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

 �,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
 �{�; HW #' 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��

 
� (� K'� ������ �h�� 5+= ���* 3!'
 C����4]kF[.
 3�
�� 3� C�f� 3�)�� K'� 9>�%I� H�f1�4�1 3�)���
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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

REFERENCES:
1. Holt M Oram S. Familial heart disease with skeletal malformations. Br Heart J. 
1960;22:236\242.

2. Hurst JA, Hall CM, Baraitser M. The Holt -Oram Syndrome. J Med Genet. 1991;28:406-410. 

3. Frota Filho JD, Pereira W, Leiria TL, et al. Holt Oram syndrome revicited.Two patients in the 
same family. Arc Bras Cardiol. 1999 73(5);432-434.

4. Newbury-Ecob RA, Leanage R, Raeburn JA, et al. Holt-Oram syndrome: a clinical genetic 
study. J Med Genet. 1996;33:300–7. 

5. Connor M and Ferguson-Smith. Essential Medical Genetic. Oxford, Blackwell Science Ltd. 
1997

6. Seidman CE.Human Heart And Limb Development; available at:
http:/www.hhmi.org/science/genetics/seidmance.htm. 

7. Spranger S, Ulmer H, Troger J, et al. Muscular involvement in the Holt-Oram syndrome. J Med 
Genet. 1997;34:978-981.

8. Schneider MD, Schwartz RJ. Heart Or Hand? Unmasking The Basis For Specific Holt-Oram 
Phenotypes.Proc. Natl. Acad Sci. 1999;96:2577-78.

9. Basson CT, Huang T, Lin RC, et al. Different TBX5 interactions in heart and limb defined by 
Holt-Oram syndrome mutations. Proc Natl Acad sci USA. 1999;96:2919-2924.

10.10-Terrett JA, Newbury-Ecob R, Cross GS, et al. Holt-Oram syndrome is a genetically 
heterogeneous disease with one locus mapping to human chromosome 12q. Nat Genet. 
1994;6:401–4. 

11.Basson CT, Cowley GS, Solomon SD, et al. The clinical and genetic spectrum of the Holt-
Oram syndrome (heart-hand syndrome). N Engl J Med. 1994;330(13):885–91. 

* Correspondence author, 
Address: Endocrine & 
Metabolism Research Center,
North Karegar St, Tehran,
IR Iran 
E-mail: akramism@tums.ac.ir

Archive of SID

www.SID.ir



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

12.Bonnet D, Pelet A, Legeai-Mallet L, et al. A gene for Holt-Oram syndrome maps to the distal 
long arm of chromosome 12. Nat Genet. 1994;6(4):405–8. 

13.Terrett JA, Newbury-Ecob RA, Smith NM, et al. Translocation At 12q2 refines the interval 
Containing the Holt-Oram Syndrome 1 Gene. Am J Hum Genet. 1996;59: 1337-1342. 

14.Li QY, Newbury-Ecob RA, Terrett JA, et al. Holt-Oram syndrome is caused by mutations in 
TBX5, a member of the Brachyury (T) gene family. Nat Genet. 1997;15:21–9. 

15.Basson CT, Bachinsky DR, Lin RC, et al. Mutations in human TBX5 cause limb and cardiac 
malformation in Holt-Oram syndrome. Nat Genet. 1997;15(1):30–5. 

16.Hatcher CJ, Goldstein MM, Mah CS, et al. Identification and localization of TBX5
transcription factor during human cardiac morphogenesis. Dev Dyn. 2000;219:90–5.    

17.Hatcher CJ, Kim MS, Mah CS. TBX5 transcription factor regulates cell proliferation during 
cardiogenesis. Dev Biol. 2001;230:177–88. 

18.18-Chapman DL, Garvey N, Hancock S, et al. Expression of the T-box family genes, Tbx1-
Tbx5, during early mouse development. Dev Dyn 1996;206:379–90. 

19.Liberatore CM, Searcy-Schrick RD, Yutzey KE, et al. Ventricular expression of tbx5 inhibits 
normal heart chamber development. Dev Biol. 2000;223:169–80. 

20.Bruneau BG, Logan M, Davis N, et al. Chamber-specific cardiac expression of Tbx5 and heart 
defects in Holt-Oram syndrome. Dev Biol. 1999;211:100–8. 

21.Bruneau BG, Nemer G, Schmitt JP, et al. A murine model of Holt-Oram syndrome defines
roles of the T-box transcription factor Tbx5 in cardiogenesis and disease. Cell. 
2001;106(6):709–21. 

22.Hiroi Y, Kudoh S, Monzen K, et al. Tbx5 associates with Nkx2-5 and synergistically promotes 
cardiomyocyte differentiation. Nat Genet. 2001;28:276–80. 

23.Ghosh TK, Packham EA, Bonser AJ, et al. Characterization of the TBX5 binding site and 
analysis of mutations that cause Holt-Oram syndrome. Hum Mol Genet. 2001;10:1983–94. 

24.Bamshad M, Le T, Watkins WS, et al. The spectrum of mutations in TBX5: 
genotype/phenotype relationship in Ulnar-Mammary Syndrome. Am J Hum Genet. 
1999;64:1550-62.

25.Cross SJ, Ching YH, Li QY. The mutation spectrum in Holt-Oram syndrome. J Med Genet. 
2000;37:785–7. 

26.Akrami SM, Winter RM, Brook JD, et al. DNA copy number analysis at the TBX5 gene. J Med 
Genet. 2000;37:804.

27.Akrami SM, Winter RM, Brook JD, et al. Detection of a large TBX5 deletion in a family with 
Holt-Oram syndrome. J Med Genet. 2001;38(12):e44.

28.Hatcher CJ, Kim MS, Basson CT. Atrial form and function: lessons from human molecular
genetics. Trends Cardiovasc Med 2000;10:93–101.

29.Fan C, Duhagon MA, Oberti C, et al. Novel TBX5 mutations and molecular mechanism for 
Holt-Oram syndrome. J Med Genet. 2003;40:e29.

30.Fisher E, Scambler P. Human Haploinsufficiency- one for sorrow, two for joy. Nat Genet.
1994;7:5-7.  

 

Archive of SID

www.SID.ir


