
���� ���� �	�
�� �
�� 	
��� ������ 
���� � __________________________________________________���

���� ���	�   


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


���� ����             #���� � 
� 0�� 
�1

�!"#
�
�� 	
���– 	�
�� [Holt-Oram Syndrome (HOS)]�*� 3
���4 #'  �4 5
�6 7���8

 9�:�%�;�3
�<���� � 5+= 3��8
��� 9>?�;���3���=�@ 	���� � �4 ��. 3
���4 B��  CD�E�F 
� 
FGGGGG 5+= H���* -�I� �;��  �)J �	
��� K'� 
� ��E
� 3�)�� 3�
 CL
�M� �
� -�  N
�!E 

 CJ�* �
�� -
���� ��� � #���� K�%%&�� -O'�4 5P Q+, (����/������ -��4 .
������� R�I
 C4�� S�@ 3
���4 ��<'� �)J 3��L�� 3�)��  �� )(����� ( V)J ��/�4 �
�

 (� 
�TBX5(T-box 5)��� -�  N
�!E (W H��, (���L4 . ��/�4 CJ�* 5+J �)J C
�X� K'�
 (�� !" 	��I� Y�%&4Z��J �5+= �7�[P� K�%%&���
���4 K'� ����� C4 #���� � 3�"�*
� �3 � 

 (W #����)'
�<���� $�&/* 
� ��� � 5+= 3��8
��� 3���� -�  N
�.�.

$����


��%� :�
�� 	
���–	�
�� 3
�<���� �5+= 3��8
��� 3
�<���� �
5
�6 7���8�*� ���� 3��8
���

���	�
 �
�� 	
���\  	�
��(HOS)  7�� 
� F]^G   9
�%_4 

         	�
�� H`���� � �
�� 3
�� ��1� a��* #��?1   
� C_1
      b
�_1 !_.��1 (���
���4     �_� 
�_1 (�_�
   N
�!_E �_���1

�'��E]F[ .           
�_��4 C_� 3�
�� -�����; #' 
� �
 3
���4 �)�W
         �_���1 e�_:�* e_+�&� Hf_� 
�)D 
� .    -�_�, H�/_�

   �f__  �/__.�� �(�
�__��4 K__'� ��+�__�� g�__�4 C__� 
(triphalangeal thumb) -
��'� $X� �h+= H�/� � 

 C'���i 3!�+��(ASD)��4 .
	��    f_'� 3
�_��4 �_.'� 3�_� �7�_��<'��'�*W 38?j

��� 	
���\ �5+=  5+= 	
���–����=�@ 	����   	
��_�
 ���=�@ 	����\     ��4 #�+��'�
�1 	
��� � �=��, �h+=-  �
� 

HOS           �_�� C_�@�E 
��_= -��[��� �
�� C�� 8� V�4 ]k[ .
    
�4 K�
�� 3
�lE 	�� K'�   #� N
�!E 
�    7�� 
� #����1

F]^F        � ?�h� ��;� � 
��� #' e�:�* 
�     -�_  -��[�_�
��4]m[.

          �_
� �f_�� -��/1 n>��L� �i
� �+���* 3
���4 K'�
 �'>�__4 o�__[�(high peneterance) Q__`?, � C�__ �� 

              #_' (�
� 
� �_�Z �_.'� 
���4 C4 3
���4 8� (W ���
�4
�� p�@ -�����;���.     e_�P 
��_� � -�_�q�" 3
�_��4 K'�
    Q`?, 8� �L���
� � / ����� (�    C1 �[&� B�� 8�     �_4 aX@ 

�'��
�@��E              �_'�)* �'�_  B�_� �_* �_�� $�&/_* H4�= 
 9��Z -���1 .             �_L�hP �_Z 
� �_)��E
� �'�_� �_�� � � 


 �_�� . Hf__� 
� 3
�_��4 9�__   �__4 (�
�__��4 3�_L4 3�__�
 �_____� V'�!_____@� �%_____&/��� Qf_____������_____4�'

(Anticipation)]r[ .  	�__�* 
� ���__=�@ 	��__�� 3�__�E
�
 (�
���4HOS�� -�'� �� .

'��()�
�� ���*�+ ����� 
�,���
      C�[� K�4 7�L@ 
�P C4 �)����� H��/*  3��r\s   �.+��_Z 

 �� 9
�:���E .       3�_J 3�_)'
�<���� B��_  B�_�<� 
�
	��__�� ���__Z �__�k 
� FGGG]t[� B��__  	��__�� $=��__�

  ���=�@m\r   
� FGGGG    -��8 �
�*  _�� �_ �4]^[.  7?�_;�
       (�
�_��4 	��* 
� ���=�@ 	����HOS   _' �_[&� 9
�%_4  �
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�)'
���4 C+<�3(�����  , 7���� , -
�� v , !�`�"��wv_____________________________________________��x

 7�___'��
 y/___�� 8� C___�@�E �/___�� 3�___)�@�4 
� 
��___ W
 �_���J(embryonic- radial rays)� �
�� ��_J.

          �_[&� 9
�%_4 z� 3�)���&��� $X� 8� 9>?�;� e�P
)   �'��
 �4 aX@ C1�@��E      �_�� $�&/_* H_4�=  (    $_X� �_*

  7�__�'!E��" �'�__ )  �__�+��1�@ H__{� =  V__&4 (��__X@
         �f_'� V_&4 ��_J� � ���=�@ 	���� 7��'!E��"  C_�
�� 7� (

�
�� �L__�� .   ��__�4 C__� 3�
�� �f__  ��+��1���__��+1
 C��__  � �f__  e__�[; 38?"�__j�� �__.'� -��__�@� 3�__�
    ���f� 	
��� K'� ��+��� 9����}* .   ��/�4 ��E
� C�Z��

                �_' � �_�4 C_� �' � �
��� ��J� �' C1 ��� �f  �/.��
    H__4�X� 
� (�__  ~__�J H__4�= �__�6       �__.'� (��/__.�� 

(non-opposable)__�� � . �~'�__  3��__�+�, 7?�__;�
    ��� �,�� (������"�� 
� �'���I�]r[ .�  	���� 9>?�;

 ����___= ���___=�@(pre-axial))  � 7�___"
�1 �0�___'��

 
��* 3�)���&���(�           9�_  �_4 C_�'�=��6 �C_@�P �� ��/�4 

���f� �D ��P 
� ��/�4.
            �_* eL_� 8� ��?�_, 9>?�_;� �.���j�� CL
�M� 
�

    ��?�_, 38?"�j��       �h%_, 9>?�_;� � ���_ �� e_�P
      C+�_��4 -����/_�" ��?�,EMG      �_�'!�W 3�)�f_* � 

 9?�__, 3
��;�__� H�__  � -��__4 !'�__�* H__4�= ��?�__,
 
� -�����=�4MRI��4 �L�hP ]s[.

-(�.%* /0"�#� 
     $=��__� ��1��_1 (�
�� 
� 5_+= 3
�_��4 K'��L'�_ 

       ���Z 
� �,��  C1 ���f� 5+= 3��8
���F %��8 �
�* -
���__Z �FG % 
�aX__��
�� �__�]�[. ���__Zs^ % (�
�__��4

HOS ��
�� �h+= 3��E
� ]][e�P C1 �L���  8�  Q_`?, :
        ��Z � ��?, (��4 ��'��� 7?�;� �* 7���� 
� �_���
3

  (�
�� 
� �__Z��J �__��8��� �'�__  �����;�__� 7?�__;�
�
�� �1��1 .�h+= C�@�' K'��L'� HOS    -
��_'� $_X� �

    C_'���i 3!_�+�� K�_4ostium secundum atrial 
septal defect (ASD2) �_��  .  K�__4 -
��_'� $__X�

  ��M4(VSD)  �          �_.'� 9
�_`W �_.�* � 9�
�_@ 3��
���*
C�@�'  ���f� ~'�  3�� .   3!_�+�� ��_+4\   �_�M4)  ��_+4

     �4 #' CJ
� �h+=PR     8� V�4 ��>�P     3��_4 �L�hP �Z
K� (          
��_� 9>?�_;� K'��L'�_  �_����� 3�
��'���4 �
h+=  �(ECG)���f� 	
��� K'� .   �_�� K_��� ���'
W

�5+= VjP 5J����/4 ���)E�� ��� ��Z � �����  .

      H=��_Z �C_:?; 
�M4   3�_�
��L�   �%_�&/*HOS
 3
 7�__'��
 8� C__�@�E y/__�� 3�__)�@�4 $__X�(Radial 

Ray)     �h+= -
��'� $X� �)   �_�M4 �' 3!�+�� (    ��_+4 �_'
3!__�+��\  ���__,� 8� �__�' H=��__Z 
� �__�M4  -�����__; 

��� �4]r[.

 ���1 2� 3.* 4�561
              (�_��� 	�� C_��� C_� 
� �@��E���_� 8� -��[�_�� �4

  $�&/*HOS  H4�= -���� 9>?�;� 9�  � �
�� ��J� 
 ��� �4�'8
� .     �_�
�� � 0�'��
 3�)���&��� �'�%* K'��)4�

 C�[� 
�  3��Fm\F^    ��� �4����� H4�= �.+��Z  . K���
  ���     _h= $�&/_* (�_���        #_D�1 9>?�_;� �_
�* 8� H

  � �h� ��J�� ��+��� .      C_�[� 8� �" CD�E�F^   �.+��_Z 
   KM4 � ��!�+�� ��
!4 (�'�  ��    5_+= C_q'
� 
�_)D � ��

            K�_4 n>�_�L� �_h+= ��=� ��
�4 #' ���f� (�'� H4�=
  C�[�F�\kG  �� 	�<�� �� ]k[ .      p�_@ 3�)��f_= C�� �E�

$__X� �'�__  �
��__� (�__��� ���__  -�__'� �__L�hP 
�__M4
   �� �
 5+= 3��8
���� �� .      ��_L4 C1 �<�W 8�  8�  (�
�_��4

HOS    �� �Z��J (��
� ���8��� ����   8� Hh= $�&/*  
�
�� ��I: -
��/� 
� ��)� VX� �
�*.

�*���+� 4�561
           ��_h{� �+���_@ CX4�� � #�j�* ���
�4 Q`?, ��J� �4

 $�&/* HOS  �f_�� H�/_� (���D . $�&/_*  3�_�
   �_� H��  �=���@�    
�_* 	
�(TAR))    � ��"���_��h���*

             Q
�_� �_4 ��_+�� 7�_��8�*� 3
�_��4 #' �0�'��
 (��X@
�f__  (��__4�__�( �	
��__��� __* �(VATER)]$__X� 

-�)�         3�_� 7��f_�@ ��LX� (��4 C�f4 ���–    C�f_4 �3�_� 
        C_�+1 � 0�_'��
 3�_)'
�<���� �3�� (��4 �_�[   	
��_� �


�__�
��–  ����f__" ��__6 (UMS) �__��!'�* � Fm � F�
�__���__ �4 . 8� �__ �� �__���J 9>?�__;� ��f__'�4 -�?__L4

   ������
�* ��%�)     C1 ���
��� (���8�� 
�  K'�   �_� 3�
��
  �E��f@�  �
       -��_1 �@�'
� �.+��Z 7�� C��� C� 
� �_�� (

   ��  C�@�E �}� 
�]k�r[ .      ���_; 3�)
�+_� N
��  ��J�
(CBC)*�'
�1 � �__L�hP � p��__�@� 
� �__��j'HOS 8� 

$�&/* �'��VX� ���)� ���
�� .
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���� ���� �	�
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�� 	
��� ������ 
���� � __________________________________________________���

 �,78 9�
    �_
�� 	
��_� CD�E�– 	�
��   n�_,��<�   _"   �_)EW V�

              9�L'�_� 9�_  C_4 3��_'8 �.�f_4 K'� �
� �
�� �4�;
�
�� �h+=.

����� ����� HOS 
�:5���1

   �P�_h*
� !�
�_�W 8� -��[��� �4(linkage analysis)
   7�� 
�F]]r             �_�+4 3�8�_4 �_4 	
��_� K_'� 7��f� (� 

����1  	8Fk  �'��E ah*�� ]FG�FF[ .      V_&4 #' C4 (� K'�
^      ���Z 
� (�E�� ����� 12q24  ��4 ah*�� ]Fk[ . -�?L4

         �_.'� 3�_)�� 3�_�E
� �4 3���� (heterogeneity)
�J� �
�� �]FG[.       9>?�_;� �_4 
�_��4 #_' ��
�4 0����4

     �'�__<4�J � �.�f__�  ��__X� �-�__�q�" ���8�__���1
    C_1 �_�W �_��4 3��X�=� ���8����1  N�
 �_4FISH

(Fluorescent in situ hybridization)  C_�Z�� �� 
     �'��E ��M� (� K'� 3��4 ���]Fm[.      C4 N�
 8� -��[��� �4 

(�!E� K�;���� 	�� ��(exon trap) #����� 3�)��+1 8� 
         -�����_; ��_, �� (�
���� � �
 �C�Z�� K'� ���4  _�
�3 �


 ��1 e/1�� .      e_�*�� #' �)�� K'�   ���/_�    (�_  �_��4
DNA �___�
�� (T-box) �___4 C4�/___* 0�___���4 �l___
 � 

  �� �� 3�)E�
���TBX3 � TBX5 ���_  3
�l.��� .
 ����__� V__&4T-box__' �
�%__*� V__&4 �DNA 
� 

   -�__  �__[Z e__+�&� 9�__����Z(Conserved)__��
� �4]Fr[.

 (�TBX5 ���f�� ]t %(� �4 �f���� ���h 
tbx5�
�� � ��.TBX5'  K��*��" #tF�

C���W������ �1 �
 3� H���, -�����; C4 �+L�� C1 ��1
 �f'���
T- box�� � �4]Fr�Ft[.� '(� K�@�4 
�  3��

 	���� ����J ���=�@ 3��E
� �4 C1 ��  �� (��4 5+= �
 
�E8�� ��+��� 3��
��;�� � 5+= ��� 
� (W

��� �4]F^\kF[ . Q���@ ���X�f� ����  -��E C� ����;�
-��1C1 ���TBX5�� �* C4 ���DNA� ��  H%�� 

 3��4 (� H��  ��� 3�)�� 8� �f'���
(ANF) 
Atrial Natriuretic Factor��1 7�L@ �
 ]kF\km[ .

-�?, K'��4 TBX5�� ����X�f�  K��*��" �4 ����*
homeobox 8� �f'���
 C� �� V�1 Q� �4ANF �
 

��1 7�L@]kF�kk[.

V)J (� 3��TBX5��
�4 C+���4  3��
�+" ��* -��<�8 3
��;�� Qf�@
��(single 

stranded conformation polymorphism; 
SSCP)��� -�  -��� $�&/* Q�X�f� ����� �  . ��

V)J K'� 8� #' 0
��8 e=�* (��1 
���� 5J�� ��
 (� 
�TBX5-�  ���]Fr[ .

�;��� $���
-�����;       5_
�6 7�_��8�*� �_i�
� ?�h� 3��(AD)   �_4 

���� 3 8�       ��� C4 ��� 7�X���   �
 -��� (�/���� . CL
�M� 
�
�__��4�3\��__��]r[C__}Z?� H__4�= 9��__[* ���__L* 
� 3�

     �/� -�'� ��� � (8 (�'?�h� .    K'�
�� K� ��iy* K��q��
        �_'��.� -���/� ��f�J 0����4 3
���4 9�  ����* �.

��4 o�[� (�!�
��3(peneterance)��4 H��� ]r[.

TBX5 �� <8 <��= �  �.%* ���
 �4 (� K'�] 8� ��' (�!E� Fk (� T-box 	��� 
� 

�� ���f��� �4 .TBX5 � ���I� 3�.
� 
� ��� �P 
��@ C4 �%I��3�� (��4 �� (expression) . K'�

 -�  �X4� CJ�J � N�� 5+= 
� (��4 3�.
�
(conserved)�� C�Z�� 8� C1 �'��
��;�� 
� � � �4

4 ��M; �h+= C
�
 �hX,�� C<��� !�+�� � �D KM ��� 
�� �[Z���  . 8� C1 �`��
��;�� 
� �.
� K'� 7�Z �� C4

bulbus and conus cordis�� ��/��  ��J� ����E
 �
���)Z����outflow ��M4 (.

$X�(����*�� C+���4 C1 �h+= 3�� 3��TBX5 
 
� ���f��HOS�� ��<'�  (��4 3�.
� K'� �4 ��� 


�� �.�fh���� .��C<��� (��* K'� C1 �@�E 
 7?�;� 8� C'���i 
�P C4 3��8
��� �h+= 3�)'
�<����

-�/� ��<'� 5+= ��� #����'���� Q�X�f� C<��� � ���
�� �f'���
 
��1�@ 
� ��h�1�� �4]kG[ . ��h+= ��� H`���

TBX5 �%I�� 3�.
� 
� H��1 �h+= 7?� ���*�� 
� 
�� (��4 3��@ C4��  :�
�Z 
� �M; �h+= C
�
 C1 

�� H��/* ��� TBX5CJ
� 3�.
� 
�  (��4 -�  3��4
�� ��f= 
� � �*�'�  �[+; ��h'�X* ��f= 
� C1 �� 

e�L� ����=��� �* . K'��4��4�4�' �� ��I�� �h+= C
�
 � 
 C���� (
�X���� 
�P C4 (��4 ���"����� �D KM4 
� �

�0�jf1��  �' ���
 KM4 
� ��� �� Z���Coutflow 
��� (��4��  .5+= ��/�4 
� (��4 3�.
� K'� �
�4 3��

��� -�  �X4� . KM4 ��8W -
��'� (��4 C4 ��h+= 	��j� 
�
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�)'
���4 C+<�3(�����  , 7���� , -
�� v , !�`�"��wv_____________________________________________���

�� ���I� �D �� (chamber-specific cardiac 
expression) .(��4 3>�4 �M�(� TBX5 
�
trabeculae � ���`�" � �`>�4 �
!4 ������ �V&4

Cq'
� 3!�+��� 3��3!�+� \��� -�  -�'� ��M4]kG[.
 K��*��" (��4 ���� ��f������'� 9�L
�M� C+���4

TBX5�  ��
�4 ���f�� K��J V'���" �P 
� ]F^[ .
 C1 ���@�E C<��� (�E��f'��TBX5�"� 
�  � �
�1

 �
�1���)C�f� 
��������'�
�1 3�� (#=�*� C�� 3��
�� (��4 (>�fE
!4 � K��J �h+=�� ���  ��
�1���� 
� 

�� (��4 �D KM4 
� �)�*��  . (�'���E 7�Z �� C4
 (
�X���� 
� Ch+6 �4 (� (��4 ���*�� 
� �D ���
 �
�1���aX@K��J 
� �  e/1 ��- �h+= $X� �4 � 

HOS�� 
�E8�� � �4.

 <� $�����#T–box
��� CL
�M� C4 �<�� ah*�� 3�)'
�<���� � ����J

 3�)�� �'�{1� e/1T–box��� -�  ]kr[. (����*��
 
� (����4�
�3) Brachyury C�+1�����'7��L�  	� 

-�*�1 ( (� �'T) tail	� ( 
� ���4�F]ks N�� #' 
� 
�" ��1 � -�*�1 	� #' �4 9�.'8���� C�@�' V)J z

�  e�:�* -�
�; .����4 ��, K'� -�����; 
�l.T– box
������ � ����J 9�L
�M� B����3
��f4 �4 ��� -� .

 9�.'8��� 3�)
�� 
� �*�'�  9>?�;� ��/�4 9�L
�M�
��� (�/� �
 V)J . (� K'� 
� -�  C�;��  C�
�� V)J

 �{�; H
W #' C4 �<��null allele �P�&4 C1 �'��E 
 (� -O'�4 	��� ~��� (�  -�*�1T��4.

 (� 9�.'8���� (��X@ �4 N�� ��
�*Tbx5 �+�
� 
Qf����� VX� ����� �4haploinsufficiency 
� 

 V��1 �4 C1 ��D ��4 3
���4 ��<'�tG % ��� 7�%I�
�'��E 3
���4 ��<'� . (� 9�.'8��� (��X@Tbx5 
� 

 -������/� C1 �'��E 0
��8 ��� C4 �<�� N��
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Genetics of Holt-Oram Syndrome
Seyed Mohammad Akrami* PhD, Ass Prof of Genetics, Tehran University of 
Medical Sciences
Parvin Amiri MSc of Genetics

Abstract
Holt-Oram syndrome (HOS) is an autosomal dominant 

disorder, characterised by congenital heart and upper limb 
malformations. It is a rare disorder, however, there are several 
groups working on this syndrome worldwide since the genes 
involved in this syndrome are important to study on the 
cardiogenesis and development of hand. 

Although genetically heterogeneous, HOS is frequently 
linked to the TBX5 gene. To review the molecular genetics of 
HOS, this article has been written to highlight the importance 
of this syndrome and have more attention of pediatricians, 
cardiologists, heart surgeons, orthopedists and geneticists.

Key Words: Holt-Oram Syndrome, autosomal dominant,
upper limb malformations, congenital heart malformations
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