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	����� 	!"	���#�$	�%	&'�%'	(��	)�*+����	,�-.�	�	�/��0	��1/	��2���3��	��	4+�	5���'	6�7+ �8	�'	9�*+:�%	!�	5������������
	&'�%'	;-�	6"+1�	����+3<	�'	�32�	���:�	(��	5���	9�%	'���	��	,�#�%	!1=0	>�+ 	6"+1�	9�*+:�%	!�	!�:�%�	5?%'��	@AB
	'-C��	��<'��130	�'	��D	!�	EF��	��<�	� �G:�	9����� 	H'%+��I	�%	�+=0	;%+.C�	leukocyte common antigen related (LAR)

	�'	J�6�$	9�%	!"	-�%	H'%'	;���	K�C*�L�	&'�%'	(��	6"+1�	����+3<	�	M��+�8+8$	�����+�	��<	!��?	NGO	�	'�#�%	��P�	�*+1�
	;7	9�%	;���	(<�"	�Q%	�	LAR	;���	��	K���3*�8	R�S	-��%	�Q%	�����	!�	�!C*�L�	9�%	�'	�	!�?%'	���2�	(��	9�*+:�%	T.�*�.U��

	&J��I%'�8	6"+1�	5?%'��	��
	������%	'�+�	9�V ��8	�	mRNA	WL�	�'	C2C12	��X=0	Y+1�	LAR	;7	;���	��	K���3*�8	5P1D	�'	�Q%	%-��%���	�
�����
���
	��*%	52�	0/5mM	K���3*�8	>�+ 	�	!����	(<�"	shRNA	)�.� 	)3"	!�	C2C12	��X=0	Y+1�	LAR	;7	;���	MZ�	�	!����	�%�/

	&5�%	H-?	,�#�%	6"+1�	5?%'��	5: 	�2*+1�	���$	[3�	�%	M8	&-�%	H-?	��3� 	�9�*+:�%	!�	5�����
	���O	��2*+1�	&5�%	H-?	LAR	��*%	\0��	9�V ��8	WL�	�'	@]�	� mRA	WL�	�'	@^]	'�-O	C2C12	Y+1�	�'	K���3*�8�������
	H���	��	!:����	�'	shRNA	���O	��2*+1�	�'	&5�%	!����	(<�"	@^]	'�-O	�2�$	�'	LAR	;7	;���	Y��."	H���	��	!:����	�'	shRNA

	P< 0/05	&5�%	!����	'+�2�	6"+1�	5?%'��	Y��."
	J<%��	�-<%+?	��	!C*�L�	_����	9�.`3<	&''��	��	��X=0	Y+1�	�'	LAR	��*%	a��	K���3*�8	!"	5�%	H'%'	;���	_����������������

	&''��	��	��X=0	Y+1�	�'	K���3*�8	>�+ 	H-?	��*%	9�*+:�%	!�	5�����	'+�2�	\0��	LAR	��2�	!"	H'��$
	LAR	�	9�*+:�%	!�	5�����	�K���3*�8�������������

	;%�2 	��?68	,+10	H�U��%'	���?68	H-���%'	��3�?+��	H���	��.�*��	�3�?+��	���"'	�+#��%' 	b�
	( �%	��?68	,+10	H�U��%'	���?68%��8	H-���%'	��<�U�����$	,+10	H���	��.�*��	�3�?+��	-?�%	c�.?��" 	b�

	,X�%	��?68	,+10	H�U��%'	���?68	H-���%'	��3�?+��	H���	��.�*��	�3�?+��	���'���% 	b

	;%�2 	��?68	,+10	H�U��%'	���?68	H-���%'	��3�?+��	H���	��.�*��	�3�?+��	�����%' 	b�

�	�
	
	Ed�	���2���3��	'�#�%	�'	�32�	���:�	(��	9�*+:�%	!�	5�����
	�G�%	)�*+����	,�-.�	�	�/��0	e��1/	��2���3��	��'	4+�	5���'
	5?%'��	(<�"	a��	9�*+:�%	'��30	!�	�*+1�	5�����	&f�g	-."	��
	9�V ��8+Z�*	�	6"+1�	W?� 	�	-�*+ 	(�%6�%	�	!1=0	>�+ 	9�*+:�%
	���S	5���	�%	6�*+Z�*	(�%6�%	�	-�"	�%	(VLDL)	9���8	���:�	�*�US	��

	!�	��X=0	6"+1�	5?%'��	@AB	����� 	!"	���#�$	�%	&f�g	''��	��
	(��	��X=0	9�*+:�%	!�	5�����	�'���	��	,�#�%	9�*+:�%	)3"

	&f
g	-."	��	�G�%	;-�	6"+1�	����+3<	�'	�32�	���:�
	��+I	!�	�*+�*+�	WL�	�'	9�*+:�%	!�	5�����	h�/'	J:�����
	'%�$	R�S	��<-��%	(�%6�%	!"	''��	��	�+F 	&-?��	�3�	i���
	-�'��	��	j�S	'%��%	!1=0	�'	9�*+:�%	!�	5�����	\0��	�3�X8
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	\0��	R�S	-��%	e6"+1�	!I�S	!"	5�%	H-?	��	�+F 	�����	&f�g
	K�C*�L�	��%	'+?	��	R�S	-��%	>�+ 	H-?	��*%	9�*+:�%	!�	5�����
	5�����	a��	9�*+:�%	T.�*�.U��	�'	YX�I%	!"	-�%	H'%'	;���	-�-�
	K�C*�L�	�%	�'-C��	K�?�%6�	&f]g	''��	��	��X=0	9�*+:�%	!�
	!�	5�����	'�#�%	�'	'%�$	R�S	��<-��%	(��	�U����	��%+�O	�	���:�%
	9�*+:�%	H-����	;+��X��G:�+ %	(<�"	&-.?��	��	��X=0	9�*+:�%
	�	(PI3K)	Y+���+.�%	E�-� �G:�	
	H��3?	��.�"	5�*�C�	(<�"	�
	�����'	;%��3��	!1=0	�	���S	��<	5���	�'	B (PKB)	��.�"	9�V ��8
	��"'	� ����k 	H���	��I%	K�C*�L�	&fl	m^g	5�%	H-?	n�%6�
	��*%	\0��	R�2�*%	�	K���3*�8	R�S	-��%	!"	-�%	H'%'	;���	������
	;���	(�%6�%	h��o	�%	��X=0	��2*+1�	�'	9�*+:�%	!�	5�����

	&fp	mA	m 	̂m]	m�g	-�'��	��	(PTP1B)	B	�	�� �G:�	9�V ��8
	-.�:<	�3�6�$	q�6�	H'%+��I	(PTPs)	�<�� �G:�	9����� 	9�V ��8
	H-20	!�	�2����	�	�2*+1�	4%+�%	�'	�G.�	�	5�d�	�3�P. 	(��	!"
PTP	5�*�C�	���r 	�(PTKs)	�<��.�"	9����� 	9�V ��8	!��?	&-��%'

	����� 	E��?	H'%+��I	9�%	&'�%'	(��	;�:�%	��2���3��	6�7+ �8	�'	�<
	&f�Bg	-.?��	��	LAR	�	PTP1B	�2�$	9���32�	!"	5�%	J�6�$	���
	E�*'	!�	;7	9�%	sLeukocyte common antigen-related protein (LAR)

	5��+"+*	��+30	;7	���$	cDNA	��2���8	�%	H'�G��%	��	���	9�*�%	!�.�%
	�+2��	,��	9�%	!�	H-?	�����?	CD45	��	(Leukocyte common antigen)

	�P.�	f��e��g	H-?	,�#�%	K�C*�L�	_����	!�	!�+ 	��	&5�%	H-?
	�<�� �G:�	(�%6�%	�	-��%��	(�%6�%	9��	�o�� �%-���	!"	-��	��
	;���	(�%6�%	510	9�.`3<	&-?��	!�?%'	'+��	�����'	;%��3��	�'
	j�S	9�*+:�%	!�	,����	'%��%	-�"�	���S	�!`�<��	��2����	�'	LAR

	K���3*�8	!����	(�%6�%	��'���	!�	!�+ 	��	&-?��	��	!�I�.?��	�����'	�
	�+L�	-�%+ 	��	�+�"��	9�%	�9�*+:�%	!�	,����	'%��%	��3�X8	�'
	�'	h��k 	!"	-?��	LAR	;7	;���	���*%	�'	����%	E��0	)�	H+�*��
	�'	�%	!C*�L�	;+."� 	&5�%	H'+�	!C*�L�	9�%	4+
+�	t+FI	9�%
	!`�<��	��2*+1�	�'	LAR	;7	;���	���*%	�'	K���3*�8	(��	��	u�� �%
	5�����	�'	LAR	Hv�+�	�<�� �G:�	(��	�����.?	&5�%	H-��	,�#�%
	�'	J2�	�+�"��	)�	;%+.0	!�	K���3*�8	>�+ 	H-?	��*%	9�*+:�%	!�
	�)�*+����	,�-.�	�	�/�S	�5���'	��/��0	��1/	��2���3��	6�7+ �8
	!�	-�%+ 	��	�9�*+:�%	!�	5�����	510	�����.?	!�	)3"	��	H�X0
	��-�Z�*	M�'	5�C
�	�'	Hv�+�	�H+�*��	�����'	w-<	)�	;%+.0

	�?+�	!`�<��	�*+1�	H'�	�%	H'�G��%	��	!C*�L�	9�%	�'	&-?��	x�L�
	;%6��	��	K���3*�8	��+�	�1��	By]	�	By�	��2�P1D	�Q%	�(C2C12)

	shRNA	)3"	��	�	!����	�%�/	�����	'�+�	LAR	9�V ��8	�	mRNA

	5���:O	iI�?	;%+.C�	6"+1�	5?%'��	�	!����	(<�"	LAR	;7	;���
	&5�%	H-?	�����	6"+1�	!�
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���� �!"�

	DMEM	>�k�	�'	�	��%-��I	�+���8	+���:�%	�%	!"	C2C12	��<	Y+1�
	,��	pypp	���O	���*	�<	�'	5�"	>�k�	9�%	&-�-?	H'%'	5�"
	,��	By 	̂�	HEPES	,��	
y]l	�J�-�	K�.�����	,��	
yl	�DMEM

	>�k�	!�	9�.`3<	&-?��	��	ly�	;$	pH	!"	-?��	��	9��� +1�eL

	Y+1�	����	'�+�	-?�	��<�+�"��	� 	''��	��	!��
%	FBS	5�"
	!�	)� +��	���$	;%+.C�	6��	9�1��	�.8	�	9�:���+�8���%	&''��	9��� 
	CO

2
	@]	�%�%'	R+o��	�G:3 $	�'	�<	Y+1�	&''��	��	!��
%	>�k�

	&-�-?	��%-2U�	
l	°C	���'	�'

�#��$������%&�� �
�������'���$
	&-�+?	E�-� 	R+� +��	!�	-���	f�<	5�X�+��g	C2C12	��2*+1�	%-��%
	5�18	�'	�]BBBB	'%-C 	!�	5�X�+��	��2*+1�	%-��%	�+P.�	9�-�
	@^B	'�-O	!"	���	)�	5?z�	�%	M8	�	-?	H'%'	5�"	!��I^
	9�6U���	6��3 	>�k�	��	Y+3C�	>�k�	�H-?	�8	Y+1�	>�+ 	)<�S
	&-?��	��	@�	a�%	,��	H%�3<	!�	DMEM	���O	6��3 	>�k�	&-�'��
	���	�	K-�	!�	6��3 	>�k�	!�%���	{�+C 	��	�<	Y+1�	E��"	6��3 

	&5���	,�#�%

������ �(��)����	�!*�+��,��%&�� �����$
	|����� g	By�	��2�P1D	K���#�	�'	�2*+1�	9�%	�R+� +��	'�#�%	�%	-C�
	��+�	�1��	f)�7+*+ �8	5P1D	|����� g	By]	�	f)�7+*+�6��	5P1D
	����	'�+�	�%-��	%-��%	&-�-?	H'%'	�%�/	50��	� 	̂K-�	!�	K���3*�8
	�'	@]B	E�*%	�	R$	���*�����	�BB	�'	%��$	�	H'�"	;��	%�	K���3*�8
	y����	@�	���O	DMEM	>�k�	!�	�	H'+3�	EO	'%�U�����	!��'	]^
	��	!C*�L�	9�%	�'	Y��."	��<	Y+1�	&-�'��	!��
%	9��+�*$	�3#O

	&-�-?	��3� 	@]B	E�*%	�	R$	���*�����	�BB	���O	>�k�
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������%1/����	23�4�/
$����5�6�*%1�����LAR (leukocyte common antigen related)��6��7��- ���%��7�*���%�)*��8���%9�9��%(


RNA�.��)� �
	5I��	RNAeasy	5�"	>�+ 	R�S	-��%	��	H-?	��3� 	��<	Y+1�	�%
	RNA	R+1L�	5�G�"	&-?	}%����%	�*+1�	,� 	RNA	�;7��"	5"�?
	-��� 	'�+�	~%�'+���	H�U��'	!1��+�	;$	5�3"	�	��+�����*%	>�+ 
	5�"	�%	�Real-time PCR	,�#�%	�	cDNA	6�.�	�%��	&5���	�%�/
	h��L�	(."%�	,�#�%	�U�+US	�	>�%�?	&-?	H'�G��%	%��"� 	5"�?
 Delta	n��	!�	;7	;���	���r 	_����	�	H'+�	%��"� 	5�"	E� ��8	��

	&f�]g	-�'��	6�*��$	Delta Ct

��/,�0�� �����0�� �����1���2&
	;��� 	;%6�� 	�� 	K���3*�8 	K��G�� 	��<	5P1D 	�Q% 	����� 	52�
	
B	�%-�� 	&-�'��	H'�G��% 	KX�	;����	n��	�% 	LAR 	9�V ��8
	-?	SDS-PAGE	��2*+1�	�%	H-?	}%����%	9�V ��8	�%	,�������
	���D	!�	!��:����*%	;����	)3"	!�	H-?	)��G 	��<-���	MZ�
	���$	>�+ 	����	9��+�*$	��	T.�"X�	�%	-C�	&-�'��	E��.�	PVDF

	f�BBBy�	5/�g	LAR	9�V ��8	!�10	��	���F�I%	Y��+1"+�+�	�'��
	�����.?	'�+�	�Cell Signaling	���Z3"	�%	f]BBBy�	5/�g	9��"%	���	�
	!��v	�+"	!�+��Q	�'��	���$	>�+ 	E��O	M�1Z3"	�	5���	�%�/
	J�:��	�%	H'�G��%	��	&-?	�����.?	f�BBBBy�	5/�g	HRP	��	H-?
	�P�	'�+�	9�V ��8	-���	Ek�	�(ECL)	Enhanced Chime Luminance

	�%6�%	,��	�%	H'�G��%	��	&-?	i���	c�:O	�7+*+�'%�	J1��	���
	�1���	��<-���	!��:�%'	Bio-Rad	5"�?	Y+Fk�	densitometry

	-���	!��:�%'	5�:�	c��%	��	K�?�%6�	�	H-?	����	H�%-�%	9�V ��8
	&f��g	-?	!�%�%	9��"%	���	9�V ��8	!�	�P�	'�+�	9�V ��8

���� /3��4� �5
��6
	�% 	��%�� 	c+�C� 	�*%+ 	���O 	�%	!�?� 	�' 	-� +V1"+�+U�*�%
	AGATTCGTGGCTACCAGGTCACCTAT-3´)	(5´-)	LAR	;7	shRNA

	pRS	�+�"�	�'	�	H-?	�O%�o	pSilencer	�%6�%	,��	�%	H'�G�:�%	��
	&5�%	H-?	H'�G��%	Y��."	;%+.C�	scramble	�*%+ 	�%	&5�%	H-?	;+1"
	>�+ 	�+�"�	�3�6�$	J=<	�%	H'�G��%	��	�P�	'�+�	�*%+ 	�+=O

	&5�%	!����	�%�/	-��� 	'�+�	HindIII	�	BamHI

�78"29:���$;�! /,�����,�������������

	shRNA	���O	��<-�3�X8	K�G:�	J�:1"	n��	�%	H'�G��%	��
	�+L�	&5�%	H-?	5�G:�%� 	!1=0	Y+1�	!�	GFP	�	scramble	�
	�%	)�	�<	�'	Y+1�	�BBBBB	9��G:�%� 	�%	E�/	���	�!�XI
	,�������	�B	!1��+�	�2*+1�	&-?	H'%'	5�"	!��I	 	̂5�18	��2�<�S
	H-?	5�G:�%� 	GFP	�	scramble	�	shRNA	���O	��<-�3�X8
	�A	�%	-C�	&5�%	H-?	H'�G��%	Y��."	;%+.C�	GFP	�+�"�	�%	&5�%
	���O	>�k�	�'	�	H-?	!.�:Z�� 	�2*+1�	�9��G:�%� 	�%	50��
	�<	!�G<	�	K-�	!�	�	-?	H'%'	7���8	f���-*$	�3U��g	9�:�����+8
	!�	,����	��2*+1�	-C�	!1O��	�'	�	H-?	{�+C 	>�k�	���	
e�
	�%�/	H'�G��%	'�+�	!C*�L�	!�%'%	52�	�	H-?	R����%	9�:�����+8
	�%�/	-��� 	'�+�	9�V ��8	WL�	�'	LAR	;7	;���	���r 	&5�%	!����

	&5�%	!����

(Glucose uptake assay)�'�����!<�
�,�!:$
	!1��+�	H-?	��*%	9�*+:�%	!�	5�����	��	LAR	�Q%	������%	�+P.�	!�
	5?%'��	5: 	&5�%	H-?	,�#�%	6"+1�	5?%'��	5: 	K���3*�8
	�+L�	&5�%	H-?	,�#�% 	��� 	!�	�	5���1Z�� 	K�+�	!�	6"+1�
	�1��	By]	K���3*�8	!1��+�	�2*+1�	6���3 	���	�	�%	M8	�!�XI
	�	�+=O	�'	�2*+1�	MZ�	-�%	H-?	��3� 	50��	� 	̂K-�	!�	��+�
	�	-�-?	��3� 	9�*+:�%	��	!��/'	
B	K-�	!�	K���3*�8	�+=O	,-0
	NaCL	�pH=7/4	��	��+�	�1��	�B	(HEPES)	MZ<g	+��:?	����	��
	�	��+�	�1��	�y]	MgSO

4
	���+�	�1��	]	KCL	���+�	�1��	��B

	t+F��	����	�'	�2*+1�	MZ�	-�-?	!�:?	f��+�	�1��	�	CaCl
2

	�%-����	6"+1�	�:"%'g	[3H]2-DOG	��+"	�����	By]	���O	!"
	�:"%'g	2-DOG	��+������	�B	�	���*	�1��	�'	f,+���� 	��	H-?
	�' 	�2*+1�	MZ�	&-�%	H-?	H'%' 	�%�/ 	!��/' 	�B	K-�	!� 	f6"+1�
	n��3?	!��+��"%+�'%�	;%6��	�	H-?	6�* 	��+�	�1��	ByB]	'+�	

	&5�%	H-?

�����6���	'�&��6
	&-�-?	!�%�%	(SD)	���C�	w%�k�%	 ±	9�U����	K�+F�	_����	,�3 
	s�'%�$	!��'g	One-way ANOVA	5: 	>�+ 	�<	H���	;���	K��G 
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Importance of leukocyte common antigen related (LAR)  
in muscle palmitate induced insulin resistance 

Sattar Gorgani-Firuzjaee1,2, Salar Bakhtiyari3, Reza Meshkani1,4

Abstract

Background: Insulin resistance plays a major role in the development of some diseases such as type 

2 diabetes (T2D) and metabolic syndrome. Muscle insulin resistance has a key role in whole body glucose 

homeostasis, as almost 80% of insulin-dependent glucose uptake in the body occurs in this tissue. Leukocyte 

antigen-related (LAR) as a receptor-like tyrosine phosphatase has some roles in different cellular functions 

such as establishing and maintaining neuronal networks, apoptosis, and glucose homeostasis. There are 

several lines of evidence that LAR acts as inhibitor of insulin action. In this study, we aimed to investigate the 

importance of inhibition of LAR expression on insulin stimulated glucose uptake at the presence in muscle 

cells.

Material and method: We established stable C2C12 cell line which knocking down LAR with shRNA and 

for insulin resistance induction, treated C2C12 and stable C2C12 cells with palmitate. Harvest cells, RNA 

and protein extracted and gene expression in mRNA and protein level with Real time PCR and western blot 

analyzed. In order to address insulin sensitivity we performed glucose-uptake assay. 

Results: LAR protein level was decreased by 65% in the stable cell line compared with the control cells. 
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with untreated cells. LAR depletion improved insulin-stimulated glucose uptake in myotubes treated with 

palmitate. 

Discussion: Results reveal that palmitate induces LAR expression in C2C12 cells. We also provided 

evidence that the inhibition of LAR attenuates palmitate-induced insulin resistance in myotubes. 

Keywords: Insulin resistance, Palmitate and LAR.
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