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	�������� Q!���. 3��� ��������� 	
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Y� / y=� -�+�M ){Q.�7  1]���
.  1]���
.  m-��t. � 
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?��� 3.�/ 3� �
�I � �/�"�� � �/���  3��  3����� � 
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@AB >� ��C��� )��!�( 4/4 ± 8/28 3/4 ± 4/28  5/0  600/0  
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Abstract 
Background: A healthy diet has beneficial effects on reducing risk factors for cardiovascular diseases. 
This study aimed to determine the effectiveness of theoretical educational intervention on blood 
pressure in patients with rural hypertension.  

Methods: In this quasi-experimental study, 138 patients with hypertension (68 in intervention and 70 
in control group) were randomly selected from those referred to Ardabil rural health centers, Iran, 
during 2013. The intervention group received nutritional education based on the Dietary Approaches 
to Stop Hypertension (DASH) recommendations for 6 sessions. The pre- and post-test had an interval 
of 2 and 6 months. Pender’s Health Promotion Model was applied to extend the motivation of the 
behavior. Descriptive analysis, repeated measures analysis of variances, independent-t and paired-t 
tests were used to analyze the data. 

Findings: After intervention, vitamin C and dietary fiber intake increased significantly in the 
intervention group (P < 0.001); but these changes were not significant in the control group over the time. 

Conclusion: Educational intervention provided based on Pender’s health promotion model had a 
beneficial effect on vitamin C and dietary fiber intake. 
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B�PS ) W"� U5�β(  ,;��>D   �7 �5@8 123 T�5: #�� L#$ T�V �67  
TP: True positive; TN: True negative; FP: False positive; RL: Recall; Pr: Precision; LBW: Low birth weight; NBW: Normal 
birth weight 
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� _
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"�s�  ���`6  �X��� LBW � �� ��	
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 � ��) 0�"�	
 95 ��,l�  (��!���� _��! 2 ����* 

��� 0�".  

  
 ����2 .��%& 
 '#(�) *����	 
 ���� �� 
� *&��& 
�� LBW � NBW 

����� ����� ���� ����  

NBW LBW 
(���)  � 4 ± 26 )39-16(  4 ± 25 )38-20( 

�>;3 1��"C �H��� (����) YJ B  ) #;S85(  ) #;S76(  

B#� (����) �;>Z�23�  ) #;S93(  ) #;S76(  

(����) ��C5� ,;>6G  ) #�S�52(  ) #>�60(  

�HI!"  
�"� B�����7 B    ;[��;�± ��;<� \�#-��  #A3��D- ]8��D    ;[��;�± ��;<� \�#-��  #A3��D- ]8��D  

 �	!�;$ ,;^�<$  

)MET-hours(  

��  ���� �"� B 11 ± 18 54-0 8 ± 14 36-6 

 �� ���� W"� B 11 ± 17 56-1 10±16 47-5 

 �� ���� W5� B 11 ± 16 48-0 10 ±15 34-0 

 _;`^56;^ �;��  

)Linoleic acid(W#H) ( 

��  ���� �"� B 12 ± 13 45-0 7 ± 10 6-2 

 �� ����  BW"� 12 ± 14 43-1 6 ± 12 27-2 

 �� ���� W5� B 10 ± 14 40-1 8 ± 12 36-1 

) _;^"� �;��Olic acid (

(W#H) 

��  ���� �"� B 11 ± 22 61-3 10 ± 23 45-6 

 �� ���� W"� B 11 ± 26 68-8 13 ± 24 65-10 

 �� ���� W5� B 11 ± 29 63-8 11 ± 24 64-1 

  ;���!"3B (W#H)  ��  ���� �"� B 9 ± 20 56-1 7 ± 20 37-8 

 �� ���� W"� B 9 ± 22 51-4 10 ± 24 46-8 

 �� ���� W5� B 27 ± 24 66-3 11 ± 28 57-12 

  ;���!"1B (W#H)  ��  ���� �"� B 1 ± 2 8-0 1 ± 2 3-1 

 �� ���� W"� B 1 ± 2 4-0 1 ± 2 3-1 

 �� ���� W5� B 1 ± 2 4-0 1 ± 2 4-1 

) B"�Zinc(W#H) ( ��  ���� �"� B 5 ± 7 35-1 3 ± 6 13-2 

 �� ���� W"� B 6 ± 8 32-0 6 ± 8 31-3 

 �� ���� W5� B 16 ± 10 40-1 6 ± 10 26-3 

(W#H) a;>�3 ��  ���� �"� B 408 ± 840 2409-80 370 ± 769 1924-220 

 �� ���� W"� B 421 ± 960 2824-128 348 ± 835 1866-330  

 �� ���� W5� B 380 ± 932 2421-96 347 ± 935 1862-400 

(W#H) a!�� ��  ���� �"� B 1550 ± 2747 8660-156 1571 ± 2878 6674-425 

 �� ���� W"� B 1652 ± 3019 8410-342 1544 ± 3114 7254-1002 

 �� ���� W5� B 1651 ± 2942 9736-308 1776 ± 3400 7229-115 

LBW: Low birth weight; NBW: Normal birth weight 
MET-hours :���
$� _�
.�N�  �
% ��
� �2� �
.3�� P�G  7�� ��  �
.3 	
���� ��� ��  
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 ����3 .��&,# �	
��
�� ��-. /01� /0%20� � �"34# ���
 � ! �����
 �������  � 5�6�&� �� ��7"34# 

  �	��� 

 !� �"�  

 �����(�$��)  (�$��) &�'	()  (�$��) &*�  (�$��) &+$  

kNN 00/90  67/96  63/90  33/93  

PNN  33/93  33/73  67/91  33/83  

ANFC (SCG)  00/80  00/80  00/80  00/80  

ANFC (LHs) 00/100  66/66  00/100  33/83  

kNN: k-Nearest neighbors; PNN: Probabilistic neural network; ANFC (SCG) : Adaptive neuro-fuzzy classifier (scaled 

conjugate gradient); ANFC (LHs ): Adaptive neuro-fuzzy classifier  (linguistic hedges)  
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Abstract 
Background: Birth weight is probably the most important factor affecting neonatal mortality and 
morbidity. Compared with normal weight infants, low-birth-weight (LBW) infants may be more at 
risk for many health problems. The prediction of low birth weight is important as it may cause mental 
and physical health problems in childhood and adulthood. We assessed a computer-aided diagnosis 
system to classify infants to low or normal birth weight categories.  

Methods: In the present study, the association between the low birth weight and the intake of about 40 
types of macro- and micronutrients during the first (1st Tr), second (2nd Tr.) and third (3rd Tr.) 
trimesters was assessed based on demographic and reproductive characteristics, physical activity and 
nutrients intake in pregnant women. The dataset used in this study contained 526 pregnant women 
with 95 input features. The used classifiers were k-Nearest Neighbors (kNN), Probabilistic Neural 
Network (PNN), and two Adaptive Neuro-Fuzzy Classifiers (ANFC-SCG: Scaled Conjugate Gradient, 
ANFC-LHs: Linguistic Hedges). Also, sequential feature selection (FS) was applied on the low birth 
weight risk factors to reduce the feature space. 

Findings: The accuracy of the classifiers kNN, PNN, ANFC-SCG and ANFC-LHs were 48%, 50%, 
50% and 50% without feature selection and 93%, 83%, 80% and 83% with feature selection, 
respectively. 

Conclusion: Among the tested classifiers, the statistical power and type I error (α) of the best 
configuration (FS-kNN; k = 3) were 96% and 0.10 in the Leave-One-Out validation framework, 
showing that the proposed diagnosis system is clinically reliable. Also, using Leave-One-Out cross-
validation, the guarding against Type III error was granted. 

Keywords: Computer-aided medical diagnosis, Leave-one-out cross validation, Low birth weight, 
Sequential feature selection 
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���'C4 �)�	��5! 9���� �
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�0/ � ��$�3/ n
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��� '3�I E�) �4 
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   ����4�. ���� ������_�4Kolmogorov–Smirnov  :���)
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�
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 ����1���� . ������ �������� ��� !"� � �#�$�% ���  &�'�� (� &)��*+� &���,�� -�
.% ������" �  �� /���' -012 3�� � �4�5

����6"2 �����' 371��� 89 1�!� :���"�9  
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  ��	� ������
 �	
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��� �	
�� ��  !"�#�  
 $��%	��±  &"�'%"

�	�#�  

��"��!  (�)*� �	


+	,�
  
�-!��
"  ."�/0"  �%	��1 �2	3  

 (�45 6��

���"�-  

*��+�� ���,� -,./0 *��  240  23/21 ± 79/96  000/1          

�3�#4$�  240  52/3 ± 50/8  491/0**  000/1        

6�#78�  240  75/3 ± 96/10  407/0**  464/0**  000/1      

����49 *:��  240  72/6 ± 37/14  211/0**  229/0**  151/0*  000/1    

����+3 -!;< =��  240  20/13 ± 31/35  135/0*  138/0*  255/0**  257/0**  000/1  
*050/0 < P �**010/0 < P 
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 ����23��"� :��9 ����� .  

	
�� ��  �,7 �-��87 

�"��� �%"�'9 �"��� �"��� �%"�'9 �"��� 

*��+�� *��   -,./0 ����,� 153/0 966/0 819/0- 5902- 

�3�#4$�  296/0 872/1 200/0 633/0 

6�#78� 130/0 822/0 415/0- 313/1- 

����49 *:�� 841/0 321/5 159/3 989/9 

����+3 -!;< =��  388/0 456/2 469/0 484/1 

  
 ����3������5 ��� �0���9� =0��� .  

:�� �	
����  b  SE 
2χχχχ )df(  RMR  GFI CFI PCFI RMSEA NFI  

*��+��  *��  -,./0

 ����,�  
<--- 6�#78� 072/0* 010/0 

005/0 

)1( 
259/0 1 1 1/0 0 1  

*��+��  *��  -,./0

 ����,� 
<--- �3�#4$� 081/0* 009/0        

�3�#4$� <--- ����49 *:�� 298/0 146/0        

*��+��  *��  -,./0

 ����,� 
<--- ����49 *:�� 060/0* 023/0        

6�#78� <--- ����49 *:�� 052/0  130/0         

6�#78� 
<--- 

 -!;< =��

����+3 
813/0*  242/0         

�3�#4$� 
<--- 

 -!;< =��

����+3 
081/0-  262/0         

����49 *:�� 
<--- 

 -!;< =��

����+3 
444/0*  123/0         

*001/0 < P  

SE: Standard error; df: Degree of freedom; RMR: Root mean residuals; GFI: Goodness of fit index; CFI: Comparative fit index ; 

PCFI: Parsimonious comparative fit index; RMSEA: Root mean square of error approximation; NFI: Normative fitness index 
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:�� �	
����  b SE β 
2R 2χχχχ )df(  RMR GFI CFI PCFI RMSEA NFI 

*��+�� *��  -,./0 ����,� <-- 6�#78�  072/0* 010/0 407/0  166/0 276/1 )2( 808/0 997/0 1 333/0 0 985/0  

*��+��  -,./0 *�� ����,� <-- ����49 *:�� 067/0* 020/0 211/0 145/0        

6�#78� <-- ����+3 -!;< =��  780/0* 215/0 222/0 208/0        

����49 *:�� <-- ����+3 -!;< =��  437/0* 120/0 224/0         
*001/0 < P 

SE: Standard error; df: Degree of freedom; RMR: Root mean residuals; GFI: Goodness of fit index; CFI: Comparative fit index ; PCFI: Parsimonious comparative fit index; RMSEA: Root mean square of 

error approximation; NFI: Normative fitness index 
  

 ����5��� ����� � �������5� ��A � �������5� -�B� � ��A � -�B� � 3��C� .  

  ."�/0"  �%	��1 �2	3  

���,� -,./0 *��+��  ��������� #,A #B�  ��������� #B�  ��������� #,A #B�   #B����������  

-,C�4�  -,C�4� #,A  DE  -,C�4�  -,C�4� #,A  DE  -,C�4�  -,C�4� #,A  DE  -,C�4�  -,C�4� #,A  DE  

072/0*  -  072/0  407/0  -  407/0  067/0*  -  067/0  211/0  -  211/0  

  ����+3 -!;< =��  

���,� -,./0 *��+��  ��������� #,A #B�  ��������� #B�  

-,C�4�  -,C�4� #,A  DE  -,C�4�  -,C�4� #,A  DE  

-  085/0*  085/0  -  138/0  138/0  
*001/0 < P 
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Abstract 
Background: Nowadays, bio-psycho-social model is the best model for the assessment and treatment 
of functional gastrointestinal disorders. This study aimed to evaluate the structural pattern of the 
relationships between the difficulties in emotion regulation, psychological problems (anxiety and 
depression), somatization and gastrointestinal symptoms intensity in patients with functional 
gastrointestinal disorders.  

Methods: 240 patients with functional gastrointestinal disorders were selected using convenience 
sampling method. They participated in the research by filling four questionnaires: Difficulties in 
Emotion Regulation Scale (DERS), Hospital Anxiety and Depression Scale (HADS), Modified 
Somatic Perception Questionnaire (MSPQ) and Gastrointestinal Symptom Rating Scale (GSRS). Data 
were analyzed using structural equation modeling method. 

Findings: The difficulties in emotion regulation had significantly direct effects on anxiety, depression 
and somatization, and indirect effect on gastrointestinal symptoms intensity (P < 0.001). Besides, the 
mediatory roles of anxiety and somatization in the relationship between the difficulties in emotion 
regulation and gastrointestinal symptoms intensity were supported. 

Conclusion: In sum, the results of the study emphasize the role of difficulties in emotion regulation in 
development of gastrointestinal symptoms intensity in these patients by increasing anxiety and 
somatization. 

Keywords: Difficulties in emotion regulation, Psychological problems, Somatization, Gastrointestinal 
symptoms, Functional gastrointestinal disorders 
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The Coincidence of Radial Tunnel Syndrome with Tennis Elbow 

 
Mohammad Dehghani MD1, Maziar Hafezi2, Shaghayegh Dehghani2 

 
Abstract 
Background: Lateral epicondylitis is a common disease that in some instances does not respond to the 
usual treatment, even after different treatment efforts. Management of lateral epicondylitis is firstly 
based upon the conservative treatments and local injection of steroids; but if radial tunnel syndrome 
presented coincidently, alternative management must be planned on surgical decompression of radial 
nerve. As a result, diagnosis of cases with radial tunnel syndrome and tennis elbow simultaneously is 
significantly important for the planning of the management. The aim of this study was to determine 
the coincidence of radial tunnel syndrome with tennis elbow.  

Methods: In a cross-sectional study, 52 patients with confirmed lateral epicondylitis who referred to 
orthopedic clinic of Kashani hospital (Isfahan, Iran) during 2013-2014 were studied. The coincidence 
of lateral epicondylitis and radial tunnel syndrome was investigated among them via clinical 
examination and electromyogram (EMG) and nerve conduction velocity (NCV). 

Findings: In physical examination, coincidence of lateral epicondylitis with radial tunnel syndrome 
was seen in 24 patients (46.2%); according to EMG and NCV tests, this coincidence was seen in 19 
patients (36.5%). Coincidence of lateral epicondylitis with carpal tunnel syndrome and lateral 
epicondyle of elbow sclerosis was seen in 4 (7.7%) and 7 patients (13.5%), respectively. 

Conclusion: Coincidence of radial tunnel syndrome with lateral epicondylitis is of high prevalence. 
So, it is necessary to conclude radial tunnel syndrome as the first diagnosis when faced to a patients 
suffering from tennis elbow who does not respond to usual conservative treatments; for these patients, 
supplementary paraclinical tests may be needed. 

Keywords: Lateral epicondylitis, Radial tunnel syndrome, Tennis elbow 

 
Citation: Dehghani M, Hafezi M, Dehghani Sh. The Coincidence of Radial Tunnel Syndrome with 
Tennis Elbow. J Isfahan Med Sch 2015; 33(321): 45-53 

 

Original Article 



 

  

1 -  ������	
���� 
	�� ������� ������ ��� ���� ���	��	 �
� �!"# � ���$ �# %�&!� '� ������ ��� ��(�!��) ! �!�( *�+,- ! �-�&��� ��&��&�� �
� ,��  ����
# ���$ ,�� 

.�/0 ���
# ���123� ���123� ���4� 

 2- ��4��+6�� ������ ������� 
	�� �
� �!"# ���	��	 ���� ��� � ������ '� %�&!� ���$ �#  ��&��&�� �-�&��� ! *�+,- �!�( ! ��(�!��) ����
� ,��  ����
# � .�/0 ��$ ,��

���4� ���123� ���123� ���
# 

������� 	
�� �
: ������	
 �	�
 ����  Email: mkheirollahi@med.mui.ac.ir   

  

  
www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���33  
���
 /321 ���� / !��"#$ �"� 1394 54 

������ �	
�� 
�	���� ���� ����� �����	 :6/8/1393 

�� ��� �� �� 
���
/321 �!�"/��� ���#$%& 
�� 1394 ����� ���
� :3/11/1393 

  

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

  
����� ���� 	
���1����� 	���� �1 ��������� ���� ����2  

  
  

�����  

��	
�� ��  ��� ��	�) �� �� ������ ���	� ����� !"�AMD  	�Age-related macular degeneration) �#��$
%�& '�$�(� )(RP  	�  

Retinitis pigmentosa+�,� ��-� ��� #� 	� ...� ( �� ��� #� ��/01 �2� � 3�� )��/01 �	�  '-	� 45� 6� �$�2%�	7 ��8$� �� ���� ��$�	( .���

+�,� �$�2%�	7 	�� )'�� 935! '�:-�� ��/01 �	�  9� /! �	;�� �	�!� �� �� �<=> �	��� #�$� �	� 9�� ��� �� ��� 	� )'�� ��1�� ����!	7 �� �� ��	�

 �� .'��+�,� �$�2%�	7 ��8$� +�,� )��/01 �	�  )��0$? )��@� A	�7� 6�0> #� 45� B,�C� DE	$� �� ��	�$� �	�Müller glia+�,� )  ��	�$� �	�

+�,� 2�! � ���C��� 2F� �G	:� ��� �� .'�� 931 9�	H��� �$�$7 �	� +�,� 2�	
( � 	:G� �� 31� �	�����	- ��7�  � 3��I( 	� )��� � � ��	�$� �	�  ��

����! �#	�#	� 9@�� �	� 31 ��J�� & ��/01 �.  

:����� ������ 45� )��/01 )��	�$� +�,�  

  

:����� 3�;� �K,G� �J )��L�� ��3�M )�
E	- 	�	?� 4N	!. ���� �������  �!"# ��$ �	��%� ���� &��� '() � . �/12& 93/5!�� �,;�

 �	KHO�1394 Q33 )321 :(69-54  

  

�����  

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

����� ���� ���  �� �!      �������� �� ���" #��� $����

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

     -�(�. �����/� '�( 01 -���2� � ��� 3����& � 45�

�� �����"�( 01 �� 0�6�� '7 '%�1 ����� ��!���  
�8�(

  9 .;� � �����7 ����	& -����� �)���	( �� 
���� ������<

��+�    ���� �� =�& ���� '7 ; � ���> $�� '( 0����

'�? *�� �( 

�� -"�� '( @��  �� *�   A��6B *�!

  ��� �����(�� 
�� ;�& �� '	�28 ��� '( ��� '(   .���8

@��   '���)� � � ����C� *�!    '	�2�8 �� ������ *�

  @���	�  '�( �� 01 
')D�E �� ���     -���2� �2�/9 *��!

�� F  .���7@���	  $�� =    �����	( G�/9 H��� �� �!

�� ���) �D �I� '(  ���8)1(.  

   � ���� ����. 
��� �M�" ;<6. �� '	�28 ;D�(

� A�6B ��� '(  �� *����(1 
��� ;D���� �� =& .; 

 ��� ��,�� '	�28 �� ����)�N� � ���	<	8 O��.�   ���8

  ���)� �D �I� '( �2/9 =N�& ���> '( ;��+� �� '7

�� ��,�� ���/� �      �� �����	( G�/9 � '	�2�8 .���8

��+�     ���,�� ��I� -����� �� ��	�� 0���� �� �� 0����

�� 
)6	  �� ��C( 0���9 '( ',	)� �� .���8   �2�/9

���� ��<��8 '��( *���7�� @����  �� '	�2��8 .�����1  *���!

 
��������� 



 

  

  
www.mui.ac.ir  

 ���� ������ �	
�� 
�	����–  ���33  
���
 /321 ���� / !��"#$ �"� 1394 55 

���� ������	
��
� ��� �����	 ���� ���� ��� �  ����� ���� 	
���!���"
# $ 

 � ��)F�� ��)D 
���PD� 
���2Q. �� $��7����1 
0�	������E

'������ ��8�& @��  $�� '7 ; � ��8 -	��� *�  �!

'�? '  ��     ����. ����	� � �����" 
��"�� *��,� *

')D�E  ���)3-2(*��<	( .   ���,�� 
�� �� �M�)C� *�!

��  '7 ��8 @���   ��!*  '������� �*  �2�8'	 )RPE   ���

Retinal pigment epithelium ( �� �!��)F�� ��)D �

�� �	E�� �� 
7 ��<	( ��D ��� 01 @�2�� '( � ��7  ��8

  ��� *���7 '( ;��+� �� � ��     $��� '��<� �� '�7 ����,

*��<	( �� �!  ')6(�� ?�7�� 0�	 ���U� *��<	( '( 0���

  ) $�  '�(Age-related macular degeneration   ���

AMD
( ��;	�	 &) ���)�<�	Retinitis pigmentosa  ��

RP.��7 ���8� ...� (  

  

���	
� AMD  


�� �� @�� �E��� $�<� ; �  ����� (	 ���<*  ��!* 

M�)C�� ��8 '7 VW(� �� 01 �! �(�. �	;  0�����  ������ � 

G��� ��7* ��  ����8 .��  '��<�  *���<	(  *��!  O���8 

�	E�� ����7 * '	�28 * 

�� *��<	( 0�	 ���U�  ?�7��� 

')6(�� '( $   ;� �� �� . ��$ (	 ���<*
  ( ���D	 ���< � ��� 

�7��*  1 ;�9 '( �� ��"	G �C� ��G  ?�7�� ���  '��N

* �2��8 ���	'  ;�� � ������ ���!� � '��( @���2�� 01 �� 


0������" E��������
 C����	X ����+� ���! � C����	X 

��	��� '7 �	�� '( ��� .�	P� 
���� ����  -����� ��8 

)4(� .�$ (	��<*    *?��( ����D� ��65    O����� �� � @�� 

�����D '( �)W�>� �� ��!���  ?�7�� .��8��  '��N *  ���

���7�� \��C( ��* �2��8	'  ����8 O��.��;�� � .
7����� 

�!��)F ��)D* ���C�� �� ��$ B��	' ?�( ��  ��8�( �  ��

)�	
', @�]6� ��� �7��* �( 7	M	; ?�( ; � )5(.  

   ^� 
��� �� $�  \���D� �( '7 ����		I� �� ���

��   '��? $	�( �N��  �	_ � `�� ��� ��(� � 
�!�  *

�� @ �!* RPE '�? �  *Bruch   ��(�� � $�� .; �

01 '( '7 ��a�  �!Drusen �� ')ME   ������W� �� 
��8

 ��!��� `��<7 ��� ��W��b ���> '( 
�� �P<9

��   c���� �� 
! � ?�7�� �� 
! ; � $�<� '7 ��8

  ��8�( ')8�� ���� '	�28)1(    #��� �� *���<	( $��� .

    �� =��& 0���+� ��� ��  �� .���� =	��" � d���"

*����<	( ) ��������� 41 *���!Cataract ��	��  41 � (

)Glaucoma *����<	( 
(AMD   
��+� -����9 $	���� 

 @�<)B� �( ����	(��7/8 �� �>�� 8�( �)6(.  

  

���	
� RP  

    '�( '�7 ;� � '	�28 �	����U� *��<	( d� *��<	( $��

;N�B ��) �����  �	_ � �h�� ���>    i��)C� *��!

   ��������7 '�( ')6(�� � 4��I� ������ 
GN�_ ������

X�� ')"��8 (  ��8)7(    � *����� 
��h�� ��	_ -�8 .

$	��& $	�  �� '7 ���� ���� �	� *��<	( �����   *��

�� ���( *��<	( ���� #���� '( ;26�    j)�(� $�  � ��7

�� �	I)� 01 '(  �8�()7(  @���  01 �� �   *��!RPE  �

�)F�� ��)D    ;��	W<� \!���7 ���( � ;�� � ���	E�� �

 '������� 4� � � �!��)F ��)D     ����<! '	�2�8 �� ��!

 ; �)8(     *�!��)F� ��)D ���)(� �� 
*���<	( $��� �� .

'���)�� � ���� �����. �	hk��� ;��a� *�  G����C� � �����	E

�� ',	)� �� '7 ���8   j)�2� *��7 G8 '( ��<	( 
01 *

��  � ��8�� -	�a� �	� ��� �� �� �2��� ���   ��( .���

  ��	E�� �	� ����C� *�!��)F ��)D 
*��<	( ;D��	&

�� *��<	(     ��� -�	�a� ��	� *��7�� ��� � ���8  .���

 ���� *����� �� 
; � �	I)� *��<	( ;D��	& ;9� 

   ���D ;���+� �� � ; � �����8 �W	2� �B �� *��<	(

  ��� ;� � �� �� ��" ����	(   ���� �� .��!�  *����� ��

l	! � ; � ��7 ��	6( *��<	( ;D��	& ����     '�( ���E



 

  

  
www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���33  
���
 /321 ���� / !��"#$ �"� 1394 56 

���� ������	��� 
��
������	 ���� ���� ��� � ����� ���� 	
��� !���"
# $ 

�<� *��7      *��7�� ���� ��	� ������ �"�( �� .���,��

�<� ��	& �����  ��7)7(.  

01 ��  '��7 ����RP   
;�� � ����	)�U *����<	( d���

3j� 0���<����     ���� ��8 ;�+� �� �� �������D *�!

0U  ���� ���,�� *��<	( $�� �� -	"� *�!    0��7��� .����  

45     ���� ��8 *���<	( ������  �	_ #�� �( m2��� 0U

 ; � ��8)7( 0U ���7 ��� '( .     ��( m2���� *��!RP 


01  �!��)F ��)D �� �>�/)"� ��� '( '7 ��)6! ���!

@��  ��  *�!RPE �� 0�	(  .���8@��    *��!RPE �� 

<	(*�� � ���! ����AMD
 RP  ...��� G��C�  ����8
 

��     ���D '�( $	�PPa� ',	)�  0����� � *��� ��(   $���

@����  �����)D� ���!) �10-9��� 0��7���� .(  �������� *���!

  ;��+� �� ...� �������� 
���B��� '���<� �� ���M�)C�

@��  *�� ��( �� 0����    d�� l	�! '7 ��8 ���M) � �!

) ; � ')8��� @�2�� '( �� �WQ. 0����15-11(.  

  

����
 ���� ��� �
�
�� )Stem cell(  

0�<! @��  
�8 0�	( '��P� �� '7 ���   �� '	�2�8 *�!

*����<	( ���h�  ������� ���M�)C� *���!AMD 
RP  �� ...�

�� @j)"� ���� �!��)F ��)D '�<�   ���D ��� � ���8

�� ��D ����	(�� G��� � 
7 0���� .��8  *��W)� *�!

  0����� 
������� ��	N �����     � ��B��� 
������� *��!

 ) ���&��� d��	������)DPhotodynamic therapy  ����

PDT ()13( *��<	( $�� 0���� *��(    '�)D�E ���7 '( �!

 ��� $��� �� d� l	! ��� 
; � ��8      O�Q. ���� '�( ��!

   ��)B � ;� � ���� ����	( ;�E��( � 0���� G���

@��  '( G	 1 G��� ��.�� �!�E    ��	� ����,� *�!

���� ) ����815-11   ����D '��( 0���<������ $���(����( .(

01 .����)D� *���� *�!���!��  �p�� '( �!  *��� ��( ��

) '	�2��8retinal Regeneration  ������ �� '��)�� �� (

'��)�� .������� �����. '����� @����  �����<� @�� *  *���!

'�����6<! '���PQ�� *   ��������D �� ������� G	��� 1 *

Dedifferentiation  01 @�2�� '( �Redifferentiation 

 ��� ;<�  '(        �����& $��� '�( '�7 �N���  q��" *

differentiation Trans �� ')ME   
'�)�� $	��� � ��8

@����    ;�� � 0���( i���)C� r���P� �� *����	�( *���!  

)16-15(.  

��+� �� '	�28 *�� ��(     ����> '�( ;�6& 0����

*�.   ��� ���,�� 0������)6& 
�� '( ;26� *��   .���8

     '����<� �� G��� ��� ����8� *����!��)7�D �������  

IGF )Insulin-like growth factor 
(FGF2   

)Fibroblast growth factor-2 
(EGF   

)Epidermal growth factor    ���p�� '�( $	N��6�� � (

   @���  �� 0����� ��	N�� � d��a�    *���)	�U��& *��!

) '	�2���8Retinal progenitor cells  �����RPC (  

.; � ��?  

   
	�6P� ���7 ���� '(   @���  *���(     ���p�� '�( ��!

0���� *�� ��( �s�� *�! �28 *  ���,�� H��� '  '( '	

��  ��8)١-١٩�(.  

1- Eye drived progenitor cell  -������8

 @���     ) '	�2�8 �2�/9 *��!Neural retinal cells 
(

@��    ) '�	2�9 ���	�)	&� *�!Iris epithelium cells � (

) �7s� ��6�� @�� Ciliary body cell.(  

2 - Non-eye drived progenitor cell  -�����8

@�����  ����!* �(���	��* ) 0��C)��� � ����I�BMS �����   

Bone marrow stem cell ��@��  
( �!*  2�/9�   ��N��

)Neural progenitor cell �� NPC (� @��  �!* �(	��* 

��	�� )Embryonic stem cell �� ESC.(  

3- Trans differentiation @��    -���8 tN�( *�!

Müller glia 
RPE .; �& �  



 

  

  
www.mui.ac.ir  

 ���� ������ �	
�� 
�	����–  ���33  
���
 /321 ���� / !��"#$ �"� 1394 57 

���� ������	
��
� ��� �����	 ���� ���� ��� �  ����� ���� 	
���!���"
# $ 

) ���� �����Ciliary body(  

 ;<����6. �� �� ������6�� $������muscle Ciliary  �  

Ciliary process ��8 -	���  .���Ciliary muscle  '(

  d����� 0�8 ���E � `�� �� � ; � -/)� d����

 � ���� ;N�"� 01 ;N�B �		I� �Ciliary process  ��

 ��� -<9 H(�Q� � ��N uMB � �	N�� 
'	N?� v8��   ���7

)17(  @���  w��� �7s� ��6�� .     ���� 3����" *��!

) �����Multipotent � (Eye drived progenitor   '�(

���� ��<��8 '���? �� �� � �����1  ������" � ����"�� *

G��	��� ����8 *����( '���? .�����  �����> '��( ����"�� *

@�����  ) '���)��<�	& ����	_ �����	�)	&� *����!NPE  �����  

Non-pigmented epithelium cells'�����? � (  *

@����  �����> '��( ������"  '��)��<�	& ����	�)	&� *���!

)Pigmented epithelium cells  ����PE ��!����� (

��  ���8)21(.  

@��    *���� tN��( 0������)6& �� �7s� ��6�� *�!

 @���  ;	>�/"  *��!  2�/9�   ��N�� @���  �  *��! 

  @���  $��� .; � *��	�(      ;�a� ���,� m	�a� �� ��!

 0����� '( ���<� '( ���. G ��� �8� *�!��)7�D   *��!

�� ����	( @��  d� .��8�(   m����8 �� ���8 ��� *�! 

     ���	N�� ��������� ����,� m	��a� �� � �!���������1

@��  
��)F ��)D  *�!Müller glia  @���  �   �� *��!

 ����� �� �2Q.)22(.  

 '���� �� ��8 ��,�� ��WN�Q�    0���� ����	N�)�� *

 '��7 ;�� � ����NPE ����������1 �� ����8 ;���7  ��

 �8� *�!��)7�D ��VBEGF  �FGF2   ����<� '( ���.

0������ '��( ������	( *���!  ����VB �� $	���%<! .;�� �

   � $	N���6�� ������� �������9FGF2    0���	( '��( �����.

  *�!�������PKC )Protein kinase C 
(Visinin  �

@��  '( ���<� ',	)� �� � ���M6���� -	) � $	N�7  *�!

�� 0�	����E � $��7��1  �8�()17(.  

��WN�Q� "�	
� 7s� ��6���   0����9 '( �� 0�6��

 O��2��RPC ( ���	0� ������7 * �!����������  �������

Nestin
 Sox2
 CHX10  �PAX6 D�W�� ���7  ���

)22 -20 
17(���a� .	m   G����_� 0����( �� �����,�

 ���� tN�( 0������)6& )� �� 
������	 '�, Pa�	 ���P 

1����  ��( ��p�� '(� �2��- a�	m _ �	�    '�( ���,�

a�	m  ���> ��,��!��" ;D�E.  

  

����  ���IPE )Iris pigmented epithelium cells(   

2�9	' )D�(� ? ����'  �� 
�� '( ��� ���� '7 ; �

� @�)�7� ��7 ( �	$  ���. 
�� GP9 � ��� ;<6.

@��  .���� �!* 2�9 �� �����	'     @��<W� ���� '�(

N�� '��( �����.��	� ��<� 0������� 
����8�(  ���h� �� �����

(	��<* �!��  �����AMD   ������ O�2���  (��"�   '�(

� ��<8� 1� ��� @���  .  ��!*   ����� ����� 2�9 �	'  ��

( �( '+����	 ���<*  ��!     ���VB �� 
����7 �����+�
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� ������������s *  0������Rhodopsin @����  ���!* 

'���)��� � �* Idiopsin)@����� ) ( ����!* ������C��(
   



 

  

  
www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���33  
���
 /321 ���� / !��"#$ �"� 1394 58 

���� ������	��� 
��
������	 ���� ���� ��� � ����� ���� 	
��� !���"
# $ 

PKC @�������� ) �������!* ������2Q. ��� � (HPCL   

)Human perineurial cell lysate( @���� ) ���!* 

�7��1�$ (��!��� �� ��8 )17(.  

  

���� ��� RPC  

�2����8	' �� ?�����' * �����"��� ���@������ (	��������   

Cup shaped optic �����	-  .;�� � ����8�� 0����� 

��<9� )Nitch ('(  ��p��uMB 0�<)"�  @��   ��!* 

�(��	��* ��>�/" ���(	; Pluripotent � Self-renew 

B�� -��8 '7 ���� ����	' * (	$ 0���� �!* �28	'  �

 �7s� ��6��� )Ciliary marginal zone  ��� CMZ � (

a�	m  c����Müller glia �� �8�( )21(@��  .  ��!* 
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'��E �!* !�� -x� ;6&� ����;6 '2N �� � * 2���� 

�28	'  * )D�() '����   ��( `�!�<!CMZ ���B (* 

@����  ���!* ����* ��6��)&	- x����	� ���<� ���  '��(

0���� �!*  �2�8	'    ��!��)7�D '�( y� �& ��*   ��8�

 ��������IGF1  �EGF  ;��� �)20
 17( .CMZ  ��

'��E �!* N�9� ��  (3�� �����)�;D�  '7 ; � ����

��$ �&��� )� ��	', * ������ �� \!�7 * CMZ  ��

�� ��+� -���� ��P� 0�6�� �� .; � 0�����   '(����

 �(CMZ    �7s� ���6�� '�( 0���� @�/�� 0��� ��� 

 ���� ���.)21(.  

@��     �� 0��6�� 
��� �� '	�28 *��)	�U��& *�!

    $�  ��� ��N�� �� �W( '	N�� -B���70    ;�D�� ��N�� 

�� '�? .���8 ) ����ETransplant  @���  $��� (   �� ��!

     '�7 ��� 0���� '���� $	��� � ���� �� 3�� 
��

01   '��( �����<� � ������+� 
0������ ������ ��������� ���!

0����        G� ��� O�2�� $���(���( 
������ �� '	�2�8 *��!

�� ��<8 '( ������  ����)17(.  
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) � (�	�E)Microtubule-associated protein 2( MAP2 
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����7 �����+�

�� ����	( G/9 '( ;��+�  ����)21(  @���  $��� .   ��!
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 0������    ���� '	�2��8 *���!  .�����8�(EGF  �TGFα 

)Transforming growth factor α  *�� ����( (

@��         .������ ��U��)	� ��h� '	�2�8 *���)	�U��& *��!

EGFR )Epidermal growth factor receptor (
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 ��� ��U�)	� ��	& $��   .��8�(TGFα    d���a� G����
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�� ���� G	 1 $��7�7 m �� @�)�7] ����  '�<� �� �!
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  $	7��N�)��� ',	)� �� .[���� �h� ����+�  $	�67���<7

     G����� �(���+)N� *���!��)7�D � ���8� *���!��)7�D
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'���)�� � ��� � *� @����  * ���� �2��/9 *���!  .����8�(
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@������   *�����!RPE  0���1 
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��!�  ���� 0�a)��; � )24(.  

  

Müller glia:  

@��  *�! �	�E �7�� \C( ��* �28'	   ������ ����. � 

�� �� 1 '��( y�� �&G	 ��  ���� ����8 ����-�	 N���� � 

�� ���8  ���)�U��& ���> '( �*  ( '�( 0��	 PAX6  �

Chx10 ���� ��������&. FGF �� m	��a� �����<!  ���(

Neurotrophic factor
  ;N�B uMB �� �!��)F� ��)D 

;N�"�  ����)17(. @��  
G	 1 �� �W( ')M! '    *��!

 ��� -	��� *��)	�U��&    ����B .����870   �� ��>��

@��      �.��( *����<� ��	_ ���> '( *��)	�U��& *�!

��  �	N�� � �����PAX6 �� '���� ��  .��!�5   �� ��>��

@����  0������ �����> '��( ���!  '���<� ��) �s���� *���!

�� ���<� (�!��)F ��)D  ���B .��(��30-25  �	� �>��

Müller glia �� -	��� ����   '�( �<7 ���W� � ��!�

@��  '���) � *�! �� -��2� �2Q. �� � *� .���8  

 � $	N�6��FGF 
! ��� '(   0����Müller glia  ��

�a� ���� d���     0���	( 01 @���2�� '��( � �����7PCNA 

)Proliferating cell nuclear antigen 
(Chx10  �

PAX6  *���PN� �Progenitor like cell '��PQ�� ��  *

 d��a� 
�2���Müller glia   '�( 0�8 ���� ���(�� ��

 d��a� � �N��  -�	 Müller glia  0���� � ����

'PQ�� ��     ��� ����� '�( �2���� *   ���1)31( .CNTF 

)Ciliary neurotrophic factor
( FGF  �IGF   ��,��

 �	x�� '(Müller glia  
Dedifferentiation   ��	�E �N��

 �	N�� �Progenitor like cell     '�7 ;� � �N��� -��8

�� '	�28 �� ')D�� X/C� @�	�E �9��   \�P� � �8�(

0���� *��( �)pD�a�   � '	�2�8 *�!   ��)"��  ��,�6��

01    ����VB �� 
G	�� 1 ���h� �� .���� �� ���!FGF2  �

�� $	N�6�� '"�� '( �����   ��	x�� � ���E��( �N��  *

 *����)	�U��& *���!��)7�D ���	N�� �CASH 
Chx10  �

PAX6   ����<� �	�E � '	�28 0���� '( � �!� ��,�� ��

 ���(��)17( .Müller glia    �N���	��  �	��6� m�� ��

Wnt/Notch ���� 
	��p��  � ����8RPC  01 �� -��>�B
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# $ 

 m ��Wnt/β-catenin  ��� �	x��   .���8Müller glia 

   ��<��8 '��( ;��6���� � �!��� �� �������� 
��+� O�2��

�� �� O2�� � ���  0�	�����E ��	N     '���� $	��� �� ��!

��  �8�()31(.  

  

���� ��� RPE   

@��   *�!RPE @��  ��!���� *�!E� ��2Q. @���   ��(

'���) � GW�� �!�� *� 0�	�	� �� '7 ��)6!   0��<�	& �!

 ���8 -	��� ��	�  ����.       ���� '�( *������ ��� �E���1�(

Microvilli   �����" \C( ��RPE    '�7 ���� �����

@��  � ��)F ��)D $	(  *�!RPE  ; �. ',	)� ��
  �!

 @�� RPE  ���� r��2��� ��)F ��)D �)�	( �� ;6	( �( 

 �� '	�2��8 ���� � ��)�� �	& 
������	D r���2��� $���� �

�� $	�k� .��7  

@��  �� *���� O2��   '�( �� 0���<���� '��� '7 �!

  @���  
���7 G�� ��"    tN��( *��!RPE   ��� .;� � $

@��       *���	�( ;�N�B '�( '�)D�� ���<� ;N�B �� ��)(� �!

�� -��2�    ��)�6! ����. ��,� m	a� �� =F  � ���8

0���� '7 @��  .����<� �	N�� �� '	�28 *�!  *�!RPE 

����+� ��   ���� 0�)��6���� ������� �����  0����  ��������

@��      ����7 $������� �� �2�/9 *�!)32(   $��� ���� 


@��  �� �������   *��!RPE     �� .������ ����� 0��6��

��  $�� '7 ; � ��8 ;(�h *��	6( ��WN�Q� ��@  �!

     *���( �+���� -�(�. �������� �!�������1 m���8 ��

  @���  ����  '( *���<��E� � �	x��    �� ������ *��!

 .����� �� '	�28Liang  0�����<! �    ���" H�	Pa� ��

 0U 0��7 ���� H��� �� ��)6����NeuroD    -�"�� '�(

@��   *�!RPE01 
  ���<� �!��)F ��)D ;<  '( �� �!

@��  .��!�  �)D�� ���<� *�!     @��� '�( ����	& �� =�& '

   *�!�������� 
���� '������ ����" -������ '��( ������	B

 ������� �!��)F�� ��)D ���>�/)"�Rhodopsin  0���	( ��

��  ����7)33( .Mao <! �0���� 'WN�Q� �� *   �+(���

  0U 0���������7 ���� ��������( ��)�������6����ASH1   

)Achaete-scute homolog 1 @���  '( (   *��!RPE 


 @���  $��     0����� ;<�  '�( �� ��!     '�( '	�2�8 *��!

@����  q���/" ) ����!� �����<� $��7����1 *���!34 .(

@��       '(���� �����<9 ��p� �� ��	� ���1 ; � '( *�!

@��   ��� -<9 '	�28 $��7��1 *�! 7  .�����Burke  �

Hjelmeland )35� ( Amemiya 0����<! � )36  ��( (

;�7 �( �	 � d	���	�� 0��� �h�  *�!RPE  ��)�6���� 


0���� .����1 ; � '( �� '	�28 *�!  

0���<!   
;�� � �����1 i���)C� O(����� �� '��7 �����

@��   *�!RPE    �!��������1 m����8 �� ��8 ;	2x�

 ���8 ��!��� �M�)C� @��8� �� � ')��<�	& ��	6(   ����

 'N�Q)� � �( ��	�7 *U�N�D��� ����� '( '7    ����( *��!

'������ � ����7 ��	&   �� � ���� ;� � �� �� ��" *�!

�� �!� m	a� ;�7 �� .����7  @���  0��� *�!   *��!

RPE  *����B ;���7 m	��a� �� '��710  ���>��FBS 

)Fetal bovine serum  
������( ����8 ���� ;���7 (

���7     ���WD� '�( -��8 *�	8��" �N��  
	p9 *�!

     ���2. ���WN�Q� �� $	��%<! .�����E ��!��� 0����D

@��  $�� '7 �8 XC��  �! �.�D ;�7 m	a� �� �!

 �)B �����D� '��EFBS �� ���7 ������    �N���  *��!

 ��!� -	��� �� ��75�)37(  ��� #��b�� $�� .   ������

 ����!� 0���      ;�	W<� 0���( 0��<!��� � 0U���)! *

@����   *���!RPE    �� ������7 ;��	W<� ������ �

@��       ��B �� ����7 -	���� � ��	x�� ������� �( ���!

@��    @���  $	�( �� *��)	�U��& �� *��	�( *�!   *��!

RPE 0�<! .�8�( �E  '�7 '�Burke  �Hjelmeland  ��

   @���  '�7 �����7 0���9 ��" ��WN�Q�   *��!RPE  ��
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# $ 

@������E �����P� 
*U���N�D��� ���p�  �� '�������� *���!

$	����& 0�	( � ��" 
 j&�)	    � 0U���)! ;	W<� �!

�� -	��� �� ��	�����  ��!�)35( �� *�	x7 ;	W<� .

@��   �� �!@��  ;�7  *�!RPE    ��( d�	��	��1 O���

;p�_30      '�	P( � ������ �M� ���� -	���� ��>��  *

@����        ����� 
�������� �.���( d��� �����> '��( ���!

*U�N�D��� .����7 ��	& �M�)C� *�!  

@��  $���(��(  *�!RPE @��     ��)�6! �IN��( *�!

 ������� '7Trans differentiation  � '��� .����� ��

@��  ��,� m���8 �� ��  *�!RPE   �� ���" 0�<�	&

�� ; � ��   @���  '�( '	28 *U�N�D��� � ��!�   *��!

  ��� ���	& *��)	�U��&   @���  .����7   *��!RPE   ;�a�

 ����,� m�����8BHLH )Basic helix-loop-helix 
(

FGF2  �bFGF �� �!��)F ��)D �	N�� '( ���.   ���8�(

)17(@��  .   *��!RPE     �� '�_�(��. � '���� $	���

 m���8 ;a� � 0�( m	a�FGF2 � FGF1    '�( ����.

Trans differentiation    m	�a� ;�a� �E� ��� 
��)6!

Activin A
 TGFβ 
NGF )Nerve growth factor (

 �EGF �� 0����� 
���	E ���. .���8  

PAX6 
MITF )Microphthalmia-associated 

transcription factor � (FGF2   -�����2� G������

@��   *�!RPE 0���� '( �� '	�28 *�!  � ���8IGF 

 �EGF ����7 �PN�  @���  .��)6! �N��  �	x�� *   *��!

'��E �� *��	6( �� '	�28  �� 0�)6���� *RPE  H)��

�� 01 .���8  ���> '( 3�)6E ������� �!RPE   ��� �

0������     �����(�� *���� ��( .������� �� '	�2��8 *���!

0����   @���  �� '	�2�8 *�!   *��!RPE   ������	B ��

  '��B�� �� ...� '���� $	�� ����� �����"  *14-10 

 ���) ����	��5-2���� �����> (  *���!��)7�D � ����	E

������"  *FGF     ������ ��)2x� ��h� ���� $�� ��)17( .

@��  $���(��(  *�!RPE  
�!�� �� 0���� G ��� O2��

; � 0������)6& � '��� $	�� 
0�)6����.  

  

���  

   '�!� -����� �� �!��������1 ��WN�Q� $	N�� * 1980 

*�����( *����� ��( -�����8 �������	( �������<9  ������	&

)Transplantation (�� 
������� -�����7  ���<����� 

)Salamander( 
���� 0����('���? 
 ������E  4���/9�

 
�� 0��� �2�����  tN��( 
  ����	& '	�2�8   $	��� *

�� 'PQ�� �� *   ����� G	� 1 *  '	�2�8  
tN��( �� * 

 ���<�@��  0�" *��	�( *�! 
��   @���     *���	�( *��!

� ����	�� @����  ���I� *����	�( *���!  '��(@����  *���! 

*��)	�U��&  '	�2�8   ���,�� ��8 . @���    *��!  *���	�(

'	�28  ��
3�� 
�� ��E  �0�6��  ��  �2�/9 
)6	 

*�7��  @�  ��2000  ��( ')"��8��)15( .  

 @����  O(����  $	���� *����( *����W)� *����	�( *���!

�P� ��� '7 ���� ���� *�>  01 0����     #����� '�( �� ��!

 #���� �� '7) 
�� �� ��8 H)�� *���� *�!��)	�U��&

�� 01 @��  '( 0���      �� ���8 ���� *���)	�U��& *��!

@��  
���Es� ��6��     �� ���8 ���� *���)	�U��& *�!

@��  #���� � (��7 ���8� ...� '	2�9   H)��� *��	�( *�!

 
�� �� �	_ O(��� �� ��801 #���� �� '7)  ��� �!   0����

@��  '(  @���  
��	�� *��	�( *�!     ��I� *���	�( *��!

@��  � 0��C) �  
	�6P� (�2/9 ��)	�U��& *�!   *���(

 .��7 '�<� �� �M�)C� �N��  O(��� @���   *��! RPE 

�� '��� $	��
 ���< 
  '�_�(��. 
Rod progenitor 

�� �!��@��  
  *�!Müller glia    ��  �!��� � �����& 


@��  'PQ�� *��	�( *�!    � �!��� �� '	�2�8 *�7�� *

0�)��6����  *����( '	�2��8 *���� ��( '����E ��  *���!

�+�� �� ;D�� 0���� ��8.  



 

  

  
www.mui.ac.ir  

 ������ �	
�� 
�	���� ����–  ���33  
���
 /321 ���� / !��"#$ �"� 1394 64 

���� ������	��� 
��
������	 ���� ���� ��� � ����� ���� 	
��� !���"
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@��  �!* �(	��*    �k�� c��! ��(	$   ����� \�P��=� 

N����  �����"� �� ���(*  ���� ;���7 i���)C� ~�Q�� 

��8  ����� \P� .����=�   N���  ����"�   � �?��/�� ��

!������ � N�� �
 x��	� �<� ���  @���   ��!* �( �	��*  �

�k�	$ �d ��( G ��� �)6(*     � @���  ��( @���  r�2���

a� � @�� 	m  ; �)9(��( .* ��$  �� ��p��@��   ��!* 

�(	��* RPE �� �( '7*  �a�	m ��!*    '��<� �� i��)C�

�? 
0Uj7	�	
$ D	�2�0U�� � ;�7 ...��8 
����(   ���M)� �

 ����7)38( ��( �( .��!* �!������* @��  �!* �(	��* 

 '�<� ��Oct4 
Sox2  �Rex1 )39(  ��%<!	$ ����(�� 

�!������* RPE � ����� ZO1 )Zonula occludens-1 
(

RPE65 )40 
(Actin 
Integrin Cathapsin D  �

Cytokeratin β Beta
 �2� '(�-  @���  ��!* �( �	��*   '�(

RPE &� �( .����( ���     '�7 ;�8�� '���� X"��8  ��!* 

�������6� 0���%<! MITF
 OTX2 )Orthodenticle 

homeobox-2 � (PAX6 //C� ��� @��  0�8 ��!* 

RPE   @���  .������ ;N�"� ��!*     3�� '�( ���8 ����

��1�<� �!��)7�D ��VB ��*   -�x� �8�FGF  ��� EGF 

���� ���� ;����7�) ������8NeuronBank m��� �� � (

�!������* aQ � � ��8�� �� ��E.��  

  � ��8� *�!��)7�D) ��,� m���8 $	�k� �( $���(��(

�� (G ��� �N��  ���" =������ @��  �� 0���  *�!

0���� 
*��	�(     � ���1 ;� � '�( �� '	�2�8 �s�� *�!

  ��M�)C� �8� *�!��)7�D .��7 ��,�� �� G ��� 0����

@��  ���<� ��p�� '(   ����� $	PPa� m �� 
�� *�!

. � ��(   �� ��"�( ���P	Pa� ���)� '7 ; � ')D�E ���

 @����� �� 0����11   �� d��� ���! .;�� � ����8 ����1

 ���� 
!����D �� �Q�����8 ���8� *���!��)7�D  '��7 ���1

@��    �� ��>�" #�� '( ���<� '( ���. m���8 01 �� �!

@��   �!  ���M)� � � ��� ��8 $���(��( .��8�(   v	a�> *

01 ��     0����� �� �2� ��� ������� ��� �! *���<	(   *��!

�� ��<8 '( 
�� ��1.  

  
���� 1�	
��
�	� . ��� ��
�� ���� 	���� ����� � ���� �	
  ��!	�  ������ �	
  "#$)17(  

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

,�-.� �/0�  

EGF  "Insulin  
�1	2
 �"�3�  

)42-41(  
�"�3� �3�� 7����3�/� 8�� �1	2
 8�3�1�9"#� 8��  

FGF-2 
 7:1�"#��;�3�� " :1�"����3<1=� �2>? "� 8��  

�3�� ��31�<��@ 8��  

GDNF  "bFGF  �3�� �2>? "� " �3�A��3�$ 8��  )43(  

EGF  "bFGF  �3�� B1� 8�� �2CD E��  )44(  

GF  �3�� �1	2
 8�3�1�9"#� 8��  )45(  

FGF-2  "EGF �3�� �3�A��3�$ "  !#/��; 7�2>? "� 8��  )46(  

Müller glia  

Not described  �3�� �1	2
 8�3�1�9"#� 8��  )47(  
Activin A 7bFGF 7EGF 7BrdUrd 7

Bovine insulin �1�� FG!3H1I� "  
�3�� ���3��� 8���3�A��3I3$ "  !#/��; 7�2>? "� 8�� 8�  )48(  

FGF-2  "Insulin �3�� �3�� " �1	2
 8�3�1�9"#� 8�� �2CD 8��  )49(  

�12HD  

FGF-2  r�3��  8�����3��� �3�A��3�$ 8�  )50(  

bFGF �3�� �1	2
 8�3�1�9"#� 8�� )51(  

FGF-2  "EGF 
�3�� �"�3� 7�1	2
 �3�A��3I3$ 8�� 
0!" 8��  7�1	2
 8

�J"#K� 8���3�A��3�$  
)52(  
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 ����  �!�" #$�� �%� ��&��$ �	'(" )*��
 +���� 

�3�� 8�� ����<�� ��� �1	2
  

EGF  "bFGF �"�3�  )36(  

FGF-2/MEK �"�3� �1	2
 8��  )53(  

bFGF �"�3� �1	2
 8��  )55-54(  

NeuroD  "bFGF  �3�� �3�A��3�$ 8��  )56 735(  

�3�� 8�� L�#J� �1	2
  IGF-1  "EGF  �"�3� �1	2
 8��  )57(  

�3�� 8�� 8�3�1�9"#� 
�1	2
  

FGF-2  "NT-3  �3��  8���M$� �"�3� " 8�3�A��3�$  )58(  

EGF �3�� 8�3�A��3�$ 8��  )59( 

EGF  "FGF-2  �3�� �2>? "� 7 !#/��; 78�3�A��3�$ 8��  )46(  

EGF + FGF + Heparin �3�� ���<1� 7�M$� 8�� ��31�<��@ 7�1	2
 ���  )60( 

�3�� 8�� HN8��1 H.�H1  

IGF-1  �3�� 8�� 7�2>? "� 7�3�A��3�$ :1�"#��; " �"�3� 8�� 
�1	2
  

)61(  
 7�1�� FG!3H1I�ITSFn +bFGF  "  
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�3�� 8�� 7�1	2
 7�2>? "� �3�A��3�$ " 8���3�1�9"#� 
�1	2
  

)18(  
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�3�� 8�� ���<1� ��� �1	2
  )62(  

Wnt2b �3�� 8�� ���<1� ��� �1	2
  )27(  

Not described �3�� ��8 �<��@��31  )63(  

Co-cultured with degenerated 
retina 

�3�� 8�� 7�M$� �H!#/��; 7��31�<��@ 7�2>? "�  "
���3�A��3�$  

)30(  

�3�� 8�� 8��1HN �P� 
��3K���  

Activin A 7Taurine  "EGF  �3�� �3�A��3�$ 8��  )64(  

Co-culture with RPE cell 7�"�3� �1�@"#��;  )24(  

Not described �3��  �"�3� 8���1	2
  )65(  

�3�� 8�� 8��1HN 
F1�!3�3I���  VEGFa  �3�� ���<1� 8�� �1	2
 ���  )66(  

�3�� 8�� 8��1HN �2CD  

bFGF 7GDNF 7BDNF  "CNTF  �"�3� �1	2
 8��  )67(  

FGF-2 �3�� :1�"����3<1=� " :1�"#��; 7�"�3� 8��  )68( 

bFGF �3�� �1�@"#��; 7�"�3� 8��  )69(  

BrdUrd: Bromodeoxyuridine; GDNF: Glial cell line-derived neurotrophic factor; EGF: Epidermal growth factor;  
FGF-2: Fibroblast growth factor-2; IGF: Insulin-like growth factor; NT-3: Neurotrophin-3; RPE: Retinal pigment epithelium; 
VEGFa: Vascular endothelial growth factor A; CNTF: Ciliary neurotrophic factor; BDNF: Brain-derived neurotrophic factor 
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Abstract 
A number of different cellular sources of neural stem cells have been identified. These sources include 
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ciliary body and Müller glia within the retina and also embryo and adult neural stem cells (NSCs). In 
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