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C  D�T !� <��E�  :��� )�*� �+,
% /2 ������& F������� ������ ����
��  D� 3,E� /%��6�� �: �*�$��� !�& )�% ��GH !
��� 9(I FDJ#�K� )�% �: .:�.

9$�L �%�; !
���.  

��� :��  <��. �#�
 � ��6�� :%�$% :%�J�200  D  �1:�� �M1106 � :�� %� /�18 �M194 !� <�"�� /7 %� /�18 �M1 ) �1:%:100  � :��� �� ��6�� �M1100  D� �M1

 ��6�� 9�J6I �: !�
 )�N1��� .(�'�. /%��O3/11 ± 0/35  
�
 �'�. 5��L �: �8/13 ± 0/37  .:�� 
�
DNA D1�61 !��12 
% 7% P& �' Q�� D� FR%�0,

 7���+���& /S�E.% T61K  Q�� ��PCR-sequencing )Polymerase Chain Reaction-sequencing (5:%: .��,$�L �%�; DJ#�K� 9=�  U�#�18 �� �'

��1 � /��
�L� T�,*V# ����8  �%U$%SPSS D0*1  �16  /���6W% XK
 ��95 ��,$�L �%�; <��=� � D�UV� :��� �Y�:. 

����� :��  Z�N�7�6' ![���12 !1%�%�$ F:��� 5��L �:CC 7  Z�N�7�6' F�Y�:TT 48  Z�N�7��,' � �Y�:CT 45 !1%�%�$ F�'�. 5��L �:.:�� �Y�:  ��'

 ::�� ��7 ]�. D� ![���12CC 8  F�Y�:TT 55  � �Y�:CT 37  !�#8 !1%�%�$ F:��� 5��L �: .:�� �Y�:C 5/29  !�#8 !1%�%�$ � �Y�:T 5/70  �: � �Y�:

 !�#8 !1%�%�$ �'�. 5��LC 5/35  !�#8 !1%�%�$ � �Y�:T 5/64 !�J� Z��M� ����8 ^�=# 7% D  :�� �Y�: ��1 5�'��� 5��L �: )�� ��%:. 

����� :���� !�J� Z��M� �#�
 � ��6�� 5��L �: �: ![���12 � !�#8 !1%�%�$ )�� . � _ �*�$��� !�& F�� )�% 7% F��1 5��: ��%: � :�%�1 !W�E��% ���6�� �� 5�

:�%�1 `�E��% ���6�� 7��� �� F�����+� �1 T� ���a� )�% )��b6'.  
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)MTC  ��Medullary thyroid cancer�0:� �� (  5�#

"� ;<9� !/01�203�!�-    
��= *�� >!0  	� '� 	 �
�=

)75   "�A!� 	 (�!�0� � !�)25     C���� (�!�0�� �� !�

"�       �	���� �	��� 60�� ���� .�0��10-5   �� �� !�

��

� "� ���	
�� 5�# ) ����4-2.(  

 *����0:= "��0�
� ���= ��09G '� '� ���:�0H+��

�%� ���:�0H+�� .I�� J
K� L�� ��0M+�� ����   ��
��

   	 ��0M+��� !� 	 I��� ��0M+�� "�N,� 
�� ��H�	
-

����� "� I3�� �#     I���� 
O���<� ����:�0H+�� .�0�

  '��� '+�����	 �. �0����,���0�
� 	 I���� "��0M+����

 ����+�	K "� C
�P�� ��� .���� 5   5	��� 5��+Q- ":-

49  "20120� ��	 �� '9��. ����8/5  .I�� �0+2�� 0:��

    ���9:� 5	����� 5	! 
��� �����:�0H+�� �N ������� !�

 C!�U�� V	�0�	
�  51  ) �!�� !�
�W31q-25q  !� '�� (

'M�� YK�    Z��0� 5!��
��1  	25   "���	!��# 5�

 ����+�	3D "� �
+9� ) �0�7-5 '� ��+�� ���:�0H+�� .(

C
- >!0 - 
- 5	�� ���:�0H+�� 	98    '�9��. �����

"� L+9�      >!0�  '�� [���
�- ����
� �� \- 	 �0�

"� !����- ]2�� ���:�0H+�� ) ��
=8.(  

  ��%� �� "�1�      �N !� *��3!0� "�:- "��0�� ��
��

C!�U� ���0H:�0� !� �W�	 ���:�0H+��  5298 "�  ����

  Z��0� !�� ��2	� 5�
� '�Dohi    [!�L�= ��!��1U# 	

) ��1800247rs ()9 45���0H:�0� *� 
��^� ��� !� .(

 ���C  ��� '� ���8�T "�  '� �0�198  
�/�� ���0H:�0�

 C!�U�� �	L=� ��  51   ) I��� ����:�0H+�� �N9 !� .(

  "��:- ����� ����� '��K��! �0��_	 4>���`2�K� �� 5�����`�

 ��
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� 	 ���3!0�      C����! >��8A� '�� ��#

) I��11-10.(  

!� ����9aU# '��`2�K� 5 Simionescu  ��!���1U# 	

     5!��U�� '�� ,+�8� ��!��U�� !� '�� �� bM<�   5��#

      �2��� ��
�3� '�� I8��� ����:�0H+�� Ic:� 4���	
��

) I�� 
�/��12'`2�K� !� .(  5Lian   C���� ��!�1U# 	

'������ '��� ���� �!0��� 5
�0���	
- 5  ����� !� '��`2�K�

'���� 4d�7e�    �N ����� ��L��� ���`� !� "U%� !���� 5

 ���:�0H+��"� ) ����13.(  

��U#    5��09���!�� 4��� '+f= ��� �� g�- '� !0


�0:� ;<9� �� ���	
�� 5!/	��  5�#C "�  !� '� ����

     "��:� �0��!0# Y��
� 	 ���20� �� ���:� ���20��+�

��H�	
- �� 	 I�� !�h=
�A;� ���0�  ��	! !� 
�=!� 5�#

��0M+��   .�9+��# i�8�!� !� ���:�0H+�� ��8W �� 5���

�
��9�4�� ��/�"� �0� J
K� ���   '��». ���  ���� !� "U�

�0:� C�� !/01�203�!�- 5�#  *� 
��^� ��� 4���	
�� 5

  C�#���<� �����:�0H+�� �N 
�0���	
- !� 5�����0H:�0�

"� k��
= « 	»��.  "��     !� �. "2��U+�� �0�_	 �� ��0��

  �����	
�� 5!/	���� 5��09����!�� "��1�+�N b�M��<�

k�
� C��f+��.«  

K� ��� !� 4I��%� !�     �0�_	 "��!
� !0�c9� '�� '`2�

      5!/	��� ��

�� ��� C��� 
��m ���3!0� ":- "2�U+��

    V09����!�� i���8�!� 
+��<�� n!� ����9aU# 	 �����	
��

    '�� �. �� C��f+��� 	 ��0M+��� I3�� �� ���	
�� 5!/	��

      V09���!�� b�M�<� 5�
�� "�1�+�N 
O���<� *� ��09G

'���� 4o03    "��!
� �!0�� ���:�0H+�� �N 5
�0�	
- 5


WI3
= !�.  
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 �0���_	 "+��9���� r�����.MTC  !� ,+���8� ��
���3� !�

��+�!�U��    s�:+M� i��7� "���!� L��
� 	 "#�O<��� 5�#

!0<�     V��P�� I�%_ 	 �0�� C���! I��N020��- ���;� '�

      	 ��
�%� "���72�
 ��+��!�U�� '�� 
+�<�� "���!� >����W�

C�1<#	t-      "1��L- V0�:G C�O�<��� ����20��+� 	 ��� 5

"� C��� 6�_!� "+<%� ��%�  	 u��0�N ���`� 5�
� .����

 !��7� 4":2. "��	�
310 ":��     ��
�3� �� "�K�e� �0�� 
+�2

 \Q� 	 h��DNA   �!����+��� [	! �� C��f+�� �� "�0�N

 ��9�H�	
- /6�8�� *U�K    �� ���9�U
� 5�
�� .�� v�
M+��

 w0:� 	 I�f��DNA     xh�_ I8��� 4C���. I�� '�

'�0U� 5!0�  !� �#260  '�280  ����� 
+�0���C�    .��� 5
��=

    !� '��� ���� C��f+���� "����#
U��
- �� 4'��`2�K� ����� !�

'`2�K�  5Dohi  ��!�1U# 	�!0� C��f+��  ��9+3
=!�
W )9 (

�. "2�0� '� "� 
�� >!0  '� �# :����  

Forward: 5'-AGGCAGTGTCAAGAGC-3' 

Reverse: 5'-CAATAGGGCGAGGAGT-3' 

'`KW �#
U��
- ���   �0�
 '� 5�326    !� �! ���� I�f_

'�������� �N 
�0�����	
- 5 BGLAP )Bone gamma-

carboxyglutamic acid-containing protein 
���{1� (

"�  g9��	 .�9��U�PCR )Polymerase chain reaction (

� !�	
1��x0����� �����#5 2CL�:30����� C�������. 5 PCR   

)Premix, Bioneer, Korea�
- ��
��� '3���p� ���� ( 
��U�

Forward  	Reverse    !�����7� '���� V������ 
���# 7/0   

)pmol/µl 10 (µ14 DNA !��7� '� )ng/µl 100 (1 µ 1 

DMSO )Dimethyl sulfoxide (!����7� '��� 5/1 µ 1  	


+�� 
K7� x.��  �P� '�µl 9/25   ��%� ��P� !�"� µl 

30 V�P��   .I3
=  

�
�Z� %�'9� �
�5  g9��	 V�P��PCR �L�    !�
�W '��  

�
�   ���� :�0�� 5Denaturation 2	� '��  5 94  '�_!� 5 

+���"  >�� '� ��
=3 W� 4'7�Denaturation 0��A'�   '��

 >����1 W�4'��7�  g9����	Annealing ����� !�5 9/57 

'��_!� 5 +�����"  >���� '��� ��
��=55 ��A4'���  g9����	

Extension ��� !�5 72 '_!� 5 +���"   >��� '� ��
=

1 W�'7� g9��	 4Final extension ��� !�5 72  '_!�

 >�� '�10 W�'7�  	 460UP� !�� !30 � �1� Z��0� 

 C�O+��Thermal cycler )TC-XP-E  I�
� I���

Bioner &���! V�P�� '� (��.  

��U� V�P�� !�" � 4���
�x0��	
1� �#   |
�} !� ~�� 

�����0� '��+3
= !�
��W�
��� !� g9����	 V���P�� �� \��- .Z� 

g�- '+f= 4I%_ ���;�  
�{1�DNA �!0� 
c� �� �N  "�:- 

�����. ����
�. )8 ��� !� (*����� *��&0� )I�
��� �����- 

g#	t- ��
%�(4 N�+2	 200 >�� ���� 90 4'7�W�  C��f+��� 

���
= .\-   �N 4�!0�3	
+12� V��P�� ��     �� C��f+��� ��� ��#

��! [	! �.5L� �>�
+�   ���! 4C
�7� �. 5L��  ��!
� 	" 

.����      
�� "2�0�� ����`� V��P�� I%_ >/0�e� \Q�

 
U��
- q���Forward x0��	
1�� '�   ��
+��� 5�#5/1 

":�� �2 5
+C
� !0<� '� 	 �7+9�     .��� ����!� "�0�9_ 5

 \��1��� 4"2�0��� �����`� �� \��- V
��� Z���0� ���#  !�L��3�

Chromas     I�%_ 	 ��9+3
= !�
�W ��:e� 	 '�LP� �!0�

 C�O��- !� 5���0H:�0� *� 
��^� �0_	 �� ��9�U
�NCBI 

)National Center for Biotechnology Information (

 Ie�BLAST )Basic local alignment search tool (

 �1�) �9+3
= !�
W ��
�1.(  

  '�`2�K� �!0� ��
3� "Q��0�N i�8�!� "�!
� 5�
� \Q�

��U# 	 5!�U�� ��   ��2. i��8�!� "�!
� !0
   [	! �� 4��#

�0������
=!   
�������7� *�+�����P2Odds ratio 	  

Confidence interval �� 	 ��. I�� '�  !���7� P   '��

  u���0�N "���	�
3 i�8�!� 4C��. I��   ��2. 	 ��#    ��� ��#

 V
����� �� C��f+������ !�L����3� SPSS 'M������  516   

)version 16, SPSS Inc., Chicago, IL�� "�!
� (.  
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 '`2�K� �!0� I�`U_200   ����� 
f�100    !��U�� 
�f�

 	 (�!0� C	
=)100     .����0� (�#��� C	
�=) �2�� �
3

 ���� �!0� C	
=51  	 �
� 
f�49   !� .����0� �� 
f�

 ���`� �#�� C	
=55    	 �
�� 
�f�45    .����0� �� 
�f�

  �!0�� C	
= !� �� ��O����3/11 ± 0/35   !� 	 ����

 �#�� C	
=8/13 ± 0/37  ��� .�0��    4�!0�� C	
�= !�  

  >0���O��0U# "Q��0����N "�����	�
3CC 7  4���� !�

 >0��O��0U#TT 48  >0��O��	
+# 	 ��� !�CT 45 

 "���	�
3 4�#�� C	
= !� .��. I�� '� � !�   5��#

  J
�� '� "Q��0�NCC 8   4�� !�TT 55   	 �� !�

CT 37     "�:2. "���	�
3 .�0�� � !�C   I��`U_ !�

 ��!���U��5/29    "��:2. "����	�
3 	 ��� !�T 5/70 

 ":2. "��	�
3 �#�� C	
= !� 4� !�C 5/35  � !�

 "��:2. "����	�
3 	T 5/64 �����
= C�#���<� ��� !�. 

��U#   �	��_ !� '� 5!0
1  	2 C��� "�  ��� 4�0�

 i����8�!� 5!����U�� ����� 5������0H:�0� *���� 
�����^�  

"9`�  .I���� 5!��  

  

  
 ���1���	
 .  �
��� ����� �DNA ����
 �� .�������	�� �� ���� !�" � #$� %&'  (�" � �
��� )*�+ ��� DNA  ��� ! ���,-

) ��/	
� ���  �$�������
 (� ���0� ��1�"C > T�  2�314!�	5 2��6 �+ �� �� ( �  81�9
 )$��+ .$5�  

  

 :!$;1 . �<���
� �
�!��=1800247rs $5�� ! ���  #!�C !� ��  

Genotype 
�
	� ����  

)100  =n(  

���� ����  

)100  =n( 
CI  OR  �����P 

CC )8 (8 )7 (7 -  )Reference (1  -  

TT  )37 (37  )48 (48  6/4 -4/0  47/1  48/0  

CT  )55 (55  )45 (45  9/2 -3/0  9/0  9/0  

OR: Odds ratio; CI: Confidence interval 
  

 :!$;2 ��
D �
�!��= .1800247rs $5�� ! ���  #!�C !� ��  

Allele type ���� ���� �
	� ���� CI  OR  �����P 

C )5/29 (59 )5/35 (71 -  1 )Reference(  -  

T  )5/70 (141  )5/64 (129  2 -86/0  31/1  2/0  

OR: Odds ratio; CI: Confidence interval  
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��U# '�0=  4�� C!��� '�MTC  ��!�����095   �_��%�

���	
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Abstract 
Background: Medullary thyroid carcinoma is a malignant tumor originated from parafollicular cells. 
Osteocalcin (OC) is the most non-collagenous protein in bone and its gene is located on chromosome 
1 (1q25-q31). Important polymorphism in promoter region of osteocalcin gene is located at 298nt 
(rs1800247), in which C base is converted to T base. In this study, to evaluate the presence of this 
polymorphism with existence of medullary thyroid carcinoma (MTC), the rs1800247 polymorphism in 
promoter region of osteocalcin was studied.  

Methods: In a case-control study, we evaluated the single nucleotide polymorphism (SNP) of 
rs1800247 in osteocalcin gene promoter in 200 volunteers, including 100 cases and 100 controls, 
consist of 106 men and 94 women. The mean age was 35.0 ± 11.3 and 37.0 ± 13.8 years in patients 
and controls, respectively. Thyroid biopsies and pathology confirmation were considered as 
confirmation of the medullary thyroid carcinoma diagnosis. Genomic DNA was extracted from the 
leukocytes using the standard Salting Out/Proteinase K method. Polymorphism detection was 
performed by polymerase chain reaction-sequencing (PCR-sequencing) and direct DNA sequencing 
methods. Obtained results were statistically analyzed using logistic regression method. The confidence 
level considered at 95%. 

Findings: In patients’ population, the genotype frequency was 7%, 48%, and 45% for CC, TT, and 
CT, respectively; these amounts were 8%, 55%, and 37% in controls, respectively. The frequency of C 
allele was 29.5% in patients 35.5% in controls; and the frequency of T allele frequency was 70.5%, 
and 64.5% in patients and controls, respectively. There was not any statistically significant difference 
between the groups in any of the cases. 

Conclusion: There was no association between the single nucleotide polymorphism of rs1800247 in 
promoter region of osteocalcin gene in patients with medullary thyroid carcinoma compared with 
normal individuals. According to no difference between allelic and genotypic frequencies between 
patients and controls, the mentioned polymorphism is not suitable candidate for genetic diagnosis of 
medullary thyroid carcinoma. 
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