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6!22�#4 7$%28��9�!/�2�/���.�� �4 :;9 �� �( <����,5=�$�>�? !$ @�$/A24/�/.B C��/?� �5D#��"
�9/������5,	�B .$ �$.6! F22� 7$%�>� �B �$/!�&�/�2G
���.�� �( �%( ���	$ :;9HIB �4�J/8�/� ��<
12!���/H1 5#�$�.*�I��;� F.$ �$ K5���$.B���2	 �$L2>� �� M/�&�/�2$ �� G-� G
.1�# F�2D#4 �.D,I�

C667T �A1298C �9�%B��$%N#$  �# <�.$ O%��� �D.� F�$ ��.DP���D9/� %DB$%B �� QDR�N1 ���D1 
�9SB/N,�2C�$���2B�.%'�J�9 �/B.
� ���� ,�� �


��/� M/# �$ �5	 ��P#$ �I��;� D5��	<�/B .�$ ���N�9$ �BT�� PCR-RFLP &��UD! 7�/DV �B *��$5DI! 
'W0 %N# B �$ 2�B S�X� �$��� ALL�.%'�� J�9 '�W��%Y �$ %N# J%�,( Z,���� �$ [,D? � F9 %\#*��/D� 
9�%B��$%+ 5,�&%Y .Q-?@2>]!���" <�$�/��" <��Hardy-weinberg equilibrium *<�^ �%# � �� D&$D�$L 
'� SPSS���N�9$ �%Y .5.
�*��� �


_�X!�$<�$��,I� B2>� �� F�&�/�2G
F>2�� G.L#" ���^��� 7`/&��52�$%�!)MTHFR(�9/� �B S�B$ ��.QD&�
5�# .� �� ��/C677T *<$%B 677CT @B��� �� 677CC )a�/'���/W=a�%CI (W�/'=OR <$%B *677TT �� 
@B���677CC)�
/'�W�/W=a�%CI (��/W=OR �M/�P� <$%B 677TT/677CT @DB��� �� 677CC )��/'�
�0/W=a� %CI (a
/W=OR �/B .�#2� G-� �P.%e*	2`�B M/<>��&�/�2G
A1298C)��/
W%B��� �� @'�%
�!'a%�9 �� .I�? %2Q��<9"2��.(I�? ��2I��;� ��/� Q�$.#$%��/B .
�� 	- *.	��
��#.f�I��;� � ���# ��$� �( 5��.Q#� ��<C677T �A1298C L#" �$ .GMTHFR g�! *2#$5D,h %� ��D( %DB 
%;i �B S�B$ ALL 5#�$5# .��$ 	2$ M/.>� F�&�/�2G
B J��%# �$%&$ �� �� D2 �$ %���X� ��D.S �DB ALL �D( �/DB 
����1 5#$/!.5,,( Q�HIB ���# .>X+ f�5	�B .

����� ��	!�:�>� � 7`/&��52�$%�! F>2�� G.L#" *G
2&�/����^�/^ j2�9SB/N,� ��1 ��9/� *���^� 

������ ���	�:��/��/��
������ ����:��/�/��

����� � ��� ���� �  !�"���#$ %&�� '�(&��) ������ *+&,� -�./ 0�1*"�+"�2 *"�.3 4�5657� ,)�2 �  !�"�����+�� 4�5657� ,)�2 8
�9�:;2 <":2 �:PhD"���#$ � !� �6�����1���� ���./ 0������� *+&,� -�82�4�5657� ,)� 4�5657� ,)�2 �  !�"�����+��*=;� >�%(? � *"�+"�2 *"�.3 :

���@A���BB 
@C63D EFG=2 �����=3� � *3�(& ����� ��� 9�5=�� ��2H�3 4�5657� ,)�2 �
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���	� 
�� J2��/ K.#L H�6!�"��� MK��L� %���D0#�3�" *8��$

N�66=�! 4��6O*3���2 �6����$*��! PQ�3 �� K�R ��3� 
�� ��2 *%��$� .9���T2 �����(/ K�����2 *��U��V K��� ������
.�*	��26W;�$*�UX� �! �� KR ��R 0��&� *9�O"�2 ��$ 
V6��*��UV � Y�Z��� � %����6� [��.� [*	��2 �6W;��� ��$

 � ����R %X=;�2 ��J���52 �� EG�& ��\�]V ^OX"��� �
�6��# #3�" K.#L H� �$*��$8�3��� � K�X"�Q2 9��V �� *

�3�.�O*� H� �9�O"�2 [�$8,�D ��=2 W6.[$��=� �6 4_�	��%
�=R��� H2*`�� KR %&��6.� �� �*	��26�D 9�(�O��	 Wa2 W;

 � ����\�]V ��b #�3�" J���52 �� �*��$ ���V 89��V �� 
3���*�3� .X"�Q2K�$2 ���� *� ��U�V K�R %�$� �� �� [
.�*	��26?�� 8W;6=c	�72 �*���� ��R��R ��  K�� d=��� 

#3�"*=3d��](" ��V 6���� M.
#3�"*=3d��](" 6���V M8��& �e����#�3�" [*� ��6,

�&�e���� �� 0%& K=��(& �;��R [6��3� ���R��R [.���[
�6��# $��f J2�& *�%� H� 6#*��� ��(=�3� ��� KR �3� �$

 ���� ����2 ,L K� 8��L�2 %$��& 8���������% �$ =�! 6O*
� E5� ��(#*� g�/�� KR ���%�V ���bB%� �����26���# 

*��2 8%����& ���3 ���3�;��V ������2 �6����$ �� ����L�2 
9�.3 �$ �H�� J2�/ ��� ��b6���# �2*%�&�� .i����� i��(�

H��f�0��$ #3�" *��R��R ����� %�($�0J�2��/ ��U�V 
��6!�"��<.=G2 M�3�)�(.

V��� K.#L H�*=�! 6O*2 �c� K� KR *%3� �2*��� %�����
TO�6;f -�b" �69�.3 K=G �$ �����#$ �6=� K=�&�� Y��Z��� 
%&��8�L�=�! 0�16O*,�D �=2 W6$��=� [.6H�=R��� 4_�	��%

)MTHFR (�3� .� Y�Z���6N� [�66���� 4�*=�! �6 ̀��� � M6�
�D 9�.3 �� �$ �$ �����#$ ��6=�8� g�/�� �K�� K�ld/ ���b

�� ����� K���X"�Q2 ��� ������� ����$ <���.=G2 MTHFR �
,�!�#R�"��3� 0%& ^.`�� �./6� ��V�� [6=�! K6�O*8K�� 

��	 �� 4_�	 Wa2 m5��TO� %(62 �� 9�.3 �*���f)�(.
X"�Q2 K� KL�� ��K �$ ���2 �� 0%& -�b�� 2 Y��Z��� �6��

Xn�6� �� 4_�	 ��� 8�;��R ��b�n�	 [6K�R ���� ���L� K
,�D�WMTHFR �5� K� KL�� �� *�,�	� � m$��R �� KR �m

on�V�Km(R�� �� �D �`�2 4�5=�2 � 4_�	 �$ Y���2 
��=(3 K�,DNA���� 82�*� �� %�����3 H����5� ��p���m

=&���%&�� K)@.(
�6H� m�B.�*	��26W;V�� �� 6=�! K6O*,�D 0%((R%R �W

MTHFR �3�(& *�Wa2 KR �3� 0%& ����8�D [��L �,1�(*
�6#6��L K�� [ [�H�=6�3 V�� �� �6K�����q.R�� �6% ��

��,f��KR �3� %Z� K� �b(2 �3� J62D%6�_D K(6�"�� K� [6[
V�� ��K6���2 [6q���� ��=��3H� *��&)A222V .( m�aL

 � ���Xl�2 [�6�� K�r �K$ 4���?H�#�K�� K�r � 4��1
 H��=$ 4��?�4��18"�X	 m$��R K�� ��b(2 �6,��D ��� W

�,��	��m4�����V ������� ��  ��%�������)thermoability (D�
2*���f.�& 0��� ������3� 0%��R ��K"�X	 ����6�� ��f� 
V��"� ���V� i��*8�ss%c� ���=	�f ��2 8���& K�6��,
� �D������ K�B%��4�����1�H��=$CTK����� �@s%��
H�#$��14T*�2 m$�R �����%)�(.�	��H�#$ �����1�4�

���� aL�4��? K� m ����(X2 ����  �,	� ����52 m����
�#3d��*3�#$ 62 [6q=;�*%(&�� .m5� �Q� ��=)�	��[

.�*	��26� �� W;6�$��# �Z.l **�l��/� 0%�& EG��2
�3�.

KX"�Q2 �� � 9�3 �� KR�ss@ ���  H�� �.� e*	��2 �6 W;
677C-T �� �!MTHFR -���b�� %��&8���!��6 tTT����  

&64��? K� i��s%r ��6��(L [*8��%� u�v ���"�=6�
�@�%,O2 ���������� M.2��6��& ��,6���! i���6 tTT �� 

�	D ����H��������5*�V����� �� 8W��R *������� *��� � w��3�=2 
�2D���� _�� �O)B(.

9�3 ���xx��.� *	��2 �6 � W;���1 )1298A-C (��6,
�3�(&*�&m$�R �� KR 0% ��6"�X	 ,��D ����� m�5� W.��

��.� [*	��26�L 8W;�,1�(*�36H�=���L K�� [ ���D 6�� [
V��6K��x���q.R�� 6% N� K� �b(2 662���.f �6��_D K�� [6[

�L ���0�1��x q���� ��=��3 H� 62 [*���f)�8�.(���!6t
CC ����  �s%H��6"�X	 i�� K� �Z;� AA *�2 %�&��)�.(
&6i�D"JCH� �x%A��%� ��6X#L [63D �6�*���@�%A
�� %����� �� ��v *�3� 4��]=2 )�(.

"�X	 m$��R �6 ,��D ��WMTHFR "� K�� K�R �6 ��U��V J
.�*	��26W;$� � ��R�2 �8��3� 0%& ��b �,�	� g�/���m
=26$��=� [.6�,	� y�Zl�X=2 � 4_�	��%�%�Z� m�JdUMP K�� 

dTMP��#=��3 �� DNA  2*��& .�� �� 2 e�l �6 0�Z=�&� ��,
f���l6� U�L K� T��#=��3 �� DNAm$�R �2*�%���
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*.� W;6	��2 W�,�D  �$MTHFR�ALL ��)��) �� ����+#$ � �)�z ��$�	 

���

�DNA ��3 � �;�O& J��52 �� �N� ��66 2�H��2��R 4��*
2 �c	�72*��& .����q� [ 2*�#V %�����%((R �0m�5� 

=\�]V*��.� [*	��2 �6W;�� {%�&�� ��p��3 H���� �� ��$
X"�Q2K �$ H�#$ ����	� K�R 0%�& 0��� ���� K=&�f �4��1 
��� ����� [���� 2 K� 8�$6�=#R ��, ��p�3 K� d=Z2 ��$*�

�2 ��=;� ��p�3 � 9�=R��"�R ��p�3 JT2*%���&)�s8x(.
� ��*��[�K=	� X"�Q2 8�$K*��$ ���  ��� Y��Z��� ����� ��$ 
D."6MMTHFR �%� �� 6#*�$ ��� *H 8�	�f 4��? ���

#3�"*�$,6� �3��R %(��2 6�$�2�( H� 89��=R��"�R ��p��3*
�	�� �%& �$�*TO� �� 6� KR _�� �6;� H�6_��� ��*�,=(�3 K�� 

DNA� %������ ���2 ����b*�����f .� |���p H��"�X	 ���1��6 �
m$��R ���=	�K����,���D [�=2 %����� m$���R g��/�� W6��3d6��
3�#$6q=;6[=2 K�� �6��6�� �� � [*���52 m$��R �D ��SA
H���D�=2 J6��6[)SAM(2*� KR ���f�;�2 [6�a� �� ����
ZL�2 �$ 4��=2�}63d6�� �� DNA �2 W$���	 �� *H� � ���D

��2 8�c� [*��_d=�� %����*2H �� 6� K�( �6 PQ�3 �� �! ��
 � -��!�0��R ��b8� 4�ZL�2 6�3 K� �	�� �6���# H� ��$
#L.���D W$��	 �� ��p�3 K)��(.

� -�b�� H� |%$�KX"�Q2 [8H�� ���*26& ��,6�.� �� i�*
	��26� �� Wa2 W;�[V��K6�!*��(X*C667T �A1298C 
KR � �� 9�V K� �� �� �&��,f 8���*K�=	�1� 4���? �D H� �

3���*���]�� m5�  ���� ~�=��2 ����.� �� [*	��2 �6 W;
 ��� ���b�#3�" ����� �� �\�]V *=�3d��](" ���V 6�� M

����#6�H����9�3 ���.


 ��
� �
���
��& � ����2 i�� H� 0%& -�b�� KX"�Q2 ����  %$.��aL

��3���*��.� *	��2��6W;���$ A1298C �C677T  �! ��
MTHFR 8�s@K����#� �����*�����	� #��3�" K��� d=��Z2 *

��]("6% ���V )ALL ( 	��F�� 4���? K��*f%�(R��� ��� *
Zp6X*�H�0��f ��$ <�.=G2 :Pro-B ALL 8Early Pre-

B ALL 8Pre-B ALL 8B-cell ALL�T-ALL m��G� H� 
3�.	6�=2�= 2HD ������� 0�1�6!�"� '����p �G� � ��6,

3�.	 ,R�26�=2�= a� ��� 9�5=�� ��2H�3 6��aL ��� %& K
���G=3�DNA 3��� �*��$ %�X�  ����l 0��]=�3� ����2 

f��6��.�6(��3 ����� �� ������#*��As%(=��&�� �����l 9���3 .

K����#� 80%��& K��6a�  ���$���G=��3� ,��N2)BM ( ��%��X� �� �
��%72 72 ��� ����2 H� 6Q*)PB(�6��� d=Z2 ����# .W$

(r6[��s72 ��� K��#� 6Q*��c� H� K�R 9��2�� ���R��R 
� 0��f �� ^(L � [36����#�($�#$ %���� 8� H� 6��=�3��#

 ./ ��R��R*e#L �N?� ��D ��f �%.0%����� 9��=(R 0���f 
3���*&%.����TR� ���	� ["H�KXL��2 ���	� 0%((R ���3 *���

;��!���*��2H �� � %���� K��#� f6� &��,f 8*�%� H� 6#*
#3�" �*%(=&�%� .
D"��6���%��=3� ,PCR-RFLP ���  X�66���! [6� tK���R

 %& K=	�f .���G=�3� �%�=�� ��DNA 9��Z.f H� ��$ ]�3 6%
K��#� �$ 0��f �� 4��? �	�f .%������ H� ���c(2 [
=3�*J(	 �� ���G=3� �u�3� � -�	��.R f6� 9������ ��� 
]=3��f 0������%R�.72 K�" 9�6�"�� ,6KWBC �RBC H� 8
&�[	 �! �R� R ���(/ �� � ����D6���G=3� �DNA Fast 
a�6K&%.V�� 6=�! K6O*��� �c� ���2  .� �� �$ *	��2 �6W;

TO� K��f�%L ��p K�6��f ��%{
C677T :�fH�vD J2��& 0��]=�3� ����2 5'- TGA AGG 

AGA AGG TGT CTG CGG GA-3' �aL forward )�.L
 0%���� (�5'- AGG ACG GTG CGG TGA GAG TG-3' 
�aLreverse )'�+X2()9��p K�� *"�F�72 ��b�� ��bp  
�x� (����� .m(��)�� ���$PCR  ���=72 )@/�pH(mM �s 

TrisHCl 8mM KCl Bs8mM dNTP �/s8unit Taq B
polymerase 8ng/µLBssA�ssDNA *�����a� ����c.v �
picomol/µL�H��$�fH�vD ��� .��aLPCR ��%�X� 8@B

362���� �� JOK�B��` 6KºC x�8�B��` 6KºC ����l�6K�5
ºC ���	�f ���l 0��]=3� ���2 .-�b�� H� %X�PCR �aL 8
#p�6TO� H� ��(6XQl �K2�#� 8�c� ���2 *K���#� �� ��$ 9!

H���fD�%��f H��	��=O"��%�% .l�� ^}36%���#09�F�72 
WU$ �aL ,�D �#*�K4%2��,�D 4���b2 �� �/�3 �W

Hinf1 �����l ���	�f .��3���O�� 4%��2 -���#�� H� ^���68��
�� y��%��b2 4_�F��72 D��f H����%� 0%��& H����	��=O"�

 3��� ���2*���l %(=	�f .XQlK%�� WU$ 0bp �x������ 
%��($�0��������V� t*H�#$ �����L� 84���1@K��� K��XQl 
9����p ����$ bp �@8bp �x� �bp ��B����� ��%���($�0
H��=$��� 4�1 L�����XQl �� K�9��p K��$ bp ��B�

bp �@H�#$ �1���� ���� 4�1�� �� ����V�� [6��� K.
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A1298C :�fH�vDJ2�& 0��]=3� ���2 5´ – GCA AGT 

CCC CCA AGG AGG -3´ �aL 0%����.L �5´ – GGT 

CCC CAC TTC CAG CAT C-3´  ��aL '��+X2 )���
��"�F72 ��b*�p K�� 9�bp��B (���� .m(�R�� ��$PCR 

��=72 mM KClBs8)@/�pH (mM TrisHCl �s8�/s
mM dNTP8unit Taq polymerase B8ng/µlBssA�ss

DNA *���a� �c.v �picomol/µl���$ H� �fH��vD ���� .
�aLPCR ��%X� 8�s�36�2���� ��� JOK�l�6K�5 ºC x�8
�l�6K5ºC ����l�6K5ºC ��=3� ���2 ��	�f ����l 0��] .

-�b�� H� %X�PCR #p� �aL 86TO� H� ���( �6 �XQl �K����2 
2���#� 8���c�*K����#� �� ���$ H�����fD 9! �%H����	��=O"�

 ��f�%�% .l�� ^}36%��#0,�D WU$ �aL 9�F72 ��#*K�� 
4%2��,��D 4���b2 �� �/�3 �WMbo II ����l ��	�f .

��3���O�� 4%��2 -���#�� H� ^���6���aL 4_�F��72 8��
�	��=O"� ��#/ H� �� 8 .� 9! *�R��2d60��� %%�%&.K3 
O� %���*9�p K� �$ bp �x8bp @�8bp �x���� %�($�0

*�V� i��H�#$���ar 84�1 9�p K� %��� ��$ bp �s� 8
bp �x8bp @�8bp �x���� %($�0H��=$ ����L� � 4�1

 9�p K� %��� �� �$ bp �s� �bp @�H�#$ �1�����4��1
�������� ���V�� [6��� K.

� Y�Z���6.� [*	��26W;� � �$6��# "���D H� 0��]=�3� �� 6,
3�f�6��2D �� 8Odds ratio)OR (#p� K.?�	 �6���(xB%

)CI ( ��f KZ3�72�%.&6��� i����� ��$ MTHFR w�3�� 
m����2HDHardy-Weinberg equilibrium"����D 6��f ,���%.
Z3�72K �$ ��2D  O� w3�� 6��2D � ��SPSS Y��Z��� �

��N=2 [6w3�� W$ �� �$�STATA %& J6.7� � K�,b�.

����� ��
��s 0��f ��	9�=(R ��s@ �61#$ 8��#*����  V�� �6K

�!*C677T TO�6%�%& �)J+&�.(�=����� � 9��2�� ����	� 
%��[� 4��? K%2D �3� :�/�@) %�s��]� (H�#$�4�1

CC 8�/�x) %���]� (H��=$ �4�1CT �B/�) %����]� (
H�#$�4�1TT .W$(r6��� [ � ���	� 6��# :sB/�B) %��
�]� (H�#$�4�1CC 8@@) %@���]� (H��=$�4��1CT �
xB/�) %��]� (H�#$�4�1TT.
���� ��.*2�	��6W;A1298C�6�1#$ ,*TO� 6�%�%& 

)J+&�.(�=����� � 9��2�� ����	� J2��& �/@�)%Bs��]� (
H�#$�4���1 AA 8@/B�)%xs���]� (H��=$�4���1AC 8
B/��)%�s�]� (H�#$�4�1CC ��� � 8 � ���	� 6��# �/@s%
)@��]� (H�#$�4�1AA 8@/B�) %�s��]� (H��=$�4��1

AC ��/��) %���]� (H�#$�4�1CC)9�%L�(.
���2 ��C677T �=� ����H %& J?�V :26& ��,6i�DJ�"

T�� 9���=(R 0����f�/��%� �� 8� �����	6����#�B/��%�� �
0��f �� i�#b2@/�s%���.K� KL�� �� ��/�AsB/s=xB%

CI ��B/s=OR8Z����Y� �����(X2 ���6 U�V [�� �� ��� i�
������� C677T �K� d=�� m$�RALL ��#� 0%*���& .���

K���� K���L�� xB/�AB�/s=xB%CI �s�/�OR= Y����Z��� 
$��) � 4��1�H��=$ i��� ��L� [6�  ����(X2 K�� d=��� m

ALL ����L� ���%���� .� ���������� i����� �� K���) *�����2H
 K�� W�$ �� 4�1�H��=$ ���(/DJ�"T�3��� ����2 *����l 

%(=	�f8�D H� K�R �L ��/�AB@/s=xB%CI �x�/s=OR 8
%��a*�Y�Z��� KR �3 ����(X2 �6���%� ��L� 0��f �� [.
=�6�a� Kb*���[KR���2 �� DJ"C677T K�� K�L�� �� 8OR 
�CI �KY�Z��� 80%2D �3� ����(X2 2�6��DJ�" TH���� �

#3�"*��./ �2� %�� 0%*(X2 |d=�� -%/ Wv���& 8���6i�
DJ"T� �� 6;� 9�2�� ���	� [6� ���	� H� ��_�� ��6K�R ��� ��#
��2 i�n�2 [*�#V %������%((R0���q�  ��$*�K�R %�&�� 

./ �\�]V6KALL2 ��Q2 �� *%((R.
�� ���2A1298C �6� ,��=� [�� �K%2D �3� :����2 ��
����.�*	��2����6 W;1298����& 86i�DH� J����"�x%A��%��
X#L �6���$ �3D 6�*�2 ��� �61��6[@s%X#L �� �6����$ 
�����*��2D ���O*�N=2 6�3� �.KX"�Q2 �� �2� � -��b�� KR
8%& 26���	� ��, ���� KR  DH��=$ J"�� �� 4�1�V�� [�6K
�!*%���� 8;�6����� _�� �.2�6�& ��,6i�DJ�"C�� 0���f

9���=(R �B/�s%� �����	� �� 86����#�/�s%�� i���#b2 �� �
0��f��/�s%2*%&�� .��2 [6�a� ��,*�X"�Q2 �� K �$ �.Zl *

3D �p�(2 �� KR6�*���V�	 |d=��� K�=	�f -�b�� *����� 
2*%$�.K�� K�L�� �� �B/�A@�/s=xB%CI �x�/s=OR 8

Y�Z���  �����(X2 �� 6��� i��� ��U�V [����� A1298C  �
K� d=�� m$�RALL ��#� 0%*��& .���Z/ K�*26��UV ��, 

��� i���� �����! J72 [*� �� �,�D [�� 9�=(R 0��f �� 8W
	d=�� d=Z2 ���	�*���%� .
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*.� W;6	��2 W�,�D  �$MTHFR�ALL ��)��) �� ����+#$ � �)�z ��$�	 

���

J�5?':�>� �9�%B �$ @V�1 �.�-# f.��# G
2&�/�C677T �A1298CJ%�,^ � ���2B ��%Y �� �� 

��%26�� �$���2B J%�,^ OR 
(odds ratio) 

CI (95%) 
(confidence interval) 

MTHFR 677 
CC ��)sB/�B(�s�)�/�@(*ss/�A
CT @�)@@(��)�/�x(s�/�xB/�AB�/s
TT �)xB/�(��)B/�(�B/s��/�AsB/s

CT/TT @�)x/@B(Bx)x/@�(x�/s��/�AB@/s
MTHFR 1298 

AA @�)�/@s(Bs)�/@�(*ss/�A
AC �s)�/B�(xs)@/B�(s�/�xB/�AB�/s
CC ��)�/��(�s)B/��(x�/s�B/�A@�/s

AC/CC ��)�/�x(���)�/�x(s�/��B/�AB�/s
Combination 
677CC/1298AA �B)B�/��(��)�B/��(*ss/�A
677CC/1298AC ��)�/�s(��)��/@�(��/���/�AB�/s
677CC/1298CC �s)�@/x(��)�B/�(��/��/@A@x/s
677CT/1298AA �B)B�/��(��)�B/�(��/�@�/BA��/s
677CT/1298AC ��)B/��(��)��/��(s�/���/�A��/s
677CT/1298CC �)x�/�(�)�B/@(B�/s�@/@As�/s
677TT/1298AA �)x�/s(�s)�B/�(��/s��/�As�/s
677TT/1298AC �)x�/s(�)�B/�(��/s�@AsB/s
677TT/1298CC s)s/s(s/ss/s

*���(/ K�^���	� 0��f 

@lDD	':7�DDI;+DNA �$ [DD� T�� PCR-RFLP F2DD2I! <$%DDB 
m2!/#4C677T mh �B Q9$� �$ =:�%D& 7/De.��%��677CT *

��DD1� �%DD&677CC *50bp DNA ladder 7/DDe.�/�� �%DD& *
Q#�.�$�677TT ��1� �%& *677CC)�I;+23 bp CXD9 @D2�� �B 
�/B�� n��i J4 �$ �5	.(

@l	 �:7�DI;+DNA �$ [D� T�� PCR-RFLP F2D2I! <$%DB 
mDDDDD2!/#4A1298C mDDDDDh �DDDDDB QDDDDD9$� �$ =:�%DDDDD&
7/e.��%��1298AC ��1� �%& *1298AA *10bp DNA ladder *

7/e.��%�� �%&1298AC QD#�.�$� 7/e.�/�� *1298CC �%D& *
��1�677CC)�DI;+27p DB �n��Di J4 �$ ��/DB CXD9 @D2��
�� 5	.(

bp���
bp ��� 

bp���
bp ��

bp ��
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��� 0�80��#& �8��=;2HII

���

K� KL�� ��xB/�AB�/s=xB%CI �s�/�=OR8Y��Z���
 ����(X2 �6H��=$ i��� ��L� [�K�� d=��� m$��R � 4��1

ALL ���%���� ����L� .�����2H*��� i����� �� K���R �� ������
H��=$�����(/ K�� W$ �� 4�1DJ�"C�3��� ����2 *���l �
%(=	�f8�D H� K�R ��L�B/�AB�/s=xB%CI �s�/�=OR 
*2 %&��%� 8�a*�Y��Z��� KR �3  �����(X2 �� 6[0���f �� 

#� 0%$��2*��&.
W$ (r6[���3��� M*����  "��#=V� Y��Z��� ���L� *
R��6.� �� C*	��2 �6 W;)joint effect (K�� d=��� ���ALL 
-�b��%&KR�=� K� KL�� ���� �K�2D ��3� H� 0%OR �CI 8

2 EG�2*�$ K�R ��&6|d=��� � �����(X2 4_��V �� 
R��6Z*-�	 �$ H��=$ �� 4��1 �� H�#$ ����� 4��1�����
.�*	��26W;���%� ��L� �$.

��� 
&6i�D�����2 J"677T �! H� MTHFR N� 8�66 2��l 4��*

	��NL6�*�H��� � ���� ��� H� �� 2*K��f K� %$� � K�R 
H�BB%��}��3� ��6���� ��%X#L ����6����$ �	D ����5*�8
����3�6���� �� .� ����� ��6�& ,6� i� �� [DH� J�" �& K�� 9�#

 �,	� u�(L�� m62 �%*� �3� [O#2 KR %(R6���=72 �1�� 
!��#*(v*%2 ����	� �� 4_��	 �� �K����= � %�&�� )B(.��

X"�Q2K�n�V 26& ��,6i�DJ"T9�2�� ���	� ���/��%���� 
� KR�2 [6�a� ��,�*X"�Q2 �� K �$ .Zl *3D �p�(2 �� KR 6�*�

��� K=	�f 4��?)&6��%V i��s(%W$����*�&�� .
�& ���2 ��6�,�	� i��m�m�aL K�=	�A1298C �� K�R 
� �n�V KX"�Q2 K%2D �3�8� �Rz ����n K=O� [ �KR �3

(r6& [6�,�	� i��m�K�=	� � �X"�Q2 %�(r �� K��� ��1 �6,
Q2 K�.#L H� �3� 0%& ���,f K�X"� � 9��3 �� K�R �ss� 

��& � %��& -���b��6i��/��%��?��  � �����	� �� �� �%��("� 
��#� ���,f)��.(� ,L K��� KX"�Q2 �� KX"�Q2 [�� ��1 �6 ,

"�#& %(.��O3� �� KR*3� ��r K�6& 80%6_�� i�*�� H� �[
V��6=�! K6�O*0���R -d�/� ��3� )��8�@(.�� 0�d�/ K��

KX"�Q2 � �� KR 63� ��r K� y��6��_�� �3� 0%�& [6� i��[
D8J"H�KX"�Q2 � 0%�& ���,�f K=	�f 4��? ��(Z" �� KR 

�3�)�B(."�*X"�Q2 K*��$ V��� �� KR*�3D 6� l��& *�
& 8K=	�f 4��? %($6/�*���,�f ��� K����2  ��$ �.Zl *

0��#� -d/� %�� .��� l� �%& EG�2 6� ��& [6�� _�� i�
X#L6� �����*X"�Q2 8K �$ 3� 6e�� ����	� ��%X� �� ��6�=� 
� ���262 H�*%&��.
`��6���! �6t�$ MTHFR �� ��  8��p�3 ��`��� M6�

�3� KZ��L�� .� K��(X2 [*"�X	 m$�R KR 6,�D ��K�� K�R W
"�6.� ��UV J*	��26W;�$ � �D ��2 ���b*H� 8���& �� M

m$�R g/�� |�p�Q� ��p�3 *9�.3 �%& �2 ��$*���&
 �D %(��2 ��� KR Kr ��p�3 ��$ 9��=R��"�R K�� ��=;�� �
3� 4�Z`�6�3� 0%)�s8x.(��3 H� �2 ��� 8�1 �� m$��R [

"�X	6,��D ��(2 8W ��b �$ K�� �=2�}6�3d6PQ�3 �� ��DNA 
K=�f �_d=�� H��� CL�2 KR*� �� 62 �! ��*��& .���#$ 

� H� �3� EG�2 KR K��f���� ��U�V 8�c� [����� ��$ 
MTHFR �,	� CL�2 �m�Q� �p�3 2 �*&��R ���� K���[

0%X2 ��p�3 ���2 �� �"�V 3��R �6-�(9�.3 *p�G2  �$ 
�2 �3� 0%& 0��� ���� )��8��(.

#3�" ���2 ��*�=� �%=�� �� 8�$�=c	��72 ��`� ��� 9�� �*
,�D���� W)�sA��(8�%2 H� ^� �2� *�=� �-%�/ �#�3 K�� �
`��6��� ����� �$ MTHFR �� �Q� #3�" *�� �$6��	� m
)��8��8�(.�����=� ���X"�Q2 �K���n�V ,��6���$ 6`���� �6�

=c	���72*�����  ������.� [*	��2��6W;� ���$���Q�#��3�" *
=3d��]("6��R��R M%�� �%6� .
#3�"*�%� 8��R��R 6#*����  2*X"�Q2 � %&��K*���$ 

�� 9�V K� �� KR .�*	��26W;MTHFR �3� 0%& -�b�� 8
�a(� � 0��� Mr�R y�=Z;��X"�Q2 H� ���2 MK�$52 ��� 8�6'�

��,� ���3� 0%& -�b�� .��,� �� ���K�X"�Q2 [� �� K�R 
��#"D ����+#$ � ��Z(+��& w3�� �� ��  #3�" *��R��R 
-�b��8%& H�� ����� e����� ��$ C677T �A1298C ��  
��s� d=Z2 ~��R ������	 3��� 9�=(R*%&)��(.���	� 

� �� KX"�Q2 ���269�3 [�$ �x�@ ��� �ss@ 0%�& %�"�=2 
%���� .�=��& KR ��� ���� �6��� �� i��X"�Q2 �� 8���K ��$ 

=	�f -�b��KW�$ ������ �� K=&�f �����*�"� ��&�� *��� 
X"�Q2 |d�K �$ .Zl *$ 86��2D |d=�� � �����(X2  ��

&6���! i�6}*A1298C �6���L� K�X"�Q2 ���2 0��f �� [
�&�%� .�$ K����2 4���? K�6��� ������(X2 |d= ��6[
R��6.� �� C*	��26"��V �� ��&�%� ���L� W�$ W;*K�R 
R��6� C����! �� [6X"�Q2 �� tK �$ �6�6=c	��72 �`� 8[*
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*.� W;6	��2 W�,�D  �$MTHFR�ALL ��)��) �� ����+#$ � �)�z ��$�	 

���

�� #3�" *%����� 0��� ����� �� ��V .�D H� ��L*��� K�R 
K$� w3��� �� ��#"D�xxsJ#O2 H� 0��]=3� 8��$ ���v *�

������ 0��� 9�p �� 4_�	 �2�,"*0%& ��� 8%�%�& �D �� 
� ���H� J�Zl mG� �� K� �� KX"�Q2 [�xx�H� %�X� ��xx� 
;��5�6%��((R W.��"� *������(X2 |d=���� 80����f �� �� H����  

%�� 0%$��2 .K��#� ��%X� �$,6� H�%�� K� 0��f �� �� 0	��R *
%���=� �� ��� _��OR H� �=#R B/s%���� �6�[����� ��� � ���

 H� ��_��xs%$� ���� ��%.
� 0��f �2���1 a���2 KX"�Q2 KR*%����� 0��� -�b�� �� 8

6L��)(��������O#$ ��"�52 K�R %�����KH� J�Zl �� ���� 
"�52K%���� 0��R ��r 0%& g7� )�x(.�D� �$6���2 ���	� ,

%& %"�=2 0��f �� K� �� ��� KX"�Q20H� %�X� � J�Zl �xx� 
;5�6%���R W.�D�`� K�R %���#� 0%$��2 �$ =\��]V �*���[
.�*	��26W;��R��R �� �a(� �$*H� JZl KR �xx� 0%& %"�=2 

�3� K=&�� ��L� %���� .��=� [62 ���� Kb*Y��Z��� KR ���
�Q� � K� d=�� 6��# � ��L� ��.� [*	��26W;K� K=;��� 8�$
Xn�6�N� ���K� �2 4_��	 *%�&�� .� ��Zp e�l�� �� �� [

�,	� 8KX"�Q2�4_�	 ��%52 m2*"���=2 ��Z#R %����6���$ 
&�� KR 4_�	*"�X	 H� 6WR �MTHFR 2*����ZL �� %&��

�#��%.
� KR K��f ��#$�2 0%*��&8u��L �$ 5� � %�n �6U*

�� ��L� K(62H �2 Y��Z��� -%�/ ��6��MTHFR K�� d=��� �
#3�"*���� ��L� {� �#R �[X"�Q2 �� KRK�n�V �=� 8�K�� �

� Y�Z��� -%/ 4��?�� [� �K%2D �3� .�=��� �6o62 0%6��
X"�Q2K �$ �3��� *�.� 0%�((R *	��2 �6W;��$ MTHFR �
�Q� =G2 9�O&� K� d=�� .2 ��p�3 <*"� K� %����6��Z#R J

�� 4���/dp� X��n� 6� 4_���	 ���&���� �������3 ���
52��6'����$ X��n� 6%��&�� 4_���	 �.[=	���f ���c� �� ����

3��R6,�!�(���p�3 ^�$ 89�=R��"�R X"�Q2 ��K*���$ K�R 
.�*	��26W;�$�2�64_��	 ��&���� ��, *�3��� �� ����

0H�%�� �� �#3d� 4_�	 f6� 0��R %��8��3� 0%& EG�2 
2 '�OX2 Y�Z��� KR6���! ��6t677TT �� ��2���D �� ��M

� 4_�	 �&���� ��Z#R �� ���	� �� �a(� 8��p�3�4_��	 �
��6�-�3 [*2 0%�� ��&)��8�@8x.(

� Wa2 K=O���1 � ���� ��L� KR ��%�X� K�R ��3� [�J
`��6=�! �6�N� 4_�	 w3�� M�K� ���! �� ��$ J2�& 8�6t

MTHFR � ���2 �2 Ko� �*%&�� .��6�3� 0%& 0��� ���� y��
�?�� ����2 �� KR*���! 8�6%�"�� t�� [�6���! H� �=� �6 t

�� 8��R��R �D ���� %X=;2 � K� �$6��# `�� 6�2 �*�����f
)�B.(#$�6���! �6tMTHFR ���2  %�(r �� �K�X"�Q2 [

�3� 0%& 0���D .���5� M;�ZF/ K"�" E*���? �� *KR
���� Ko� W$ � ���2 W$ ���! 6��� t�%(�&�� ���8�,�	� �m

2*�%��)��.(W$(r6Xn� KR �3� 0%& K=]f [64_��	 �
����2 O]� -%�/ �� �62 M�6H� ������(� � K=�&�� m�5� �[
���D M;6��.}6% ��UV �� DJ"677T �,	� �2 m*�%��)�.(

#3�" ���2 �� �2�*8����(6L��) 0��� ���� ����O#$ �%���
 ���! K�� � ����2 w�3�� 4_��	 �&���� KR �6 '��R�" t

MTHFR 3�;V �� 86K� �ALL =c	��72 �`� � ���� m5� *
MTHFR ���! K��� K=;����� ��a(� ��6��2 ����R��R t*�K��� %��&�

%"���[)�x(.

����� ���� 
.R ��p K�*$6����(X2 Y�Z��� � �6.� �� [*	��2 �6W;

MTHFR #3�" K� d=�� �*�%�� �	� .�K=� 0�d/6W�a2 Kb
�����1 ��� K��R K%��2D ���3�8��& 6_���� i� ��.� *	��2��6 W;

A1298C)��/�s(%X#L ����6��X"�Q2 �����2 �K�������*��
J��52��%A�x%�3 ���X#L �6��$ 3D6�*���� .

Z2 K� KL�� �� 3��� 8_�� gV�*26�#3d� ��,*�4_��	 
���n �n�V KX"�Q2 �� 2 �c� K� *�� ��2� 8%3� K"��6�� J

� � d=Z2 ���	� ���Z� '�=3�6� K�� ,��"� [�6�TR� K�R J���
��#�K�$��52 8�;� �6}3D WR ��63��68���� ���G=�3� ,�N2 ��
3���*0H�%�� �f6� �� ��O2� -�3 4_�	 ���Z� �.

��.� m��5� ~��*	��2��6W;���$ �!MTHFR �� H���($ 
0��� � 2 -�a�� H� *�=� �� ��� �$ � %&���5� � %n ��6U*��
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Abstract 
Background and Objectives 
Genetic variations and mutations are of the etiological factors leading to leukemia. Among 
these genetic alterations, polymorphisms are present on gene surfaces of some critical 
molecules. The aim of this study was to assess individual and/or combined role of these two 
polymorphisms (C677T and A1298C) in resistance against pediatric acute lymphoblastic 
leukemia. Moreover, the frequency rate of these important polymorphisms has not been 
reported in Iran so far and the present study is the first attempt to this end. 
 
Materials and Methods 
Using PCR and RFLP analyses, we studied the prevalence rate of the C677T and A1298C 
Methylenetetrahydrofolate (MTHFR) genotypes in 103 pediatric ALL patients and 160 age-sex 
matched control patients. The data were analyzed with Hardy-weinberg and Chi-square by 
SPSS 16. 
 
Results 
No significant association between two common polymorphisms of MTHFR or combination of 
polymorphisms with the risk of ALL was observed. The study also showed the high prevalence 
of A1298C which was significantly higher than that reported for most Asian population 
(40.67% in our study versus 17-19% in Asian). It is proved that C677T prevalence pattern  is 
similar with those in most Asian populations.

Conclusion 
Our findings suggest that the MTHFR C677T and A1298C gene variants do not have a major 
influence on the susceptibility to pediatric ALL. But despite the absence of any significant 
association, the frequency of MTHFR 677TT was lower among patients than general 
population which may support previous evidence about its protective effect against ALL. 
 
Key words: Polymorphism(Genetic), Methylene Tetrahydrofolate Reductase, Lymphoblastic 
Leukemia, Acute  
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