
©2015 DAZCo, Danesh Afarand Zistagen Co., IRAN
ISSN: 2008-2630   Quarterly of Iranian Journal of War & Public Health  2015;7(1):35-42

Correspondence
Address:  Immunoregulation Re-
search Center, 4th Floor, Shahed 
University Research Centers Build-
ing, No. 1471, Corner of Mehr Al-
ley, North Karegar Street, Enqelab 
Square, Tehran, Iran 
Phone:  +98 2166418216
Fax:  +98 2166419752
tghazanfari@yahoo.com

*Immunoregulation Research Cen-
ter, Shahed University, Tehran, Iran
1Immunology Department, Medi-
cine Faculty, Shahed University, 
Tehran, Iran
2Biology Department, Basic Sciences 
Faculty, Shahid Bahonar University, 
Kerman, Iran
3Ibn-e-Sina Research Center, Shahid 
Beheshti University of Medical Sci-
ences, Tehran, Iran
4Pulmonary Disease Department, 
Medicine Faculty, Tehran Universi-
ty of Medical Sciences, Tehran, Iran
5Pathology Department, Medicine 
Faculty, Shahid Beheshti University 
of Medical Sciences, Tehran, Iran

C I T A T I O N    L I N K S

[1] Mustard gas exposure and carcinogenesis of ... [2] Skin manifestations of ... [3] Agents 
of chemical ... [4] The chronic effects of ... [5] Long-term effects of ... [6] Toxicodynamics of 
... [7] Studies of mode of ... [8] Inflammatory effects of inhaled sulfur mustard in rat ... [9] 
Molecular and cellular mechanism of lung injuries due to exposure to sulfur mustard: A 
... [10] The diversity of the effects of sulfur mustard gas inhalation on respiratory system 
10 years after a single, heavy exposure analysis of 197 ... [11] Pathologic manifestations 
of ... [12] Pulmonary complications of ... [13] Inhalation of sulfur mustard causes long-
term T cell-dependent inflammation: possible role of Th17 cells in ... [14] Sulfur mustard-
induced pulmonary ... [15] Mini-review series: Focus on ... [16] Chemokines and chemokine 
receptors ... [17] Understanding the immunoangiostatic CXC chemokine ... [18] CXC 
chemokines in ... [19] Chemokines and cell migration in ... [20] The role of CXC chemokines 
in ... [21] Immunopathogenesis of chronic ... [22] Pathogenesis of chronic obstructive ... 
[23] Role of airway epithelium-origin chemokines and ... [24] Chemotaxis, chemokine 
receptors and ... [25] The role of chemokines and cytokines in ... [26] Synergy of IL-27 and 
TNF-α in regulating CXCL10 expression in ... [27] Regulation of pulmonary fibrosis by ... 
[28] CXCL11 attenuates bleomycin-induced pulmonary fibrosis via inhibition of vascular ... 
[29] Inhibition of pulmonary fibrosis by ... [30] Long-term exposure of chemokine CXCL10 
causes ... [31] CXCR3/CXCL10 interactions in the development of hypersensitivity ... [32] 
Alterations in the serum levels of ... [33] Alterations in serum levels of ... [34]  Alterations 
in the serum levels of soluble L, P and ... [35] Analysis of relative gene expression data 
using real-time quantitative ... [36] Clinical review of mustard ... [37] COPD Due to Sulfur 
Mustard ... [38] Highly sensitive C-reactive protein levels in Iranian patients with ... [39] 
Interleukin-6 and airflow ... [40] Long-term pulmonary complications in ... [41] Correlation 
of sulfur ... [42] CXCR3 and its ligands in a murine model of obliterative bronchiolitis: 
regulation and ... [43] Anthracosis in the lungs and ... [44] Pentoxifylline attenuates 
cigarette ... [45] CXCR3 and CCR5 chemokines in ... [46] CD8+ T-lymphocytes in peripheral 
airways of smokers with ... [47] Increased expression of the chemokine receptor CXCR3 ...

              All keywords and available citations are linked in this page.

Aims Mustard gas is an alkalizing substance that can lead to damage to DNA and intracellular 
enzymes. The aim of this study was to investigate the expression of CXCL10 in chemically-
injured veterans’ lung tissue.
Materials & Methods This case-control study was done on 16 lung paraffin blocks of 
individuals exposed to mustard gas and 7 lungs paraffin blocks not-exposed people as control 
group and with similar chronic pulmonary disorders in 2014. Real-Time PCR technique was 
used to measureCXCL10 expression in lung tissue. To measure the relative expression of 
genes CT Delta method was used. Data were analyzed using SPSS 20 software and Mann-
Whitney test.
Findings Mean Delta CT of veteran samples was 7.37±3.58 and control group was 5.81±3.29 
and no significant difference was observed between 2 groups and between exposed and non-
exposed subgroups (p>0.05). CXCL10 gene expression pattern was same in exposed and not-
exposed group with similar pulmonary pathology.
Conclusion The level and pattern of CXCL10 expression is not different in lung tissue of two 
exposed and not-exposed with similar pulmonary pathology groups.
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 � ��01��&!+	�
 2,��=�� ����� �� ������ _�!-� �� �  ,��� ,�-

(I-!��  >�� ���\-�T9  �R ���� ��6��CXCL10  ��� �$�� ��

����=�* ����L+��  ��	% ���	� �����$	
.  

  

&�� � ����  �'  

 >���?1�H� ���� � !-�*��� �� ,  ,�-�������  ����!"�� �

����=�*  ��� �� �4 ,��� G�0D� �� ��	
 ��
 �� �����2 �.+,�	� 

��� �� 5�:(I� �9�0��0+�	� S�� �� �"�XD3 _�!-�  7L% ,�-

�+�=+ g��� � ��� &!* ,	�
  ��� �$�� ���$���9 ,�-2 �� �.+2 ��*�

��(���=�� ,R�1�3�9  ,�-��	�� 	��3	� ��� ����� .!* )�O+� � >�� ��

2�$�� ��*� ���$���9 ,�-  ����L+���	 ���$���9 g���  PLA

�
T�� ���� ��6�� \O�� ,�	� 	U+!� ,�- CXCL10  �$�� ��

!* e�X(+� ���!+.  &�	
 ���� ��	�m����� )�	(�4( �+�=+ >�� 6�+  �-

��(���=�� ��*�2 ��  ��.3 �-* ��	$� >�� �� .!+!	�m.����Y  �4

�� ��U�� �+�=+ ,��� ,��=�� k�XD3  � >� 	U+ �� � &!* ,	�


I���� !+��� P��H� �?1�H� ���� &�	
 ��� 
  e�X(+� ���$���9 g���

*.! ��  ��]; )!� G�LZ� � 7L% ,R�1�3�9 k�XD3 !���3 ��U��

����  ��+�A	� ,�-�+� )@ 2 ,6�� >���j�/>���I4�3�=-g���  �-

 Q��3��� ,R�1�3�9 k"X(� !* &!��  k�XD3 F��� 	� �

 ���.+ ,R�1�3�9�  6���4�	(+2 � �I'�3 � ,��!I+� ��1��D+�	� �&�	


(Antheracosis) .!+!* e�X(+�  	� >�� �� ����� F����  &�	


 5�I:3*!+!. �  &�	
 �� �+�=+ ,��!I+� ��1��D+�	� ��  6�+ �+�=+

��  �I'�3 ��1��D+�	� &�	
 .!�($	
 ��	%�����	�m � >�� 	� 6�+ F��

�� �  &�	
,��!I+� ��1��D+�	�� �I'�3 �  5�I:3 6���4�	(+2* �4 !

 ��� &�	
 �� #�3	3 ���  )�� &�	
 ��+�=+�  )�� &�	
 �� � �+�=+� 

.!�($	
 ��	% �+�=+ �+�=+  �� �����	�m &�	
 � ����� ����L+�� ,�-

 � ,R�1�3�9 ��""X(� Q��3 �.+2 &!+�	9 � ��� �$�� �4 ,�����

k"X3 ��$  .!+!* e�X(+� ���� &!* ���	� ��� ���� ,�-���?�

	� ��	
 ��
 �� �?H% �.���� �?1�H� ��  ����� �0*69 &!+�	9 F���

	� ,��� 70D� ���� ���	
��h�� � !�.*  ��0*69 &!+�	9 F���

� 	4N� ��I��  >���  �3	� ��� .��� ,�-���?�  �?1�H� �� o�	


����� �$�4 ��+�=+ >($�  ��6�� ���L+�$�� � ���� ��];  ,�-

�$�� �� �+�A	� .!+���  

 o�	X(��RNA �+�=+ ��  o	X(��" ��4 �� &��'(�� �� ���$���9 ,�-

RNA ) "���$���9 �$�� ��Qiagen, Cat:73504 G��p (��=12 q



��  ��&'
(�' )��
  ����(�* ��������������������������������������������������������������������������������������������������� 

��� �����	 
� �
��     ����� ����� ��� ����
� ����   

 �!(�� .�$	
�  S	��� �� Ca� � !* ��.3 g��� �� �+�	0��

 �� >���� �� &��'(��°C�	 ���>�$���9 �:�%� ���� ,�	� .!* �

o��
  �������0+� �� C9 .!* &��'(�� P�H� 701� �� �>���� ��	4

>�$���9 �+�=+ �L* M� �����  ��r3�	9 �� &!*K  ,��� ��°C
�  �

��(� �� ��L� �� Ca� RNA  ����.+ �� .!* &��� e���RNA 

e��� &���  �� ,��� e2 �� &!*Rnase/Dnase .!* 7;  �U�m

RNA o�	X(�� �(�� �� &!*) s����+�+ &�Thermo G@��� q

&��!+� (&!E(�  ��]; )!� �� ����=A� ,�	� .!* ,	�
DNA  ���+R

�+�=+ >�� �� �� �-  ��"E� �� � !* e�X(+� ,��!?3 �$��"3 70*

RNA o�	X(�� 7�!L3 �� 7L% � t�=�:(I� &!*  �� �!*cDNA  ��

�(� 	=��	9 �  �� ��"3� �����% �� >�(4�DNA  &!*	4u ����+R

�� \�4PCR  ��!�) !* )�O+���� .(  ,�� ��"E� !+�� �!�� 7�1�

�� �R PCR  ��"E� ,��RNA �� ��=�3 703�	9 P��H� �

DNase I )Fermentas, Cat: EN0521(&!E(� G@��� q 

M� \�4�� 	- �� .!* )�O+�  ��"E� )	
�	0��RNA �

�	(�1�	0�� MgCl2 �� &�	=- X��	(�1�	0�� � 	$�� 

M� 	(�1�	0��DNase I/RNase-free �$�B� �� � �$�B�  ��	4

 K���� e2DEPC (DEPC-treated Water)  ���.+ 5O; ��

���+�=+ .!* &!+��� 	(�1�	0�� �� �-  G!�
� �� �:�%�°C�
  ���0+�

Ca� � !+!* �� \�4�� J%�3 ��U�� Dnase I ��� ��� ���� 

EDTA  � !* �$�B��� �� 	��� �:�%�°C�	 !O� .!+!* ���0+� t��

 ��"E�RNA  �� &!*���O�Dnase I  �&!*	4u 	=��	9 ��PCR 

 >�� �O�(+ �� .!*PCR  ��]; )!� �� � !D+ !�1�3 �1�"E�

DNA  ��"E� �� ����� �� .!* 7p�; ����=A� ���+RRNA �

cDNA .!* 6(��  

 ��4 �� &��'(�� ��cDNA ,���)TAKARA�(>9�R q RNA 

o�	X(��  �� &!*cDNA  7�!L3* 6(�� ,�	� .!cDNA �

� C0�� 	(I� 	(�1�	0��2X )TAKARA (>9�R q ���/� 	(�1�	0��

	=��	9  ���1� ��/�	(�1�	0�� 	=��	9 Y$��"3  �� &�	=-�/�	(�1�	0�� 

5�6+2 C+�	3 ��(a�	4 F�0?�  ����)	
�+�+  ��"E� ��RNA  ��

���.+ 5O; �� 	(�1�	0����  G!��� �� �:�%�°C�
  J%�3 ,�	� �

 \�4��2 5�6+� �� ��+�Z°C�� .!* ���0+�  �� &��'(�� �� �-	=��	9

 �3���A� &����9NCBI  ��!�) !+!* �;�	A�.(  

  

- .+#�( 
�	���	� �6�,� 

�*  �/
��0 
1��2 

CXCL10 
For: 5´-CTGAGCCTACAGCAGAGGAAC-3´ 

Rev: 5´-GAGAGGTACTCCTTGAATGCCAC-3´ 

GAPDH 
For: 5´-TTGCCCTCAACGACCACTTT-3´ 

Rev: 5´-TGGTCCAGGGGTCTTACTCC-3´ 

β-actin 
For: 5´-AACGGTGAAGGTGACAGCAGTCG-3´ 

Rev: 5´-GGCAAGGGACTTCCTGTAACAACG-3´ 

  

 Q��	* �	=��	9 ��"3� ,��� �� 	��l3 � �+�=+ � 	=��	9 ��!:� 	��l3 ��

�� \�4�� ,�	� �� e��H�  �R .!�2 ���GAPDH �� 6�+  �R �����

7�� v��(+ 7��E3 �� w�	�  5��3PCR (Real-Time PCR)  ��

 70*) !* �($	
 	U+ �� g���1 S��� �� 7L% �-	=��	9 �	0�=� .(

e��H� 7;�	� )�O+� 7�� ,�� ,���  5��3PCR �+�=+ ��  �Lh� ,�-

7�� \�4�� .!* &!�O��  5��3PCR  C0�� 	(I� �� &��'(�� ��

(Master Mix)  �+� ,��;SYBR Green I )TAKARA, 

Cat No.: RR820L7�� &��(�� �� � (>9�R q ) 5��3Applied 

Biosystem\�4�� .�$	
 )�O+� (&!E(� G@��� q  ,�-

��	(�1�	0�� #�4	3 �� ,�/� ��"E� 	(��	0��cDNA M� �

 �U�m �� �D
	� 	=��	9 	(�1�	0�� M� � �$� 	=��	9 	(�1�	0��

� ,�	� ����0�9CXCL10  �U�m �� �������0�9  \�4�� ��

7��  5��3PCR  ,�	� .!* )�O+�GAPDH �	/� 	(I� 	(�1�	0��

 � C0��
/� C4�� 	(�1�	0��(Rox)  G��	; �� �
	x M� K�	�

°C��  ���� ���+�Z��  G��	; �� �
	x°C��  ��� �� Ca� � ��+�Z

��  G��	; �� �
	x°C	�  ���� ����9 �� !?� � !* )�O+� ��+�Z

 7;�	�PCRu ��E�� ���+	� � �.�3 &!-�D� .!* �	�� &��(�� �� e�

��E�� �� ��% M�  �p�"(
�	�m G@�"E� ���� )!� �&!�� e�u

.�	4 !���3 �� 

�R ���� �LI+ \O�� ,�	�  �(1� �� )����  S�� �� �-CT 

(Delta CT)  �4 >�� _�(
�CT  w�	� �R M� � _!- �R

!�+�� �I��:� GAPDH ����  .!* &��'(����6��  �(1�CT  ���� ��

 .���� C0� �H��� �R ���� �R �-���� ,	��	� <	$ �� S�� >��

�� )�O+� �I��:� w�	� �R � 	U+ �-���� �L��E� ,�	� .��*  ��

 ��E�� ���!+�(��  ���U�m ,�- �  ��� cDNA �.3 ,�	� �	(�4� 

.!* &��'(�� ���!+�(�� ��E�� �-���� _�(
�  \�4��PCR  �R

�6+ ���!+�(�� �R � _!-��� 	��!0� �� M�[35].  

�� v��(+ ��� )	+ �� &��'(�� �� &!�2  ��6$�20 SPSS >� ����2 � � 

 .�$	
 ��	% 7��E3 � ��6O3 ���� ��(��  

  


���� �' 

�+�=+ ���� ��  ����� &�	
 ��� >��+��� �,	�
��/��±��/
� 

 �����	�m &�	
 � ����
/��±��/��  .��� ��� 

>��+���  �(1�CT �+�=+  ����L+�� ,�-��/�±�
/
 �+�=+ �  ,�-

 �	(�4��/�±��/� Y�?� _�(
� �4 ���  >�� ,����  6�+ � &�	


&�	
	�� >��  � ����� ,�-	�m �����) !D+ &!-�D���/�p> .(

 �R ���� ,��1�CXCL10  ��&�	
  � ����� ,�-	�m�����  ��

 70*) ��� ��I0� ����D� ,��� M�R�1�3�9 G@�(
��.(  

 

()�  

�*N
 �� !?�  ����L+�� ���- ���=E3 ��� �� �-� �� �� \��

 �� �.���� �� �*�+ ,	�
�3 <���� �� ����=�* ��	
 ��
 v+�

�� ��� .!+	� �- w��* ��	
 ��
 �� �.���� �� C9  >�� ��(
� >�	3

 ��
 ���+��	% �� G@�(
� >�� .��� �I'�3 G�0D� ����� ��	$�
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CXCL10 ���

 ������� ��
���
 ��� ���� �� ��� ������ ���
� �� �!"
 #��� $�% �� �!���   &' 
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����� ��	
�� 
�	� COPD � ���� ��������	� ���[9] �
� .

����� !"#��  $%� 
�	� �"& "� '(��� )�"�*�+ ,��"
�"( ��� -/+

 ��"0�*0 )�	�CCL2/MCP1  ��"�1"��	0"� -/2�����	� '0

��� -/+ 3���& 
	420 -�	& �� 	56"�[32]. CXCL10  �� )7�

��"0�*0 
�8� )�����	� �� 9:� �"�  �"�T  ��"� '����. IFN-

γ  �CXCL10  )�����	� ��	� �
;� '<8= >� �"#�� 9� �"20 ��


�8� �"� T  ���� )�":4�� ,��"0 >� �"#�� � ��"� '�

)� /220[24] .����� ?"�  ,"�� �/@4�A� �� /2CXCL10  ��"� ��

���� ��������	� /2�"� ���� >�1���5"� B���C �"#�� �� '�� �

COPD ���� �<� ��	
�� �[27-32] �  ��D, )�"(  �� 	E�� F���C '0

�1���5"�  ����� ��������	�COPD )� ��	
�� �  �"#�� �� /2���5

/2+"� '4+�� �<� ��� )�"�*�+ ,��"
�"( �� '�� �	��"5 B���C[37, 

36, 9]  ,�20"5 ���(�� G�"2� )��	� �� '72�� '� '(�5 "� ��� �

A�����  ,"�� ,���� )��	� "� '%��� ��CXCL10  ,��"
�"( '�� ��

��� -/�� 3���& ���� �	��"5 B���C "� )�"�*�+H  ,"�� ,����

CXCL10  I�	�� B���C "� )�"�*�+ ����/J� '�� ��"� �� ��

 )��	� ����/+.  

  

  

 cDNAروي  PCRبعد از انجام  GAPDHو CXCL10  باند )1 شكل

  شده از نمونه بافت ساخته

  

 ,"�� ,����CXCL10  -�	& '� �
K� '(��� )�"�*�+ ,��"
�"( ��

2@� L�"M5 '(���	�NA  ��"0�*0 ,"�� ,���� ��2O*� .�+�/� ����

CXCL10 -�	&	�� �� F�"+ '(��� -�	& �"�  ��������	�

 ���/K�� � )KM25 ��������	�-�	& "� '(���	�N  L6P4�� �����

���� >�1���5"� ����/K�� ��������	� � )KM25 ����0�	4�D  'K�"<�

+)2@� L�"M5 ��� 'K�"<� ��� �� '0 / � -/�"�� �����./  

 )2��"� L"@�"%�-/+ !"#��  B���C "� )�"�*�+ ����/J� ���

�� )+"� ���� �	��"5 �"&  ��� ���� B���C �� )Q@� '�"�5 �
�	�

��"*�� '� ,��"*�� ���� ��������	� /2�"� '�� ���� ���/K�� �"� 

-��� ,"�� �� /��[38-41],"�� R�"4� . ��� '0  ,"�� ,����CXCL10 

'� '0 ,��2C  >�	&"�"2+ '4�"2+  /2�"� ���� B���C �"#�� �� -/+

COPD ��������	� �  ���� -�	& � )�"�*�+ ����/J� ��

	�N '(���'0 ���� L6P4��  �/���� '�"��)2@� L�"M5  ����

�/�.�+  

 ST�� �+�	� )�"�*�+ ����/J� ��� '@�"%� ��+/��� - 

�"���40"� )�	� $%� CCL2/MCP1  � ������ ��	�� ��� ��

,���� CCL5 � IL-8/CXCL8� RANTES ��2O*� � IL-

1β �IL-1α �IL-1Ra  �TNF  ��"0 ��	�� ��� ������  ��� �

��478� )�	� $%�  
�8U� �"�P  �L  � ��"0E  ������

��� '4+��[34, 32].   

����� "� 	V"= �����  9:� '47� �� �� ,��"
�"( ��� F
W ?"�

����� XP�	� '72�� 
�� .���� L�"M5  "� !	� �� '0 )8
W ?"�

-/+ !"#�� Y8�  � /+ !"#�� 
P4�� ����� GV�� �� ����� ��� �/��

'� ,��"*��  
	420 -�	& '72�� !�� H/�/�� )�"���� >�*4K�� F7+

����� ��  ?"� L6P4�� ����� '@�"%� ��� �� � 9�"� F
W

'� '(�5 "� ./���� ���� >�1���5"�  ��� Z�*#� �� F["= R�"4�

����� "� � )�"�*�+ ,��"
�"( ���' �"( -���
 B���C ����� ,��"


"� /�/+ ����  '0 �	0 B	� ��2\ ,��4� /�"+ ':(��� �� ]� "�

����/J� �� '�� �	��"5 B���C  ���� ��CXCL10 �'�"� 

 ���� B���C �� )Q@�,/+"�� � ��� IFN-γ  ��Th1 
"@�  -/+


�8� ^	U5 "�  $+	5 '� 	#2� '�� 
"�84��� � �6�_��� 1"��	0"� �"�

CXCL10 	4��� )�����	� � Th1 � 
"@�
�8� �"� T  '�� '�

)� 9� B	� ��� "� R�"4� .��+  ,"�� ,���� '0 �	\ ���� )����

CXCL10 N � '(��� -�	& ��'(���	�  B���C �� 	� '0

 >�1���5"��/24+�� '�"�� )2@� L�"M5  �� 	� �� � �+�/� ����

 ��`��.��� ,"K7� ,"��   

����� A� ,"�� "� /2��  '0 ,"�� ,����CXCL10 '�� ��  )�"�

 ��������	� !�/2� '� '0���/K�� )� P4
� /��+�  � ���� ������

 ��� ��� '@�"%�]��	5 3�� 
/� �� ,1 -/+ ��� ,"����� -  '��

)�6�� '0 )5��[ �� 9�"�  B	@� �� L/�CXCL10  �	�& ��	W

�' 
�8� L	(":� F���  �"�T  ��������	� � a":4�� �"\� '�� '�

)� ��+[30]  )4= � �� A����� �<�IFN-γ  �STAT1 ?"<�� �� 

CXCL10� -/�	�& ,D �CXCR3 � �"#��  ��������	� !�/2�

 ���/K��� L"
E� )*7K��  ��� .��� -/+ �����)� ,"��  '0 /��

 �":�CXCL10  �,D -/�	�&  �� )���� �"�	�K� b�	T5 �� 9� "�

��������	� !�/2� ���/K�� )� �	�&�8( /20[42] L�"M5 .

)2@�  '0 �+�/� ��(� �"*�� '(���	�N "� '(��� -�	& ��� ����

)� '� /���5  F���)�	4�� !/C '��*� '� ��	� 
"�	� 
	420 �"� 

./+"� '(��� -�	& "� 'K�"<�   

 �� )�"`��"��D L"@�"%� )+�� �"�1"��	0"� ��6 F� ��� �� �

-/�� ��(��  G�"� ���BAL 3�� '�� ��"� ��  ,����IFN-γ  ��



��  �������� 	
��  
������ ��������������������������������������������������������������������������������������������������� 

��� �����	 
� �
��     ����� ����� ��� ����
� ����   

 w���R��@ �@�j�12�0+�	� ���� 6�+ � CXCL10 ���� ��!?3 �  ,�-

CXCR3+  ��� �$�� �� ��	$�,����� 51�� �	(�4 &�	
 �� �LI+ 
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