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 .� �����
�� �h��J����E� 6-�< �$  8�;MSI-H   .����G�< ���v
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�� 8���$ 8���;  ���v�G 8���;

    ����E� 6-��< �$ ��
� �;�h���J� �$ 8�����
��   8��;MSS/MSI-L )MSI-

low/MSI stable ���v (.���G�<  

����.�� [`-+
 MSI     (�VD��� 4�( �h���J� .� 6$�=���� ��� 8��
 

MT1XT20 : 8�
(�VD��� 4( �h��J�MT1XT20   0����- k��� .�

PCR ���E� �$ �U �-�K� 9��� +G�� - ����( �� L�@� 8�;  9KX �$ �;

lµ 25   0����- u�DI� :�! �
_&( ��. q���! k@� �� -PCR  -��X8 

ng 100  .�DNA# lµ 5/2  �G����� .�10X# mM 4/0 ��
 .������;�E8 

Forward 5′-CAGCTGTGCTCTCAGATGTAAA-3′  -

Reverse 5′-CCA AGTGCCATATACCCAGTGA-3′ #(  

5/0   9�������U �����X�- .������E
D
Taq #mM 2/0  �����; .�dNTP   

)Deoxynucleotide triphosphate - (mM 5/1  .�2MgCl  .$����

y	�# (
T��;  6�h��$ �$PCR   ���E�U +���! �� kD[��� Eppendorf 

   %�X��� - +�G�< ���vPCR  ���K��  ��! . �����(��$
�� �-� �
� �$  ���$8   

C° 95 - �� ?�� 5 v$
�F ��K�� +G�< - �� 30 � �3 8 30 ��� �
� �8  �$

8��$ C° 95 #°C 58  -°C 72 �DX�� .�! B�@�$ %��� �����
 8  8.��

 8��$ �$ �
�°C 72    ?��� ��� -10      8��1��� .+�G�< ���K�� ��F
v$'5 

 �E���
Reverse   +�����DG {��� q��( #Cy5  ���J�    .$��� 6��! ��$

6.�������    %����U .� ������� ����; k���
v$ 8    6�h�����$ q�����( ����;  
Automated laser fluorescence express DNA sequencer 

)ALF express (����� -  �����G�AlleleLinks  q����( 6���! �
��a�()

 6��.��� +��!       6.����� �h���J� ��� ��:��F� k���� .� - (6�h���$ 8  8  

)Size marker( .��$�< �@��S� $��������  

��K�� 0���.U ���
E
!��:
;��E�� :���E� .� ���� �; .�   L��@� 8�;

 �U �-��K� �[
@� +G�� - ����( ��    %v���X #��;4     .��! ��
1( ��L���

 '
V(-��
 ��
� ����.��    9��:
� 8��;MMR   %���!MSH2 #MLH1 #

MSH6  -PMS2 f�� 8-� ��     +��I�` ��� ����;mµ 2-1   ���K��

'
G���
 .� y
 .+G�< ���E� ���$. �U ��
����
;� - 'D��< �$ �;  ��� �; 

 B���(� .� 6$�=���100 #90  -70 �DX�� #�a�$   ����U �����.�� 8  �$ �7

 .� 6$�=������� ������ ��--�&������� �$ - ������JG |�����(�EDTA-Tris 

)Ethylenediaminetetraacetic acid) (9  =pH(   ?����� ����� -  

20 .�! ��K�� �F
v$  y	��#  f���   �$ ��;dH2O )Distilled water (

���E� .���! �J�:!  ��\�� �� �;�_�     �7-���� 8�;.��
�:�-�
 8.��

 %v��X ?�� 8���5      - ����! ����&�� .��
�:���
 �7-���
; �$ �F
v$

 -$ y	����   ?������ ������ ������ �����; - �������5  �$ �����F
v$TBS   

)Tris-buffered saline.���! ��:! ( {�� .� 8�
<�D2 8���  8�
�U

�
� a�n� ��# �; f�� �� ?�� 5 v$
�F +S( (
��E  ���  B��DS�  ����D� 

6���� 8 V(-�

' ���v +G�< .y	�# j�D�    ?��� ��� ��� �; - ��� -$ �;5 

v$
�F  �$TBS �DX�� �$ .���! �J�:!8 ��U #�[��  $���8  ��;8 �-� �
� 8 
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v�
k  %��! 6�!NCL-MSH2# NCL-L-MLH1# NCL-L-MSH6 

- NCL-L-PMS2  + ��)+��! Leica Biosystems  ����� �; �� (

���E� .�  �$ - �! �G�`� �;��$8 °C 4  ?�� ���4 .���! ���&�� ,!  

���U    .� 6$�=���� ��� ��� -$ �
�-� 8$��TBS     rm�X - ��! ���:!

y	� .��$�<#  ����E�     ?��� ��� ��;30    0����- Z��[� �$ #��
���   ��<  

Post primary block   .� 6$�=���� �� �h�$ ��� -$ - ���G�< ���vTBS 

 ?�� �� �;��L�� .���! �J�:!30  �E
D
 �$ �
���Novolink  ���&��

 ��� -$ 8��� .�� - ���! �� �J�:! +S(TBS   y	�� - ����G�< ���v# 

 B�DS�DAB )3,3'-diaminobenzidine( �U ��    '��� .��! �G�`� �;

 {���� %��X��� ���� #�������G ��
������
;$ #+�������� 8���
�U  - �����1�

j�
    ���:�7���(�
 q���( �;��L�� ����.�� .�! B�@�$ �;��L�� 8.��

���E� - +G�< ��K�� 6�@     {��� ����FG ��� $�2- ,:X �� �;   8��
�U

����:; '
V(-���
 8�  8���;MMR H��F� 8���$ 6-���< -$ �$ #MMR 

)MMR-deficient H���F� ����v�G - (MMR )MMR-proficient( 

�F@� .���! 8���  

�������.�� 8������U: ) +
�����:XSensitivity +
���a�n� � #(

)Specificity0

 f.�� - (  +�@_� ��
� )Positive predictive values( 

����� .� 6$�=����� ���� #6���! ���[��Y� 8���;������
  �����G�SPSS �I��:�  8

19)version 19, SPSS Inc., Chicago, IL( +G�< ��K��.  

  

���
	 	
  

~�� #����� %S� #����� '� - +
:�2 $�G L�@�:  6$�����  �$   8��;

MSI-H  -MMR-deficient ��-��G ����� '��(    6��! 6�;��J� 8�;

 .� ?��@������ 6$-� #6�[� #����� 8�;    #4�
�
��
�(�E; #4�3�� 8

 B-�2) ���:
 - ?���-�
1 .(  

 6$�����  '�� �$        8$�[�a ������ k����� �$ ��;����( ���J
� ��;

)Ascending colon( ��-�� ����� - )Descending colon(   $��K��

  B-��2) ��$�� 6�!2 6$�����  �$ .(   8��;MSS  -IHC-proficient 

     #Z��� �$ - ��! 6�;��J� 8���E� ���-��G �� 4
�
��
�(�E; �����

 B-�2) ��$�< 6�;�J� �
� ��� �����3 .(  

�FY�� '���J
�   �
��Eh
�� #6-�< '�� �$ ����( $�K�� �$ �
<�$ 8

)Sigmoid( ����� - )Rectum(  B-�2) $��4 ����E
� q���� '� .(

MSI-H  #����( H
IJ( ���. �$8/38  6.���) B��   ���� 849-31 (

 ����E
� q���� '� - $��MSS/MSI-L #5/46   B��� 6.���)   ���� 8

64-24( .$��   8��;����( ��J
�MSI-H      ����E( 9�� 8�����$U ~��� .�

) ��G��Poorly differentiated adenocarcinoma  ����E( q���� �( (

) ����G��Moderately differentiated adenocarcinoma ����$�� (

 B-�2)5��-��G .(   8��;����( '��(MSI-L/MSS  ��F@� �$  �L���� 8 

.���G�< ���v ��G�� ���E(  

%�
 Promega:  ����E� �� +�L��-�&
� +
[`- ����� 8���  8

���E� �� '
�dE; - ����( �� L�@� 8    .+��� x��
�X� �U �-�K� �[
@�  

5    +��
� 8���
(�VD��� 4��( �h����J�Promega   i���
 �h����J� -$ -

 f-� �� �U 8�
(�VD���Multiplex PCR   %&�!) ���! ����.��1 .(

 ��
� �$20 ���E�  #����( �� L�@� 88  ) ����E�40    8������
�� (��a�$

 6-�< �$ - ��$�$ ��J� �;�h��J� �$ �� ��Q��MSI-H   - ����G�< ���v

12 ���E� ) �h�$ 860    8������
 ��� - j��� 8�����
�� +
[`- (�a�$

 6-�< �$ - ��$�$ ��J� �� �;�h��J� �$ %���MSI-L/MSS    .����G�< ����v

 8�;�h����J� '���� '
��� �$�@��! ������  #4��
G���BAT26  �$�$ ����J� ����

 �; �$ 8�����
��8  ����(MSI-H     �� ���! �h���J� '��(������
�� ����� ��

) �!40  �h��J� -$ �; .(�a�$NR21  -NR24  �$7 ) ���E�35  (�a�$

  - ���$�$ ��J� 8�����
��BAT25 - MONO27    �$ ,�
(�( ���6   ����E�

)30  - (�a�$5 ) ���E�25 .��$�$ ��J� 8�����
�� (�a�$  

8-���- i���� �h��J� MT1XT20: ��J� ?Q�nS�  6��! ��$   ���

 0���- .� %a�X +����DGPCR     6�h���$ .� 6$�=���� ��� #�h��J� '��

Automated fragment analyzer      ��; .����G�< ����v �����.�� $���

6.���� �� �h�� �$ �

]( ���< 4

 8 ���E� 8�;   +@�:� ����( �� L�@� 8

4��

 ���� �����E� 8���;    8�������
�� ������� ���� #�U �-���K� ���[
@� 8

 �$ +�L��-�&
�    %&�!) ��! ���G�< �\�2    8���� #��[��Y� '��� �$ .(

 �h��J�MT1XT20B�� �� %�U ~�� ��13 #   8��;bp 190-185   ���



 +
� �� �:��F� �$ .�!Promega  ��L� $�������� f-� ����� �� ��

 �h����J� #+��G�< �����v ������� +��S( �����.U '���� �$MT1XT20 #

 +:���(5   .� ����E�8  ����E�  8MS-H    ����E� ������ ��� ��  8���$ 8

   ��E; - ���� �������! +�L��-�&
� 8�����
��  ����E� 8   8��;MSS 

    ��
[�`- ��
� f-� '��� .� 6$�=��� �� #+
� '�� q��( 6�! ������!

.��$�$ ��J� ���J�  

    ���
� .� :���
E
�!��:
;��E�� 0����.U i����20    .� ��� 6$����� 

 ��$��:�U 8�;��
[� k���II  #���! T�I���7 ) ����-�
35   �$ (��a�$

'
V(-�
 .� �&� %v��X       +�=2 ��2��� 9
���( 9��:
� ��� u���� 8�;

     6-��< �$ - ���$�$ ���J� ���
� ��� +
[`- ��! �<�!IHC-A   ���

IHC-absent �F@�  .���! 8���13   .� 4�� �
; �$ 6���� �v�� ����-�


'
V(-�
    �
�:� 8��;MMR �    6-��< �$ - ����!��� ��nFIHC-P   ���

IHC-present group     %&�!) ����G�< ����v3  ���
� .� .(7  ����E�  8

IHC-A #4  ) �����E�75   '
V(-���
 -$ ���; 8����� (���a�$MLH1  -

PMS2      - ����$�$ ����J� 8��m��
 {���� ����� +
[��`-2  �����E�  

)5/28 (���a�$  8����� ���
�'
V(-���
  8���;MSH2  -MSH6  '
���3

 �1�( .��$�$ ��J� �� ��
[`-1  .� ���E�7  ����E� )14  (��a�$  �FG ���

 '
V(-�
MSH6 �� ��J� �� .$�$ 

�@��S� 8 #+
��:X +
a�n� � - f.��  0
�
  ���
�  +�@_�:  �$
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 +
� �� �:��F�Promega     �h���J� #���L� $��������� f-� ����� ��

  8���
(�VD��� 4��(MT1XT20   B$���[� ��
����:X5/62  - ���a�$

 B$�[� ��
a�n� �100  - $�$ ��J� �a�$0

 f.��   '��� +@_� ��
�

 #�h����J�100 ���a�$  f.�� - +
����n� � #+
����:X �����
� .$����

0

   ,�
(�( �� - �! �@��S� �
� ���
E
!��:
;��E�� f-� +@_� ��
�

 �����75  #�a�$67/91  - �a�$71/85 .$�� �a�$  

  

 ����1��	
��
 �� �
�
� �
� ��	�	�� .  ����� ��
 ���� �� ��	��	 ���Lynch ���� ��  ���MSI-H )Microsatellite instability high ( �  

MMR-deficient )Mismatch repair-deficient (  

�����	�  �	
MSI-H  �����	�  �	
MMR-deficient 
�	��� ���  

(����) ������
 (����) ������
 

)5/65 (28 )2/64 (27 �-.-/ ��01�  
)0/7 (3 )7/4 (2 ��#� ��01� 2 34-/  
)0/7 (3 )1/7 (3 �-5 ��01�  
)6/4 (2 )5/9 (4 ��6� ��01�  
)6/4 (2 )3/2 (1 �78� ��01�  
)6/4 (2 )7/4 (2 9���#1� ��01�  
)3/2 (1 )3/2 (1 �:� ��01�  
)6/4 (2 )7/4 (2 ��01� 1:�� ��  
)100 (43 )100 (42 ;/ <�=  

MMR-deficient: Mismatch repair-deficient; MSI-H: Microsatellite instability high 
  

 ����2#$��� ��	�	�� . ��	
��
 �� �
�
� %��& �  ����� ��
 ���� �� ��	��	 ���Lynch ���� ��  ���MSI-H   

)Microsatellite instability high � (MMR-deficient )Mismatch repair-deficient(  

�����	�  �	
MSI-H �����	� �	
 MMR-deficient 
����� ����  �	!�� �  

(����) ������
 (����) ������
 

)5/12 (1  )2/14 (1 "-
�  
)0/25 (2 )5/28 (2 2�-6
 �-.-/  
)5/12 (1 )2/14 (1 �>1? �-.-/  
)0/25 (2 )5/28 (2 �.#�� �-.-/  
)5/12 (1 )2/14 (1 �8@-�A8� �-.-/  
)5/12 (1 )0 (0 "-�/�  

)0 (0 )0 (0 BC����  

)100 (8 )100 (7 ;/ <�=  
MMR-deficient: Mismatch repair-deficient; MSI-H: Microsatellite instability high  

  

 ����3 ����� ��
 ���� �� ��	��	 ��� ��	
��
 �� �
�
� �
� ��	�	�� .Lynch ���� ��  ���MSS/MSI-L   

)MSI stable/ Microsatellite instability low ( �MMR-proficient )Mismatch repair-proficient(  

�����	� �	
 MSS/MSI-L �����	�  �	
MMR-proficient 
�	��� ���  

 (����) ������
  (����) ������
 

)3/33 (22 )3/34 (23 �-.-/ ��01�  
)5/4 (3 )9/5 (4 ��#� ��01� 34-/ 2  
)5/1 (1 )4/1 (1 �-5 ��01�  

)1/15 (10 )9/11( 8 ��6� ��01�  
)5/7 (5 )9/8 (6 �78� ��01�  
)5/4 (3 )47/4 (3 9���#1� ��01�  
)0/9 (6 )9/8 (6 �:� ��01�  

)2/24 (16 )8/23 (16 ��01� 1:�� ��  
)100 (66 )100 (67 ;/ <�=  

MMR-deficient: Mismatch repair-proficient; MSS/MSI-L: MSI stable/ Microsatellite instability low 
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 ����4#$��� ��	�	�� . ��	
��
 �� �
�
� %��& �  ����� ��
 ���� �� ��	��	 ���Lynch ���� ��  ���MSS/MSI-L   

)MSI stable/ Microsatellite instability low ( �MMR-proficient )Mismatch repair-proficient(  

�����	�  �	
MSS/MSI-L �����	�  �	
MMR-proficient 
����� ����  �	!�� � 

 (����) ������
  (����) ������
 

)3/8 (1 )6/7 (1 "-
�  

)0 (0 )0 (0 2�-6
 �-.-/  

)0 (0 )0 (0 �>1? �-.-/  

)0 (0 )0 (0 �.#�� �-.-/  

)0/50 (6 )1/46 (6 �8@-A8� �-.-/  

)3/33 (4 )4/38 (5 "-�/�  

)3/8 (1 )6/7 (1 BC����  

)100 (12 )100 (13  <�=;/  
MMR-deficient: Mismatch repair-proficient; MSS/MSI-L: MSI stable/ Microsatellite instability low 

  

 ����5��	
��
 �� �
�
� *+�
�� ��	�	�� .  ,
-
. ,�/�� #& 012� ��	��	 ���  

�����	�  �	
MSI-H �����	�  �	
MSI-L/MSS 
�"�� ����  �  

(����) ������
 ������
 

)0/25 (2 )6/41 (5 Well differentiated adenocarcinoma 

)5/37 (3 )0/25 (3 Poorly differentiated adenocarcinoma 

)5/37 (3 )0/25 (3 Moderately differentiated adenocarcinoma 

)0 (0 )3/8 (1 BC���� 

)100 (8 )100 (12 ;/ <�= 

MSS/MSI-L: MSI stable/ Microsatellite instability low; MSI-H: Microsatellite instability high 

  
#$%  

�� ��� ���
#��� 9/7 -6 �=�  �; .�100000 � ��J� �$ �=�����   ������ ��

� L�@� ������ ��$�<  $-�X ��9/4 �U �a�$    ��� L��@� $�G ����� �� �;

 �������Lynch ������!�� ���� �����! )28( $-���X �$ .90 -70  ���a�$

�
����E   ������ �� L�@�Lynch#  [�`-
+ �
�� �����8 �
 L���-�&�+  ��

�� ��J�  ��;$)29( ����� .Lynch  - +��� ����� ����� .� ���� #

�7 �$ 012 %
�$ ��  �<�! +=2 ��2�� �E
��( �
:� �$ %
 $ 8�;

�� >� 91� .�;$ �7 '�� '��(  .� ?��@� �;MLH1 #MSH2 #MSH6 

 -PMS2 ���:;.  

  6$�=����� #���`�X B���X �$ 9��; 8    8�������
�� �
�����U .� �����.

  ���� - k����� ���!-� #���
E
��!��:
;��E�� 0�����.U - +�L����-�&
�

   B����� 8���� Q��� +
��:X       ������ ��� L��@� �����E
� 8��<Lynch 

��         ��� �$��v ����1�( ��� ���
E
�!��:
;��E�� f-� .� 6$�=���� .��!��

  ��� L�@� ����E
� H
IJ(Lynch   0�12 ���     #T�3���3 ��

]( 8��;

����U.�� - 0���

 6�h��2 �E� ����7 ���� 8�;  '�� �$ �� ��3 b�!��

012 ~�� �� �
��( '
V(-�
 #�;      ��$��� �� �G��� ������� .� ���� #$�!
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MT1XT20 Single Quasi-Monomorphic Mononucleotide Marker for Detection of 

Microsatellite Instability in Iranian Patients with Hereditary Nonpolyposis 

Colorectal Cancer (HNPCC)  
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Morteza Hashemzadeh PhD4, Mehrdad Zeinalian MSc5, Rasoul Salehi PhD6 

 
Abstract 
Background: Colorectal malignancies with high microsatellite instability (MSI-H), either hereditary or sporadic, 
demonstrate better prognosis, altered response to fluorouracil (5FU) chemotherapy and altered operative 
approach. It is now recommended to perform MSI testing for all new cases of colorectal cancers regardless of 
being categorized as hereditary or sporadic. This study aimed to evaluate MT1XT20 mononucleotide marker in 
Iranian patients with hereditary nonpolyposis colorectal cancer (HNPCC). The samples were further 
characterized using Promega five-marker MSI testing panel and immunohistochemical (IHC) technique.  

Methods: MT1XT20 mononucleotide marker and commercially available kit (Promega, USA) incorporating 
five quasi-monomorphic markers were studied in 20 cases of HNPCC using polymerase chain reaction (PCR) 
technique. IHC was performed to evaluate the status of all four important mismatch repair (MMR) proteins, too. 

Findings: Eight (40%), seven (35%) and five (25%) cases showed MSI using Promega kit, IHC and MT1XT20, 
respectively. Among the markers included in Promega kit, BAT26 marker with instability in all 8 samples 
(100%) was the most instable marker. NR24 and NR21 markers showed instability in 7 cases (87.5%); BAT25 
and MONO 27 markers were instable in 6 (75.0%) and 5 (62.5%) specimens, respectively. 

Conclusion: Although MT1XT20 is considered as a valid single marker in Italian population, it seems this is not 
hold true about the Iranian patients. Instead, BAT26 among the markers included in Promega MSI testing was 
shown instability in all 8 samples of MSI-H colorectal cancer (CRC). Therefore, it may be concluded that 
BAT26 alone is as efficient as the cohort of five markers in Iranian patients. 

Keywords: Hereditary nonpolyposis colorectal cancer (HNPCC), Microsatellite instability (MSI), MT1XT20, 
Quasi-monomorphic repeats 
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