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Abstract 

BACKGROUND: Apoptosis in bone marrow mesenchymal stem cells (BMSCs) occurs after transplantation, 

which is mainly responsible for unsatisfactory therapeutic effects on premature ovarian failure 
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induced by chemotherapy. miR-21 participates in the regulation of cell proliferation and apoptosis, and has important 

anti-apoptotic effect. 

OBJECTIVE: To construct a lentiviral vector for rat miR-21 and observe its effects on apoptosis of BMSCs induced by 

phosphoramide nitrogen mustard.  

METHODS: Rat miR-21 gene was synthesized, amplified, and connected with the lentiviral plasmid pLVX-shRNA2. Both 

double enzyme digestion and gene sequencing were done to identify the successful construction of the vector 

pLVX-shRNA2-rno-miR-21-5p. The vector was packaged, and the titer was examined. BMSCs were transfected by the 

vector with different multiplicities of infection (MOI=20 or 40), and the efficiency was observed. miR-21 expression in the 

transfected cells was detected using real-time PCR. Phosphoramide nitrogen mustard was added into the cell culture 

media of BMSCs, then the apoptotic rate of BMSCs was detected by flow cytometry, and apoptotic index was examined 

by Hoechst33342 staining. 

RESULTS AND CONCLUSION: The target gene was successfully connected with the lentiviral vector. The viral titer was 

6×10

11

 CFU/L. The vector transfected BMSCs had a high efficiency above 90%. Real-time PCR results showed the 

expression levels of miR-21 in miR-21 group 1 (MOI=20) and miR-21 group2 (MOI=40) were higher than that in BMSCs 

group and blank vector group (P=0.000). Flow cytometry and Hoechst33342 staining results showed the apoptotic rate 

and apoptotic index of miR-21 transfected groups were lower than those of blank vector group and BMSCs group 

(P=0.001). Overall, we successfully established rat miR-21 lentivirus vector pLVX-shRNA2-rno-miR-21-5p and 

transfected it into the BMSCs. Upregulation of miR-21 could reduce BMSCs apoptosis, and enhance cell proliferation. 

Subject headings: Ovarian Diseases; MicroRNAs; Transfection; Apoptosis; Tissue Engineering 
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1���������Materials and methods  

1.1  ��  ������Bñ; 

1.2  �����  Bñp2013	9	
2014	3	-�æ

�¥ ����t�Bñ���; 

1.3  	
  ·3¸��¹�pLVX-shRNA2(Clontech�

�)ÇLip2000����¯���(Invitrogen��)Ç�H1

D��BamH��EcoR�(NEB��)Ç�Në����

(Omega��)ÇmiR-21`ßqPCRýþ���( !"s

J#$����)Ç293FT���Wistar¥%ãä����

��&��«'(�(!)*+sJ#����); 

1.4  �� 

1.4.1  �J�,-�.�   /0¥%miR-211¿

(rno-miR-21-5p�MIMAT0000790�UAG CUU AUC AGA 

CUG AUG UUG A)�2.pLVX-shRNA2�N¹�+,�

Å�â��,���,-�J;1¿è¾Á

rno-mir-21-FÁ5’-CGG GAT CCA GCC ACT ACC AAG 

GCA TGT T-3’Çrno-mir-21-RÁ5'-CGG AAT TCA ACC 

ACG ACT AGA GGC TGA C-3’;�Ju6345sJÊ

6����.�; 

1.4.2  PCR7�  à8�rno-miR-21-5p1¿�DNAºø

9��PCRÔ»;PCR7�:¢Á94 ;<=15 min�    

94 ;=120 s�67 ;>?20 s�72 ;@A30 s�B35

vCû�¼b72 ;@¬3 min�4 ;Do;á7�EF¦

1%G�HIJKL���\M��ÅNOöP��EF; 

1.4.3  ·3¸��¹�pLVX-shRNA2-rno-miR-21-5p�

Ðò�Q`  M�b�PCR7�RJÏBamH��EcoR

���S��b�TUM�öPrno-miR-21-5pEF;
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pLVX-shRNA2V¹�¦BamH��EcoR���S��

b�NOW1�V¹�;áW1�¹��M��PCRRJ

-T

4 

DNAÚX�<¦¾Yp16 ;:¢¾ÚX�Z���

E.coliDH5αÙ[\���]^_-8`abcn�LB�9

6�Yp37 �:¢¾'(�Z;d�efghipLB'(

jt��1 µLºø9���PCR7�;PCR7�:¢ºÁ

94 ;<=15 min�94 ;=120 s�60 ;R130 s�    

72 ;@A30 s�Cû35U�¼b72 ;@A6 min;öP�

PCRRJk¦G�HIJKLç��l�Q`Ç'(m1n

o�ë��N�p63qrsJ#$������þ1; 

1.4.4  miR-21·3¸¹��³É�stþ`  �¯9u

�293FT����vbX����¬w70%�80%x���

¯;�¯x�Hy�Nz.J�÷â{�¯293FT��t�

||}~z^�37 ;��5 hb��'(��PBS��3

U�T÷â��'(��Y37 ;�Û��
48 h;O�3

¸j���b�ÉYp�80 �Do;��t1���stþ

`;þ`91 d�áNIH3T3��ÜÝYp6�9t����

tº1×10

8

 L

�

1

���2 mL;{��s¬P¥U��.x�

�2������º1 mL8�10 µL�100 µL3¸6���

«'(��'(�t��4 h�T÷âi83¸j��«'

(j3 mL�Û'(48 h�á���1�4ÜÝ;÷â��c

n(puromycin�1.5 mg/L)����14 d�2��¯°b-

�no�;3¸st(CFU/mL)=no� /3¸�j��

(mL)×��t; 

1.4.5  ·3¸¹�pLVX-shRNA2-rno-miR-21-5pÙ¯ã

ä������&miR-21���ýþ  á� miR-21

�m�·3¸jài¡MOI(��º20�40)÷â
ãä

������'(jt�Ù¯24�48 hb�¢£îú¤¾

��¥°¢£¦§����-¨Ù¯gí�©¨ªyÙ

¯gí�a«; 

miR-21�����4�Áãä������y(i�¯

3¸j)�V¹y(�¯V¹3¸j)�miR-21y1(miR-21·

3¸¹�àMOI=20�¯ãä������)�miR-21y

2(miR-21·3¸¹�àMOI=40�¯ãä������);

k¦Bx¢£`ßRT-PCRæçýþ¬yãä�����

�tmiR-21���ß;Bñ�®¯����°±²�

���RNAë����°±²�ë���³RNA;�   

2 ng��³RNA<º´µø9��Ô��Ô»�Ô»�ó

º10 µL��v¶·�R3vR�;�°±²,YÔ»:¢�

�¸¼¹�0; 

1.4.6  ãä������OP�ýþ  Bñ�3y��Á

ãä������y(i�¯3¸j)�V¹y(�¯V¹3

¸j)��¯y(miR-21·3¸¹�àMOI=20�¯ãä��

����);�¯24 hb����«'(���'(�Å-

'(�t÷â�tº30 µmol/L�º»¼½¾(PM)�<¦

24 hb�O�ãä�������k¦e¿��À

Annexin-VçýþOPí;Hoechst33342¯°ýþOP¶

�Áãä������p37 �t�Hoechst 33342(5 mg/L)

��15 min�\��PBSÁ�2U�¢£îú¤��;�v

ÂÃÄÅ��300v����ô-��y�R5vÂÃ��

�]Æ;OP���§º�Ç¯��r�¯°�IÈÉ.

vÊ,�OP¶�=OP����/��³�; 

1.5  �����  ÂmiR-21·3¸¹�stÇÈ·3¸

�¯ãä�������gíÇÎRT-PCRýþ�¯b�

�����DmiR-21���ÇË�¯b�������O

P��; 

1.6  �����  k¦SPSS 19.0ô-Ì¢���0�

¸�-ßÍÎ¦x

_

±s�Ï�ªy�©¨¦t ýñ�.y�©

¨k¦ÍÐæa(One-way ANOVA)�¸ç�Ñ¦.�©¨

SNKç©¨y�a«;P < 0.05ºa«�îï1ÒÓ; 

 

2��	
��Results  

2.1  rno-miR-21-5p��������  ,-�J��Ô

`61��PCR7��SöP�PCRÔ»j��G�HIJ

KLýþ7�Ô»RJ;KL2hîÏ�PCR�Y+«17

�ÕmiR-21�öP¥}º117 bp�+«1EF(�

��

�1)�Ö�z

+«1× �Ø��ß¨Ä�£Ù®¨Ú�ÛÜÝ&Þß; 

2.2  � !"#pLVX-shRNA2-rno-miR-21-5p�$%&

'�  ÏEcoR�&BamH�S���G�HIJKLQ

`�öP¥}��º7 888 bp�117 bp�EF(�

��

�2);m1

no�þ12hîÏ�y�Ntàâ�rno-miR-21-5p1

¿��·1¿�«�T;mð�ÃàA±�YÐòC

miR-21·3¸¹�óô; 

2.3  � !"#pLVX-shRNA2-rno-miR-21-5p()&*

+��,-   áÐò�·3¸¹�pLVX-shRNA2-rno- 

miR-21-5p&³É�N¹��àºxáBâãç�¯³É

��(293FT)�O�'(6�jt�·3¸j�k¦ê1n

oçþö3¸stº6×10

11

 CFU/L; 

2.4  � !"#pLVX-shRNA2-rno-miR-21-5p./01

�23456  � miR-21�m�·3¸jàMOIº20

�40Ù¯ãä�������¢£îú¤¾]ÃäP¥°

¢£¦§���(�

��

�3)��¯gí��º(93.13±1.93)%�

(94.57±1.75)%�ªyª©a«Ûîï1ÒÓ(t=å1.236�

P=0.251); 

2.5  01�23456./"#7miR-21�89  Bx

`ßPCR2hîÏÁãä������y�V¹y�miR-21

y1(MOIº20)�miR-21y2(MOIº40)miR-21���ß�

�º1.07±0.05�1.12±0.05�4.05±0.07�4.06±0.04�Ï

ÍÐæa�¸�4y�a«�îï1ÒÓ(F=3 014.962�

P=0.000);k¦SNKç��ªy�©¨�ãä�����

�y�V¹yª©�a«Ûîï1ÒÓ(P > 0.05)�miR-21

y1�miR-21y2���ßÄpãä������y&V

¹y(P < 0.05)�ZmiR-21y1�miR-21y2ª©�a«Û

îï1ÒÓ(P > 0.05)�ä�4; 
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2.6  01�23456�:;  e¿��À2hîÏ�ã

ä������y�V¹y��¯y�OPí��º

(33.33±3.42)%�(31.74±2.93)%�(29.78±3.06)%;ÏÍ

Ðæa�¸� 3y�a«�îï1ÒÓ (F=11.777�

P=0.001);k¦SNKç��ªy�©¨�ãä�����

�y�V¹yª©�a«Ûîï1ÒÓ��¯y�OPí

æpãä������y&V¹y�ä�

��

�5; 

Hoechst33342¯°2hîÏÁãä������y�

V¹y��¯y�OP¶���ºÁ(34.36±4.24)%�(35.73± 

3.6)%�(24.48±3.17)%�ÏÍÐæa�¸�3y�a«�î

ï1ÒÓ(F=13.144�P=0.001);k¦SNKç��ªy�©

¨�ãä������y�V¹yª©�a«Ûîï1ÒÓ�

�¯y�OP¶�æpãä������y&V¹y��e

¿��ÀOP2h�T;�±-÷â�5IJ��øùKL

çUúûü�ãä�������¯miR-21·3¸¹�b�

�OP[PGH���¶�������ëÄ���oìí�

�épãä������YF�èÛ�£�<¦; 

 

3������Discussion�

miR-21��é�l�miRNA�~�o-!"�µ�¶

������GH��OP�<¦

[16]

;miR-21-.�êë

èJ�ë�ìíî�2ïî�ðî*yñtÄ��

[11

�

17]

;

upmiRNA��mRNA�i�«òó1�Ñö�vmiRNA

Ãà��� 6ôv��m����Ð��vªòõó�ª

òö÷�R×��øù;mð�àmiRNAº�,�45g

íúÄpû�Í���m��ü�æýÑö��m�ñA=

ö«^þ�;��¥ ©¨YF�myt�<þÃF[

miR-21����·�190v½.

[18]

;�9?@ö¨.��

PDCD4�PTEN�TPM1�Ø�-��OP���t�£�

l<¦

[16

�

19]

; 

3¸¹�����.��³´·3¸¹��í3¸¹

��Ô��3¸*;·3¸¹��¼¥+,-pÃà¡x

Ù¯��>�z��>����Ù¯���!�Ù¯gí

Ä�F-�D¬>�Æ`�Äg���ØÞ«1�	�»

¦
�¨��3¸¹��!"�-�m45t�7!8�

»¦9:

[20]

�mðBñ��·3¸¹�óô; 

Bñ�YÐòCmiR-21·3¸¹�óô pLVX- 

shRNA2-rno-miR-21-5p�ÅÙ¯ãä�������õö

Æ`�¯miR-21���ó(miR-21-MSCs);��àrno- 

miR-21-5p1¿ºø9�,-.��J�k¦PCRç7��

��mb�ÚXP·3¸���NpLVX-shRNA2t���

y�N��S��Q`&þ1�AB�YÐòCrno-miR- 

5

4

3

2

1

0

m
i
R

-
2

1
�
�
�

 

���� 

����	 

� 4  �������	
�miR-21���� 

Figure 4  Comparison of miR-21 expression levels among different

groups 

��������	
��������

a

P < 0.05� 

 

� 1  PCR��������

miR-21 

Figure 1  PCR electrophoresis 

results for miR-21 

���M�DNA marker��� 1�

PCR����� 2������ 
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Figure 2  Identification results of 

double enzyme digestions 
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Figure 3  Transfection of bone marrow mesenchymal stem cells by 

pLVX-shRNA2-rno-miR-21-5p vector (×40) 
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Figure 5  Comparison of apoptotic rates among different groups 
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21-5p��������	
�pLVX-shRNA2- rno-miR- 

21-5p����������������������

�� !�90%"#�$real time PCR%&�������

����'�miR-21���()*�+,-./012� 

3456789:;��������<�=>?@

ABCDEFG�HIJK��LM�NOBCPQHIR

S�TUVWHI=UX�?�YZ?�[\]NO� ^�

_`abcdef'���������ghi(LM

[4]

�

bj:klmno�ef���pq!do�C �rs

P<�<:tu���miR-21�����lmn�<vwx

u*yz{|}�q0~��E{|}��(PM)��BC

0HI����T�z��%&��'��������L

M����^����������LM!./�����

miR-21��#�?@A���������LM�)�_p

q?��miR-21@A��������LM�_����x

b���r

[21]

�78���PTEN���{��q0���

�6 ¡�¢£¤¥¦PI3Kq0§�AAkt{�B�¨q_

�©ª«�¥¦��¬§UB®�e�̄ °@A��LM�

±²��)³

[22]

�miR-21¤?´µ��PTEN¶�xb@A

��������LM�Y_·�¸A-¹²º»78� 
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����

���
������� 
!"��#$%&'()*+,�

�� 
�-$()*+,��
./$012����34567

89 

����*:;<=>?@A�BCDE2FGH9 

	
��*I;,DEJKLMGH
NO9 

���*�B�5PQR� CNKISTU�VWXYZ[\ 3
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