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#����&��:; $# '"!�� ��.�#�>�'%? @�)!; 9) A'"9 �'11B'�� C-�0�� �'"! DE ).E0��G� ���&�E�H)E�$+
%3!? I#�- J�8?�)�#�� K�� '���:� �  � '"!�L�!��?!M:B!" N? O2�'&.P �� NOD2 DE ) �'E	 ��)� .��" .

) ��K:� J�8?�) �0��G��L�!��O2��&.PNOD2 Q!-� �# GVHD # �� �� !� �# *�8� .)������R!:�'&��E( 
� DS?�9�) ��!� .P!�/ '"!#��DL$A �)$- .
�  
�� )�	 ��

��T��	UA �0��G� $V"+�?!"PW��&NOD2 X�� �# PCR-SSP �� �,�#����&� DS? �B ��)$- .P!�/ '"!
��L$A '"�!# '�) �./ .�A'11B) '	 YZ�� ���!# �� �$#:� J�8?�) [\  ��L�!��O2��&.PNOD2 Q!-� �# 

GVHD9�) ��!� K��� � ��( #��DL$A �)$- .#�.)��� �!] �#��V"��^'� �# K�=��� )���,���� (�� ��!�_
'1�L$A �)$-.��"/ ����&���/ &#9) ���`� ) �&�< .!�9/ � ��7$" �)�L) �/��SPSS ") '	 7�b .

�&��* ��
	� �?!� Q!�# � .�A'11B)'�) �� .!��#��� .)���)�/�,%('�/ D � �# .� �� # D`3���� E�'11B)'�))�/,(%+
:��L�!��O2� �1	 $`" �� $� �� ����" �� �B '	 �")�)$L �b�:B�D`3 �� ��&��'"!&�/,�%#�'�/ D � .

�)��10� ^��`?&Q!-� $d" 9) GVHD � ��( ��� ���( �� K��Be�9 ��&A��'"$/)�)� �'11B)'�)&SNP)�E#
?$?�C�,%��5(%e�9 �# ��&'-�L SNP)?$? �#�C�/�=%���(%���'"'	 �2+'�" �'���� .

�+ �,&� �
:��L�!��O2��&�'	 �0��G�+f�? �$&Q!-� �� GVHD '1�	)'" K��� � ��( .�0��G� O�E�0? &)$# &$���# &��

 �# g��" &����# $�  D ) 79h �� .#�� ��*;:� $�L�!��O2��&?!M:B!" N? �'&)" .P K�)$# �&�E �1	 �
)�# J�8?�) KA �)$- �0��G� ��!� '�'"$.

��-���- .�:i!:  '"!�� +.�#��� ��:; '"!�� &����# +9�2"!H &���1# &��PCR 

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

���������PhD �����	��� �!" #��$� % �����&�� '(�) *�+$+,	 -.�/ �(��0	 1&2-� 3�!4 5�6���� ���$78 ��� 
���� 3�$� 5�6���� � 1�$2�$8 #2�� 9�72��. �
:;<=	 >�� ������&�� % (�)  �!" #��$� % �����&�� '(�) *�+$+,	 -.�/ �(��0	 1&2-� 3�!4 5�6���� ���$78 ��� 
?@ �!" #��$� % �����&�� '(�) *�+$+,	 -.�/ �����A"� � �����&�� % (�) ;<=	 >�� (��0	 1&2-� 3�!4 5�6���� ���$78 ��� 
��PhD(�) 9�#/ �$8�	 5�6���� 1&2-� 5#&���� �����A"� � 1"�72 
B�PhD�A"� � 1�$2�$8 ��� 3�$� 5�6���� ���� 
C9�72��. �� �����$8%�&$/�+$+,	 -.�/ �!" #��$� % �����&�� '(�) *(��0	 1&2-� 3�!4 5�6���� ���$78 ��� 
��PhD ��/D % �����&�� '(�) *�+$+,	 -.�/ �#��$� �!" (��0	 1&2-� 3�!4 5�6���� ���$78 ��� 
�;<=	 >�� ������&�� % (�) ���A"� �!" #��$� % �����&�� '(�) *�+$+,	 -.�/ -� 3�!4 5�6���� ���$78 ���(��0	 1&2 
�E %FG/ H�F/ �:��<=	 >��;)�(���&�� %�� ���$�����/ ���) *�+$+,	 -.��&�� '(��� �!�" #��$� % ����� (���0	 1&�2-� 3��!4 5�6����� ����$78 ���� �

1AG� >%#7I :�?��? 
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���	� 
�$#�� (���D  �!" ���78$������	���'J$A� (���74 K�8

 LMN (�/��1G8 �� $���)#8 O� $�1�����) 18K5���8 ��P
/1��2 .8$�����$!4 ��8 #�� �$/ K$(��8- (GVHD = Graft 

Versus Host Disease) O�% 5#�4 R���4 O� !I� S/��41
% T�/ /$� O� #L8 �$#�� (���D �/1K�P #�2�8 (D K<�=�/ 

"D$�� U�M" K8 V1!	$�"�� % #WP '5�%�  ��"� .S�/�4
���X Y�*�L' �!�" ����TAP����D �$�O����7/ 5#�77P�#��
/12�87#K�P *%��Z	 K�8 �����A�D 1���1��8 ���[�/ %��

 �!" ���/$�"�� (�8- ���8 % 5�������7�1% ���/�	 #�X 
/ #X$8%�\1�%��X �#7AG�� .��8��78�,�I ]��=A�� Y$^

_���![ �� 5#��77P�#��$��O�GVHD#��2 �#���`���� -��$�
1/ #2�8 .� �8�YA�D KP1(������_O�" �A��8 1HLA  �%���/
 / %$!I� a+� ��71� �� �� �L	 % ���$$*#2 YGVHD ��8 

#���� 5#04'�%1)�$b��!� a+� K81���/$(� cG ���_�� $�
� ���7�1�$��"� 5#2 K[�	 -.��"�72�1��������AP�� Y�

/ �M)15#�77P d��P V�"�7/ 5#�77P�#�� ]�=A�� �� #���	
#2�8)�(.

g	%����$YNOD2 "$���"h��A1(Nucleotide-binding 

Oligomerisation Domain 2) '��8 K��"%$K!(�CARD15 
(Caspase Recruitment Domain 15) %� ����8 i���N�%�

3%O�/%�P�B/ #P 1��2 .���g	%��� Y$*���I K�8 Y��d
�"�72 ��Aj"��1/���/ % 5��P S�4 �6�� 5#77P �$ � S�Aj� �$#
�� ����[�/ ������!��" 5���1�AP���8 ���kP� ����"�72 �� �����1

/1#7P)�'�.(
���� O��l����!� �1�/����$cG�����	�g!P�� d��	 ��$#�SNP 

(Single Nucleotide Polymorphism) 5#�2 KA)�7�2 ��(�
NOD2/CARD15 'm�W	�� !� K" 1���/$/��"� ��8 K�P cG1

SNP 12 (p.G908R) 'SNP8 (p.R702W) %SNP 13 

(p.L1007fs) ��/ 5#�����)18 ���8 #����2$�����������(%���P 
(Crohn's disease) 3%�#7���" %Blau 5#���2 5��� (������ 

�"�):(.)�$b����Y!�1�/��$cG��(���74 K�8 �� ��AP��� d
�M)/F2 �8 �n$8 *#2 % l�$�����$!4 ��8 #�� �$/ K$(��8-

)GVHD (#�� 5#2 U�M/)�@?.(
1"��8 �0[ �X�` KL��M/ !� m�W	��1���/ �$ (� �� cG

NOD2 �-�� �8 ��M) aGVHD �� Y/-�/ % ���` 8$��(��� 

AW/�8 h�� K���"�1/$o�!$#�� �,	 KP ��` $O� (���D #�� 
#���8 KA��_ ���N �����8 �� ����) K$W2 bh/�. 5#7��'3���� 

#2.


 ����
� ��
(����$8:
��KA2�_ *��I K8 KL��M/ Y%� ��8 % �6����?����$8 

��"�� l����� K8 hAW/1����/$o�! �$#�-�.�/ �� K�P ���` 
� *�+$+,	 (��=A�"� -�p/ #���$� % ������&�� '�����	���

 � �,	 1AL��2 (�A"���$8$����D #�� �$ O� (��=A�"� -�p/ d
bh/�P 5#7�� W2$����) K������8 ��#����8 K�A��_ ���N % '

��$Y(D (�_#77P�#�� ��q #2 3���� �� .

1!� 1"��8 �/�cG$�:
��=A"� rDNA /��� 1,/ (�) K���� O�$M1�%� K�8 

#��A"� �W2� ��� d�� l#�2 3���� .�!�1���/ �$cG����d�	 
	�g!P����$#�� �� K��P �����"��8 K��L��M/ Y1#��7	��W4 #�#��2 

O�:2104C → T (SNP 8)  '2722G → C (SNP 12)%
3020insC (SNP 13) '��8��"�72 �1��!� Y1���/$cGO� ��

%� �SSP-PCR (Specific Primer – polymerase Chain 

Reaction) 5��ZA"�#2)�E.(
a7P�% ����PCR-SSP %� ��8 K���_�#[ �l����� Wild 

Type (WT) %SNP (%-��_� �����?%�	�	 K��8 K��P ��$ V
SNP����%��%� �8 �(D#���� ���N ��'#2 3���� .��8�

K����  �A7P ���Z7/ 1k\	 O� $�=8 �1(� O� AK�8 KAG�8�% 
��O$5�MHC 9hP I(MICA) #2 5��ZA"� .� �8 5%h4 ��Y
K���� ����Wk/  �A7P )8 K����$�����1L	 KP$$���	 Y15#�2 
#���8(%Z7/1�� �� c� K!`�/ ��P �#2 KA2��_ ) %#�[

�.(����8���"��8 1��!� 1���/��$ cGSNP13 (%-��_� �� ��'
*��I K8 a7P�% 1A��/ s\!� #2 3���� . ��A7P ��t7/ K8

K���� ���Z7/ 1���_O�uD O� �1�q� �� KP � �<�	� S�,/ v
�uD������_O�K���M+� r�� K���8 m����8�/ ��(%-���_� �� ��

(3020insC) KLMN % 5#2 S<A/ �� �q K8�?�O��8 �Z[ 
k\	 ��$/ �1#���P'#2 5��ZA"� .

��8 s7" �_O�uD�S�D WT �8 �_O�uDA�D 1��8 s7" �#��8 
A7P� �'��LMN d�K::BZ[�8 ��O��k\	 ��$�/ ��1P���'
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1!� m�W	�� cG$���/ (� ���NOD2�8 GVHD (���&�� % 1�A"� ���8�02 

���

i�'3�:!� �:� ��� )�O2�L ��+��$A9�k/ �# J!#$� ��)!? �'	 $�l>? ��)!? i!] � �'	 ���`� ) &

�� ���`1K�P �� d�_O���uD �A�D 1s7�" I�<�A)�1����8 �
"�	�/$(�3020insC  �8 5���� �_O��uD  ��A7P #���8 s7�"'

k\	 w4�8$��K�LMN d�?C O��8 ����� ������ �� �SNP13 
#2 .

�%� ���/D ���:
8 ��t7/ K8"��1�!� �n� 1���/ �$cG����(�NOD2 ��8 

GVHD 8$(����'n�	 $!� ��[% �1���/$% 5#�77P �#��� �� cG
_$5#��'P�	 *���I K�8 c� % K��_�#[ *��I K8 c� $�W1

"��81#2.
*�4hq� m�8�/ K8 (�����$8 �� J�� a�"�� 3��� K�/�� 

i�[ ��%D 2#%K$!. 5��� ����8 K�/���8 ����/D �/��SPSS 
K�-�	S$!,	 %#���_ .��Y�� 'KL��M/ ���8 *�Wn� 1�7L/ ��� 

(����8 *%���Z	 �� /��$ O%���8 (�-aGVHD %cGVHD��8 $Y
8$���� (�����!�1���/$(D #N�� % cG'O�a��/OD ��. % %�

(�"�$�5��ZA"� #2.!P$K�/OD(����� ���/D �*���I K�8 
two-sided #�2 3���� %p-value O� ��A�PE�/E�8K(���74
L/ ��#+/71���#2 KA��_ �t� ��.

����� ��
8$�xD O� K��L��M/ �����/ (������ �:�����0/ ���	 �:�� �� 

8$�2 (�A"����AL1� �,	 $bh/�P 5#7�� O� (��=A"� -p/ #�� 
W2$����) K������8 ��#7A��_ ���N .� O� s�$#��'SN�#` 

��� (�/O�a8$(�������5��/ %�kP�#�` CC5��/ )���q K�8

 ��8 y"�A/�#/*?E5�/ (��8 .8$7�" 5�%#�,/ �� (�����1
8$Y��	�� �")/$6��$Y�/�� �" (����N #7A�2��.O���?
8$��� ���� 5#77P ���$#�� 'C:�Z� ���/)��(%%����Z� (O
)?�(%#���8.O���?� 5#77P�#�� $#��'?B(O ��Z� ):C(%%

C� �Z� )B:(%#����8 ��/ .��2�i��	�l��� YAML/ �� �$(�
8$��"�� (�������1M2��2 ���8 $l��/?B%���"�� sj��" %1
/$A"h8�7/�!$dM42 �8 $l�?/�:%��8.

����8������5����/D cO���"�'�B���Z� O�8$(������)?/CC(%
(�Z��"�8 @"$/�ZG���!\$% #��8 O� ��Z�$(����� )B/��(%
(�Z��"�8 @8�����!�$�� Y�#����� ��� .���8$��� )?/��(%

�� (�/O �$���� #���O� �A�P �%�"h8 ������"�� $�� d
���-��_ -��p/ 3{ % #�����8 ����) (��=A��"� �����/ %� ��

 �"h8 ����2 8 ��$O� a�%��8 .��!P$�����/ K'8$(�����
 S��" cA��"� �����y��"�	 5#��/D�� ���P�` K��8 GCSF 

)Granulocyte Colony – Stimulating Factor(O� �� 
bh/�P (�_#77P�#�� W2$����) K������8 ������P ���#�� .

=���	$;GVHD L/ 9���"� ���8 Y/-��/ % ����` $�������
#2 3���� ���#��A"�)��(.

O� s� S$!,	 ��A� �O� S�I�` |PCR K����� ��0[ ���
"��81!� K" ��[% 1���/$(� cG NOD2  '��A��O |��K�8 �

#/D �"� :O���? � r%O $#����������/ !� 1���/ �$cG
����07	��_$� 5#�����$#�����)BC/�(%%����$�� -�����/ ���

!�1���/$G�c07	��_ �� $����� 5#$#�� )BC/�(%�\1K" O� 
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�%� 5C'5���2 :'-$�����

���

i�'3 ,:Q)!") �")�)$LSNPe�9 � �'11B)'�) +�'"$�A �� &��
&'"!�� 

W�?!"PNOD2 Q)!") �")�)$LSNP 'm�� 
1�`% l�� �C)�#��$� r%O(�/C�

1!� cG$���/ �07	5#77P�#�� �� ��)5#77P �#��(BC/�
1!� cG$���/ �07	5#��$_ �� ��)5#��$_(BC/�
1��!� cG��$���/ r%O %� ���� ��

�#��$� :)�#��$� r%O(?/�

1���!� ����$L�[ �� cG���$���/
5#77P�#�� �� )5#77P �#��(�/��

1!� 5#��$_ �$L�[ �� cG$���/ ��)5#��$_(�/��
1!� cG$���/ 1�\� �� %� �� ��

r%O O� �#��$� ��� �C )�#��$� r%O(�/��

�= ���5��
,�

I>EE	�:.!�EE �.!�EE  +�EE`1� i$EE�1B ,��&)�)� .)��EE��# 
�:� .��A) �� O2�L�!��.!�E  +&�E� �=+�+�+5+�+
.)��E��#

�:� '-�L .��A) �� O2�L�!��.!�  +�$B��� ��  bp)�==(.

��5��
,�

I>	,:.!�  &�� �+5+�+
���E:� 'E-�L .)����# �� O2E�L�!�
.��A) �+.!� �$B��E� ��E  bp)�==(.!�E  +,&)�)� ��E��#
�:� .��A) �� O2�L�!��+.!� ��`1� i$�1B 

!�1���/$a0[ cG�(� KA�� NOD2 �"�72 �1#2.���$Y
��q O� �Z[ K" �� ��?� r%O$#���)?/�(%'5#�7�� c�� 

�$_ c� % #��$� 5#��$���� #����\1�!� K�" O� 1���/ �$ cG
 a���0[�(� K���A�� NOD2#������8 .��8����78������%��� Y1

!�1���/$cG�� �� L�[$_ �$5#�77P�#�� % 5#����8 (�G�\ K
#/D �"� %��l���/ �/��%O���? � r%O $#������� �

�\1!� O� 1���/$cG����a�0[ �#����8 K�A�� ) %#�[�(
)S\2��� :@�. (

��5��
,�

I>	
:.!� �.!�  +�`1� i$�1B,$B��� ��  bp)�==(+.!�E  
�+��
�:� '-�L .)����# �� O2�L�!� .��A) ��.!�  +&����5

�:� &)�)� .)����# .��A) �� O2�L�!���.

O%�8 (�-$/GVHD (����$8 �� Y/-/ % ��` :
GVHD 1q �� �EE(���74 ��,	 �� #��$� O� #L8 O%� 

GVHD 1/ ����6/�� Y/-/ ��"� Y�&�/ ���$8 J� % #77.
 l�� %� �� K8GVHD ��2 hAW/ .���#L	 -$� KL��M/ Y�� ��

 K8 c� (����$8 O�GVHD K8 c� % ��` GVHD hA�W/ Y/-/ 
#�#2 .O���?8$�� ����� 5#77P ���$#��'B:8$O� s�� ����

�$�����}� #�����GVHD#�#���2 �����` )��(%%B�8$������
��}�GVHD��_ Y/-/ �#�#)��.(% 

O%���8 (�-��$/GVHD����` Y/-��/ %����� (������$8 ��
1!� KA��� a0[ cG$���/:
O���8$������ ��!�1���/$a0[ cG�'(� K�A��B��Z� 
��}�GVHD #�#2 ��`)?E(%O� %�E� 8$����#�N�� K�P 
��!�1���/��$ a��0[ cG�� K��A�����#�����8 (� Y'�C���Z� 

��}�GVHD #�#2 ��` )��.(% ���$YO� ���q��8$���� �
K��.���� ���!� 1���/��$ a��0[ cG�#�����8 (� K��A�� ,����Z� 
��}�GVHD #�#2 Y/-/ )�:.(% O��E� 8$�����#�N�� K�P 
��!�1���/��$ a��0[ cG�� K��A�����#�����8 (� Y'BE���Z� 

bp���
bp ��� 

bp�?�
bp ::B 
bp �?C 

bp���
bp ��� 
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1!� m�W	�� cG$���/ (� ���NOD2�8 GVHD (���&�� % 1�A"� ���8�02 

���

��}�GVHD #�#2 Y/-/ )��.(%��8�78������7L/ *%�Z	 Y�
/��$O%�8 (�-GVHD 8�� Y/-/ % ��` $���� (������SNPs 

(� ��NOD2 %8$��� (����� #N���� Y���!1���/$���[% cG
�#��2.

O%�8 (�-$/GVHD �#�� K�P 1������$8 �� ���` #���$� 5#�77P
��8 KA��� a0[ cG$���/ 1!� �����#�:

O���8$�������� 5#77P�#�� O� KP�!�1���/$a0[ cG
�(� K��A��NOD2�$#���� ���'#������� ������E8$�����)BC(%
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Abstract 
Background and Objectives 
Graft-versus-host disease (GVHD) is one of life-threatening post-transplantation 
complications. Several recent studies have described a significant correlation between 
transplantation outcome and three single nucleotide polymorphisms (SNPs) in the NOD2 gene. 
This study was conducted to evaluate the association of NOD2 gene polymorphisms with the 
occurrence of GVHD in acute myelogenous leukemia patients who underwent HSCT from 
their HLA-matched sibling donors. 
 
Materials and Methods 
We examined retrospectively NOD2 genotypes by PCR-SSP both in 124 patients who 
underwent HSCT and in their donors; then, the association of the genetic polymorphisms on 
acute and chronic GVHD was evaluated. Median follow up of patients was 40 months (range 
of 28-77 months). Statistical analyses were performed using Chi-square test and SPSS  
software. 
 
Results 
Mutation incidence were the same between donors and recipients as 12.1% . In three of the 
patient–donor pairs (2.4%) SNPs occurred in both resulting in an overall frequency of 21.8% 
in patient–donor pairs. There weren’t any significant differences between aGVHD and 
cGVHD incidence rates when donor/recipient pairs with SNPs were compared with the pairs 
without SNPs. aGVHD and cGVHD incidence rates in the former pairs were 52% and 56% 
and in the latter pairs 50.5% and 55%, respectively. 

Conclusions 
No impact of NOD2 SNPs on incidence of acute and chronic GVHD was observed. Further 
studies are required to ascertain whether the findings of this study can be extended to other 
disease groups. In addition, further studies are required to identify the relevance of other SNPs. 
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