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   k� ����#� j���� =	K/�+ xcQ    xc�Q )�� ���

=�	 �  -8-137-91 ��   I.�_�� j	P� �< �+ .)�	�

������ � -   !�	��o� I.�_��� j	��P� !��>� ��	�� ��

$� )���+�F \��Q ����	.	F ������ �+ - u���Wb, ���U��C 

��� � D	��Z� -   k� ����#� j��� =	K/�+ xcQ

)�+�F !�	��.    

���	 	
  

    ���:	E� 9�� �+ ��	� �� ��" 9�K�	��6/7 ± 9/68  �

 ��	��65  +��� J	". 76  �	� �� )9/53  )�*�+  � ��\�� 

�
�� !8
� ���� �� �� +�� 17/1  .+��6/71   )�*�+

   .)��+�� �>�� 9�	" ��	 ��4/23    �+ ��	� �� )�*�+

c�� �	��C )���+ �	K�" i�Z�. -�	 ��    =�� . -	�.

  -�	� �� ��	�� [�,�, ��   ��8�p -	�.-  ) ��p���6/37 

)*�+-�	 �� C( ) f�S�:��� -	.5/25 )*�+ !�	�+ C(

)6/20 )*�+ ) ���� -+)
� -�	 �� C(4/18  )�*�+ C(

-�	 �� ) -���� -	.5 )*�+ -�	� �� � (    -)�8� -	�.

)3/4 )*�+��	� .+�� (    -	����� � J� !��c� 9��,

)2/92 )��*�+  ) �����,�t�. 	��� ���,���tt. � (7/88 

)*�+  �+ �2��" .+�� (4/79     �+ s�O� ��K�, C)�*�+

3/77  �+ V�Q �2+ C)*�+1/73    ����" +�+ � )�*�+

 �+8/41 .)� =).	/� ��	 �� )*�+  

������+ 9�K�	��� -  D����U2/1 ± 5/38 9�K�	���� C

 ��	 �� sO�, +)�,2/7 ± 1/26   [��p �	���o 9�K�	�� C

4/19 ±6 /100 f�:�����
�" �����Q �	���/2 9�K�	����� C  

7/21 ± 4/130  f�:�����"	�+ �2/17 ± 5/73  .+�����

�F_�� f������	� -	. C��	 ��   A	�" �� �EQ �#��

J)� ;��N� -	. C�
�	W� -     ��	��) ���:	�� )��	�� �"

 �+ -���������
� Cj��������" ��� -+��������8>�ICU   

)Intensive care unit ( +)���, � M.+�	��>? ��� 	��,

�" ��� 	, ��� � (j  ��
�	W� -    C��F_�� C!��"	
U

  !�"�+ �#��� C�O�� � !8h� -�	8Q T��  � ��	� � 

AUC  J�)� �+1 	, 4 $�=) !".  

  

���  

 �� k��/� �	 �� 	� ��:� +��Q�� �+ ��	
�� �������

 I��� 9���, � e�N/, ���	� � $    9����, -��� ��>F
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��� ����� � 	
���� 	���� �������  �� ���60 -CURB  �60 -CRB  ��������	 �
�� �� ��#�$%& ' 

  .+�+ !�� . -�	 �� !"�+ !���)�  	��"� 9�� �+C 

       �	��"�	 �� �+ 	�� J#��� �+ �	� �� �	���+ ��� M� Z,  

  
 ����1. 	
��� 	��������� ���� � �� �������  

��������	� ����  �����  

�'�,� ��-. / 01    

Saturation 2O  �2,��2�)± (��25� 6�"7��  4/12 ± 5/63  

BUN )mg/dL �2,��2�) (± (��25� 6�"7�� 1/8 ± 4/40  

WBC )L/109 X �2,��2�) (± (��25� 6�"7�� 2/6 ± 1/14  

�: �����2: ���5; CRP <=>� )2/92 (13  

? @ABA ��� C���    

�D2:�D2:    

(����) ���5;  

)7/5 (8  

��EAFAB. G��;�  

(����) ���5; 

)7/78( 111  

�EAFAB. G��;�� �D2:�D2: +    

(����) ���5; 

)6/15 (22  

 G��;���:AB �D%  

(����) ���5; 

)7/17 (25  

IDJ K ��  )2/9 (13  

BUN: blood urea nitrogen; WBC: white blood cells 
CRP: C-reactive protein 

  
 ����2. ��� �� � !� "����� !#$ ��%��  �& '�()� "�� *�

�������  

��� �����  

  

 �� !"#  

�� ���  

 $��%&

(�(�$)  

*+"�� ���  

 $��%&

(�(�$)  

$	�, ���  

 $��%&

(�(�$)  

��� PSI  )3/55( 78  )5/25 (36  )2/19 (27  

 ���65 -CURB  )5/47 (67  )1/34 (48  )4/18 (26  

 ���65 -CRB  )8/51 (73  )2/31 (44  )0/17 (24  

 ���60 -CURB )6/37( 53  )0/39 (55  )4/23 (33  

 ���60 -CRB )4/45( 64  )6/32 (46  )22 (31  

PSI: Pneumonia severity index; CURB65 - : Confusion, 

uremia, respiratory rate, blood pressure, and age years  65 ≥  

CRB 65 - : Confusion, respiratory rate, blood pressure, and age 

years  65 ≥  

M>� !���)� 9� � IN� 9��, �� ���/, �   .).+  

��:	E� 9� �+C �8,� �" �� �EQ �#�� -  CM� �EQ

  J)�� �+ �� )� M�
W, +	�� �EQ � V"��� �EQPSI 

=��F -	. IC II  �III � ��EQ M� ����C  =���F IV   	��

� V"��� �EQ =��F V � �    ��L� �+ +	��� ��EQ ����

.)� ��2�F   

J)� �+ 	�.- 65-CURB  �60-CURB �� ��	�  

� � 	�D 0  �1  C�EQ M� =��F �+����	    =�� � 	��- 

2  � V"��� �EQ =��F �+����	  � � 	�D 3C 4  �5 

 � ���EQ =����F �+���+	 )����2�F��pJ)��� �+ .	��.-   

65-CRB  �60-CRB ����	��  ��� � 	���D 0  �1  �+

 C�EQ M� =��F����	    	��� =�� - 2    ��EQ =���F �+

 � V"�������	  � � 	�D 3  �4 � �EQ =��F �+ ��+	 

��p .)��2�F  

�����:	E� �+ ����o	U - J)���� u���8<  -	���.PSIC   

65-CURB  �65-CRB    [���,�, ����2/19C 4/18 � 

0/17    u�8< � )���2�F ��p +	�� �EQ =��F �+ )*�+

 -+	>�/�� J)�60-CURB  �60-CRB C   [��,�, ���

4/23  �0/22  ����p +	���� ���EQ 	��� =����F �+ )��*�+

�
�	W� �+ .)��2�F - 65-CURB  �60-CRB  �L� �

 -�����
�ICU  ��� 	���,M.+�	���>? )321/0  =P �   

953/0  =P ��� 	, ��� �L� � � ( ��" Cj    z	�b: ���

  ������ D�	��O, ���F_�� � !���"	
U )�����)� -�+ 

)509/0  =P  �953/0  =P(.  -�	���8Q T�� �#�����

 J)� !8h�60-CRB     j��" ��� -+��8>� -���4/82 

)*�+C    �+ -���
� -���ICU    M.+�	�>? ��� 	�,90 

    ��" ��� 	�, ���� +)��, � )*�+  j3/83   � )�*�+

 !�"�+ �#��   ��	� �$�     [��,�, ��� 	�.14/3C 00/9  �

41/7 +��.   ���b�� ��� aE" 9��q .ROC )AUC (

 [�,�, ��863/0C 941/0 � 971/0  .+��  
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 ����3. ,-��.� �& 	��/�� ����� ,  "  ���������� 0-1 !� 2�� 3��45 '�()� "�� 	6
7  

-�./&  ��  ��	��  

���	.��  

(�(�$) $��%&  

)100 (141  

3"+ ,�� 4$"56�  
 4��7�ICU  

�
$�	68 ,�� 	&  

9�� $��%&  

:+ ,�� 	& 3� 

���PSI  "MN /O )3/55( 78  )5/38 (30  0  0  

P�A&� "MN )5/25( 36  )9/38 (14  )3/8 (3  )6/5 (2  

� �
 "MN  )2/19( 27  )4/7 (2  )9/25 (7  )8/14 (4  

 ���Q�P   0079/0  0001/0<  0041/0  

 ���65 -CURB  "MN /O  )5/47( 67  )8/41 (28  0  .  

P�A&� "MN )1/34( 48  )3/31 (15  )1/2( 11  )1/2( 1  

� �
 "MN  )4/18( 26  )5/11 (3  )6/34( 9  )2/19( 5  

 ���Q�P    0196/0  0001/0<  0001/0  

 ���65 -CRB  "MN /O  )8/51( 73  )4/38 (28  0  0  

P�A&� "MN )2/31( 44  )8/31 (14  )6/4 (2  )3/2 (1  

� �
 "MN  )0/17( 24  )7/16 (4  )3/33 (8  )8/20 (5  

 ���Q�P    1433/0  0001/0<  0001/0<  

 ���60 -CURB  "MN /O  )6/37( 53  )4/43 (23  0  0  

P�A&� "MN )0/39( 55  )4/36 (20  )6/3 (2  )6/3 (2  

� �
 "MN  )4/23( 33  )1/9 (3  )2/24 (8  )1/12 (4  

 ���Q�P    0032/0  0001/0<  0244/0  

 ���60 -CRB  "MN /O )4/45 (64  )3/45 (29  0  0  

P�A&� "MN )6/32 (46  )4/30 (14  )2/2 (1  )2/2 (1  

� �
 "MN )0/22 (31  )7/9 (3  )0/29 (9  )1/16 (5  

 ���Q�P    0022/0  0001/0<  0008/0  

PSI: Pneumonia severity index; CURB: Confusion, uremia, respiratory rate, blood pressure, and age 

  

 ) �	��
�K� ��� 9 P�British thoracic society 

 	�BTS�+ (  J	"1982  �� ���� -�� �	� J�R  ��� �]

I�� $  +��� jc� � �:)� � +�� ��:	E� ������� �>F

 sO�, +)�, ��1�� �" ��≤ 30   ���Q �	/2 C�W�p+ �+

 f�:��"	�+> 60 ����  =�� � =���� ��� -   ���Q< 7 

���� �� �L� �+ � ���: �+ J��  )��� .!2�FC    ���� 9� P�

 ) T	�/�{ � +�� gc* � J)� 9�Confusion �� � ( �

=�� -	� - )� �+ ��Q � +��� +�� J     J)�� 9�� !�p+

 � )�)�93 +�� jc� )*�+.  �:	�U �+     J)�� 9�� ���

 VW239 I�� � ��� +��� )*�+   ��� �����  +��� )17(C 

Macfarlane  J)���BTS   ����	� �	��>? � ++ �����1, �

Confusion  ����Q )�O��" J����" +)���, C≤ 10000  �+

����       ��	���� �_��
� �	�/2 C[���� ����> 6/6   �����

 J	�"	�=�� � -  ��Q< 7 ����    +	>��/�� � ����: �+ J��

 !p+ �� +��87  � !�+ )*�+50   ���� +��� )*�+

I�� � �� ���� +�� )18(.  
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 ����4. ,-��.� �& 	��/�� ����� 	9�� � :;<� "��;$� =>�� �	
��� �:� �-1 "  ���������� 0-1 !� '�()� "��  

 �� ;<$  

(=�.#)  �� !"#  
;�+	7>  :?@��  

 4�	5�� �,��

;5A�  

 4�	5�� �,��

:B�� 

;+�$ :�	.# 

+LR 
AUC 

 ���PSI )IV > !"S(    

$A� -!� C�A=�:  )9/56 -6/23( 9/38  )7/98 -3/74 (6/92  )8/97 -4/60 (5/87  )7/98 -3/74 (6/92  25/5  8531/0  

C"&T: ICU  -!� �;/'����%  )6/46 -9/11 (9/25  )8/97 -4/76 (7/91  )9/91 -4/35 (0/70  )9/74 -9/47 (3/62  11/3  6970/0  

 -!� �; U"� ���5;�� $�  )6/34 -9/4 (8/14  )0/99 -0/80 (4/94  )0/94 -1/24 (7/66  )2/72 -8/45 (6/59  67/2  6383/0  

 ���65 -CURB )2 > ("��    

$A� -!� C�A=�:  )4/46 -1/19 (3/31  )9/96 -7/67 (5/88  )6/95 -7/57 (3/83  )0/55 -4/28 (1/41  71/2  8436/0  

C"&T: ICU  -!� �;/'����%  )6/55 -9/17 (6/34  )8/99 -5/87 (9/97  )5/99 -1/54 (0/90  )3/83 -1/60 (4/73  62/16  9413/0  

 -!� �; U"� ���5;�� $�  )0/40 -3/7 (2/19  )8/99 -5/87 (9/97  )1/99 -5/36 (3/83  )5/79 -6/56 (1/69  23/9  9707/0  

 ���65 -CRB )2 > ("��    

$A� -!� C�A=�:  )7/47 -1/19 (8/31  )5/94 -8/61 (3/83  )6/92 -9/51 (8/77  )1/48 -7/26 (0/40  91/1  8043/0  

C"&T: ICU  -!� �;/'����%  )3/55 -4/16 (3/33  )2/99 -3/83 (4/95  )5/96 -2/44 (0/80  )9/82 -9/58 (4/72  33/7  9216/0  

 -!� �; U"� ���5;�� $�  )7/42 -9/7 (8/20  )8/99 -5/86 (7/97  )1/99 -5/36 (3/83  )1/80 -2/56 (4/69  17/9  9607/0  

 ���60 -CURB )2 > ("��    

$A� -!� C�A=�:  )1/50 -1/24 (6/36  )6/97 -5/74 (9/90  )5/96 -3/65 (9/86  )9/58 -9/33 (2/46  00/4  8436/0  

C"&T: ICU  -!� �;/'����%  )6/42 -7/11 (2/24  )4/99 -4/86 (4/96  )5/96 -2/42 (0/80  )8/77 -3/56 (9/67  70/6  9511/0  

 -!� �; U"� ���5;�� $�  )2/29 -9/3 (1/12  )4/99 -4/86 (4/96  )0/94 -1/24 (7/66  )7/74 -2/53 (6/64  33/3  9707/0  

��� 60 -CRB )2 > ("��    

$A� -!� C�A=�:  )9/45 -2/18 (4/30  )5/97 -1/73(3/90  )3/95 -8/55(4/82  )9/59 -8/33 (6/46  14/3  8631/0  

C"&T: ICU  -!� �;/'����%  )2/48 -9/14 (1/29  )8/99 -0/87(8/97  )5/99 -1/54(90  )8/77 -5/54 (2/67  00/9  9411/0  

 -!� �; U"� ���5;�� $�  )4/34 -1/6 (2/16  )8/99 -0/87(8/97  )1/99 -5/36(3/83  )3/74 -1/51 (4/63  41/7  9707/0  

PSI: Pneumonia severity index; ICU: Intensive care unit; CURB: Confusion, uremia, respiratory rate, blood pressure, and age; 
AUC: Area under curve; LR: Likelihood ratio 

  

Neill =)��� gc��* J)��� ��	��� . � -  9�� P�

  ) �	��
�K� f��"��,Modified BTS rule  ��	�� (

Confusion   sO��, +)�, �≤ 30  � ��W�p+ �+   �	�/2

 f�:��"	�+> 60 ����  � =���� ��� =�� -   ���Q< 7 

   �+ 	�� ��
�	W� �+ �� +�� +	>�/�� � ���: �+ J�� ����

 J)�BTS �� ��>�   I��� � ���� �EQ !
��,   �����

)�� )19(. 9� 	,    J)�� ���CURB     ��� )�� +	>��/��

 J)��� �	�� .Macfarlane  ����Q �	��/2 V��W2 � +����

f�:����
�" > 90 ������   =����� �����#����  �	����� �+

+�� ��Q�	��/2 )����$ � s��� .  J)���65-CURB 

 -l	� 9" ��1�� �� )� +	>�/��65    ���8p J)�� �� M.

 �+ � )� �2	o6 � � 	� =��FD      ���p r��� 	�, �O�*

��  ���:� �"��� �+ � !2�FC     �+ ���� ��EQ �#���

=� � 	� =��F -  �O*7/0   � )�*�+ �+ =���F    	�� -	�.

��� �D 1 C2 C3 C4  �5  [���,�, ����3/2 C0/3 C0/17 C

0/42  �0/57 )�+�F T�#F )*�+ )23-20.(  

Fine  J)������������� ��	������������� . �PSI   

)Pneumonia Severity Index � )���+� � +	>���/�� � (

 	, ���30 � � ��� �I�� 9���, ���� $F �+ �>5   =���F

)��2�F �L� �+ �+ ��� �#�� �  =���F   -	�.I   ��:III 
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��� ����� � 	
���� 	���� �������  �� ���60 -CURB  �60 -CRB  ��������	 �
�� �� ��#�$%& ' 

� �� � =��F  -	.IV  �V  +���.   ���:� I�W� -   J)��

PSI  	� +�2 9���, �+ ��/��9��	� ��� � ���    	�, +���

���	 �� ���� �     eN�/� )���)� -���
� �� �	�� ��

+�� )24(.     9����, -��� � J)�� 9� D	�:	E� �B��

  ���� � ���     �+ 9��WWb� ��B�� � )���
�+ [�"	��

 +�Q �"��� ��� � �����F �+ � �� �=  �EQ�� -	.

� � !"+$)�+�� )26-25(	� d m� P� �+C   J)��PSI 

� �I�� �+ u2�� �:)� ���� l�< �EQ ���� �� D)�� 

)Long term outcome(      =����� � )�� jc�� )��O�

-�	 �� 9 P�  	���� ���O� -	.$� � � �  f�� ����

   ��� ���*�, �������� D)� 9���, ["	�� J)� �� ��) 

)27 C8.(  

 � ���!�+�)b�  J)�� 9� -	.C  �,^  �����	�� ��]

�	 �� 9" �� 7���� �	���     9�� N, ��� ��P�� �� !"

9��	� � ������� D)� �, ��� ��� +�2 �+ =_�� +�� 

)23(. ��:	E� �+ -  �	>O* �+ ��	� . � ���|	� ��	�

 J)� 	� ������� D)� `�ZQ �+PSI  �)� :	" �+

���	� � ��	
�� ������� e�N/, 	�C   )�� eN/�

 �� =�� � 9�K�	��    �+ �������� D)�� -  9��  ��	� ��

3/33 ± 4/91 ���+ 	�  -166-19     A	�" ��� ��� +��

 C�$9 ) �	�� ��1/19   �+ ()��*�+=����F I C7  �	�� ��   

)9/14  �+ ()*�+=��F II C7 �	 �� )9/14   �+ ()�*�+

=��F III C17 �	 �� )2/36   �+ ()�*�+ =���F IV  �7 

) �O�9/14  �+ ()*�+=��F V  )���2�F ��p.   � �� ��

��:	E� +��� ��	 ��  -�	 �� IN� �+ ��   ����O� -	.

=� � M�
�" 9� 9�2�F �L� �+ 	� C)�+�� -��
�    ��.+

��       C��K�+ i��< � .)���� ��	���" �	���+ )��
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Community-Acquired Pneumonia in the Elderly 
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Abstract 
Background: Due to high rates of mortality from pneumonia in the elderly, using a simple model for 
determining the prognosis of pneumonia can lead to a decrease in the mortality rate in this group. This 
study aimed to determine the validity of confusion, uremia, respiratory rate, blood pressure, and age ≥ 
60 years (CURB-60) and confusion, respiratory rate, blood pressure, and age ≥ 60 (CRB-60) models in 
determining the prognosis of community-acquired pneumonia in the elderly and comparison them with 
models of the pneumonia severity index (PSI), CURB-65, and CRB-65.  

Methods: This cross-sectional study was conducted in 2013 in Arak University of Medical Sciences, 
Iran. Data of 141 patients with the age of 60 years and older with community-acquired pneumonia 
who had inclusion criteria were included in the study and analyzed. P-value < 0.05 was considered 
significant. 

Findings: The mean age of patients was 68.9 ± 7.6 with the median of 65.0 years. 76 patients (53.9%) 
were men and sex ratio of men/women was 1.17. 71.6% of patients were in urban areas. The most 
common comorbidity was cardiovascular disease (37.6%) and the most common sign and symptom 
were respiratory rale (92.2%), hypothermia or hyperthermia (88.7%), respectively. Sensitivity, 
specificity and positive predictive value of PSI and CURB-60 model for third day recovery were 
higher than the other models. The highest positive predictive value of intensive care unit (ICU) 
admission until the fourteenth day and 30-day mortality were in the models of CURB-65 and CRB-60. 

Conclusion: To determine the severity and prognosis of community-acquired pneumonia in the 
elderly, CURB-60 and CRB-60 models can be used. 

Keywords: Community-acquired pneumonia, Confusion, uremia, respiratory rate, blood pressure, and 
age ≥ 60 years (CURB-60), Confusion, respiratory rate, blood pressure, and age ≥ 60 (CRB-60), Elderly 
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) ���	���µµµµg/dl(  

1  3655/51  59914/32  0/78 0/72  

2  50683/51  34017/32  0/74  0/72 

3  30473/51  47116/32  0/76  0/78  

4  3377/51  61653/32  0/70  0/68  

5  37339/51  64271/32  0/60  0/63  

6  33532/51  65698/32  0/69  0/67  

7  31152/51  52135/32  5/66  0/62 

8  28535/51  50232/32  8/63  1/65  

9  31866/51  4928/32  0/64  0/63  

10  09737/51  09956/33  0/53  0/55  

11  03788/51  12098/33  0/53  0/54  

12  94984/50  15667/33  0/52  2/51  

13  98553/50  0948/33  0/51  8/52  

14  47095/51  331/32  4/58  0/58  

15  50664/51  29769/32  0/68  1/65  
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Point_X  Point_Y  

 ����!�� �	� ��   

 mg/kg  

���� !�� ��  ���

) ���	���µµµµg/dl(  

1  3655/51  59914/32  135 0/85  

2  50683/51  34017/32  149  3/79 

3  30473/51  47116/32  99  0/83  

4  3377/51  61653/32  128  0/80  

5  37339/51  64271/32  132  5/71  

6  33532/51  65698/32  130  0/68 

7  31152/51  52135/32  87  0/82 

8  28535/51  50232/32  86  0/71  

9  31866/51  4928/32  80  5/72  

10  09737/51  09956/33  89  0/68  

11  03788/51  12098/33  85  0/80  

12  94984/50  15667/33  84  5/83  

13  98553/50  0948/33  81  0/76  

14  47095/51  331/32  137  0/77  

15  50664/51  29769/32  147  2/77  



 

  

166  ����	
 ���� �����
� ����–  ���32  ���� /275 �"�# /���$ %&��'() *1393  

www.mui.ac.ir  

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

  
 ���5����� .  $�� �/�0 � �#�� �"� �� ������� ��0 � �#�� �"�  

  

 
 ���6������ ��� <=��� � >?��@ ������
� .  

  

 
 ���7<=��� � ����+�� " �B�"�3� <=��� ������
� . ������ ���  

y = -0.0037x + 78.327

R² = 0.0002

60

65

70

75

80

85

90

95

75 85 95 105 115 125 135 145 155 165

�
��

 �
� 

��
�

��
 


�
)

m
g

/k
g

(

 ������� ��� 
�)µg dl(



 

  

 ����	
 ���� �����
� ����–  ���32  ���� /275 %&��'() *���$ �"�# /1393 167 

www.mui.ac.ir  

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

"#�  

 ��E'� (� (!��I� 9�
	���  i�G5�
 �9 BE�F .�S M


�'	9   ��� � 2��	��  �6
�
   ����	
  ��>0�=
   ���

    �
 1��0��	
 ��� (�) $* ��7�
 �����	
 ������ �����

1�
� ��Z5 � (�.75  (��S�� c�	
 �� .$* ��7�
 ��   ����

       ����� %&��'� H��< �� 2��	 �
.�� :W��d�g 9�


   �� 2��	 ���7� �
.�) ��� ��7� $K �
 �5J�� (!��I�

 H�<50  ��     ���& (�� �
.�� 9�
 � (��+��) �� ��+


�
�S �� %GI'� %f�    .B�	
 %&��'� 9��
 �� �����  �

  (�!��I� �
 ��=�K R����  �Wong � Lye )5
 (  9��
 �

(!��I� �� B>O  � ��#�� �6�K � .$*��  

   %&���'� 9���
 �� 2���	 �J���� �
.��� : ��S�& �


 � ���� 9�
 �� @��'= �
�L�	
 �Z� B�4 (� $�
�5   ���

">� � $*��   ��#� � �����D) :M�F�� �Z� () �? �5

(�
��? ��G4 �� %&�'� 9�� �� ���	
  4�S �  �=
 �

     ����`O �  O���� M��!��I� R����� () B	
)6 ( �

)  ��S
 �  O���7  (�!��I� ��� (    � ��#�� ��6�K �

  .B	
 ��#��  

(�
�	 9�  I< ��	�+� ��
�f�� ��  � ����� �

  (�I�
� �
  )��K R���� :H�< ��� � 2�	  +���?  �

(I�
� � ����� �� 2�	 "L�#�    ��� ��� c���!� �

 � ,�6�� 9�
 .��� �����   8$�*�� .��
�� ��A5 $�
�5

  �� ���  G�#� W��) (� :H�< �� ��� ��G�)  '!�

    (�� � ���#�
  S��3�  ��*�+ � ����+    : ��) ���&

(<�T  � �7'�  �
\F �      V�O�� ����4 9��
 � ���*

 � �
���� $=�� W�
.S
     ��� ��3'4 (�) 
��T 8��*

 �� ��
�� H�< �� �? ��7� �
.� ()200  ��    ��� ���+

  ����	�>* ��  ��
�
�S V5�5 (� :B	
 ��+��)   ����

b7� :()��G�  � ��7'� � ���?   1$�'�� ���D� () $*��  �

 i�G5�
 0'� �� ���   (�) ()��G� ��  '!� B	
 �����

    � B�	
 ���D� ��� �
.�� :B	
 ���) ����� �
.�

b7� 1����O �� ��7'� � ���? .$��
� �
�f �$!� ���  

� ���3��  

 1�
� (�!��I� 9�
 ��       �
��f 1��0��	
 �����  �'�� ����

 � (��D� M�!��I� �� ��
 8BS�+     �
 1��0��	
 ��� �
��5

1�
���� ����35  R���� (� �
 R���� � BS�� B	� (��D�

 .���� (#��L� ���$�� ��  7'	 BZ= ��E'� (� 
�  

  

�$��% !��&  

   ������� ������ () �
� ��D� (!��I� 9�
 :,��7� ��

     2��#Z� ����� ������ ��� (�*\+ �� () �����	


 �   �� ^��#+ ��� (� ��� �6�K N�K �� :$*   .$����

 � ����� 9�
     1$�'�J? W�
.�S
 �
  �*�� $��
�5   ����

 (O�5 ��
 9�
 () $*�� 9�'	 M
.�S (��O �
  IZ�

1d��  � 
� 9��}#� �   .$G�&  

1���? ��>0=
     �
 � B�	
 �
���
  �!'�= �>* 9��5

2? �� H���I< � �#)�5 �
�� BE�F �E� : � H�<

(G5� 
��      � (��.75 ��� (�) ��
� ���D) �� 
�  �J�� �

��Z5    +����? W�
.S
 @0� (� R���� :W��dg 9�
 ���

 ����� �? N�G�� (� �MS  �  �
�+    (�)  ��f� .$��

(DL�   ���#�  +$�')
�g � ,�* � ������ �
 �    ��� ���

B���4  ��� "��	�5 (�<�'��*�� �����  �
 �����#� :�����+

(�0+��     �
$�� ������� �����	  & �� �
��� $��* () ��

 � ���*? :$	� ���+. 

  

'%����( � �)*+  

  ���7�
 �� () ��>0=
 ���	
 B*
$>� .)�� �
 ��D5 ��

$�$��	� ���� 
� �� %LZ5 9�
.  

  



 

  

168  ����	
 ���� �����
� ����–  ���32  ���� /275 �"�# /���$ %&��'() *1393  

www.mui.ac.ir  

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

References 

1. Fulgenzi A, Zanella SG, Mariani MM, Vietti D, 
Ferrero ME. A case of multiple sclerosis 
improvement following removal of heavy metal 
intoxication: lessons learnt from Matteo's case. 
Biometals 2012; 25(3): 569-76. 

2. Reiber H, Teut M, Pohl D, Rostasy KM, 
Hanefeld F. Paediatric and adult multiple 
sclerosis: age-related differences and time 
course of the neuroimmunological response in 
cerebrospinal fluid. Mult Scler 2009; 15(12): 
1466-80. 

3. Das D, Chatterjee A, Mandal BK, Samanta G, 
Chakraborti D, Chanda B. Arsenic in ground 
water in six districts of West bengal, India: the 
biggest arsenic calamity in the world. Part 2. 
Arsenic concentration in drinking water, hair, 
nails, urine, skin-scale and liver tissue (biopsy) 
of the affected people. Analyst 1995; 120(3): 
917-24. 

4. Exley C, Mamutse G, Korchazhkina O, Pye E, 
Strekopytov S, Polwart A, et al. Elevated urinary 
excretion of aluminium and iron in multiple 

sclerosis. Mult Scler 2006; 12(5): 533-40. 
5. Wong SL, Lye EJ. Lead, mercury and cadmium 

levels in Canadians. Health Rep 2008; 19(4): 
31-6. 

6. Hoodaji M, Jalalian A. Distribution of Nickel, 
Manganese and Cadmium in Soil and Crops in 
the Mobarakeh Steel Plant Region. Journal of 
Science and Technology of Agriculture and 
Natural Resources water and Soil Science 2004; 
8(3): 55-67. [In Persian]. 

7. Hoodaji M, Afyouni M. Use of sewage sludge 
cadmium chloride on transport of these 
elements in soil and absorbed by plants. Journal 
of Environmental Sciences and Technology 
2009; 11(2): 47-58. [In Persian]. 

8. Suess MJ. Examination of Water for Pollution 
Control: A Reference Handbook. Oxford, UK: 
Pergamon Press; 1982. p. 2, 124, 168. 

9. Selinus O, Alloway BJ. Essentials of Medical 
Geology: Impacts of the Natural Environment 
on Public Health. New York, NY: Academic 
Press; 2005. 



 

 

1- Department of Soil Science, School of Agriculture, Islamic Azad University, Khorasgan (Isfahan) Branch, Isfahan, Iran 
2- Associate Professor, Department of Soil Science, School of Agriculture, Islamic Azad University, Khorasgan (Isfahan) Branch, 
Isfahan, Iran  
3- Professor, Department of Neurology, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran 
Corresponding Author: Mehran Houdaji PhD, Email: m_hoodaji@khuisf.ac.ir 
 

 ����	
 ���� �����
� ����–  ���32  ���� /275 %&��'() *���$ �"�# /1393 169 

www.mui.ac.ir  

Journal of Isfahan Medical School Received: 11.01.2014 
 

Vol. 32, No. 275, 4th Week, April 2014 Accepted: 04.03.2014 
 

 
The Relationship of Concentrations of Lead and Zinc and Multiple Sclerosis 

in Isfahan Province, Iran 
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Abstract 
Background: Multiple sclerosis (MS) is one of the most common diseases in neurology and mostly 
occurs in young adults. The disease is clinically characterized by the involvement of different parts of 
the central nervous system at different times. Not a cause for the disease has been obtained, and this 
study aimed to intend benefiting from geographical information system (GIS) to explore a possible 
link between the disease and environmental factors. 

Methods: In this research, regions of cities of Najaf Abad, Isfahan, and Mobarake in the west of 
Isfahan Province were studied. Several soil samples were taken from each area and to measure the 

lead (Pb) and zinc (Zn) concentrations, atomic absorption spectrophotometer model (Pye Unicam, 
SPQ) was used. The epidemiology of multiple sclerosis during 2008-2012 was obtained from Isfahan 
Health Center and the GIS maps of material dispersion and the disease were traced. 

Findings: A significant portion of multiple sclerosis was consistent with the distribution of lead in the 
study areas; but the disease had little to do with the distribution of zing. 

Conclusion: The mapping showed that areas with a high prevalence of multiple sclerosis are 
consistent with the high contaminants such as lead; this adaptation can explain the association of the 
disease and environmental factors. 

Keywords: Multiple sclerosis, Environmental pollution, Prevalence 
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 ���*����� <��A� �� @��[: ����H�� ���� (������ �����

$� ��39 �6 jP� )� '��6 ��S=1 ��)F#����  .�7

  $�)F�#���� ;�#
� �� $��*��� ;#
��2�PiggyBac   ���

 /�0Cut and paste �     $�����=7 f���� ��� � ���

  a��2��TRE )Terminal repeat element(   ��:�

 � ��� 8)�)F#���� ;� �^ b�� �"#���� M�J �� ��

$� /�0 ;� �^ ��� b�� '��  <27) ��
91.( 

 ���1. ���	 
� ����  �	�
���	��� ����� �� �� ����	� �

PiggyBac  

���G5? '��   �� ���=-%�1 /���0 ���� �"��#���� �

�
,��  ��
��+������ $��� �� $0�&�6� �TTAA  �

$� /�0 $��� ��� �
��2
+��� ��  ) ���
98 '�� .(

�
,�� ��  M��1 '�� )� ��R� $0�&�6� �   ��
> � ���

   (��7 (��� ���R� �� ��J �� l��� ��! �� $%��&�

  ��E� )� 4��G% $,�� �� '�� ��� �� ���   $�#����

$� ) �7��9   a��2�� \�� <��7 ;�#
� ��� ���6�� .(

13    ���=W ��� �)�� �3:Terminal repeat   \�� �

 a��2�19  ��=W �� �)�� �3:Internal repeat   ���

 $=
��=
� a��2� \� (��-13   �� ���� �
� �)�� �3:

 ��[��� ��’5    $=
���=
� a��2�� �
=n-1 �31   ��3:

   ���[��� �� �)���’3  )  �
� �Open reading frame( 

ORF  ;� �^) )�)F#����1/2 ) ��� ()��+
�10.(  

  (��7 '�� q�#� ���G� 8�G��5� ��� ��   �"�#���� �

 $��7�10-IP   $��)F��#���� ;���#
� )� (��3����� ����

PiggyBac     <���7 ��
-��.� �� (���9 .�7 $����

(�==� ��
� �
-�.�   $��)F�#���� ;� �^ �PiggyBac 

 �
-�.�  
� �Donor     $�7� �! ����� ��+� �� ��

10-IP  �� �
#�����S
1 \
�
� $��^ �� ���*� �! �

 $��[��� ����2� $,�� ���, �
-�.�PiggyBac   ���

$� (��^ ���  �+� ��  
� ��
-�.� \� (��9 .�7��

 (���==� ���� a��2���  �
-���.� �� )�)F��#���� �! �

Donor $� ��� ��  ()��� �R23#���� )� a� .��^  �1 �

  ��+� L��K��� � 4+� ��    4+�� 8	�
���� ���1   ��1

   �K���#� ������G� $������� ����[:    ����� $����! �

Absolute Real-time PCR )Absolute real-time 

polymerase chain reaction  $������� ������ (

�=�%�9 ���?. 

��� 	
 

 � � ��!"#�� �
��  ��� �$���%&  

����� ;���#
� �����, �� �
-���.�Helper � Donor 

$���  �
-���.� .���7��Donor �����, �����2� $����[��� 

f2G� )TRE (�� �� �� ���    ���
� ����� ��[���

 �"#����)Hyg+10-IP (     )� a�� .���� ���%�9 ����?

  $����� 8$����[��� $,����  �=���A2 ���
eG� � ���
�F� � 

(�S��:    �� �"�#���� 8�^ ���
� �� 	��=� $-� �^ ��1

 ���? �^ ��
� ��%�9  $���
� ����� .   "�#���� ����, �
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������ � 	
�� ���� ��� ��	 ��� � ��� �� PiggyBac �������
� ����  ���	
���	��'�� �

10-IP  �
-�.� )�10-pTRE-IP   )� (��3���� ��PCR 

(�7 �
eG� ���� � �   ;� ��^BglII    ��-���� ���[��� ��

  $�����=7 ���� � �����%SacII    ��-���� ���[��� ��

 �
-�.� ��� )� f����
t2� �7.  

 $����^ L���K��� Q6���7 �! \��
�
� $��������

�
-����.� )� �
���#�����S
1 Hyg/1/3pCDNA  �����

����  $-� �^ ��1AflII   � ������% �-���� ��[��� ��

  $�-� �^ ����AgeI     f���� ��-���� ���[��� ��  ���

PCR �
t2�      �=�� $���� $�-� �^ ;u1 )� a� � �7

� (���7 $��J @=�����   �� /���G5? 8�
����S
� ����1

���� (�7 �
eG� ��1 � $-� �^8   $���[��� $��� �
� ��

 ���? f2G��%�9� �� )� $��-� .  ��E� ��� �
-�.

 <27 �� ;�#
� ��� ��2 ��� (�7 (��� ��R�.   

�
�'''''� "#�'''''�  �$��'''''�%& ('''''� �
(Helper-independent plasmid)

()�� \� �� ;�#
� ���    ���
� ����� ���, 8�,�� �

(�==�   �"�#���� � )�)F#���� ;� �^ �10-IP   ��&A�

$��� �� (�7   $�� f2G� $��[��� ��1    ����� .��7��

 (���==� ����
�   v����J )� )�)F��#���� �PCR  ��� )�

 �
-�.�pCMV-HyPBase   ���1�-���� )� (��3��� ��

 ;� ��^ ���� ����� f��� � �����%   ���11Nhe  �

MluI ;� �^ ���� �� � �7 �
t2�    �� ��E� ���� ��1

�+,�� )� <0�, �
-�.� ? �  @=���� .�%�9 ���? <e

 �
-�.� ��� �� ;u1Backbone    ���
9���? ��[:

 4&A�PCR     /��0 ���� ��� ()�)F#���� ����)

  ;�H, �� :�7 ��H��200     8;�u1 @=���� ���
���2
�

20  ;� ���^ �%���� )� ����
���2
�X10 870  )� ����
���2
�

 � �
-�.�110   ����*� � <����� �5*� L^ ��
���2
�

5 �1 )� ��
���2
� ;� �^ )� ���� ) �1MluI  �NheI �� (

  /���� ���� @=����� x��+K� .������9 �%���P� @=�����

4  ���� �� �W��C˚ 37 .�%�9 ���? 

    ������ ����
9���? ���[: �
����S
� @=�����

 �
-���.� �� )�)F��#����Backbone  /���0 ������

�e��A� )� a� :�%�9 ��H��  $�� �e#� �3  ��1   ���

 ��G5? ���� 	
���  �Insert   �
-��.� �Backbone 8

   ;��H, �� @=����� x��+K�30   <����7 ����
���2
�

3   �
���S
� �%�� )� ��
���2
�X10 810   )� ���
���2
�

Insert 85  )� ��
���2
�Backbone8 11   L^ ���
���2
�

 � �5*�1    ;� ��^ )� ���
���2
�DNA Ligase 4T   .���

@=��� x+K� � y��� ���� �� �W�� \�   /��0 ��

Overnight ���� �� C˚ 4 �%�9 ���? 4�nK� ��. 

    ���+,�� 8�
����S
� @=����� ����H�� )� a���  �

   	�
���� ��1�
-��.� �
t2� �[: �
����3#����

������ �� ) (�7 �G�#� ��1Competent  (��3���� �� (

 ) �����+� ;
#+� ��� )�2CaCl    $�����, O�7 ��� (

)(Heat shock �+� � �%��N� ��H��    	�
���� ���1

 �R� b
A� ��LB agar    \�
�
� $���^ )� (��3��� ��

$�+� L�K��� )� a� .���7 L�K��� �
+
� $F�^   ���1

  ��� )� (��3���� �� 8	
����Quick check   �A�0

���G5? '��  �Insert  $������ 	��
���� �
-���.� ��

 <27 �� ;�#
� ��� )� $��-7 .�73 .��� �:� 

Donor plasmid  Helper plasmid  

 ���2�
�� 
� ���	 .  $���%& ��+Helper  �Donor 
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������ � 	
�� ���� ��� ��	 ��� � ��� �� PiggyBac �������
� ����  ���	
�� ��	��'��

 ���3�
�� 
� ���	 . �$���%& (� � 

 ��-'� "./    ��'+HEK )Human embryonic 

kidney cell(  

4+�   ���1HEK )Human Embryonic kidney )� (

    �������6 (������ ������ �
�#��) ����� $�+� \���

  ��������R� b
�������A� �� � ����������7DMEM 

)Dulbecco's modified eagle's medium  ����, (

100 $+
� �� �,��  8�
+
� $=� ��
�100   ��� ��9��2
�

$��+
�  � �
��#��������� ����
�10  �
��=: ����� ���0��

 �� LJ�� ����2�� �� � ����95  �
#�� �� �0��

 ���, � ����� /��C˚ 37  )� a��� .�����7 (��� ���R�

4+� 8�E� ��� ���G� �� ��
��      ��R23#���� ���� �1

()�� .���7 (���^ �1  

 ��-''''� 0''''.�1�	���   ��''''+HEK  �''''2

Transfection Reagent 2000 Lipofectamin  

 \1�X \� ��6 ���6  ���G� ��105  ×5/2   4+��

 ��2 $+
�  ��
�Growth medium 824    )� <�e? �W���

  .�����7 (��� ���R� ���R23#����2  )� <��e? �W����

 {�G� ()�� b
A� �� $+e? �R� b
A� 8�R23#����

  8(��)��� ���7 <2���� f��� �� .�74   ���9��2
�

 )�DNA  ��250  )� ��
���2
�Serum free DMEM 

  ���� $�����^ ���� � ���7 v��
?�10  4��+A� ����
���2
�

Transfection Reagent 2000 Lipofectamin 

 /�� �� � x+K�20-15  ��2�� y��� ���� �� �*
?�

    .�����9 �%��P� \�1�X �1 �� x+K� <� aF� .�7

  ����� �� � �7 (��� ��2� �
+�C˚ 37   �����2�� ��

 )� a��� .���%�9 �����? ������ �
��#�� ��48  �W����

  ����� 8�
#�����S
1 �� ���*� �! ��
� �[: �0�%

�+� L�K���   � 8	
���� ��14+  /�� �� �12   ���31

     �
��#�����S
1 \��
�
� $����^ �����, b
��A� ��

µg/ml 150 4+� .�7 (��� ���?  �� �12    ���� (���9

 �R23#���� <��7 4�� (��9 .�=�%�9 ���? �R23#����

    �
-��.� )� /���eW ��� ��
-��.� �� ;�#
�   ���1

Helper  �Donor   ���R23#���� ��� (����9 � ������

1 .��
-�.� \� (��9(��9 )� \� �    �� �13  \1�X

 �
+�6 .�=�%�9 ���? �R23#���� ��� ���6 

 4��5�''��DNA  ��$''6� �''���2 "''78 (''�9�	�

:5�	   �$� 4�� ��+ 

'��K��� DNA  )� (��3��� ��AccuPrep® Genomic 

DNA Extraction Kit  ���7Bioneer  (��-�7 ��  �

 |�������3032-Cat. No.: K   .���%�9 /���0

105j-: )� a� 4+�  ���7 <2���� �� v��5� ���^

 '��K��� ��� (��)��DNA   .�=�%�9 ���? $��!  

  �
�$'	� "'78 ���$	���� �;�;9 ���    ��$'6� ��'�<

:5�	    ��-� =�	� �� �$� 4�� ��+  

�K#� ���G� v
?� $���� �[:   )� (��3��� �� $�! ��1

Absolute real-time PCR �� ��������� $=A=� ;�� 8
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������ � 	
�� ���� ��� ��	 ��� � ��� �� PiggyBac �������
�  ����  ���	
���	��'�� � 

�?� f���    �"�#���� ����, �
-�.� )� $����� ��1

10-IP  $�� )�
�  .��7��      ��E+> ������ 8��+,�� ���� ��

   ����%���2F���� b���� �"��#���� �����, �
-���.�

()����    �� �� ��E� ���� $F� ���G� aF� � �7 ��
9

 @=����� �� ���:� ����
���2
�PCR ���7 �e����A�. 

���?�   $������ ����1)300000-30   ���1 �� �! $��F�

   ���������� $�=A=� ;�� ���� �
-�.� ��� )� (@=���

 f����� ����Ct Value  \��� ���1 )� (����^ ����� ����

�?�      ��� ���� <�,��� .��7 �
[� �
-�.� $����� ��1

  ������ �� �� /�0 ���Mass     L��P ��� �
-��.�

()���� ��W �� �^ � g/bp 21-e096/1    .���^ ���� ��

 aF�Mass of plasmid DNA �?� )� \� �1 ��  �1

)300000-30 ���E+> �^ )� a��� � ����^ ����� ���� (

DNA     ��� ��E� ���� $F� �� ��
�� ���� ��
-�.�

  ���W �� ;
#*�2   )� �����*�)DNA    @=���� �� ���

������G� ����H�� ���� aF��� .���7 �e����A� (���7 ����  � 

2V2C  =1V1C  )� �7+��� 4����Stock   ��
-��.�

 $������� .���7 ���
[�PCR  4����% )� (��3����� ����  ��
� 

1 – )slope/1-10 = (E     ������% ��-���� .���^ ��� ��

   �! a��2��� ���
t2� ���[: (��3����� �����10-IP 8 

’3 TCCTCATGGCTGTTTCTGG ’5  ����-���� �

 f���’3 GTCACCATCCTTTTGCCAG ’5 .��  

  >�''�� �''2 �	�
��''�	��� ����''/ �''���2 ?�� 

Real-time PCR   
�K#� ���G� �� ��� $���� �[:     �� ���%�� '�� ���1

  $��)F�#���� �
��G% f��� �� ��!Piggybac   (���

   ���
�~� ��� 8�
-��.� ������ '�� <0�, �� ���

  f����� ���Real-time PCR  ������ .�%��N��� ����H��

�-���� �� /�0      $�,��J ���J ��� ���� �� ��1

 ��-���� )� $2� �� ���7      $���[��� $���� <�6�� �� ��1

   '���6 ��
-��.� a��2� �� ��S�� � ��)F#����

 <27) ���
S� ���? $��[��� $��� )�4 �1�-���� �
t2� .(

�e��A� �� � ���� ������ '�� )� ��R�    v�
?� ����G� �

^ $F��  �K�#� ���G� )� �^ �#� � �1     8(���9 ��1 ���1

 $�� QKR� $��)F#���� �
��G% �� 
�    $���� .��7

:��� ��) 	
��� �� �1�-����  
Forward: 

5’ACAGACCGATAAAACACATGC 3’ 

Reverse: 

5’CTCACTATAGGGCGAATTGG3’ 

 
���	 	
  

��-/ $�@�� 
� �A�  B��	  C�/���	 �@�-� ��+  

()�� �� �^ )� a�     � �"�#���� ����, ��
-��.� �

4+� �� )�)F#���� ;� �^  ��1HEK   8��7 �23#����

4+�  /�� �� �12    \�
�
� $���^ �� ��-
� �A� ��31 

 

 
 ���4�	�
���	��� ����/ ����2 E�F59 ��+����& ���<���G ��H�8 . 
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������ � 	
�� ���� ��� ��	 ��� � ��� �� PiggyBac �������
�  ����  ���	
�� ��	��'�� 

   ��E+> ��� �
#�����S
1µg/ml 150   .��=�%�9 ����? 

b
A�     ��1 \�
�
� $���^ ���, $�+� �R� ��13 

4+�.���7 {�G� ��� \� )��    	�
���� ��
> ��1

  ��+� ���� l�=�%� �
� )� �E� ��� �
-�.� �?�%   ���1

  )� a�� .������ $?�� �
#�����S
1 �� ���*� 	
����

 8�
��#�����S
1 \��
�
� $����^ ����-
� )� ����31 ��21 

 �� 	
���� �+�3   ��
+� \1�X6    (���9 �� ����6

 � ��
-�.� \�13     ��
-��.� �� (���9 �� ��+�

     �
-��.� ����, $�3=� �1��7 (��9 .����9 (�1�R�

Mock  )� a�  
�2  <27) �%� �
� )� ��315.( 

  4��5�'�� 
� �A�  B��	DNA    ��$'6� �'���2 �

:5�	 �$� 4�� ��+  �I�	��� �10-IP   

 �
3
� )� ��=
-J� �[:DNA     ��1 $:��K���� ���1

\� �^ )�  )��9^ 4! ��� �� �11  ���� .�7 (��� �0��

 ��� �� �? ���� \� /�0 �� 8'��K��� )� <0�,

       L�6 ��
3
� )� ���R� ��� ��7 (�1��R� )��9^ 4!

 '��K���DNA .����  

���?� ���� ����������� $��=A=� ;����  $������� ����1

�K��#� �����G�) �
-���.�  ����1300000-30 �����, (

 �"#����10-IP  f��� ��Ct value   )� (���^ ��� ��

�?� )� \� �1   <2�7) �7 ;�� (�S��� b�� �16 .(

 f��� �� �
=n-1Ct value ��-� )� (��^ ��� ��  �

DNA �+� (��9 )� \� �1 	
���� ��1    ����*� 8��1

   �e���A� �����6 /�0 �� (�S��� b�� �E� ���

 <27) ����97.(  

  �� � ��
-���.� \��� (����9 ������ �����*� �����

��
-���.�    ���� ������� 	��
��� ����103 × 51/151  � 

103 × 60  �� $F�2   ���
���2
�DNA   @=����PCR 

 ;��H, �� $��F� �����G� ����� ���� $����: �^ )� .����2 

  ��E+> �� ��
���2
�ng/µL 100  )�DNA   �� $���!

 @=�����PCR    (���=��-� �����*� �����  ��
� � ����  �

4+� �e��A� )� a� .��� QKR��� ���G� �� $��1  �

   ����� ���A� � $��[�Diploid genome equivalent 

4+� �� ��     ������ $���#�� ���1pg/diploidgenome 

6/6 �K#� ���G� 8���    ���^ ���� �� (��9 �1 �� �1

   ��� ������ ��
-�.� \� ;�#
� �� ��5   �� � �K�#�

 �� ����� ��
-�.� �� ;�#
�2     4+�� ��1 �� �K�#�

    )� <�0�, $�=A=� b�6 	
7 f��� �� .�7 �e��A�
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Transposition in Human Embryonic Kidney Cells 
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Rasoul Salehi PhD3, Majid Kheirollahi PhD2 

 
Abstract 
Background: A major bottleneck in the production of recombinant proteins in conventional linear 
method is the heterogeneity in number of transgene copies in the genome of the host cell that lead to 
variable levels of transgene expression. Aside from the low efficiency of the random integration, other 
phenomena such as positional effect contribute to low efficiency of transgene expression. PiggyBac is 
a class of DNA transposons which can transpose through “cut and paste” mechanism in host genome. 
Some specific characteristic of this transposon makes it promise vector in gene transfer studies. High 
capacity of transgene transposition and flexibility in molecular engineering of transposase are 
characteristics of PiggyBac transposons that are important in recombinant protein and gene therapy 
approaches. The aim of this study was estimation of transgene copy number based on helper-
dependent and independent PiggyBac transposition system in human embryonic kidney (HEK) cells. 

Methods: Plasmid containing interferon gamma inducible protein 10 (IP-10) coding sequence flanked 
by PiggyBac terminal repeat element and plasmid containing transposase system and a unit plasmid 
containing both transposae and IP-10 coding sequence were used for generating recombinant cells in 
helper-dependent and independent system, respectively. Human embryonic kidney cells were 
transfected by each group. After clonal selection, absolute quantitative real-time polymerase chain 
reaction was used for estimation of transgene copy number. 

Findings: Estimation of IP-10 copy number has revealed 5 and 2 copies per cell in helper-independent 
and dependent system, respectively. 

Conclusion: Here, we report activity of PiggyBac transposition in human embryonic kidney cell line. 
PiggyBac helper-independent and dependent system was used for generation of stable cell line 
producing mouse IP-10 protein and our data confirmed permanent expression of this transgene with 
the mean of about 5 transgene copies per each cell. 

Keywords: Piggybac transposon, Gene therapy, Recombinant protein, Transgene copy number 
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E����"�F � � %�� �' � ��6& �  �
 �G	7 � + ����#" �

H�	  E�!
���'�G(��3�I� � 
����� � %�� �' �   ��  �


%-" �
 �%**' � CD� @�! �� �� H�	 �+   ���+
 � %��* ��
 

�%" ����
%? ) %	
5 -3.(    � %��� �' � ��(����3 � %�� �'

�! � ��� %�� �' �(5? �
 ��M�#���F     ��-*� ��	 ��' %*"�+

 ��� .
�6& ��	
%*�>       ����37 ��!
�0 �
��*0 ��+ ��#(+

�%**' � N!O� ��� 3 P6'��	�56� �! �Q(� %	�" )2.(  

��"C� R�� P��+ �S ��4 T��  �� �0�*�! ���

���	�� ��� � U����� P��-?  � ��	�5��6�3 V��(�W! �����

�3�=! � � %�� �' � ! X�*�� �+�Q�! .
��YZ� � �3�#3

�  ���� ��+A�! � ��	
��F P�
 )8 -6.(   ��'] �� �"

�	�� A �5� �
�+ �' P�
    ^�� ��+ � �A	 ����+ ���

T�� �
 ����� �+    �
�
� ���' ������ ���_����
 � ����

:%*"�+ � � .��;�a�  

%*"�+ �(504   %	��" H��b	
 P0�� �+4    ��+ ����Q!

%*"�+ �F�; � .��-! �+ ���	 .%*"�+ ��"
%	 �c � ���  

R�� �� ���
 ���4 T��     �3��#(! � ��#��	� ����

 ��#_� P-? �0�*�!� ��    ����5�+ ������1 ����   ���

 .���3�=! �� �%*5��"��
 ����� �?���5� �����*"���  �

 �����5�+ � ���� � ��#�*�('  P���
 ����F�  �	���_0 ���� .

���� � ��*#�  �
 ���_��
 �+ �3�#(! �����	�6	 ���

!�3�������#3� T�� �   V������(�W! ���������PCR   

)Polymerase chain reaction (   � d�W�6� P�-?

��	
 ���	��(�F A �5� ��   ) P��
 �%�" T�
A�9.(  ��

��� � ���
4  �
 �����+ ��	��6	 3��#3�! ����   ����!

���b	� f*'
� g%� ) �
�5�(1 �
PCR (���+ �!
 >%	
  �


 T�� U������ 
 U�������+ �������� 4 A�3�������	7RFLP   

)Restriction fragment length polymorphism( 

�+ h�+�! PCR @	�#�    �%�" ���i#� ���� � �� ITS 

)Internal transcribed spacer�����	 (�  !
 �
�%����

�%**' 
�  ��
� ��6	 
�) P�
11-9.(  

 ��ITS �� �+ P/�	 ��� rRNA �� +U� �	��   ���

   �%�" P�jF�N! ��5' >P��
   �5� ��+U� 3� 4���  
��+� 

���+� F�	��(� (1� F��!^��  	���
 h��/��
 � ̂ ���   ���

! k��*!�  .%"�+R�� ��  ����
��   3��	7 ��+A�   @	�#��

ITS F h���/��
�	����(� ���+���� ����	
 �
  ����6	 
� ����

��
� %��	
 )13-12 .(��QQN!U�   ���' %��	%Q�!ITS  ���+

��
%	
 
� ! �' P�
� W6� %	
��d�  ��	�� ��
� 
�  
�

	A�    .%�*' dW�6!)External transcribed spacer( 

ETS  �ITS  QS��*! �+ �
�5��   ��'RNA S28  �S18 

! %' 
��  %�**'4   1 R��#3�! ��+ ���6�  �rRNA  %�/��  

!� %	�" >�!
  P-? �� �+ETS  �ITS  �W��	  �
���+� 

�%"4  ��S �+��l  Ab��  �! %	�" ! �j	 �+ ��   %���

� �'m� ��#(50 �	��� %	�
%	 )15-14(.  

��5�     �o�� M��+ P5��$ �� ��' ��Sp�   4%�" ��
�

��7U  � �� P5�$�!���/  �=$ 
�  �
DNA   P��


�-�	
 �� ����!��1 �
 �'� 3 �Q=*! 
�  �'RNA S28  
�

 ��! %��'� %��*'4 
 .��
� �
���$U��   �
 �#��6�! ���Q=*!   

SSU RNA )Smal subunit RNA4( S RNA8/5  �

LSU RNA )Large subunit RNA(  �!�  
 .%�"�+ U�  

&
���	�   rS���*! ���+1ITS  �2ITS   �(��;�F ^��� �


!� �4%	��  &
��	� s  ���  �W��	 ��+�$  �
���+�  
�NTS 

)None Transcribed Spacer (��!� ��4%��*   �� ����
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 ���������	
 ����������� ��������  �� ����PCR-RFLP  
�	� ���� ����"�#�$%& 	 

&
���	� ITS � NTS D������ C��1��  ������   ����6	 
�

!� %*��4 �!
 ITS 3� �+�� ��
%	
  �+ �  f#,��' P/�	

 .�=$ ��*' �� �' P�
 k3�? ��S �+ Pt�_& �!�'

�%" 
� 
�1 �' ��
� �
�$����5  PCR ! 
�� 
�+ �
��� 

�7 &
�S ��� ��' )17-16.(  

 ��
U   c�1��f  ���      R�#�"
 ��' %�" %��
��

���	��2  �' .��_�!� %��   ��� T�� �5' �+� PCR 

� RFLP  �5' �+ �3
���  �	�� 1ITS    � v�N+ ����!

���+� � �
�$��� ���3��!%�1
 @2� �   U� 
 �3�#3�!

�Q=*! �� ��	
 ���� � 
�
 �!�& � ��-_;
 �.  

  

��� 	
  

�������  	
��� �����  


U��  QN�r���  ���-��"  � ��-_��;
���!�& �  �7�!���" 

)P5� :R�5"   4���/* �  4�
����+   4��5�! U����"   4�-�"

�(! P3�� 4�-" k�/& 4��+7    4��b���� 4w������ 4��+7

������ � �$7 �(0 4E�/0 ��
A!�!
 4�!�	 4x����   A�*=	

� >�������+ P5��� x���*? :����2��� 4�-��" 4��������-+ 

4�'��/! 4�o�-" U �� 4�-" 4��$���  � H��5��  y��! � 

>�����-! P5��� w���" :  4���� � 4��� �$�? 4� ���6�_�

�7
�+ 4����
���  3�5�"   4��+7%�5N! 4��������b-$ 4�

4� �
 4��(? 4.��� 4%	��#"
  ����	
 4�	���   � ��5�


��������F %�-��" >����6-+ P5��� x���s :4����b*3 

�*�5� 4�-" Vb	 4��+7 4�"�' 4��?��zF  4�
��#+��1 

��+��
 x�] 4U�7 4P"%(� 4�,�� 4�
���?  ��+7�D;


� {*�A �-'( 
 A'�! �� l$
��
�     � %�" H��b	
201 

���+ ���! �	�5	�   ��	�5	 .P�F�� �
�$ � ����  R�
 �


����FU   ��!1390 ��  �� �1 ��! ��+71391  .%! �+)8 

PF�� H�b	
 (��! .^�� ��� 3� 	�5�6���  ����1�   �
��F



�
� �%" x�W�	
� ���_�! R�#"
� .%	��+  

��� �	�� ����� 	 ��� ����  

^��   �
 ���_���
 �+ 
%�+
 ��  R�	���
70  %�;��   H��� �

F4���3� A� ���
�  %"%	 @2� � �
  ��   �+�  ��&� 

o�!4� A� R�(N!U�I�'�(    ���_���
 �+ � %" ���_��


 �
�  �$�,� &
�?� ���
4�  T�+ ���  N=���   ��+

 R�S3-2 !�(� �� ��!�  ��/3  ����  
 ^��� ���b   %�". 


 @2�U  T�+ ��� -���  �N! �+ �%"O�    l ��! P�6'

)Brain heart infusion broth, Merk, Germany( 

BHI ���
�  �!� ��� C° 4  ��  F H�� ����3� A�   ��+

N! �
�*0O� 3�Q�	
� N! �+ @2� � %" ��
�O�  P6'

)Novy Mac Neal Nicole, Merk, Germany (

NNN � �����+�#	
 �� � %" ��
� R�Q�	
 �(" ��*' �� 

�!� �+� C° 2 ± 24  �
�$PF��.  

������� ��� ��� 	 �   

��5�         4%�" ����"
 ��/$ P5��$ ���-�	
 �� ��' ���S

N!O� ���  ��!l  BHI  ���&�  	 ��	�5	 A��  
��" ��O  

���
�  N! �+O�  P6'��  ���FNNN %!�? ��*' �� 

 ��!� �� � �Q�*! �("� C°2 ± 24    � %�" ��
� �
��$

 ��� �� ����+ �  
 �
 �/$ ��_� f" .%! �+�' U  

_*!� ��" T�
A�4 ���+ ���!�  P�F�� �
�$.   @2��

!��1���.��� ��� i#���  �N! �+ �%"O�   P�6' ��*s 

�%��**'  �1640RPMI )Roswell Park memorial 

institute, Merk, Germany ( ���+ �
���5�10  %��;��

FCS )Fetal calf serum, Sigma ,America(   � ��Q�*!

i#��� ���%  @2� .�	�5	 ����
%? ��� �%"   ���
�
 ��

����(&�! � ������3�5�   %���"�)parasites/ml 106  ×5( 

  �#5	 R��(N! �+ � %" P"
��+�   .�_��F �F��+ PBS 

)Phosphate buffered saline, Sigma, America (

���
�  �+ pH  R��!4/7 ��	���_  � %	%" ���" � ��

�F �� @2� �A C° 70-4 �!�7 P-?f   ����  %�+� 
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 ���������	
 ����������� ��������  �� ����PCR-RFLP  
�	� ���� ����"�#�$%& 	 

�	�� .%" ��
� �
�$ ���   
 �� ���_���
 ����! l?�! U�  

QN�r��� � %���� �' ��M�#�����F  �� %���� �' ���(�����3 

 ��
%	���
%	��+ ��' �
  �%#�6	
� �  P�"
%-+  ����6	
� 

�
�-� ��
% �� %	%".  

 !�"#$��DNA  

�	�2������ ���!��1.��� ��� 
 ���3�A  � 3 ��	�5�6� 

�' ��� %��    ��(&�! �� �%�" �6��" �   ���& ��/$� 

)parasites/ml 106  ×5 (�F �
�A  C° 70-   � ~����

�+  �7 x���200 ! ����3��#� Binding buffer  �40 

!���3��#� G���1��*� K ��N! � %" �F�o
.�   .%! �+

10 $��Q�  ���! U+ ��� C° 70   %�" ��
� �
��$.  � ��� 

������� r+���=! ���&
�!.
 ') P���, Roche, USA 

796828001 11.Hihg pure PCR template 

preparation kit, Cat.NO ( %�" H�b	
 �-	 �� � 4P�  

DNA  ��200 !���3��#� Elution buffer    .%�" ��&

DNA 5' �j	 �
 �%" ~
�W��
� ' ��_�  ��� ��+ k�� 

�� �+ 
%�+
�(� �    �
 ���_���
 ��+ @2� � ��!��F���#2�


 ����������7 R�8/0 %������;�� �F�������+ �� X1TBE   

)Tris borate EDTA, Sigma, America ( �����!

�+� ��
 .PF�� �
�$  

%&�"� ����  �1ITS  (	� ��PCR 

i#� P���-?����� &�	����� � 1ITS  T�� ����+PCR4  �



�1����5   R�%? �� �%" � 
�
1 %" ���_��
.    

�� �
 ���_��
 �+�  ���  ���-+ ��
%	���
U   
��"O  

 H���b	
 P��-?PCR �U���� %��" . ^��b& �� f*��'
�  

25 !���3��#� %" H�b	
 . 
%�+
Master mix -� ���   %�"

 �!�" �'Taq polymerase ! �+�
A� 2/0 !  4����3��#�

2MgCl )mM 50 (! �+�
A� 2 !4���3��#� 
�1 �����5  

R )Reverse ( �F )Forward ( Pj(s �+10 1�#� R�!

 H
%' �� �
1 ! 4����3��#�  �F��+ x10PCR  ! ��+ �
A�� 2 

!4�������3��#� )Deoxynucleotide triphosphates (

DNTPs )mM 10 (! �+�
A� 1 !���3��#� �-	 �� �P  

�+ f�1 ��
�! ��_� �	�5	 � DNA     ��+ �%�" ~
�W���


!�
A� 1 !���3��#� �-	 ^b& � �F�o
�     ��=Q! x7 ��+

���
�   �+25 !���3��#� %" �%	��� .  R�%�? r+�=!2 

�����	�5	    �������!�� ���������� ������
� ������ �(#   

)Corbet, Australia ( �
�$PF�� � ��#�  ���� �  �� 

 H�b	
 P-?PCR �!�	�+ ��A  %" )  R�%�?3(.  @2��

 .M�aN!PCR     �_*! � P�/i! R���*' �
��5� �+�  ��

 ��*'��	�6	 3�#3�!� bp 50 �� �+ ��  ����7 R�5/1 

%;�� ��&� µg/ml 7/0 �
H� %� �!��+%  
�
 �+�   ���

!�(� 3��� �F�+ �� R� X1 TBE %" ��
� �
�$  @2�� � 

  �����3� P��N�80    .%��! ���+ P��3�45-25 $����Q� 

 ���F���#3
% ��� �-	 �� �4P    .M��aN!PCR  ��

!�3 @	
���� ��������������*�  ���!M �
 ���_����
 ���+UV 

)Ultraviolet (%" �%��6!. 

)��*� RFLP  �+�1ITS ����, ��-  

�
�+ � U���  ��	�� �  .M��aN! PCR-1ITS   P�N�

YZ�������� A�����	7^   �%�����**' ��%�����N! � HaeIII  

)Fermentase, Germany (  ��!� �� h��+�! �F�+ �� C° 

37  .%! �+2  � %	%" ^�� P0�� ��+ ���   �����7 R�

2 �F�+ �� %;�� X1 TBE YZ� PN���  ���3�80   ��+ P3�  

  
.	�� 1 .
0��� �� "�,�"1 s8/5L 	 LITSr )137 2(  

�� (�	�) ����� )´3 → ´5(  ����� ������  

18  CTGGATCATTTTCCGATG  LITSr  Forward (F) 

20  TGATACCACTTATCGCACTT  s8/5L  Reverse (R) 
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 ���������	
 ����������� ��������  �� ����PCR-RFLP  
�	� ���� ����"�#�$%& 	 

.	�� 2*�:0���$�� . �;�+� ��- ��"� <�=� >;��	 Polymerase chain reaction  

    ����  !"# �$���   !"# ��	%&  '()  

1  '(�.PCR  X10 X1 µL 2 

2  2MgCl  mM 50 mM 5/1 µL 2 

3  DNTP mixed  mM 10 mM 2/0 µL 1  

4  �"'�%
'� )R  +F(  Pmol/µL 100 Pmol/µL 10 µL 2 

5  DNA template  222  ng 100 µL )5 -1 (1 

6   4
'�5��Taq U/ml 5 U/ml 2/1  µL 2/0 

7  67 '89� :%'!�
  222 222   ;<�.µL 8/16 

=�> :?  222  222  µL 25 

PCR: Polymerase chain reaction; DNTP: Deoxynucleotide triphosphate 
 

�.	� 3 .�*&� ���"�
 %&� �+� ��- ���?$��"� �:@A �  (	� �� "B ����Polymerase chain reaction  

*)���  	��  �	��  +*,$  

Initial denaturation C˚ 95 5  �95@� 1 :�5� 

Denaturation C˚ 95 20 �5��A 

30 :�5� Annealing C˚ 53 30�5��A 

Extention C˚ 72 1  �95@� 

Post extentiom C˚ 72 3  �95@� 30 :�5� 

  

�.	� 4. �D�0 E,F� ��  ���� ���?$�� �� G,� > 	H1  

Product No. Recognation Sequence/Cleavage Site Protype Restriction Endonuclease  

1182RV  GG      CC  BsnI  HaeIII (BsuRI) 

1154RV  CC      NGG BmrFI ScrfI 

1346RE T    CGA  TaqI  TaqI  

1212RE C    TNAG BstDEI  DdeI  

  

 .%��!1 %��" �����F���#3
 P0����%	 Ab� �����! ��� �  �

(N���  �F�� �
��$ %�*.   � P�-? @2�� ���U  ��� �  ���� 

�' ��% � .M�aN! PCR -1ITS YZ� PN���  A�	7  ̂ ���� 

ScrfI4 TaqI  �DdeI )R�%? 4 ( �F�� �
��$ %�*  ��' 
 � U 

A	7  ̂�� �+ �5'  ��!�	�+ � Restrictionmap  ���?�! �� 

EBI )European bioinformatics institute (�+  E���
 

H�	�  x��W�	
  %	%�"  P'��"�
 �  �����('�* �� � �
%� 

%	% ��� )18.( 

:�G�� 0���
 DNA 


���+� �U���� 3
����� DNA  .M���aN! �
PCR  ���'  

YZ� PN��� A	7 ��-,^  DdeI 4TaqI 4ScrfI  �HaeIII 

T�+ ���  ��	�� �+ .��_�! �    ��
� ���6	 
� ��
%	����


%	��+4 %" ���_��
 .U 
 �	�5	  ���  ��+  P'��"  ��c�1
AF 

�
�-� R���
  %�" �  f	
��� �7  O����  ���6'  ���' 

.��; PF��. @2� � ��	 �+ �5'  H��	  �
A�F
 Blast 

���! � Ab� ��(N� � �3�#3�! �
�$ PF��. 

�,F=�  	)��*� �����  

3�	7 P-?�A ��!7� ��� l 	
�
�F�  ��� �  ���� �' � ��% �  ��

���Q=*! �  � ��-_��;
���!�& ����!�7 �
 2χ %��" ���_����
 . 

001/0 < P *! p=� �
�*0 �+� �
�� %" ��F�� �j	 ��.  
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 ���������	
 ����������� ��������  �� ����PCR-RFLP  
�	� ���� ����"�#�$%& 	 

��-.	 	
  


 ��U  QN�r�  �S �� �'� 8    %�" H��b	
 ���!4  �
602 

+��5� 
�
�� 3���	�56� ���1�     ��?
�! x��S�! X��	

QN� A'�! �+ �%**'.�Q�     � ��-_�;
 �3��� � P���1

���  	�!�� A'
�!� �!�& � ��-_;
4  ��	�5	 � ����   ��+

%!7 �50.  �
201 +��5� )39/33 %;�� P6' �
 @1 (

��������N! ��O� NNN � ~
�W����������
 DNA  �


!��1������.���  
����?
 � ������  T��PCR-RFLP 

)Polymerase chain reaction -restriction 

fragment length polymorphism (i#� ��� &�	 ��� � 

1ITS ��+ � � ����+ ����'A��	7 �^  HaeIII���	�� �� 4 � 

�'� %��    H��	 ��+  ��� � %��� �' �  ��M�#����F 27   ����!

)44/13 %���;�� (� %����� �' � ��(������3 11 ������!  

)47/5 %���;��Q+ � (����� ���%������!��	�2  ����+  %���'
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�
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�
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 �� ��!�&  

A	7 �+^  �%*�� T�+ � HaeIII �' �
� ��6	 �
 ��
%� 


�3�A  ��  %	�+ ��bp 350   ��+ h�+�! � %	�
� ��6	 
�

 ��	�5�6�3 �	) �%	�+ m�� ��
%� .%	��+ ��	�56�3 @*? 

��
%� � %	��#	 ���t 
� (� %�� �' �	 �   %�	�+ ��bp 

400 �� .%	��' ��#"7 
� �
%�� � ���  
 �
 ��3�A   ���4 

 %	�+ ��bp 450  ���  �
%� ���� � 
 �
 ��3�A   ���4  ��

 %	�+bp 450  �400 " �%��6!    ����
 ����� ��� �' %
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 ��
�	��� �+ h�+�! �' ���
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T�+ �
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 *&-1�I	"1 .*, � � ���� ���=,  <�J �� ��-�0	F,� �  (	� �� 

PCR-RFLP F� ��E, HaeIII  

:M 0�&0�� "K��
 bp 507 MN 1:  �����$��  

C. fasciculata 7MN 2�����$�� : C. luciliae7 MN 3 :

��0	F, �  �� �P@;�,C. fasciculata 7MN 4� :�0	F, �  �� �P@;�

C. luciliaeMN 7 5� :�0	F, � Q"� ��� 	� �� �P@;� � �����$�� 

C. luciliae  	C. fasciculataMN 7 6 : 7������0 S;�  

 MN7: 
?;� � �-.  
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*&- 2. �I	"1*, � � ���� ���=, ��� <�J �� ��- � �  �� �P@;�

)bp 450 C. fasciculate(  (	� ��PCR-RFLP  ��

F�E, �  �ScrfI 7DdeI  	TaqI.:M 0�&0�� "K�� 
bp 50 7

MN 1 :��� � �����$�� C. fasciculateMN 7 2 :�I	"1*, � � 

���� ���=, F� M��� ��-E, DdeIMN 7 3 :�I	"1*, � � ���� 

���=, F� M��� ��-E, ScrfIMN 7 5 : � �-?;�
  

  

  
*&- 3. �I	"1*, � � ���� ���=, ��� <�J �� ��- � � �� �P@;� 

C. luciliae )bp 400 ( (	� ��PCR-RFLP F� ��E, �  �

ScrfI 7DdeI  	TaqI. M :0�&0�� "K�� 
bp 50MN 7 1 :

��� � �����$�� C. luciliaeMN 7 2 :�I	"1*, � � ���� ���=, 

F� M��� ��-E, DdeI7 MN 3 :�I	"1*, � � ���� ���=,  ��-

F� M���E, ScrfIMN 7 4 :�I	"1*, � � ���� ���=,  M��� ��-

F�E, TaqIMN 7 5 :� �- ?;�
.  

  

�� P��-?{��*�2  
���3�A  ����� ���%�����!���	�2   ���'

�F��1�  ��� A	7�5  �7 "�+ ��� s��  ��	�� �+ r+�=! � 


 4����+ ��
� ����6	 
� ��
%	�����
U��  ���	�5	  P��-? ����

    R����
 �
��-� �� ��c�1
AF P'�" �+ @	�#� .%	%�" 

� ��' ��6' O��� @2�U�� 3
��� ��� %�	%  ���	 .�  

 �� h�+�!�#"  ���5 46  �7 
�
 P�
 �%" �.  

  

  
 *&-4 .�I	"1*, � � ���� ���=, Q <�J �� ��-"�  �� �P@;�

� �����$��� C. luciliae  	C. fasciculate )bp 450  	

400.( :M 0�&0�� "K�� 
bp 50MN 7 1 :��� � Q"�  �P@;�

� �����$�� ��� C. luciliae  	C.fasciculate7   

MN 2 :�I	"1*, � � ���� ���=, F� M��� ��-E, DdeI7   

MN 3 :�I	"1*, � � ���� ���=, F� M��� ��-E, ScrfI 7  

MN 4 :�I	"1*, � � ���� ���=, F� M��� ��-E, TaqI 7  

MN 5 :� �- ?;�
.  

  

/0�  

  c�
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 ��+ r+�=!�  ����  + R���*' ����5� 3 ���	�5�6� 
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%-+ 	A��� 
�
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�' @*?� %��  !�  ���' ���37 v0�+ �	�_�Z�! �' %"�+
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 *&-5�$ .U, �"� �� ���� ��� ��V� 
��, �� .�W����K, J 
1ITS �� �0	F,� �� �P@;� ��  ��X � �����$�� C. fasciculate 

)│1/00055│Y Accession Number emb(  

  

  

  
 *&-6 .�$U, �"� �� ���� ��� ��V� 
��, �� .�W����K, J 
�� �0	F,� �� �P@;� ��  ��X � �����$�� 1ITS C.luciliae 

)│1/627018│AJ Accession Number emb(  

  

  

  
 *&-7�$ .U, �"� �� ���� ��� ��V� 
��, �� .�W����K, J
 ��X �� � �� �"�������	���Y,  �� �P@;�331988Accession number GQ  

  
.	�� 5. ����, �	�"I
 �����N � "�������	���Y, � ������� � ��� �� ��-������ ��@;� 	� �� �  	 ��+?[�����  

��1��  

2�3 �&�4 � 5 *6&�  

�	%78�  

 ���9�(�8��)  

���) �	%78� 5  

(�8��) ���9�  

*:  

(�8��) ���9�  

'B%B��&4C��D5�� 
; �.331988GQ Accession number  )66/77( 80  )69/84( 83  )09/81( 163  

Crithidia fasciculata  )50/16( 17  )20/10( 10  )44/13( 27  

Crithidia luciliae  )82/5( 6  )11/5( 5  )47/5( 11  

E�F  )24/51( 103  )76/48( 98  )100( 201  

)001/0 < P(  

  

   �
 ����+ ����
� �� ���/5����%	
 .����; ���+ ���'

���'�+  %*	�! ��z����+ ��	��+ �#��2� +�  ���!  ���+. 

QQN! U 
 U�*�5��� %*�"
� ���+   ��z�0 ��	
 U 
 �'

 ���'�+ �+f�1  4��_�  P�� A5� .��; �+ P�
 ���$

 ��
� ��z����+ @���3�'    %� �5	 ��%�	� A��	.   U� 


f��c1 � ��	 rQN!   �� �����+ ��+ 
� ��� ���   ����

 �!���/ �rRNA �Q=*! � � SSURNA �5�$ �* � 

 �� �
1ITS P�
 ���5	 .�/Y
 )4.(  

Mundim    ���-*� ���	 ���' %*���"
� �����+ �
����#5� �

 ���! 
� ��� %��� �'  ���'���+ �
 �
���   %��*	�! � ���z������+ 

��	��+ �#��2� �  z�����+   @����3�     �%�	
 .���; ��+

��5	 ����
%? P	��/5�> �! �#(+ �7 �
��    ��  �
 
� ���

 ��	 �+ �61 E%��I7 H �  @	���'     � %��� �' ���a� ��+

��(1�#	�
 ��6& �  �
    ����" ��  �
 �%�**' � CD� � � 

M���5�&
) ������� E����(1�#	�
 E��������F ������
%? (

H�	 �+ � � %�� �' � ��5	  � %�� �'�G	7�  ���6& �  �
 � 

H�	 �+ ����#" E�!
���'�G(��3�I�   H��	 �+ � � %�� �' �

%�� �'�  � 
����       %-�" �
 �%�**' �� CD� @��! ��  �


��  H�	 �+ ��� %�	��
 @+�
 ��5	 ����
%?.  �QQN! U 
�� 

�! ��0]
 �
�	 % �'����  �� U 
 U�+ �S�/��
   ����� �+ ��

TTTCTCTCTCAACTCTCTCTCTTGTTGGGGGTGTTGTGTGTGGGGGTTTGTGCGCGCGG
TGCCGGAACAAG  GCCAATCGATGCACGTGTGTGTATTGTATTGTTCTTTCTT                                                                       

TTTCTCTCTCAACTCTCTCTCTTGTTGGGGGTGTTGTGTGTGGGGGTTTGTGCGCGCGG
TGCCGGAACAAG  GCCAATCGATGCACGTGTGTGTATTGTATTGTTCTTTCTT 

TTTCTCTCTCAACTCTCTCTTTTGTTGGGGGTGTTGTGTGTGGGGGTTTGTGCGCGCGGT
GCCGGAACAAG  GCCAATCGATGCACGTGTGTGTATTGTATTGTTCTTTCTT    
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�	��� ��+ h��+�! .
�6& �
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���2 � ��
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���5�4 ��_�" k/�       ��� U� 
 ����! �� ���� � ����

P�
 �%" ����  )5.(  

de Souza  �
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 ���+ ��
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�!��	�2 �����% ��
�	�� � � 4 �     .���; ��+ ����	�5�6�3

+ ���/5��%	
 ��� �7 �+ �
�5� � %	�+ ��4 ��+A�! �+  ���

  %	��" ��Q�*! V(�W!.    r�QN! U� 
 U ���-+   ���#_�

%�� �'� �� ����
%? 
� ����	�56�3 �
 ��  ���KDNA 

 �  �rRNA �7  � P�	
� ����5	 ���+   ~
�W���
 �+ �'

DNA   ��  � ���z1 ��*�'DNA    @2�� � �!����/ �

��i#�    ��5' ��+ �7PCR     �
 ���_���
 ��+ P� �-	 �� �

����*#� PCR-RFLP � ���+  ^ A��	7 ���5'HaeIII  �

 %�	�+ ����
%? bp 350    %�	�+ � ����	�5�6�3 �
��+ bp 

450  %���� �' �
���+4���  ���!  �
����U�� 
  �
 
� ����	


��
�	��  ��%���!���	�2 �� ) ��5	 ��#_�19.(  

��	�  !�3�=   ��o�& �	 A��   ��%�& ����   ���	 ��+�    

de Souza  �
��#5� ��*��5�� ��
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�
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��  %��� 4 � �
%�� ����   ��	�5	 �
   ���  

)163 ���	�5	 ���  09/81 %��;�� �
 @��1 (PCR �  ���+

A��	7 �
 ���_����
^  HaeIII  �� %��	�+bp 450  �400  
�

 �
 @1 �' %	�
� ��6	�3
�� �+�   .��; �+ �	�5	 %*,

4�$�_�
 ��	�  3�	7A� !� 3��#3�   H��	 ��+   �
A�F
Blast 492 

%;�� P-+�6! �+  � %��� �'  ��M�#����F � 89   %�;��

P-+�6! �+ � %�� �'  ��(���3 3
��� � �
� ��6	 
��   U� 
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����� + �
��#5� ���� ��+ �%" )2.(  

Berzunza-Cruz  �
����#5� �   ���' %��	�
� ����6	

 ���� � �����	����� 
�    T�� ��5' ��+PCR-RFLP 

�! � �� U�+ �
��     ��
�	��� � ��	�5�6�3 V�(�W! ���� � 

�7 �+ h�+�! ��
�	�� �*  �� � 
%�1 �%���!���	�2 ��  ��'

� �	��   V�(�W! ����4  .���_�   
� ��_(�W! ����   ���6	

�! %*�� )10.(   f��c�1 ��   ��+ A��	 ��o�&   �
 ���_���


3���#3�! T�� �PCR-RFLP ��+ � �A��	7 �����+ ����'^  

HaeIII  �#�" r+�=! 1 �F��1 � ��   ����  %�	�+� 
 ���b  

 H�	� �
 �%"�3�A 
 ��4  %" �%��6! .��_� k�& �+ �'

�3
�� &�	�� � P"�	��  �
���+� 1ITS  �+U�  ��	��  ���� 

�' V(�W!4� %��  
� ��?� .��_�>�� ��S �+�  H�5� �'


�3�A   ����     �
 @�1 ��'PCR  �+ � �   A�	7 ����+ ���' ^ 

HaeIII 4 %	�+bp 450    %�	��+ ����' ��#�"7 
� 4  ��j	 �


 �3
��	�� 1ITS �+�6!  � %��� �'  ��M�#����F  !��5� �� 


�3�A   ����     �
 @�1 ��'PCR  �+ � �   A�	7 ����+ ���' ^ 

HaeIII  %��	�+bp 400 %��	��+ �����' ��#��"7 
�4  ���j	 �


 �3
��	�� 1ITS �+�6! � %�� �' ��(���3 .%	��+  

Yang �
��#5� �  %�	��5	 ���+    ���6�+ %�*	�5� ��'

��	
 ��4 @*? ���	��(�F O+
�� ����+   V�(�W! ���
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 �%����1 ��(�� � %��� �' ��	
 � ��	�56�3 ��	
> 

  ��	��� � �%�*+��! � V �� 
� �     V��;�� �
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 � �� � ��	�56�3   %�	��' dW�6! A�	 
� �� )20.( 

���" ����/3
��  �? �� ���' P���
 ���']����   �
 ���_����


A��	7^  ���� �ScrfI 4DdeI � TaqI �� ���+� !���5�� 
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�3�A  �� �	�5	 �+ �� �Q! �� 4��
%	���
 ��� �m�   ��	��

���_�� �F��1 P�#" ���  ��� %	�+� �%��6!   .%�6	

*,U� ! �j	 �+� 7%  A	7 �' ^ HaeIII 
 ��U    f��c�1


�+� #_��� �	�� ��� �' � %���   (' f�Q	 �%��  ���+� 
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 ���' 
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�  QN� �� �%!7 P�� �+r�   ��o�&
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�%**' ���37 �
�*0 P6' �  ��	�56�3 ���
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�
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�! ��6	 � ��	    ���3��!%��1
 ��' %���  �3��#3�! 
 U�  
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Abstract 
Background: Genotyping of Crithidia species is of high importance in the selection of an appropriate 
method to control and prevent cutaneous leishmaniasis (CL), determination of the best therapeutic 
effect of drugs, and preparation and evaluation of the vaccines.  

Methods: In order to identify the strains of Crithidia, sampling was done in one of the endemic 
regions of wet or rural type zoonotic cutaneous leishmaniasis (ZCL) in Isfahan city and surrounding 
areas, Iran. Samples were 602 patients with wet cutaneous leishmaniasis referred to Isfahan 
Leishmaniasis Research Center or other health centers in the vicinity of Isfahan. Sampling in Novy-
MacNeal-Nicolle medium (NNN) medium, extraction of DNA from promastigotes, implementation of 
the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method, 
amplification of internal transcribed spacer (ITS1), and application of HaeIII enzyme were performed. 

Findings: 201 patients (33.39%) were found with two species of Crithidia, 27 cases of Crithidia 
fasciculata (13.44%) and 11 cases of Crithidia luciliae (5.47%). The rest of the cases, however, were 
trypanosomatidae with accession number of GQ331988; molecular analysis showed 92% had tendency 
of homology with Crithidia fasciculata and 89% with Crithidia luciliae (163 cases or 81.9%). Out of 
351 patients (58.31%), leishmaniasis parasite was isolated, and out of 50 patients (8.31%), neither 
Leishmania nor Crithidia were isolated; therefore, their report was negative following cultured samples. 

Conclusion: The results of the present study suggested that Crithidia not only contaminates leishmania 
culture but also enjoys genetic polymorphism in Isfahan and surrounding areas. 

Keywords: Polymorphism, Crithidia, Internal transcribed spacer (ITS1), Polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) 
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Herpes Simplex Induced Colitis Complicating Ulcerative Colitis:  

A Case Report 
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Abstract 
Background: Herpes simplex virus (HSV) is a virus rarely can involve the gastrointestinal tract, 
particularly in individuals with underlying endogenous or exogenous immunosuppressant.  

Case Report: Patient, a 26-year old man with a history of ulcerative colitis was referred with severe 
abdominal pain, treat-refractory hematochezia and use of simultaneous immunosuppressive drug. 
Once suspected and investigated, HSV was known to be the cause of the acute episode. Therefore, the 
patient underwent treatment with acyclovir whereupon in a matter of days his symptoms healed. 

Conclusion: Today, HSV is considered as the cause of fulminant attack or resistance of inflamatory bowel 
diseases to immunomodulator treatment; it can be identified using immunohistochemistry and polymerase 
chain reaction of tissue samples. Timely antiviral therapy can prevent severe attacks and damage. 
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