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 4O�
�"# 
�%2 _� 4�2  �R�f� 0�� 4�

)PBMC   ���Peripheral blood mononuclear cell (

    ) ����]V 0������9 O� B��C��
� ���Ficoll-Hypaque- 

Sigma, St. Louis, MO  0- �	�"����
� Z��$�A u)3 (

."� 4O�
�"#  

RNA   O� B��C��������
� ��������� a���������Trizol   

)Invitrogen, Carlsbad, CA(  Z�����$�A u���)3 $

B"�O�
 4        	��3 
�� ."�� z��U��
� ���5��`� ��� 0-

 !
`��ml 1 Trizol   hr�
 $ 
*�q� 
��'� 
�unisp 

6  O� hA $ "���9 
*�q� 
��'� 
�5    	� 
������ 
���<�

 {��� 4���ml 200      	� $ "�� 
*��q� 0- 
�� a��*$�&�  

°C 4  ^"� 
�3  ^"� 
� hr
 $ 
����� 
��<�5  
����

  	� 0- O� h��A ."��� h���	$rpm 12000  ^"��� 
���  

15  	� $ 
����<�°C 4  ����$	 ������ ."��� d��C�������


 4$�5RNA    $ ��*�� ������� "�"# t��� 
�µl 500 

 4��� 	� $ "� 
*�q� 0- 
� ����A$�A$7��°C 70-   
��

 ^"�1       	� B	���$� 0- O� h�A $ "�� 
������ �(��


 4���°C 4  ^"� 
�15   	$� ��� $ 
��<�rpm 12000 

 t�
	 $ z	�� ��$	 ���� ."� d��C�����
RNA  $�

 �������� 	� 	����75  ����2 |���+� 	� $ 
���%� "��`	�

 	� hr
 $ "� _\�µl 25   "�<�* t-RNase   Z�5

  4���� 	� $ "���9°C 80-     }��&� ."�� 4	�"�1]�

RNA    z���� ����3 	� B"��� 4O���
�"#nm 260  $  

nm 280  ) ~�	������ B�]�
� ��Thermo scientific, 

Worcester, MA 1000-ND ��C�� $ "� B"�MD
 (
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 �d 4$	 O	�*$����� �� 0-1 ."� �
	�� O	�9- "`	�  


'2  4miRNA������ 
� �2  ���p� 
&���- �&A 4�2

    7�D���
 ������ O� B��C����
� ����� $ "���D�*��cDNA   

)203300 #Cat !Exiqon’s miRCURY LNATM 

cDNA Synthesis Kit    
�� 
�&5�� _�� 	� (cDNA 

A a� ."�"� Z�")� �&A  
�miRNA   $ "�� 
*�q� ����

 7�D
cDNA  �&A �'���A O� B��C�
� ��T    4��1��� ���'3 

  _�� $ �*�� ���p�Universal tag  
��5��  4'5   a��M��


U��%� .���*�9  4cDNA  4���2�'���A O� B��C���
� ����

Bx�$  4miRNA  $LNA-enhanced  �\9�� $ �*	

   O� ����%�� ��I&J ."� ��n��RNA    B"�� z��U��
�

)ng 200 6D����$ 	� (cDNA  ���&� ;��M5 ����µl 20 

�+�)3) "� B��C�
�  
&�
$ 
� 4O�
 .(	�"�� 4  

  0����miRNA   
&��
$ 
��  4real time SYBR- 

green I ) O� B��C�������
� ��������203450 # ,Cat   

Exiqon SYBR Green Master Mix   ."�� B"�MD�
(

 6D��$ ��&U�PCR )µl 10  Z���� (µl 4   ���Wf�

) :��+� �%���$	1:10   ���Wf� ���n�� 4��� (RT 

)Real time   Bx���$ 4���2�'���A O� B��C���
� ���� ( 4   

LNA q-PCR  ����103 -rno-miRNA   ."��� B��C���
�

PCR     B�]��
� O� B��C��
� ���Step one plus applied 

biosystems    �"����� 
��� ��	���` 
��� ����*�9 a���M��  

10  	� 
����<�°C 95    hr��
 $ "��� 
������� 	�40 


��V 4 °C 95  ^"� 
�10  $ 
����°C 60    ^"�� 
��

1 
'2 .�*�9 	��< 
��<� 
��'� 4   ��C# ^	�` 
� �2

 8$	 O� B��C����
� ����� �������� ."�"���� �����n��∆∆ct   

)Delta delta CT Method
%���� (  ."�"� �
	�� 4�

RNA spik in 6 Unisp �+�)3 4���   B��� 4O��
   4��2

q-PCR "� B��C�
� )34-33(.  


'2  ��]���� ^	�` 
� ^�(�3� 4±   O� H���f��

B"� 
��	� �	�"���
� ��]���� � H���� ."��B$�9 ��  �� �2

  O� B��C��
�Student t test   ���One- way ANOVA 

)One-way analysis of variance  ������� (  

Post hot multiple comparison  ."�"��� B"�MD��


    
U�%� O� B��C��
� ��� 4	���- 7����- 4 20  a��� O�   	�7�*�

SPSS )version 20, SPSS Inc., Chicago, IL( 

 $ a�M��050/0 < P �D+�  R
 0��D( 
�  �I� 	� 4	��

."� 
�*�9  

  

���
	 	
  

���� �� 	
 
� �
� ����� ����� � Wistar   

 ����A O$� $ t�V �A ���PJ ;�d	 S����STZ  
� 
�

    ��� �D����%�� ���$���O� �	 �+�)3 ���<$ _��7� 	�3

��&
 ���&'( a"(  4�2β �� "�&��    ���M�� 4���� !"D�

 .�� �����2 ^	 	�  �2  ��� B��C��
�     	��3 
�� $ ����

�� ��i�  .�� ����� "����2  0��	� ���e� ."��'� ��M�� �	

     4��� $ �$���%&� !�����%�� !7���&9 �I&J !0O$ ��

 �$"# 	� "��%�&91       0��\� ������ ���� .��
� B"��-

�� ^	 0O$ 
� "2� B"DD� �*��	� B$�9 4�2 4  ���V

^	 
� �)%� �)���� 	�3 
� Q��     ��*��	� B$��9 4��2

B"DD� 4 ) �+�)3 ;�d	NFD (gr 20  .�
� B��� ��\��

   $ �$���%&� 
�V �9�LDL     ^$��C� !B$��9 $� a��


�D+� ^	 ��� !"�	�"� 4	��  B"�DD� �*��	� B$�9 4�2 4 

 4����� 0�� "D< $ "���%�&9 4�� 0�7�� !��\�� ���V

 ���� 0���\� 4��Q���� ) "��D2�mmol/l 83/5 ����� 	� .(

^	 ��*�� 62�� ����%��  R
 !�2   O� 62��� ��� ���

�D+� 4	��- �I� .��)� 	��  

 Z��1   O� "�+� 0�� a�
 7��&9  R
OGTT  �	

�� 0�\� ^	 ."2�   B"�DD� ��*��	� B$�9 4�2 4   ;��d	

      	� a��
 7���&9 ��I&J 	� ��\��7*� !��+�)3 ���PJ  
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 ����1�
������ . 	
 ���  ��!  �" ����� #
$ � �!�% ��!&�% ��'�� (�) �$ ���*+ ,�-
 �� ���  

�����  
������ �� ��� � ) ����� ����10 (��!
  ������ �� "#$ � ����� ���� 

) %�&�HFD( ) �
	'NFD(  ) %�&�HFD(  ) �
	'NFD(  

) �,-gr(  20/3 ± 50/223  51/6 ± 60/191  06/3 ± 75/144  99/1 ± 75/145  

TC )mmol/l(  09/0 ± 55/1  013/0 ± 53/1  08/0 ± 51/1    13/0 ± 50/1+  

TG )mmol/l(  29/0 ± 14/2  10/0 ± 18/1+  08/0 ± 88/0  16/0 ± 23/1  

LDL )mmol/l(  7/3 ± 88/0 33/0 ± 91/0 36/0 ± 90/0 34/0 ± 90/0 

FBG )mmol/l(  10/0 ± 83/5  43/0 ± 34/5  17/0 ± 05/5  28/0 ± 91/4 

012$3�� )ug/l(  03/0 ± 50/0 02/0 ± 30/1 10/0 ± 20/1  10/0 ± 40/1  

 ��]���� ^	�` 
� ������± B"� 0��� 	��+� H��f��  !"��8  =n  !B$�9 �2 4���6  =n  !����%�� 4���050/0 ≤ P �D+�  R
 0��D( 
� 4	�� � 	�I"� 
�*�9 �  

NFD: Normal fat diet; HFD: High fat diet; TC: Total cholesterol; TG: Triglyceride; LDL: Low density lipoprotein 
FBG: Fast blood glucose 

  

 ^"�30 ) 
��<�mmol/l 5/9  7���&9 �*��	� O� "+� (

�� 0�\� �	  O� "+� 
� "D2�2      
�� �(��
 
�� �(��


�� �+�)3  R
 ) "
	mmol/l 5  ��I&J !h�( �� .(

^	 	� a�
 7��&9 B"DD� �*��	� 4�2 4   ���P�J ;�d	

�� 6��7*� �(�
 
� t�V �A "���  �(�
 $� ��5 $

  ���� �<���� Q���� ;��2 7����&9 ���*��	� O� h��A  "�����  

)mmol/l 21.(  

  

  
 ./%1) 0"�1� .23� #���45 .OGTT  ��  

Oral glucose tolerance test	
 
� (  &��� ��!NFD 

)Normal fat diet � (HFD/STZ   

)High fat diet/ Streptozotocin 	
�6 �� ������ .(

 7
8��
�± &�% 9�
� 
�
:� ;��3�� ��� <8  =n &��� �! ����  

050/0 ≤ P �B:� CDE 9��BF �� � 
� �
��G�% ��H�� �  

 
� t�V �A ���PJ ;�d	 �� ^�����5 7��&9 Z'f�

STZ B��� �*��	�    ���� 7���&9 ^����p� �A 	� !"��

�� 0�\�         	��3 
�� 0��� 4Q��� 7���&9  R�
 ."�2�

 B$�9 	� �U\�HFD/STZ     7���&9 ."�� B"2��\�

 ^��������5 	� �������� 0�����HFD/STZ  	����3 
����

�D+�  B$��9 �� 
%���� 	� 4	��    B"�DD� ��*��	� 4��2 4 

   B"�DD� ��*��	� B$��9 $ �+�)3 ���PJ ;�d	 4   ;��d	

    �����  R��
 ����� .���
� ��Q���� ~���V ���A ���P��J  

mmol/l 11-5/9 ]���� $ �+�)3 B$�9 0�� 7��&9 ��

≤ mmol/ 19 .���  

9�
� 103-miR ��1E 
�  ��KL! M� ��!   9�K  ��

�D
3�  

6MD
     ����*�� 	��3 
�� ��2   
���'� 	� 47���-   4��2

PBMC 8  B$����9 ^	NFD !8  B$����9 ^	HFD  $  

8  .���� ������� 
��� ����)� �"��� ^	2  .���*�9 a���M��  

103-miR 
����'� 	�  4���2PBMC  Z����< B$���9 
��


0�'2 $ ��� �����	  Z�� 	� 
� 
��92  B"� B��� 0�\�

  0���� !�
�103-miR  
���'� 	�   4��2PBMC   6��A

����� )HFD^	 $ (   .��� ����� 
� ��)� �"� 4�22 

      
��) ��
� 
��*�� 6��7�*� ��+�)3 B$�9 �� 
%���� 	�

) 7
�,

��
m

m
ol

/l
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  ����� S�������024/0  =P  $010/0  =P H������� .(

���D+�    R��
 ����� 4	��103-miR 
����'� 	�  4���2

PBMC ^	 ��� 4�2  B$�9HFD ^	 $   
�� ��)� 4�2

 .�� �����2 ) "\� B"2�\�250/0  =P(  Z��)2.(  

 
 ./%2 9�
� 0
���5 .micRNA �1
E� ��  �qRT-PCR 

)Quantitative reverse transcriptase- polymerase 

chain reaction��1E 
� ( ��L! M� ��! ) 9�  ��8  =npre-

diabetes <8  =nNFD <8  =D2nT.(  

 7
8��
� 	
�6 �� ������±  O�
�� 
� 
�
:� ;��3��2log  9�
�

 .�E� &�%050/0 < P �B:� CDE 9��BF �� �
��  ��H�� �G� 
�

 9��45 4� � �%One-way ANOVA )One-way analysis 

of variance.����� &��P�E� (  

  

()�  

 
�����$� ���������� ������ ������
�D�  	� Z������ 4

     ��'1� �D����� $ ��'&( H"�2 !����� 4d����7�*���A

 0��� ���p� ��� ��)�	� !��\�A ^�+��R� .�
�miRNA 

 .�� ����� 8��%9 $2 B��� 0�\� �	   "���)35(  6��� .


R
�$ ������ ��� 4��� B"� ��1D\�A 4�   _�V�� 4�2

 .�� ����� 	�2 !B�MDA   $ u���f� 4�
 
� 4"�"# 4

   ������ 	� S�U�D� ��%�O 4�2�]��\� ����
 	���-

 .��2     ��� B"�'( 	��3 
� !^�+��R� ��� .�
� B��\9

 0���miRNA �*�� 	�  !")� "D��� ����� �� o)��� 4�2

 
�c�2�� $ :�����A !���V �*��    7���'�� ��&��
� 4

�'# ."D�%2 �*�� ��� 4	$-   ��U�\� 4���� �2   4��2

��d   ���#$ ��� "2��� $ �
� 	���� ���miRNA  	�

       ���Q� (��*�� ��� B$��() ^������5 $ 0��%�� 0��

��  ��� 
� "DD�miRNA ��   	� ��O- ^	��` 
� "D����

��&
 0$	� �� $ 0�� 
�%2 _� 4�2   �R�f� 0�� 4�

 "���]� 	��<)37-36(.  

    
����)� ��� ����9	� 0$	� ^��3�)�	� .���� ����  4

miRNA 0�9	� O�      ��� ����[(� Bx��$ 
�� T&�U� 4�2

     �	 0- $ ��
� B���'2 0��� 
�� ���d����7�* �����

      ���DV 4���� ��7]���# �'#��1� ���J $ S
�D� �)D�

0�9	� �� ���2  �O�
)38(.  


���*�� ���� 0���\� ���2  
��� "��2�miRNA  �f�����

B"DD� 8���� 0��D( 
� ��$O$79� 4   0d 0���� 4"�&�

�� Z'(    
U�%� "�DV 	��1� �(�� $ "D�    
�� ��
� 4�

    ��� Bx��$ ���d������ s����5 ��M�� 
� �MD�   .����9

PBMC�� 8��9 0"� �
��
 	� �2  :�'� 	� $ "DD�

0�9	� �� ;���%� $ _��7�    
�� 
�� "D�%2 T&�U� 4�2

 �'1� �)D� 0��D(4	�'�� 4���  0��� ���p� �� B��'2 4�2

miRNA �� 	�'� 
� "�$	  �D���� 8$	 !��+<�$ ��� .

   ��
	�� ��� ���*� ���
 �
	�� 4���miRNA   4��2

.�
� B�	$- ��#$ 
� 0�� 8��9  

Zampetaki      ��� ��D)� "2���� ����$� 0�	��'2 $

 ���p�miRNA    ������ 
�� ���)� ���*� 	� �'
�A 4�2

 .��2 ���� 
��	� �	 ")39(    	� ������ ^$��C�� 4��]�� .

miRNA    $ a��
 	� ������ ��� o)��� 8��9 	� 4�2

  B��� 0��\� ^�����5 	� ��Dc'2 $ ��)� 0�	�'�� 0��

   Z�`�5 ������ Z'�� !B"�- �
� 
� ����� .�
� B"�

�*�� �]�� $ :�����A O�   �%�� H"�2 4�2  ��
� ����

)41-40(  ������� 4���]�� �	���� 	� �*���� ^���(�3� .

2 

8/1 

6/1 

4/1 

2/1 

0/1 

8/0 

6/0 

4/0 

2/0 

0 

�
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micRNA��&
 4�2       
�� ���)� 0�	��'�� ����� 4��2

 .�� �����2   
���'� _�� 
�     4���� ��
��
� Z���< 4

��U\�  �	�"� ��#$ !�
� ���D�&� 4�2)42(. 

 :�
� �� 
+��R� ��� 	� 6MD�
   4��2in silico  $

      ��'&( ����D� $ ������D�� B��]��A O� ���#�� ^�(�3�

B"� �\�D� 4    ������ 4��]�� 4$	 !S
�D�103-miR 


��'� 	�  4�2PBMC ^	  ) "2��� 4�2NFD  6��A !(

) �����HFD .�� ����� 
� ��)� $ (2   .��
� 7��'��

103-miR  ����M�� T��&�U� Z��5��� 	� 4"���&� 6����

 .�� �����2 �� �C��   6��� ."D�103-miR   ;��ID� 	�

 ��"DVmRNA   $ 4"��r�� ;%������� Z5��� 	� Z���

Acetyl-coA  ���
� B"���c�A ���&��
)30( 8������ .

 0�����103-miR 8���� 	�  4���2ob/ob  
��� ���MD�

�� ����%�� 
� ���V �*�� ��
�%5 6��7*�  0d .���

1Caveolin   4"���&� 4�7��#� O� ����� 
���Caveolae 


R
�$ O� $ �
�   !��
� ����%�� ��D]�
 	� ;1� 4�2

H"2 O� ��� 0��D( 
� B"� "��e� 4�2 4   �2�]�\���O-

103-miR  �
� B"� �*�+�)43(.  

 
� �
� B"� 8	�79 ��Dc'2103-miR  ")� 	�

8����  4���2ob/ob   $ ���+�)3 B$���9 ���� 
��%���� 	�

8��     ��� B"�� 	��'�� 4�2STZ    Z���< 0���� 6��7�*� !

�� 0�\� �1#��  "2�)44(.  

^	 !
+��R� ��� 	�  .�� ����� 
� ��)� 4�22   
��

 4���� ��HFD/STZ  ^����p� ���D� 4��� !"�"� ��M��

103-rno-miR  4���� �A ���PJ ;�d	 �*��	� O� hA

 u�	7� O� Z)<STZ   4���\�� ;1* 
� �����
� 	�ID� 
�

 O�
��&5��  0����� �����p� 4103-rno-miR  ��+��q$ O�

 ."� B��C�
� ����� 
� ����� 6�AHFD/STZ  	�3 
�

u�<�    ���)� 0�	��'�� 	� ��������� �]�U�	 ;2 
� 4��

 .�� ����� 
�2 �"� 
� �)%� �	    _�� 0�9"���# 4�2

   ���P�J ;��d	 �� B"� ��M�� �<�V �� �<�V/����� ��d

�� 0�\� 8�� $ ^	 	� ."2�  

�M���"� �    .��� ������ 
� ��)� �����5 4�22   ���

   ��A 	� $ �����A ^�	"�2���� �� t�V �A ���PJ ;�d	

 u�	7� 0-STZ �"� .�*�9 a�M��   
�� 
� �����5 4�2

�� ��M�� 8$	 ���  u�	7� O� Z)< !"���STZ  6��7*�

   ��� 0��\� �	 0��� ����%��      ���� 	� 
�V ��9� ."�D2�

B	$� !
+��R� ��Q�3 4  �f� 4�� 	��< t�V �A ;�d	

_��7� �"� �� "D�*�9       7���&9 Z�'f� ���� 
�� 4���

) �������%��IFG/IGT  ������Impaired fasting 

glucose/impaired glucose tolerance.��� ��M�� (  

8	�79 ���� :�
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Abstract 
Background: Type 2 diabetes (T2D) is the most prevalent chronic metabolic disease. MicroRNAs act 
as regulators of gene expression by inhibiting translation or promoting degradation of target mRNAs. 
Recent reports indicate that microRNAs can play important role in establishment of diabetes and has 
roles in type 2 diabetes different aspects including insulin insensitivity. To detect a noninvasive 
screening method for type 2 diabetes, we evaluated the expression level of miR-103 in peripheral 
blood mononuclear cells (PBMC) samples from pre-diabetes and type 2 diabetes rats in compare to 
normal group (n = 8 in each group) using real-time polymerase chain reaction (RT-PCR) method.  

Methods: Animal model type 2 diabetes was made with combination of high-fat diet (HFD) and low 
dose of stretozotocin (STZ) injection. Blood glucose level, serum insulin, and cholesterol, low density 
lipid and triglyceride levels were measured after 10-weeks diet interference. Peripheral blood 
mononuclear cells isolated from blood samples of three groups of animals, and then total RNA was 
obtained using Trizol reagent. All microRNAs converted to cDNA (complementary DNA). Expression 
level of rno-miR-103 was assessed via one-step SYBR GreenⅠ relative real-time polymerase chain 
reaction, using specific LNA TM qRT-PCR primer set for amplifying rno-miR-103. Statistical 
analysis was performed using SPSS20 software. 

Findings: Combination of high-fat diet and low dose of stretozotocin effectively induced type 2 diabetes 
in rats. rno-miR-103 expression level in peripheral blood mononuclear cells samples of pre-diabetic 
(high-fat diet) subjects and type 2 diabetes rats significantly elevated in compare to normal group. 

Conclusion: The high-fat diet/stretozotocin-induced type 2 diabetes animal model is the most suitable 
way for mimicking pre-diabetes and diabetes in men. The result of miRNA expression assay in 
peripheral blood mononuclear cells indicates the importance of rno-miR-103 in type 2 diabetes 
pathogenesis in early stages and has potential as a clinically useful noninvasive source to predict the 
disease status. 

Keywords: Type 2 diabetes, MicroRNA, Noninvasive diagnosis, Peripheral blood mononuclear cells, 
miR-103 
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