
�

���������	 
����
�)
�
( ������ ����� 

��� ����	
 ��
���C46T�� 	� 	����� XII � 	����� ��
 �
���� �
�
� �� 
�� !	�"
� #� $��
 %
������� !�& 

����� ���� �� !�
��"�# $�%� &'() *�$ !+ &,��-�. $�/� &0��12�3� 3�4!+ &


�����
'(& � #)��* 

5�4 3� 6��$78 �$	 �9:�;	 �<=94> 6��&? �@+� �� !A;� B:!�� 31C��!8 $41	 .E �94��B� �F7 6�F� G=�F=� 
���� *��4 �# $4�FXII 6���=� @4>18�� �� HI� !=J�� K=81C��!8 6�� .��I(� H=��7+ �FXII &L�F 1� MFI18 

�N� O�=+!�C46T �� G==78 �19#�+ G � *> �� �1	 .�7��B� G � ��&!B: 6���=� �� (9�� �� KF=81C��!8 6�F�
N� G � �� ���!���$	 �I�!� O�=+!�.

� �
�� +�	 �&
�1� 6$��	 F ��1� P14 3� �$	 Q�A4� �7��B� .
RS T��	 !U4 
'S � K=81C��!8 ���=� 0S�!+ !V4 3� �# W!9;#

 &$;9	�� X��B8 *����=� ��!J �� Y;. � GI$;9+!J ��!� �7��B� ��1�.H=��7+ *�@=� FXII &�3�$4� Z�� �� 6!=J
 (� MI18 ���74� *��3 $��+ 6��IFXII �N� �O�=+!�C46T 3� ���U9I� �� Z�� RFLP �I�!� ��!J �� !� �� 

$4$	 .
#���� �&

$���� &�7��B� G � ���6�� *��4 �# �NC� H=��7+ [BI �� \��U8 �$;��FXII ]=814> �� ��!+� �� ^N92� 6��
FXII $	 $= �8 &�1� .O�� G � !8 H=��7+ _1BI �#FXII 3� !9�# R
%��!B: 31FC��!8 6�!F� �F9+�  ? �@F+� 

�1� ��!��)
/'
�S�/
=�c%CI ��c/0OR= .(]=814> ��1� �� 6��CT �TTd=8!8 �� OR   *����=� 6�!�
&W!9;# �� �� ��� �� K=81C��!8)�0/,�
,/S=�c%CI(

/
�)�/
S�0c/S=�c%CI (
�/'�1� .

�
, #-
�. !
$	 ���� *��4 �7��B� G � �� �N� �# O�=+!�C46T  78 e=F=G;fF;1F� �$6��FI(� _1BFI  �FXII HFI� .

N)���� Og�=H�N� G � O�=+!� _1BI �� FXII � &=h�C8�� i��=Gj�9+�  *1=I�81� T�T�F� !FB: ? �@F+� 
�9+� �=�����681C��!8 =� �7��B� ��1� e=$�4 �$ .�� k�C;9I� G �!��;� �1	 ��7+ G= �� _1BI �f =HFXII ��=T

��4 31C��!8 94 �lN� $	��=Am*jHI�.
"��!(
�� /�:&31C��!8 �N� O�=+!�)K=94>(Y4�	 HC�4 &

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

������ ������������ �����  !"# $�%&'�� � ()!*!	�+, 
�-./01 2*/1 �:PhD ()!*!	�+, �&'�� !"# $�%&'�� ��3�3� . �+, �34� 56�7	 � ���4	 � ����� ����� 89� �:0��� � �;31 <�= >�? � @*� :���AB�C��� 
AB����!� �"3�!+, �!'�� � ()!*!�'� . �!D EFG	 H!� 
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���	� 
�= . ��4? �� �31 . O�1 -.��:1 8"# P� ��� P!J1.�	 @

!FD �Q� �:R�S 51�!? �� T.. �'����� (��,P!J1.�	
 �0�1 P� . �V��'P $�������4	 5��M. .� �, (���.�K�41 8

��:0��, �1!��+# �1;��Q)�.((���,�!:������YD �	.P!��J1
�1 �����= �=�0�:�� �� ��3:') ��'�!	 .��"# P� �9�R= (��,

 �=�0:�� Z����� 83JM P� �= [\Q [(���!	�� �]��? [���^	
 �����= �_ (�,.��� ��:'`  ����Q . ����!D (�3a3*!b0��[

��M $�� @:D��� @� �Q�, �'� .�"# �1� 8�c1 ���3:') (��,
 ���:'` �!��J+� E��7' [\3J1.���	PrC �!:����� [V. ����3* 

\3J1.�	.��20210A $�� @:D��� d��3D� �'�)�.(
(��+3= ��!1 �� �'!�� e�737^	 $P.�1� $��3f3� (�, (�

�J"M @:�Q 8c1[(.� �= �:&3= �'����. \33R	 ���3:') (�,
 @��YD (��+3= @= ;:=� �1 Z����� �� g3	!J1.�	 (�, ��,�

���Q� $���� �����+:1)�BA.(��R*�Y1 ����31 ��@���,(.� ���= 
�!:���� h!Y�Q [(��7R'� (�,�!:���XII  (���!�1 P� ���� 

@� �Q� e�� @=��3:') I�J	�� . �Q� �N��. �3N�	 �^	
(����+3= ���= �� �4?!��	 8��=�M .�	 (���, $��� ��&��' g��3	!J1

�Q�)�.(�"� P� �9R= \���=��= K03��1 �!3Q�	!1 . �, @� �,
 �!:����� \���� �� ���33i	 ����j�� k��#�=���YD ���)!��*!��3� 

�1 �'!�[����M �3N��	 ��^	 K, �� P!J1.�	 @= ;:=� ���R:Q� 
�1 ��,�.

FXII P���l	.�� \����Q g��� �m���n"o ���= �'!��:*��!"3� 
�+Q;���g/mlµAm �1��=�.��+	FXII ]!Y�Q ��= ���= 

�b�1 )���[*!l	.�� p��� @= �j�1 3:3 �` ���� -��R� . g
�1 �!� .FXIIa �1�'�!	FXI K�, . ��� -�R� �� @�= \3��q

 ���n'���1 K��, \3+��Q;� @��= �)!�3+��Q;� 8����J	 �� ���Q�
 ����&1�1���+')�[r.(�,�%&���1P` s����� �� @q �V�[

FXII � . ��7R'� t.�� �� �Q�Q� Z7' ��*. ���� �3*!����J3
�Q� k^= ��!1 P!�, �` ���)!*!��3� Z7' .

�!:���XII \3�1.� \����q (���� )Domain((��:D��Q 
�1 e�!�S @�= ���31` (��4:'� P� >�3	�	 @= @� ���= ���3:a

 \3:�'.��J3� \31.� [@'�&' u�3	 II �!:���� @=�&�1 \3�1.� [
-�1��3�� ���(EGF) u3	 \3:�'.�J3� \31.� [I31.� [ .� \

@=�&1EGF \31.� [kringle @Y7�1 [. \3*.��� P� �����Q (�
*�	�� \31.�3g3:��:0, )v.(

� �)�$�����FXII [12kb 81�� . ���� -!6 13 intron 
.14 exon �Q� ..� �= �` �') 8^1( .P!�1.�� ��� .

@3]�'5q33-qter �1���=)�m.(�+�Q;� ��n"o��FXII [
��w' . ����� \3= ��Q� e.��b:1 ��30�= 2�":G1 (��,)��.(

d��3D� ����%��? @� �Q� $�� $��� ��&' T(��? @�= C�� 
�3	!l"�!'C��)FXII \3'!�3:1 �.��� g�� ��3*!	 k�#�= 

���� @j3:' �� [���? t.���h!Y�Q ��3*!	 . @+?�	 K� �
K�FXII�1 �!�)��.(

�"� �'�.��� @R*�Y1 \�� �� K03��1 C46T @'!+' g� ��
 \��� ���` @�� �� �Q��= . �=��P�� K*�Q \3i*�= P� ����F	

�"� �:+� �3*�R� �= K03��1FXII �!�= $��+, $K�, . @�' ��� 
�"� �N� \3�q K0�3��1C46T �) �� FXII ��3*�R� ����31 .

(��+3= @= ;:=� �� �!:��� \�� g�� s�Q!	 g�3	!J1.�	 (�,
*�Y1 @�R �,��� B��!�1 (��� ��Q��= .��3��q ����x ��3\
J	��I��,����Q��� @=��'��y1 3 ���,(V�� �3P!�J1.�	 �� �

1 . $��x z+x���� �'�!	�@8] $�� $��,� �,(��= >Q��1 (
1 . O�1 ���!1 Z,�x3��' �����= P!J1.�	 P� .


 ��
� �
���
�!�= (�,��� � ��!1 t!' P� $��  �j'� @R*�Y1 .\��� ��

$).��[�!D @'!+' P� ��m@R?��1 ��+3= $���� 51��? ���1 @=
(���+3= @�= ;:�J1 @�� ������ 8�3�!+, ����!� ��1�� (��,

 �'�!= g3	!J1.�	)�C[(!��� �*!J1` �b' A�P!�J1.�	 ��b' 
[�7+# (���.A�. (��i1 H.��# P!�J1.�	 ��b' �C��b' 

�(!���� �!:�����b' (.Cm���� $��b:��Q� -���:���b' .(����J1
 {3��, \:�����' [-���:�� $.���V |���G:'� @7=���Q @��'!V P� (�

3=(��+ @:��V �� g3	!J1.�	 (�, .�!= -�] .P!	��Q 5�
0�? .������'�!= K�, 8�c1 -�:��. ��+3= $.�V .$.��V

 81��� ��+3=��)�/C�(%1 ����/. k�'��)�/�C(%����
 ��Q ~'� �= �x�1�CB��)�A±C�(-�Q.-��:�� $.�V 

P� 8y&:1��)C�(%1 ���/. k'��)��(%��= �x��1 ����
 ��Q ~'��mB�m)��±C�(-�Q�!=�'.

$.��V .� �, P� $�� @:��V �!D @'!+' ml �m@�� �!�=
ml��_ (.� �= �` $P��'� (��= @	��:3Q ��7R'� ����31 (�3V

 �3*�R� FXII.ml ��_ (.� �= �` ���7R'� EDTA (���= 
 �j'�Z��1P` (�, �� @34	 ��3:') .@	��:3Q @'!+' (�+Q;�
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�.� $r[$��+� �[��4=�v

�

!D P� �R= @"S��;= �.� ��= )!b��:'�Q sQ!	 (�3%'g�mmm 
e�1 @=��(�+Q;� �aQ . �� ��? H�	� (�1� �� @73M� 

@*!* @= $�� ��?  ��j'� ��1P �	 . �� 87:�1 ��3:Q;� (�,
 �� Z��1P`�mB�:'�Q @?�� $�3D� ���V����V .@'!+' (�,

 (.� �= $�� @34	 �!DEDTA �D� ��1P P� @'!+' ���1P �	 
� Z��1P`  �j'� ��mB�:'�Q @?�� �'�� $�3D� ���V.

�3*�R� ��3j�Q (��=FXII $��b:�Q� �= ��� @:G* ��1P [
���M�� (�+��Q;� P�FXII p���R1 .aPTT)� �!��"�!��	

@3Q.� (�:1!*!V�!� $�%:Q� sQ!	 Ca-1500 )�3Q ��1 �
��+*` �($P��'� �� (�3V .

�"� �Q��= (��= K03��1C46T (-4C�T) [DNA s�Q!	 
.�8�� ��-!"Q P�  ��.�"� 5�+? �'!D (�, `$��� (�.
 ��EDTA �� <��G:Q� .�.��V� �aQ��)FXII s�Q!	 

PCR  �3c�	 �����V .�*�!�	 (��,�VP�o` @�= $��� $��b:�Q� 
�!= ��P e�!S:

$��'�=!"? �VP��o`)Forward(:5'-GAT AGG CAG CTG 
GAC CAA CG-3' 
�!��R1 �VP��o`)Reverse(:5'-TGA TAG CGA CCC 

CCC AGA AC-3' 
cy	 @RYM -!63�(P� 8�S�] PCR [bP �C��!�= .�*�!�	

 ��"� p��6� K0�3��1C46T (���= �0��� $��%��? (���� 
K��'`BsaHI �!= .�"� @f'��q e�!�S @= �n' ��!1 K03��1

C� �� �wild ����= )GACGCC(�? [����= �0�y� $��%(
�'`�KBsaHI 41 31 ����=��= �!��@RYM \bp �C�@=�@RYM
bp ��.bp �����1 @:0��y� ������V)8�����(.�� ���*.

 ���"� @��� �	�!��S e�!��S @��= ���n' ��!��1 K0��3��1T

���=)GATGCC([�?���'` �0y� $�%�KBsaHI >���G	 
1��+' e�!S �:0�� \���=��= �!� ��3V .

�!3Q�=!�'� P� �R=��-!F�^1 @:#��Q PCR K���'` ��= 
BsaHI (��������1� �� °C Ar.� P�!��������.�:�*� [-) (
��"� ��31;���`�%)���:*. �� V��m e��1 @�= vm. @��73M� 
�'� �!' ��P �� �,�'�= [���1.�=  !��3	� �= (�31`UV 8�=�M 

�'�!= ����)8���(.
83"^	 . @��j	  ��' P� $��b:Q� �= (��1` ������ �CSPSS 

version  ���  �j'� .Student t test e.��b	 ��Q��= (���= 
3%'�31�3= \�\V�$.� ,�b:Q� ��� $����.�3*�R� �YQFXII 

BsaHI site (if Y=C) 
 FXII C46T polymorphism 
 

GATAGGCAGCTGGACCAACGGACGGAYGC
CATGAGGGCTCTGCTGCTCCTGGGGTTCCT
GCTGGTGAGCTTGGAGTCAACACTTTCGGT
GAGTGCTGTGGGAACCAGGATTGTCCCAG
GATTGTTCTGGGGGGTCGCTATCA 

 
T<	
:7B� ���18 �ol8=!63� Tp�% (142bp) PCR :�. ��q

�N� O�=+!� C46T@4j !�� T/� � OBsaHI �$	 ���� *��4 ?N+ �� 
HI� .!J�Y=C$	�� . &� �!� H�l	 ��q6@4j  OBsaHI�� =�

���!��;� �1	 �7B� Gbp 
0' �� '�7B� bp 'R�bp 

R �9�l	 
���1	 .!J�Y=T� $	�� ���124 HI� \�1p �� �7B� G  ;7���

\�1p *���bp 
0'��� ���$4�� .

T<	':\r1s/� 3�1+�!9<��PCR�N� W> 6�� $=�( !#� :��
3� d=8!8H�I *19I &HI�� 
]=814> TT *19I &6��'&0&R&


814>=]CC &*19I 6��c&�&�]=814> CT *19I �,!f��� 
�!� �$	 ���U9I�6�28 =H�l	 3� �Np�% \�7B� �3�$4� G*��4 �� 

�� $;��.

�+Q;��V ��31 �� ��$.� ":G1 (�,�a3	!') 2�= ��$��b:Q� �
P�ANOVA g� �� �Q��= @�!Q .m�/mp< (��1` �n' P� 

��R1 �� @:��V �n' �� ���.Odds ratio ��Q��= (��= ��YD 
�� @JQ�^1 P!J1.�	 $��+, �J0' .K,��Q� @�= (��= \3�q 

(����= �'������ (����J1 �Y��Q ���.`FXII [K��,� ����S
 @JQ�^1����V.

�� ����� 
3= ���\CmV ����$.�:���-�[��b'���)��(%1�]��8
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�

u3	!')CC [���b')Am(%u3	!') 81�]CT .��b' )�(%
u3	!') 81�]TT '�!= ��.�=�� \���=���'�.���`8*C[�m%

'�.��� .�`8*T[�m%@JQ�^1��.
�+Q;� h!YQ��3*�R� �FXII >0�] ��= u�3	!') �� 

�Q� $�� $��� ��&' ���!+')���!+'�(.�+�Q;� h!Y�Q��
�3*�R�FXII �"� ���"+# ��!�# @= @�K03��1C46T ��!�1 

���V ���M �=��P��[\3�= �� �4?!�	 8�=�M (���1` e.�b	 
$.�V 2":G1 (�,a3	!') ��� ��&�' �)mm�/m=P.(  u�3	!') 

TT �3*�R� ���31 \��:+� FXII)A/��±��(��@0��71 ��
 �=u3	!') CT)�A±A/vr(.u3	!') CC)A/Am±��A(

��� ��&' .

���1�4
:H=��7+ _1BI t 318FXII �N� d�% !� O�=+!�C46T : 
H=��7+ G=q4�=� FXII  �� HI�� �� ]u *19I 3� d=8!8 �� ]=814> 

CC &,/,S±
', &��]=814> CT &',±,/���� �]=814> TT &
,/

±c
��$	�� .

= $.��V .� �, ��3-��:�� . ���+[CC =�3�:&���S�� \
'�.����.TT �:+x �'�.��� �S�� \�T�F�:D� �!D @= �� 

�Q� $��� .'�.��� �S���CC -�:�� $.�V �� )��(%=3�:&
 = $.�V P�3�����+)�m(%�*.��'�.��� ��S�� �CT .TT �� 
= $.���V3����+)	�	 @��=��3 >r/C�%.A/�(%=��3 $.���V P� �:&
-�:��)	�	 @=3>Am%.�(%�!= .K,�'�.��� \3�q`8*C.

T>3	�	 @= ����+3= �� r�%.�v%@�= -��:�� $.��V �� .
>��3	�	�m%.�m%�!��= .\���=����= ���YD �� P!��J1.�	 
u3	!') (�,CT .TT @J�Q�^1 ���6 P�OR (Odds Ratio) 

�=�� �Q�)-.�?�.(
��+, -.�? �� @� �!6��1 $��� �!�[u3	!') CC @=

��!��1 �� . ���� @��:��V ���n' �� �'������ $.���V ��!���#
u��3	!') (���,CT .TT [>��3	�	 @��= OR ������+3= (����=

 �= @0��71 �� g3	!J1.�	 $.��V -��:��)vC/AB�A/m=v�%
CI (��/�.)r/�mBC�/m=v�%CI(�r/��!= .�:' @�= ~�

 $��� ���3:D� @'!+' Kj] �= . �_�] @R*�Y1 �� $�1` �Q�
 �1 ��&' @�� �,� u�3	!') (��,CT .TT [�!:���� ��YD 

��:03' P!J1.�	.

W�$.
:!B:6���=� �� ���!�� �� K=81C��!8 6��]=814> 6��
CT �TT 

]=814> ���=� 
)
'S!U4 (

W!9;# 
)0S!U4 (

Odds 
Ratio CI  95% 

CC �m)�m(��)��(*�*�
CT �m)r/C�(��)Am(��/�vC/AB�A/m
TT �m)A/�(�)�(�r/�r/�mBC�/m

*�'���� $.�V :�= �����u3	!') CC 

[-���:�� . ����+3= $.���V .� ���, ��CC �����31 \��	����= 
����3*�R�)>���3	�	 @���=C/�A±�/v�.A/Am±��A([TT 

��3*�R� ���31 \��:+�)>�3	�	 @�=�/��±�/��.A/��±
�� (.CT �3*�R� P� �YQ!:1 �] )>3	�	 @=�/�C±�/�m
.�A±A/vr(���� �� .�+�Q;� ��3*�R� \3%'��31��FXII 

-���:�� $.���V ���/A�±���������+3= $.���V �� .�A±
�/��. �!��= ����R1 (����1` ���n' P� e.���b	 \���� �!��= ���
)m�/m=P.( ��� @x �� h�Y1 ��� \�� \���=��=�Z,��x �

*�R�3�FXII = @= ;:=� �� 3�,��+(	!J1.�	 3@:���� Z�7' z
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Correlation of FXII 46CT polymorphism with FXII  
activity and risk of thrombotic diseases 

Rasi Ghaemi P.1, Kazemi A.1, Ala F.2, Jazebi M.2, Razmkhah F.1
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2Center of Pediatric Hemophilia, Tehran, Iran 

Abstract 
Background and Objectives 
There are a number of well-characterized genetic defects that lead to increased risk of 
thrombosis. Results from previous studies have indicated that plasma FXII activity levels are 
strongly determined by a 46CT polymorphism in the FXII gene. In the present study, the risk 
of thrombophilic diseases related to this polymorphism was investigated. 
 
Materials and Methods 
One hundred sixty individuals were included in this case-control study: 120 patients diagnosed 
with thrombophilia and 40 age-gender-matched controls. For each subject, FXII activity level 
was measured using a one-step clotting assay, and 46CT polymorphism was genotyped using a 
PCR-RFLP techniques.  
 
Results 
In this study, FXII activity < 68% was associated with an increased risk of thrombophilia with 
an adjusted odds ratio of 4.75 (CI 95% = 1.07 – 21.1). In CT and TT genotypes, the adjusted 
odds ratios were respectively 1.81 (CI 95% = 0.83-3.94) and 2.17 (CI 95% = 0.45-10.7) for 
thrombotic patients compared with the controls. Thus, we did not find any association of the 
mutated T allele in the heterozygous or homozygous state with an increased risk of 
thrombophilia. 
 
Conclusions 
This study showed that 46CT is a strong determinant of FXII activity. However, there was not 
any association between mutant T allele and increased risk of thrombosis. Therefore, it was 
speculated that reduced FXII activity is not the cause but the outcome of thrombosis. In other 
words, lower FXII activity is not a risk factor for thrombosis, rather it simply represents a risk 
marker. 
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