#Áø°uÜ&[\Ù

øð��st! 

1.6  �����  ú�SPSS 19.0��×¼�ã�¼eû

üú�x

_

±sxý�&þ��Æú��a�í��ã	���

�éÅÅ��ú�LSD£�P < 0.05����Á����! 

 

2������Results  

2.1  ���������� !  W¢#Áø°u��

*����ØÙhd[\�[\*�¢�°ó�Ùó�+

�����Ý÷��	b
#�[\d��AY¢d�

��fhd[\L�[\�ú�� ¡¢��#í£�

S100β�á��,¤w��ØÙhd[\�[\�{y

95%�
��

��

�1! 

2.2  Western blot"#������HMGB1�$%  ð

1¦& (0.20±0.02)b��[\;���6 h/.;6 h 

(0.38±0.03)�HMGB1�xyÁ�³M(P < 0.01)�.;�

â(12 hÊ (0.38±0.03)� �³M��â(24 hÊ

(0.61±0.03)�y�àM»(P < 0.01)!ð;���6 h/.;

24 h&b�����RNA¬&(0.15±0.02)G�����

&(0.29±0.02)HMGB1�xyeÀÁÂÃ�çÀ����

HMGB1 shRNAG�����l»�[\kHMGB1xy�

��

��

�2�4! 

2.3  ELISA"#��&'(HMGB1��)*+  ð1¦

&b��[\;���/.;�[\
=k�HMGB1�d

eÑ{Á�³M(P < 0.01)�(�§.;Êþ����de

Ñ{��³M�.;(24 hÊ�y�àM»(P < 0.01)!ð

;���6 h/.;24 h&b�����RNA¬&G��

���&HMGB1�deÑ{ÀÁÂÃ�çÀ����

HMGB1 shRNA������lÀÁ»�[\kHMGB1

�xy�?@���

��

�1! 

2.4  ������,-.//0,123456789�

:;  ð1¦&[\b��[\;���/.;��Y�Z

[U«fPÆÀÁ^´�(��§.;Êþ��Y�Z[

U«fP��³M�.;�â(24 hÊy�àM»!ð;

���6 h/.;24 h&b�����RNA¬&G���

��&[\�Y�Z[U«fPÀÁuÂ�o`���

RNA¬&Y�Z[U«fP>ÀÁ����

��

�5! 

2.5  ������,-.//0,1��<=9�:;  

ð1¦&[\b��[\;���/.;��[\V£PÀ

ÁÂÃ�(��§.;Êþ��[\V£P��uÂ�.

;�â(24 hÊ[\V£Py�àÃ(P < 0.01)�ðð;�

��6 h/.;24 h&b�����RNA¬&G����

�[\�V£PÀÁ³M(P < 0.01)�o`���RNA¬

&V£P>ÀÁ����

��

�6! 

2.6  >?@��,-.//0,1�������  Áø

°u���1¦&[\4�óø���\Ä�����Ù

ø������Ù��°ó�
#����!ØÙhd[

\Ô;���6 h.;24 h��f����� ¢�^M�

\/!^¢�\]Ù*Íe�"#�Zd�÷�^$�%�

Íe[\�gb�%�!��RNA¬G�����&,

�[\F&ÀÁÌu�\]"#�ZdÀÁÌÍ�'�¤

ø�({)»�³HMGB1lÐÑØÙhd[\;���/

.;����º����

��

�7! 

 

3������Discussion�

ØÙhd[\�kÛÓÔÖ×khd[\Îeà��

[\�*��©ª+�ØÙhd[\1��ÓÔ,.-.

/�56�Wþ�þ��úûxÀØÙhd[\W��

���,.«¬k��Çñ����

[18]

!ØÙhd[\µ

l�0¢eÓÔáâac�9:-�4�acβAx14�

acAKfï2�4�acL�1ÓÔ&'�4���¹�

��L�¨8���

[19-20]

!þ�þ��úûxÀØÙhd

[\1�����ÓÔ��ï�|ô��¨8���!

HMGB1���Y]ðDNA^_�`&RS!������

¤��&'?@�\��HMGB1,����B¡[\a

c�¢e?@���é´¨3&'����xÀHMGB1

W������4�ïk��Çñ����

[21-27]

! 

KawabataL

[28]

4×±������l��HI��&'

�HMGB1¤\Y?@�\dk�l5�£\dk

caspase-3�xy���¢eÓÔõ�CD�́ ¨��&'

���!KangL

[29]

©ª^�xÀ�¢������lÀÁ

��HMGB1�Mxy�(��Toll��/4�YacκBx

y^´�M6;��¢��������«ÂÃHMGB1

�?@ðxy�¤oÂÃ�Ö7B¡ac�?@��ÐÑ

�����º��-.���Õl!BiL

[30]

©ª��8

¾�,�«»�HMGB1/Toll��/4/YacκBåæ�"

�������k�B¡���Ìu�����9��+

����ÐÑ���Õl�µ��é:ý3����� 

����(9:B¡��)k�cåæ�"�çè! 


;^�<�/]®¯®
������«Ü�=Z

G¬�L	�ÂÃHMGB1�xyG?@��Ìu����

���2�B¡���ÐÑ���ÓÔÕl!��©ª�«

/��â¢���ØÙhd[\��;���/.;	�®


/]�����ØÙhd[\������,����

�ØÙhd[\W;���/.;�[\xy�HMGB1À

Á³M��§.;�Êþ���HMGB1�xy��³M�
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Figure 1  Spinal cord astrocytes identified by S100β using 

immunofluorescence (x100) 
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Figure 2  Expression level of high mobility group protein in the 

spinal cord astrocytes after oxygen glucose deprivation 

/reoxygenation 

��� !"#$%����	
�&'()/*&+ HMGB1 �,

-./�01�*& 24 h2,-345� !"#$%�

a

P < 0.01�

 &'() 6 h/*& 24 h#$%�

b

P < 0.01� 

 

� 3  RNA�� �����	���/����������

1(HMGB1)��� 

Figure 3  Effect of RNA interference on the expression level of high 

mobility group protein in the spinal cord astrocytes after oxygen 

glucose deprivation/reoxygenation 
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Figure 4  Effects of ethyl pyruvate on the expression level of high 

mobility group protein in the spinal cord astrocytes after oxygen 

glucose deprivation/reoxygenation 
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Figure 6  Survival rate of the spinal cord astrocytes after oxygen 

glucose deprivation/reoxygenation 
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Figure 5  Leakage rate of lactate dehydrogenase in the spinal cord astrocytes after oxygen glucose deprivation/reoxygenation 
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Figure 7  Morphology of the spinal cord astrocytes after oxygen glucose deprivation/reoxygenation under light microscope (x200) 
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