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��'&�����R8.
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 (carcinogenesis) �����������
��"#R&�R%*� *
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�/'
( (complex and multifactorial process)  1&��.
+/%��! �
���'"#(�-�'

0
��R''4��2!�����R''4����	
 ��00&(��"#(
�"#�.
�&=�"#�, 6*
����	
�����
�����
�� �9* �
��5�
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���"#(
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678���9#*�"*
(,��!#�678� (3) +���&��,/�"#�"�
�*����
2!��*�"� 
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-'��
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�, �%
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��'
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$��5)�
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�<7�b
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��
(9�(&��)
B5%�C�(����	
�����
�����
���"T
�����"( 0
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�����"( 
0
�**�R!� 1&#�$�)��"(
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�/2,+/%��! �
���'"#(�-�'
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R7#
�����
���'"#(�-�'
'.
 &����6*
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�&8�-2)(&
�"B'+/%��! �
���'"#(�-�'

-���/�9*�&�W,���� (epigenetic change) *"� %�(  

�
�����,�-���/�9*�&�W,���� (epigenetic regulation) �����
�����,��
�
-� 
**�6*
("��� &��
�;* �/&� (transcriptional control)  �1)� �������
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 "�*	��* (DNA methylation)  �������
��2!�/�5)*�R!�!'6*
���2"�d"��2� (histone 
acetylation) -'� �������
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��
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B5%�C�(����	
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��
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��2!�/�5)���!'6*
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$R�2R"� (cytosine) �"#*(5)��!��3 CpG dinucleotides /�9* CpG Islands /'
(

��!0&(-� 
+/%
�/	��)
�
��2!�/�5)���!'6*
 "�*	��*�&��&�W4�&�T
�����"( 0
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$�)��
��'$�-�)
1&  ��9#*�R''4��! T
�����"( 0
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3�
�*�,�5'*!����5
  �R''40���%

�'52

$��*� (glutathione, GSH) ��!#��
�678� 0
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(0
��� *��!
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+/%��!�
3�d��R!���*"�' '
     07
��!#��
���%

�d��R!���
*"�0
��� *��!����$��*�"� (methionine)  R7#
2%*
+1%  SAM �)�� %�( �.
+/%��!�
3  SAM +�
�R''4' '
 -'��)
B'2)*�������
� DNA methylation  (12) �*�0
��"8�
�*�,�5'*!���(&
����
2%��/2,�.
�&=*&�/�7#
�"#�.
+/% "�*	��*��"(/
( � (�
�$�**�R!$ R4����&��"� (guanine) ��! ���� 
8-hydroxy-2-deoxyguanosine (8-OHdG)    -�%0���! *()

$�)0.
��
�-2)�	*
0��! 678�$ %+�
��!��3 CpG  dinucleotides R7#
�"B'6& 6�

�
�0&�6*
�*�$R�4 DNMT +��
��2!�/�5)���!'
+/%�&����$R�2R"� (cytosine) �"#*(5)2! �&�����&��"�2&��"#;5�**�R!$ R4�&8�  (13, 14)  *"��&8
��
�
��"(/
(6*
 "�*	��* (&
�������
��
�
�;6*
 "�*	��*+��
��.
/�%
�"# �����&���2�2 
(substrate) �.
/�&� DNMT   %�( (15)  &
�&8�0
��'$��"#�')
��"8 ��9#*�"T
�����"( 0
�**�R!� 1&#�
�5
�)
0��)
B'+/%��! �
�' '
6*
 DNA methylation 6*
�&8
0"���/�9* global DNA 
hypomethylation R7#
�&��&�W4�&��
���! ����	
  

Long Interspersed Nuclear Element 1 (LINE1) ;5��.
�
+1%����2&�-��6*

�� &��
���!  methylation 6*
�&8
0"���/�9* global methylation ��9#*
0
� LINE1 ���� 
retrotransposon  �"#�"�
��
(���0
(*(5)�&#�$�+�0"���6*
��,b(4 (16) �! ��������
3 17%  
6*
 "�*	��*�&8
/� +�0"��� (17) R7#
+�T
���)��+/=)0�*(5)+��;
���"#$�)�
�
�;��! �
�'*�
�/&�$ % (silent /�9* inactive)    LINE1 �"#�
�
�;��! �
�'*��/&�$ %/�9* active LINE1 �
�
�;
0.
'*
2&��*
-'%���'9#*��"#$�-���2.
-/�)
*9#�:+�0"��� (retrotransposition)  �.
+/%��! �
�
�'
(�&�W,4 (mutation) -'���
�$�)��;"(�6*
0"��� (genome instability) R7#
�.
�
�5)�
���! ���
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�

�&�W,���� (genetic diseases) (18) -'��������	
$ %  (19) �.
/�&�����	
�����
�����
���"
/'
(�
�<7�b
�"#�� hypomethylation 6*
 LINE1 (9, 11, 20)  

 ��9#*
0
���9#*��	�:�"8�"�
(

��)
 LINE1 hypomethylation �&��&�W4�&��
���!#�
��
���"#(
6*
�
���! ����	
�����
�����
�� (20)  -'�B5%�C�(����	
�����
�����
���"T
��
���"( 0
�**�R!� 1&#��5
 (6, 21) -2)(&
$�)�"�
�<7�b
��
��&��&�W4��/�)

T
�����"( 0
�**�R!
� 1&#�-'��� &��
���!  LINE1 methylation  �
�)*� B5%�!0&(2&8
���2!o
��)
�� &�T
�����"( 0
�
**�R!� 1&#��)
0��&��&�W4�&��
�' '
6*
�� &� LINE1 methylation   &
�&8�+��
�<7�b
�"807
�"
�&2;,����
�4��9#*2��0�& �� &� LINE1 methylation +�2&�*()

�'9*  ����
�� -'���98*�(9#*����	

�����
�����
����"(��&�����2!�,6T
� "  -'������!���
��&��&�W4��/�)

�� &��
���!  
LINE1 methylation �&�T
�����"( 0
�**�R!� 1&#�+�B5%�C�(����	
�����
�����
��  R7#
;9*����
�
�<7�b
-��+������<$�(  -'�B'�
�<7�b
�"#$ %0��.
$��5)��
��6%
+0�'$��

 epigenetics 
6*
����	
�����
�����
���
�678�-'���������(1�42)*�
��.
��
��5%$�+1%����-���

+��
�
�p*
�&�-'���&���'"#(��5�-���
��&�b
B5%�C�(�������	
�����
�����
��$ %+�*�
�2 
 
����������
���� 	��!"�# 

1. ��9#*2��0�& �� &� LINE1 methylation +��R''4��	 �'9* 6
� -'��R''4+�����
��
6*
B5%�C�(����	
�����
�����
�����"(���"(��&��',)�����2! 

2. ��9#*2��0�& �� &� LINE1 methylation +���98*�(9#*����	
6*
B5%�C�(����	
�����
�
����
��  

3. ��9#*�!���
�/4/
��
��&��&�W4��/�)

�� &� LINE1 methylation +���98*�(9#*����	
�&�
�� &� LINE1 methylation +��R''4��	 �'9* 6
� -'��R''4+�����
��6*
B5%�C�(
����	
�����
�����
�� 

4. ��9#*<7�b
T
�����"( 0
�**�R!� 1&#�+�B5%�C�(����	
�����
�����
�����"(���"(�
�&��',)�����2! 

5. ��9#*<7�b
��
��&��&�W4��/�)

�� &��
���!  LINE1 methylation�&�T
�����"( 
0
�**�R!� 1&#�+�B5%�C�(����	
�����
�����
�� 

 

���
����� 	��!"�# 
1. ���1
��2&�*()

�"#+1%+��
��!0&(  -�)
**����� 2 �',)� $ %-�) �',)�B5%�C�(�������	


�����
�����
���"#�6%
�&��
��&�b
�"#��
�(
�
'0,q
'
��34 $ %�&��
��!�!0U&(�)

��������	
�����
�����
��1�!  superficial transitional cell carcinoma -'��',)�
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����2!�"#�"�,6T
� " R7#
�����,��'�&#�$��"#�"�,6T
�-6	
-�
 � (�����!�0
��
�
�&�T
b34-'�B'2��0�,6T
����0.
�E $�)�"�������	
�"#�����

� !�����
��-'�
�����9��&�W,4 �"*
(,-'���<2�
�&�B5%�C�(�"#2%*
�
�<7�b
�!0&( (age and sex 
matched healthy controls)  

2. ��(���'
 �
�<7�b
�!0&(��&8
�"8����.
+��E�
�<7�b
 2553 ������'
 1 �E 
3. �;
��"#�"#+1%+��
��!0&( �9* *
�
�-��(�&r�4  /%*
 717/1 -'�/%*
 713 �3�

-��(<
�2�4  0,q
'
��34�/
�!�(
'&( 
 
�$�� ��
�%&���$� 

1. ���9#*
�9*�"#+1%+��
�� �*��������9#*
�9*�"#B)
��
�� �*���
���"#(
2�
-'���
�
-�)�(.
2
��
2�o
�6*
�
�� �*����9#*
�9*�&8�: 

2. �',)�B5%�C�(�"#�6%
�)���
�<7�b
��&8
�"8�����',)�B5%�C�(�"#�6%
�&��
�B)
2& �&�b
�������	

�����
�����
���"#��
�(
�
'0,q
'
��34  R7#
B5%�C�(�"T5�!'.
��
*(5)+��,�T5�!T
�
6*
�����<$�(-'��',)�����2!�����,��'�&#�$�����&8
�0%
/�%
�"#��
�(
�
'
0,q
'
��34-'��T
�
1
 $�(   

3. B5%�6%
�)�����
�
�<7�b
�!0&(+/%��
��)���9* %�(��
��2	�+02'* �
�<7�b
�!0&(
-'��"�
�'
'
(�9*19#*+�+�(!�(*� %�(��
���&��+0T
(/'&
0
�$ %�&��
�1"8-0

+/%��
�+��,� %
����;7
��
���"#(
�"#*
0��! 678� 
  

�$�"�	 �'��� 	��!"�# 
 �
�<7�b
��&8
�"82%*
�������',)�����2!B5%�5
*
(,�"#$�)�����������	
����

�

� !�����
�� R7#
B5%�5
*
(,�/')
�"8*
0�"��
�B! ��2!6*
����*9#� � (�U�
�����"#���
�+�
B5%�5
*
(, �1)� �����
� &��'/!2�5
  �����
/�
�  �)�� %�(  &
�&8�B5%�!0&(07
0.
����2%*
�& 
*
�
��&���"#$�)�"�������	
�"#�����

� !�����
�� -2)�"T
����"#(
2)*��� &
�')
���"(
�'	��%*(
�6%
<7�b
�����',)�����2! %�( 

 


�	"�	 �'
�	����()$(� 	��!"�# 
1. Bladder cancer  /�9*�������	
�����
�����
��  ��������	
�"#��! �"#�����
�

����
��R7#
����;,
�.
/�&���	��8.
����
��  �"2.
-/�)
*(5)+�1)*
�%*
�� &�/&��/�)
 
�)��+/=)��! 678��
0
��R''4�(9#*�,T
(+������
�����
���"�
�-�)
2&���!#�678�
�
���)
��2!  0��'
(�����R''4����	
678��
 R7#
0��0�!=�2!��2�����%*���98*6�
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+/=)678���9#*(: 0�*
0�2	������
�����
�� -'�*
0-B)6(
(',�'
�**�$�(&

*�&(��6%

��"(
$ %  B5%�C�(�)��+/=)�&��"*
�
�����
�������'9*  

2.  Superficial bladder cancer ��������	
�����
�����
��1�! $�)',�'
� �9* ����	

(&
$�)',�'
�$�;7
1&8��'%
���98* �" 3 ��(�2
��� &���
��,�-�
 $ %-�) Tis (in situ 
carcinoma) Ta (non-invasive papillary tumor) -'� T1 (limited to lamina propia 
invasion) 

3. TUR-BT (transurethral resection of bladder tumor) �����
�B)
2& ����	

�����
�����
��� (+1%�'%*
 (cystoscope) �6%
�5)�����
�����
��B)
��)*
����
�� -'%��')*(���-�$vvp
0"8$��"#�%*�����	
��9#*65 �*
�%*�����	
**�  

4. Epigenetics /�9*�
�����,�-���/�9*�&�W,���� �����
�����,��
�-� 
**��"#
$�)��"#(�6%*
�&�'.
 &���� (sequence) 6*
("� 2&�*()

�1)� �
� & -�'
����
2!� 
(chromatin modification) -'� DNA methylation  

5. DNA  methylation  �x!�!�!(
�
��2!�/�5)���!' +/% "�*	��*  �����
� & -�'
 "�*	��*
� (�
��2!�/�5)���!'$�-���"#*�2*�$d� ��0�+�2.
-/�)
�"# 5 6*
�
-/��$��!�! "� 
(pyrimidine ring) 6*
���$R�2R"� (cytocine)  �"#*(5)2! �&��&��"� (CpG 
dinucleotide) R7#
�&�0���! 678�+���!��3�"#��  CpG  �)*�6%

/�
-�)� (CpG 
islands) �9*��!��3 promoter -'��)��2%�6*
 exon 2.
-/�)
�"# 1 

6. oxidative stress /�9* T
�����"( 0
�**�R!� 1&#� �9* T
��$�)�� ,'��/�)

*�,�5'
*!���-'��
�2%
�*�,�5'*!��� �"�� &��
�*�,�5'*!����5
��)
�
�2%
�*�,�5'*!��� 
�
�*�,�5'*!���0��.
�x!�!�!(
�&��
�1"����'�,'�"#����*
�4����*� $ %-�) $6�&�
���2"� �� �!��'"*!� -'��
�4��$d� �2 �.
+/%�5=��"(/�%
�"#/�9*;5��.
'
( �)
B'+/%
�R''4��! �
��
 �0	� (cell injury) -'�;5��.
'
( (cell damage) 2
��
 

���*#)�����
	'�+	"�,'$��� 
1. ��
��� &��
���!  LINE1 methylation 6*
 DNA +��R''4��	 �'9* 6
� �R''4+�

����
��-'���98*�(9#*����	
+�B5%�C�(����	
�����
�����
�� 
2. ��
��� &�T
�����"( 0
�**�R!� 1&#�+�B5%�C�(����	
�����
�����
�� 
3. ��
���
��&��&�W4��/�)

�� &��
���!  LINE1 methylation 6*
 DNA �&�T
��

���"( 0
�**�R!� 1&�+�B5%�C�(����	
�����
�����
�� 
4. ��
���
��&��&�W4��/�)

�� &��
���!  LINE1 methylation  6*
 DNA 0
��R''4

��	 �'9* 6
�  �R''4+�����
�� -'���98*�(9#*����	
6*
B5%�C�(����	
�����
�����
�� 
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�!-�'�	
�!� 	��!"�# 
B5%�6%
�)�����
�
�<7�b
�!0&(-�)
���� 2 �',)� �9* �',)�����2! 0.
��� 45 �
( 

-'��',)�B5%�C�(�������	
�����
�����
�� 0.
��� 61 �
( ��	��
�2&�*()

�'9*   ����
��2*�
�1%
 (morning urine) -'���98*�(9#*����	
�����
�����
�� �.
/�&��',)�����2!��	���"(
�
�
2&�*()

�'9* -'�����
��2*��1%
 ��9#*�.
�
��!���
�/4�

/%*
�x!�&2!�
� $ %-�) 2��0�& �� &�
6*
 protein carbonyl +��'9*  � (+1%�!W" spectrophotometric DNPH assay    -'� total 
antioxidant status (4) +�����
�� � (+1%�!W" spectrophotometric DPPH assay ��9#*<7�b

T
�����"( 0
�**�R!� 1&#� (oxidative stress) -'��.
�
�2&�*()

�'9* -'����
��6*

*
�
��&���&8
 2 �',)� �
��&  "�*	��* ��9#*2��0�*��� &��
���!  methylation 6*
 LINE1 � (
�!W" Combined bisulfite restriction analysis of  LINE1 (COBRA LINE1)  

��	'����&����(� 	�
���.� 	��!"�# 
1.  .
��!��
�� '*
 ������6%*�5' -'��!���
�/4B'�
�� '*
0����	0���5�34 
2. 0& �.
�!��W42%�U�&�T
b
*&
�{b (�

�)��6*
B'

��!�(
�!��W4) ��9#*2"�!��4

�B(-��)+� proceeding 6*
�
����1,��� &��
�
1
2! ��9#*
 �
����1,��

1"����"
-'�1"����'�,' ��&8
�"# 3 (The 3rd Biochemistry and Molecular Biology (BMB) 
International Conference) ��/�)

�&��"# 6-8 ��b
(� 2554 3 �3�-��(<
�2�4 
�/
�!�(
'&(�1"(
+/�)    
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�����  2 


� �	�����	��!"�#���
 ��#��$�� 
 
*�
��
�0� ��
1	�����	�� (bladder cancer, BCA)  

 �������	
�����
�����
��������=/
�
W
�3�,6�"#��$ %�&#��'� -'�*,�&2!�
�34
�"-����%��5
678���9#*(: ����	
�����
�����
�����
�����*&� &��"# 6 6*
����	
�"#���&#��'� (1)   
-'���������	
�"#���)*(����'.
 &��"# 4 +���<1
( -'�'.
 &��"# 8 +���</=!
 (22)  *,�&2!�
�34
��! �������	
�����
�����
��+���<1
(�5
��)
��</=!
����
3 3-4 ��)
 (23)  � (�"��
�
��"#(
�5
678�2
�*
(,�"#�
�678� �)��+/=)��+��',)�*
(, 65 �E678�$� (3) +������<$�(����	

�����
�����
����$ %����
3 4.2 �
(+���<1
(-'� 1.3  �
(+���</=!
 2)*���1
�� 
100,000 �
( (4) ����
3�%*('� 90 6*
����	
�����
�����
���"#������1�!  urothelial 
carcinoma (UC) /�9*19#*� !���"(��)
 transitional cell carcinoma (TCC) (24) ����	
 UC -�)

**����� 2 1�!  �9* superficial type -'� muscle-invasive type R7#
�&8
�*
1�! �"8�"�!W"�
��&�b

2)

�&�  �.
/�&��
��&�b
����	
�����
�����
��1�!  superficial type �)��+/=)0�+1%�!W"65 ��98*
����	
 (transurethral resection of bladder tumor, TUR-BT) 2
� %�(�
�+1%(
���"�.
�& �9* 
Bacillus  Calmette-Guerin (BCG) U" �6%
$�+������
�����
�� (intravesicular infusion) ��9#*
�p*
�&�$�)+/%����'&�����+/�) (25)  -2)*()

$��	2
�(&
�
��*&2�
�
��'&���������	
R8.
T
(/'&

�
�B)
2&  �5
;7
�%*('� 80 T
(+���(���'
 5 �E (24) -'��"B5%�C�(����0.
����
��"#$�)2*���*

2)*(
 &
�')
� 

��00&(��"#(
�"#�.
�&=6*
����	
�����
�����
�� �9*�
��5��,/�"#  ���)
���"#�5�
�,/�"#�"��
���"#(
2)*�
���������
���)
+����"#$�)�5� 2-4 ��)
 R7#
*&2�
��"#(
0���!#�678�2
�0.
���
�,/�"#-'���(���'
�"#�5��,/�"# (7) ��9#*
0
�+���&��,/�"#�"�
�*����
2!��*�"� -'��
��)*����	

*9#�:*"�0.
����
� (8) �)����00&(��"#(
*9#�: �1)� �
�$ %�&��
�/�5 (arsenic) +��8.
 9#�-'�*
/
�
���'�

1�!  (26) �
��.


�+���


�B'!2�"-'�(

 (27) �
�$ %�&��
��)*����	
-'��
��!b
�/')
�"80��.
+/%��! T
�����"( 0
�**�R!� 1&#� ��! �
�*�,�5'*!��� (reactive species) -'��
�
�.
'
( "�*	��*  *&������
�/2,6*
�
������
��'
(�&�W,46*
("�0���! �����R''4����	
+��"#�,  

�
���! ����	
�����������
��"#R&�R%*� *
<&(��00&(0.
����
��)���&�1&��.
+/%
��! �
���'"#(�-�'
�����R''4����	
 (malignant transformation) $�)$ %��! 678�0
���
�B! ��2!
��"(
0, + 0, /�7#
 �.
/�&��
���! ����	
�����
�����
����"#(�6%*
�&��
���'"#(�-�'
/�9*��
�
B! ��2!6*
�������
�T
(+��R''4 5 �������
� R7#
��! 0
��
����2,%� %�(�
��)*����	
0
�
T
(�*��R''4 $ %-�) 1) �
�����,��
0�1"�!26*
�R''4 (cell cycle regulation)  2) �
�2
(6*
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�R''4 (cell death)  3) �
��2!��26*
�R''4 (cell growth) 4) �
��)
�&==
3T
(+��R''4 (signal 
transduction) -'� 5) �
�����,��
��.


�6*
("� (gene regulation) ��9#*�R''4�"��
�B! ��2!
�
�678���9#*(: �.
+/%�5=��"(�
�����,�T
(+��R''4 -'���! ��������	
678�+��"#�,   &
-� 
+�T
�
�"# 1 (28) 

 
 
T
��"# 1 -� 
�
���! ����	
�����
�����
����"#(�6%*
�&��
���'"#(�-�'
/�9*��
�B! ��2!6*

�������
�T
(+��R''4 (intrinsic processes)  5 �������
� R7#
��! 0
��
����2,%� %�(�
�
�)*����	
0
�T
(�*��R''4  -'%��.
+/%�
���'"#(�-�'
�

�&�W,���� $ %-�) 1) �
�����,��
0�
1"�!26*
�R''4 (cell cycle regulation)  2) �
�2
(6*
�R''4 (cell death)  3) �
��2!��26*
�R''4 
(cell growth) 4) �
��)
�&==
3T
(+��R''4 (signal transduction) -'� 5) �
�����,��
�
�.


�6*
("� (gene regulation)  �.
/�&��
�����,� (maintenance) �
��%
�/�%
 
(progression) -'��
�-��)���0
( (metastasis) 6*
����	
�����
�����
�� 678�*(5)�&�
�������
�T
(�*��R''4 (extrinsic processes) 2 �������
� $ %-�) 1) �
���%

/'* �'9* 
+/�)6*
�R''4����	
 (tumor angiogenesis) -'� 2) �
��,��,���98*�(9#*6%

��"(
6*
�R''4����	
 
(tumor invasion) 
 
@	��

��#'"	 �� A!
')�� (oxidative stress) ��� 	� +���
�0�  

+��T
����2! �������
���%

�'&


�0
��
�*
/
��"#��!�T�0.
����2%*
+1%
**�R!�0� �.
+/%�"�
���%

�
�*�,�5'*!��� (oxidants) �"#����*�,�&�W46*
**�R!�0� (reactive 
oxygen species; ROS) $ %-�) superoxide anion (O2

-), hydroxyradical (OH-) -'� hydrogen 
peroxide (H2O2) ����2%� R7#
�
�
�;��! �x!�!�!(
�&��
�1"����'�,'-'��R''4$ % �.
+/%���'�,'$�)
��;"(��
�
�;��! �~!�!�!(
2)*��9#*
����'5��R)�&����'�,'*9#�/�9*�R''46%

��"(
$ % ��9#*�
�1"�
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���'�,'+��R''4;5��.
'
(0��.
+/%�5=��"(/�%
�"#-'��)
B'+/%��! �
��
 �0	�6*
�R''4 (cell 
injury)  -2)+��T
����2!�)

�
(�"�������
��"#0��.
'
(/�9*(&�(&8
��
������!b6*
�
�*�,�5'
*!����/')
�"8+/%*(5)+��� &��"#�/�
���$ % � (*
<&(�
�2%
�*�,�5'*!��� (antioxidants) /�9*�
�
�.
0& *�,�5'*!��� (ROS scavengers) /'
(1�! �&8
�"#�)

�
(��%

678��*
 �1)� �'52
$��*� 
(glutathione) -'�$ %�&�0
�T
(�*� �1)� �!2
�!�*" �!2
�!�R" ��2%
-����"� (β-carotein) v'
��
�*( 4 (flavonoids) ����2%� -2)+�T
���"#�"�
�*�,�5'*!����
���!���)
�
�2%
�*�,�5'*!���0�
2%
�/�9*�p*
�&�$ % T
���"8��"(��)
 T
�����"( 0
��
�**�R!� 1&� (oxidative stress) �)
B'+/%
��! *&�2�
(2)*�
�1"����'�,'6*
�R''40���! �(
W!�T
�6*
�R''4/�9*��! ���678� �
�1"�
���'�,'�"#������p
/�
(�9* $6�&� ���2"� -'��
��&�W,���� 0�;5�**�R!$ �4�'
(����B'!2T&3�4
**�R!� 1&#� (oxidative damage products) �1)� malondialdehyde (MDA) 0
�$6�&�  protein 
carbonyl 0
����2"� -'� 8-hydroxydeoxy guanine (8-OHdG) 0
� "�*	��*  ����2%� /'
(
�
��!0&(-� 
+/%�/	��)
 oxidative stress �"���
���"#(�6%*
�&��
���! ���/'
(1�!  *
�!�1)� 
���/&�+0 (29)  �����
/�
� (30) ���$2-'�����!#�$2 (31)  ����2%�   -'��"/'
(�
�<7�b
�"#
-� 
+/%�/	��)
B5%�C�(����	
�����
�����
���"T
�����"( 0
�**�R!� 1&#��5
��)
����2! (6, 21) 
-'������"#(*��&��&��)
 oxidative stress ��"#(�6%*
�&��������
���! ����	
�����
�����
�� 
(21, 32)  

�������
��)*����	
 (carcinogenesis) �����
���'"#(�-�'
�"#�"��
�R&�R%*�
�
�  �
�
�;-�)
��(��
���! ����	
����*()

�%*( 3 ��(� $ %-�) ��(���!#��)*2&� (initiation) 
��(��)
���!� (promotion) -'���(��%
�/�%
 (progression) -2)'���(��"'&�b3��
�
��'"#(�-�'
�"#-2�2)

�&� (T
��"# 2) (33)  "�*	��*�"#��"(/
(0
�T
�� oxidative stress �
�
�;
1&��.
+/%��! ��(���!#��)*2&�6*
����	
$ % (�2&�*()

�1)� 8-OHdG ���� oxidative DNA  damage 
product  ��! 0
��
�*�,�5'*!����.
�x!�!�!(
**�R!� 1&#��&�����&��"� (guanine) ���
( "�*	��*
R7#
���� oxidative DNA damage product �"#��$ %�)*(�"#�,  (34, 35)   �
�
�;�.
+/%��! 
�������
��'
(�&�W,4 (mutation) 678�$ % �9*�
���'"#(�-�'
���0
� G ���� T (G-T 
transversions) (36)  &
�&8�;%
��! T
�� oxidative stress �5
�	0��.
+/%��! �
�����6*
�
�
�'
(�&�W,4+��R''4��!�
3�
� � (�U�
�+�("�2%
�����	
 (tumor suppressor genes) -'�("�
����	
 (oncogenes) 0��.
$��5)�
���'"#(�-�'
�����R''4����	
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T
��"# 2 -� 
�������
��)*����	
 (carcinogenesis)  R7#
�����
���'"#(�-�'
�"#�"��
�R&�R%*�
�
�  �
�
�;-�)
��(��
���! ����	
����*()

�%*( 3 ��(� $ %-�) ��(���!#��)*2&� (initiation) 
��(��)
���!� (promotion) -'���(��%
�/�%
 (progression) -2)'���(��"'&�b3��
�
��'"#(�-�'
�

���'�,'-'��R''4�"#-2�2)

�&� �1)� +���(���!#��)*2&� �"�
�B'!2�
�*�,�5'�)*
$�
��!#�678�  �
����2,%��*�$R�4��'"#(�-�'
(
��(��"# 1 (phase I enzyme) ��'"#(�-�'
�
��)*
����	
�"#(&
$�)�"{�W!� (procarcinogen) �����
��)*����	
�"#�"�)*
$�/�9*�
��)*����	
�, �%
( 
(ultimate carcinogens)  +�*"� %
�(&�(&8
�*�$R�4��'"#(�-�'
(
��(��"# 2 (phase II enzyme) �"#
�/�"#(��.
+/%��!#��
��.
'
({�W!�/�9*' ��
��)*
$�2)*�x!�!�!(
6*
�
��)*����	
 ����2%� 

 

'�
�0�
�
��!�
�)��� (DNA methylation) ��� 	� +���
�0� 
�
�����,�-���/�9*�&�W,���� (epigenetic regulation) �����
�����,��
�

-� 
**�6*
("��� &��
�;* �/&� (transcriptional control)  �1)� �������
��2!�/�5)���!'6*

 "�*	��* (DNA methylation)  �������
��2!�/�5)*�R!�!'6*
���2"�d"��2� (histone 
acetylation) -'� �������
�2& /�5)*�R!�!' (histone deacetylation) �������
� DNA 
methylation �"��
��.
�&=2)*�
��&r�
6*
����	
 ��9#*
0
� DNA methylation �"B'� (2�
2)*
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�
���!  transcription 6*
("� �������
� DNA methylation �����
� & -�'
 "�*	��*�"#$�)�.
+/%
'.
 &�����"�
���'"#(�-�'
 �
�
�;;)
(�* $�(&
�,)�'5�$ % � (�
��2!�/�5)���!' (methyl, CH3) 
$�-���"#*�2*�$d� ��0�+����$R�2R"� (cytocine, C)  �"#*(5)2! �&��&��"� (guanine, G) /�9* 
CpG (CpG dinucleotide) R7#
;%
2.
-/�)
 promoter 6*
("��" methylation �5
 0�(&�(&8
�
��6%

0&�6*
 RNA polymerase �.
+/%� �
�-� 
**�6*
("� (gene repression) �&8�  +��R''4����	

�)��+/=)0��� promoter hypermethylation 6*
("�2%
�����	
(tumor suppressor genes) 
(37-40)-'� promoter hypomethylation 6*
("�����	
 (oncogene) (41-44) 

�'$��
��2!�/�5)���!' *
<&( �*�$R�4 DNA methyltransferases (DNMTs) � (
�*�$R�4 DNMT 0���)
�x!�!�!(
�
�(%
(/�5)���!'0
� s-adenosylmethionine (SAM) �"#�.
/�%
�"#
����B5%+/%/�5)���!' (methyl donor)  $��"#2.
-/�)
�"# 5 6*
 �
-/��$��!�! "� (pyrimidine ring) 
6*
���$R�2R"� $ %B'!2T&3�4���� 5-methylcytosine (5-MeC) -'� SAM ��'"#(����� s- 
adenolylhomocysteine (SAH)  &
-� 
+�T
��"# 3 (12)  

 

 
 
T
��"#  3 -� 
�'$�6*
�������
� DNA methylation � (*
<&( �*�$R�4 DNA 
methyltransferases (DNMT) ��)
�x!�!�!(
�
�(%
(/�5)���!'0
� s-adenosylmethionine (SAM) 
$��"#2.
-/�)
�"# 5 6*
 �
-/��$��!�! "� (pyrimidine ring) 6*
���$R�2R"� $ %B'!2T&3�4���� 5-
methylcytosine (5-MeC) -'� SAM ��'"#(����� s- adenolylhomacysteine (SAH) 
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�*�$R�4 DNMTs +��&2�4�'"8(
'5� %�(�� (mammalian) �" 3 1�!  $ %-�) 1) 
DNMT1  2) DNMTa  -'� 3) DNMTb  � (-�)
���� 2 ����T�2
���
��
�
�;+��
�0&��&�
R&���2�2R7#
�	�9* CpG  dinucleotide  �"#-2�2)

�&�  (45)  ����T�-��$ %-�) �*�$R�4 DNMT1 
��)
�x!�!�!(
6*
�������
� maintenance DNA methylation   (46) ���
��
�
�;0&�$ % "�&� 
hemimethylated CpG (47)   ����T��"#�*
 $ %-�) �*�$R�4 DNMTa -'�  DNMTb ��)
�x!�!�!(

6*
�������
� de novo DNA methylation  ���
��
�
�;0&�$ % "�&� unmethylated CpG 
(48)  &
-� 
+�T
��"# 4 (12) 

 

 
 
T
��"# 4 -� 
�������
� maintenance -'� de novo DNA methylation 6*
 genomic DNA 
� (�������
� maintenance DNA methylaton ��)
�x!�!�!(
� (�*�$R�4 DNMT1-'��" 
hemimethylated CpG ����R&���2�2   �������
� de novo DNA methylation  ��)
�x!�!�!(

� (�*�$R�4 DNMTa -'� DNMTb �" unmethylated CpG ����R&���2�2  
 

0
��
�<7�b
�"#B)
��
���)
("�/'
(("�+��R''4����	
�"�
���'"#(�-�'
-��
-B�6*
 DNA methylation (DNA methylation pattern) -2)�
���'"#(�-�'
-���"#��$ %�&#�$�
+��������	
+����&8��" 2 -��$ %-�) 1. global hypomethylation R7#
�)
B'���2,%��
�-� 
**�
6*
("�����	
 (oncogene) � (��! 678�+�1)�
2%���(� progression 6*
�
���! ����	
 -'� 2. 
regional hypermethylation 6*
 CpG  island  �"#�.
+/%("�2%
�����	
 (tumor suppressor gene) 
$�)�
�
�;-� 
**�$ %(49) �*�0
��"8(&
���)
�
���!  global hypomethylation �.
+/%*&2�

�
��'
(�&�W,4��!#�678��.
$��5)��
�$�)��;"(�6*
0"��� (genome instability)  +��"#�,  (50) R7#
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-� 
�)
�
���'"#(�-�'
-��-B�6*
 DNA methylation �"#�.
+/%�
�-� 
**�6*
("�B! ��2!$�
�&8��"��
���"#(�6%*
�&��
���! ����	
   

��00�&�+1%�� &� methylation +� Long Interspersed Nuclear Element 
(LINE1) ����2&�-��6*
�� &��
���!  methylation 6*
�&8
0"���  (global hypomethylation) 
(10, 11) ��9#*
0
� LINE1 �����0
(*(5)�&#�$�+�0"��� �"'&�b3�����1)�
6*
 "�*	��*�"#�"'.
 &�
�������1, R8.
�&��
��'

  -2)'�1, �"#R8.
�&��"8*(5)2! �&�����1)�
(
�: -2)'�1, �"#R8.
�&�'.
 &����
*
00�$�)�/�9*��&��&8
/�  -2)0��'%
(�&�/�9*�"��
��&��&�W4�&�   LINE1 �"�,3���&2!���� 
retrotransposon �9*�
�
�;0.
'*
2&��*
678��
-'%�$�-���-���,)�+���!��3*9#�6*
0"���$ % 
R7#
+�0"���6*
��,b(4�" LINE1 �
���)
 600,000 copy �! ��������
3 17% 6*
 "�*	��*
�&8
/� +�0"��� (17, 51) LINE1 �"#�
�
�;��! �
�'*��/&�$ %/�9* active LINE1 �
�
�;0.
'*

2&��*
-'%���'9#*��"#$�-���2.
-/�)
*9#�:+�0"��� (retrotransposition) �"����
3 3000-4000 
copy  (52) �"6�
 ����
3 6 kb ����*� %�( 1) 5�-untranslated region (UTR) R7#
�"��!��3�"#
���� promoter �.
/�&� RNA polymerase II *(5) %�(  2) 2 open reading frame $ %-�)  ORF1 R7#

(&
$�)��
�/�%
�"#�"#-�)1&  -'� ORF2  R7#
����*� %�( 3 domain �"#�.
/�%
�"#��%

�*	�$R�4 
endonuclease  �*�$R�4 reverse transcriptase -'����� 3� zinc finger-like domain -'� 3) 3� 
UTR (18)  &
-� 
+�T
��"# 5 

 

 
 

T
��"# 5 -� 
�)������*�6*
 active LINE1 �"#�"6�
 ����
3 6 kb ����*� %�( 1) 5�-
untranslated region (UTR)  R7#
�"��!��3�"#���� promoter �.
/�&� RNA polymerase II *(5) %�(  
2) 2 open reading fram (ORF1 -'� ORF2) -'� 3) 3� UTR 

 
�"�
�<7�b
����0.
����
��"#�
(

��)
 �
���'"#(�-�'
-���/�9*�&�W,����

6*
 LINE1 �.
+/%��! �
��&r�
6*
 primalignant cells +���(���!#��)*2&�6*
�������
��)*
����	
 �.
+/%��! ��
�$�)��;"(�6*
0"��� -'���! �
���'"#(�-�'
���
��%

6*
������R� 
(chromosome rearrangement)  -'�+��.
/�&�����	
�����
�����
���
���'"#(�-�'
-�� 
epigenetic �"#���
��9* global hypomethylation � (�"/'
(�
�<7�b
�"#�� LINE1 
hypomethylation �1)� �
�<7�b
6*
 Choi -'��3�(9) � (<7�b
�� &� LINE1 methylation +�
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��98*�(9#*����	
�����
�����
��  (bladder tumor tissue)  ���"(���"(��&���98*�(9#*�����
�
����
����2!�"#*(5)2! �&� (adjacent normal bladder urothlium) 6*
B5%�C�(����	
�����
�
����
��0.
��� 34  �
(  ���)
�� &� LINE1 methylation 6*
��98*�(9#*����	
�����
�����
��
2#.
��)
��98*�(9#*�����
�����
����2! normal tissue *()

�"�&(�.
�&=�

�;!2!  �*�0
��"8
�
�<7�b
6*
 Wilhelm -'��3�(20) �"#<7�b
�� &� LINE1 methylation +� �R''4��	 �'9* 6
� 
(peripheral blood cells) 6*
B5%�C�(����	
�����
�����
��0.
���  285 �
( ���"(���"(��&�
����,�����2! 0.
��� 465 �
( ���)
 �� &� LINE1 methylation �"#2#.
�"#�, �&��&�W4�&��
���!#�
��
���"#(
6*
�
���! ����	
�����
�����
��678� 1.8 ��)
 -'����*�)
 LINE1 hypomethylation 
*
0+1%����2&��)
1"8�

1"�T
��"#�.
�&=6*
����	
�����
�����
��+���</=!
$ %  �.
/�&������<
$�(�
�<7�b
6*
 Mutirangura -'��3�  (11) ���)
��98*�(9#*����	
�����
�����
���"�� &� 
LINE1 hypomethylation *(5)��/�)

 65.37�70.98% R7#
�5
��)
��98*�(9#*��2! (64.36-65.90%) 
*()

�"�&(�.
�&=�

�;!2! 

��00,�&��!W"�"#+1%+��
�2��0/
�� &� DNA methylation $ %-�) �!W" Methylation-
specific PCR (MSP) (53, 54)  �!W" pyrosequencing (9, 20) -'� �!W" combined bisulfite 
restriction analysis (COBRA) (55) R7#
+��
�<7�b
�"8�'9*�+1%�!W" Combined bisulfite restriction 
analysis of LINE1 (COBRA LINE1) (11, 56)  R7#
�����
�/
 DNA methylation -���1!

��!�
3 (quantitive) �"#�
�
�;�& �� &� LINE1 methylation $ %*()

-�)�(.
-'��
�
�;�*�
�5�-���
���!  methylation $ %   �
��.
 COBRA  LINE1 *
<&(  2 CpG  2  2.
-/�)
 R7#
�"'.
 &�
��� (sequence) �9* AACCG  -'� CCGA (T
��"# 6A) R7#
�"�*�
���!  methylation $ % 2 
�5�-�� �5�-���"# 1 $ %-�)  �R''4�"# 1 (cell#1) ��!  methylation �"# CpG �&8
 2 2.
-/�)
 (complete 
methylation) ��������R�� "(��&� -'� unmethylation �"# CpG �&8
 2 2.
-/�)
 (complete 
unmethylation) ��*"�������R�/�7#
  -'��5�-���"# 2 $ %-�) ��!  methylation �"# CpG ��"(

2.
-/�)
� "(� (partial methylation) ���&8
�*
������R� (T
��"# 6B)  �!W"�& �� &� methylation 
��!#�0
��.
 "�*	��*�.
�x!�!�!(
�&�  sodium bisulfite R7#
0��.
+/% unmethylated cytosine (C) 
��'"#(�������� uracil (U) +�63��"#  methylated cytosine (&
�
$�)��'"#(�-�'
  ��9#*�.
 PCR  
��� uracil 0�;5���'"#(�������� thymine (T) ��! B'!2T&3�4�"#�"'.
 &�����"#�
�
�;2&  %�(
�*�$R�42& 0.
��
�  2 1�!  $ %-2�2)

�&�$ %-�) TaqI  R7#
�"2.
-/�)
0 0.
 (recognition site) �9* 
TCGA   -'� TasI �"2.
-/�)
0 0.
�9* AATT   &
�&8���9#*B)
��
��.
�x!�!�!(
�&� sodium 
bisulfate -'��.
 PCR -'%� unmethylaed  AACCG sequence 0�;5���'"#(�����  AATTG  R7#

2& $ % %�(�*�$R�4 TasI  -'� methylated sequence CCGA ;5���'"#(����� TCGA  R7#
2& $ % %�(
�*�$R�4 TaqI  �.
+/%��! B'!2T&3�4�"#�"6�
 -2�2)

�&�2
��5�-���
���!  methylation $ %-�) 
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1) hypermethylated loci (mCmC) 2) hypomethylated loci (uCuC)  3) partial methylated  loci 
(mCuC) -'� 4) partial methylated loci (uCmC)  &
-� 
+�T
��"# 6C  ��9#*�.
B'!2T&3�4�"#$ %�

-(�� (�!W"*!�'	�����v��R!� (electrophoresis)  (%*�-;� "�*	��* -'��& �� &���
��6%� 
(intensity) 6*
-;� "�*	��* �	0�/
�%*('��
���! ���!'�'1&#�$ %  0
��
��.
 ��
��6%�6*
 
methylated bands /
� %�(B'�����
��6%�6*
 methylated band -'� unmethylated 
bandsc 

 

 
 

T
��"# 6 -� 
/'&��
�6*
�
��& �� &� LINE1 methylation   %�(�!W" COBRA LINE1  A: -� 

'.
 &����6*
2.
-/�)
 CpG  2  2.
-/�)
 6*
 LINE1 6�
  160 bp  B: -� 
�*�
��
���!   
methylation 6*
 LINE1 C: -� 
'.
 &�6&8�2*�6*
�
��& �� &� LINE1 methylaiton  %�(�!W" 
COBRA LINE1 � (��!#�0
��
��.
 "�*	��*$��.
�x!�!�!(
�&�  sodium bisulfite �.
 PCR  -'�2& 
 %�(�*�$R�42& 0.
��
� 2 1�! �9* TaqI -'� TasI  ��! B'!2T&3�4�"#�"6�
 -2�2)

�&���/�)

 
�
���!  methylation -'� unmethylation �� CpG 2 2.
-/�)
6*
 LINE1  
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.���� oxidative stress �+� DNA methylation 

T
�� oxidative stress $�)��"(
�
�
�;�)
���!��
���! ����	
B)
��

�
�
��'"#(�-�'
�

�&�W,���� (genetic alteration) �"#��"#(�6%*
�&�'.
 &����6*
 "�*	��* -2)(&
�"B'
2)*�'$��
�����,�-���/�9*�&�W,���� (epigenetics) *"� %�(  

T
�� oxidative stress �)
B'2)* epigenetic change *()

$�(&
$�)�����"#��
�
-�)1&  *()

$��	2
��"/'
(�
�<7�b
�"#���*�'$��"#�)
0�����$�$ %��"#(��&�B'6*
�
�*�,�5'
*!���2)* DNA methylation 0
��
��"#�x!�!�!(
�
��2!�/�5)���!' *
<&( �*�$R�4 DNMT -'��" 
SAM �.
/�%
�"#����B5%+/%/�5)���!'  ��9#*�R''4��! T
�� oxidative stress /�9*�"��!�
3�
�*�,�5'
*!����5
  0��.
+/%�R''42%*
��%

�'52
$��*� (glutathione) ��!#��
�678� ��9#*+1%+��
��p*
�&�
��
���"(/
(0
��
�**�R!- ��4 (oxidants) /�9*�
�*�,�5'*!����"#��! 678� ��9#*
0
��'52
$��*�
�����'$�/'&��"#�)

�
(+1%+��
��.
0& �
�*�,�5'*!���  R7#
� (��2!�'52
$��*�0���%

0
�
�� *��!�� homocysteine   &
�&8���9#*�"T
�� oxidative stress �5
07
�.
+/%��!�
3�� *��!�� 
homocysteine  �"#+1%��%

�'52
$��*�$�)��"(
�*  �R''42%*
�
� homocysteine  ��!#��
�678� 07

2%*
�'
( SAM �"#��%

�
0
��� *��!�� methionine �
����  homocysteine -�� (T
��"# 7)
-'�+�63�� "(��&��	$�)�" homocysteine �/'9*�*�"#0���'"#(��'&�$������� *��!�� 
methionine   07
�)
B'+/%�� &�6*
 methionine -'� SAM ' '
 �.
+/%6
  SAM �"#0�$�+1%+�
�������
� DNA methylation  �)
B'+/%��!  DNA methylation ' '
 (12)  �"/'
(�
�<7�b
�"#
���)
�
�' '
6*
 glutathione �.
+/%�� &�6*
 SAM +��R''4' '
-'��.
$��5)�
���!  
genome-wide DNA hypomethylation (57-59) R7#
-� 
�)
�
���'"#(�-�'
�� &�/�9*�
���%

 
glutathione 0
�T
�� oxidative stress �"B'������ (2�
2)*�������
� DNA methylation 
� (�
�$���'"#(�-�'
��!�
3 SAM +��R''4 (SAM pools) 
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T
��"# 7 -� 
�
���%

 glutathione 0
� homocystein (transsulfuration pathway) ��9#*�"T
�� 
oxidative stress �5
07
�.
+/%��!�
3�� *��!�� homocysteine  �"#+1%��%

�'52
$��*�$�)
��"(
�* �R''42%*
�
� homocysteine  ��!#��
�678� 07
2%*
�'
( s-adenosylmethionine (SAM)  
�"#��%

�
0
��� *��!�� methionine �
����  homocysteine -�� -'�+�63�� "(��&��	$�)�" 
homocysteine �/'9*�*�"#0���'"#(��'&�$������� *��!�� methionine  �)
B'2)*��!�
3 SAM 
�"#0�$�+1%+��������
� DNA methylation    
 

�x!�!�!(
**�R!� 1&#�0
��
�*�,�5'*!��������
�/2,�.
�&=*&�/�7#
�"#�.
+/% "�*	��*
��"(/
( R7#
��
���"(/
(6*
 "�*	��* (DNA lesions) � (�U�
��"#2.
-/�)
 CpG dinucleotide 
0�������
��.
/�%
�"#�����&���2�2 (substrate) 6*
 "�*	��*�.
/�&��*�$R�4 DNMT �"B'+/%��!  
DNA methylation �%*('
 /�9*��!  global hypomethylation (15) (�2&�*()

�1)� 8-OHdG �"#
����B'!2T&3�4�"#��! 0
��
�**�R!$ R4����&��"� � ( ROS R7#
��$ %�)*(�"#�,  -�%0���! *()

$�)
0.
��
��0
�0
 -2)�	*
0��! 678�$ %+���!��3'.
 &�����"#���� CpG dinucleotide �.
+/%$�(&�(&8
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methylation 6*
��� cytosine �"#*(5)2! �&���� guanine 2&��"#;5�**�R!$ R4�&8� � (0�$�6& 6�


�
��6%
0&�6*
 DNMT (13, 14)  �*�0
� 8-OHdG -'%� O6-methylguanine �	���� DNA 
damage product  *"�1�! /�7#
�"#��! 678�0
�B'6*
�
�**�R!$ R46*
 ROS R7#
�
�
�;6& 6�


�
��6%
0&�6*
 DNMT  $ %�1)��&� (60, 61) /
� 8-OHdG $�)$ %�&��
�R)*�-R��"#�/�
��� 0��.

+/%��! �
��'
(�&�W,4-�� G-T transversion $ % R7#
/
���! �"#��!��3 CpG dinucleotide 0��.
+/%
�"��!�
3 CpG dinucleotide ' '
 �)
B'+/%��! �
�' '
6*
 DNA methylation $ % (62)  
�*�0
��"8 oxidative stress (&
*
0�.
+/%�8.
2
' "**�R"$�����"#����-���'

6*
�
( "�*	��*;5�
�.
'
(0�6
 **�0
��&�$ % (double strand break) � (���)
 �
�6
 **�0
��&�6*
�
( "
�*	��**
00��.
+/%��! �
���'"#(�-�'
�5�-��6*
 DNA methylation $ % (63)  �
�<7�b
�/')
�"8
-� 
+/%�/	��)
��
���"(/
(6*
 "�*	��*0
�T
�����"( 0
�**�R!� 1&#� �"B'2)*-���5�-�� 
DNA methylation R7#
�.
�
�5)�
�-� 
**�6*
("��"#B! ��2! -'�*
0�)
���!��
���! ����	
$ %+�
�"#�,  
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�����  3 

�!-�'�	
�!� 	��!"�# 

���)	 � 
���1
�
���p
/�
( (Target population) 

B5%�C�(�������	
�����
�����
��+������<$�(�"#$ %�&��
��!�!0U&(�)
����
�������	
�����
�����
������
�� -'�B'�(
W!�!�(
���� Superficial Bladder Cancer 
���1
��2&�*()

 (Sample population)  

�',)�B5%�C�(�������	
�����
�����
��  -'��',)�����2!�"#�"�,6T
� " 
��3�4�
��& �'9*��6%
<7�b
 (Inclusion criteria) �.
/�&��',)����� '*
 
1. B5%�6%
�)�����
�
�<7�b
����B5%�C�(�������	
�����
�����
���"#�6%
�&��
�

�&�b
�"#��
�(
�
' 0,q
'
��34  R7#
$ %�&��
��!�!0U&(0
�-��(4�)
����
�������	
�����
�����
�� -'�B'�(
W!�!�(
���� superficial 
transitional cell carcinoma 

��3�4�
��& **� (Exclusion criteria) �.
/�&��',)�� '*
 
1. ��������	
�����
�����
��1�! ',�'
� (muscle invasive) 
2. �"��
�B! ��2!*9#�:+������

� !�����
���*��/�9*0
���������	


�����
�����
�� �1)� ����!#�+������
�����
��-'�����	
2)*�'5�/�
�
����2%� 

3. �"��
�B! ��2!�%
(-�
/�9*���������98*�&
+�*�&(��*9#�: 
��3�4�
��& �'9*��6%
<7�b
 (Inclusion criteria) �.
/�&��',)�����2! 
1. �',)�����2!0�2%*
�"*
(,-'���<�"#2�
�&��',)�2&�*()

�"#2%*
�
�

<7�b
�!0&( 
2. �',)�����2!0�2%*
$ %�&��
�2��0�,6T
����0.
�E�"�,6T
�-6	
-�
-'�

B'6*
�
�2��0�,6T
�*(5)+���3�4��2! 
��3�4�
��& **� (Exclusion criteria) �.
/�&��',)�����2! 
1. �"�������	
�"#�����

� !�����
��-'������9��&�W4 �1)� ����	
�����
�

����
��  ����	
2)*�'5�/�
� (+���<1
() -'�����	
�
�� '5� (+���<
/=!
) ����2%� � (��	�6%*�5'0
��
��&�T
b34� (2�
�&�*
�
��&��-'�
B'�
�2��0�,6T
����0.
�E 
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2. �
��.


�6*
$2B! ��2! � (�!0
�3
0
��
��"�� &�6*
 serum 
creatinine > 1.4 mg% +���<1
( -'� > 1.2 mg% +���</=!
 

6�
 ���1
��2&�*()

 (Sample size) 
�.
��36�
 ���1
��2&�*()

 2 �',)� �"#����*!���2)*�&�  
1. 2%*
�
�<7�b
�� &�T
�����"( 0
�**�R!� 1&�+�B5%�C�(����	
�����
�

����
�����"(���"(��&�����2! 0
��
(

�� !����)
�',)�B5%�C�(����	

�����
�����
��0.
��� 44 �� �"�� &��
� total antioxidant status (TAS) 
�U'"#( 1.2±0.2 mM �)���',)�����2! 29 �� ���� 1.4±0.2 (mM ascorbate 
equivalence) mM  (4) 

  �.
/�   α     =  0.05 
    β     =  0.10 
    Zα/2  =  Z0.05/2   = 1.96 (two tail) 

                                                  Zβ    =  Z0.10   = 1.28 

  �52� n/group         =  2(Zα/2+ Zβ)
2
σ
2/ (X1- X2) 

    X1     =  �)
�U'"#(+��',)��"# 1  = 1.2 
    X2     =  �)
�U'"#(+��',)��"# 2  = 1.4 
    σ

2   =  Pool variance 
            =  (n1-1)S1

2+(n2-1)S2
2  

                n1+ n2-2 
            =  0.04 
  n/group         =  2(1.96+1.28)2(0.04)/(1.2-1.4)2  
     = 21 
  0�2%*
<7�b
+��',)����1
��2&�*()

�',)�'� 21 �
( 
 

2. �
�<7�b
�� &�  DNA   methylation  6*
  LINE1  +�B5%�C�(����	
�����
�
����
�����"(���"(��&�����2!    0
��
�<7�b
�.
�)*
���)
  �',)�B5%�C�(
����	
�����
�����
�� 0.
��� 5 �
( �� &� methylation �U'"#(��)
�&� 
39±1 % �)���',)�����2!0.
��� 5 �
( ��)
�&� 37±5 % 

 
X1      =  �)
�U'"#(+��',)��"# 1  = 39 

    X2     =  �)
�U'"#(+��',)��"# 2  = 37 
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    σ
2    =  Pool variance 

            =  (n1-1)S1
2+(n2-1)S2

2  
                n1+ n2- 2 
            =  13 
  n/group         =  2(1.96+1.28)2(13)/(39-37)2  
            =  69 
  0�2%*
<7�b
+��',)����1
��2&�*()

 �',)�'� 69 �
( 

 &
�&8�+��
�<7�b
��&8
�"8B5%�!0&(2%*
�
�2*��.
;
��
��!0&(+/%$ %�&8
  2  6%* 07
2%*
 
���������1
��2&�*()

*()

�%*( �',)�'� 69 �
( 



�%����%����()$(� 	��!"�# 
 
2
�

�"# 1 ���9#*
�9* -'��
����"�"#+1%+��
��!0&( 
 



�%����%� (Equipments) .�!�@�RS���� (Product of) 
1) /�%*�7#
��
� &�$*�8.
 (Autoclave) 
2) ���9#*
1&#
 
3) ���9#*
�& �)
��
������� - )

 (pH 

meter) 
4) Autopipette 10, 20, 100, 200, 1000 

µl  -'� tips 

5) 25%�)� 37°C  
6) 25%*� (Hot air oven) 
7) Centrifuge tubes 15, 50 ml 
8) Glassware 
9) Low speed centrifuge 
10) Microtube 250 µl, 1 ml  -'�  1.5 ml 
11)  Microcentrifuge 
12) Freezer (-80°C) 
13) Spectrophotometer 
14) PCR machine 

HVE-25, Dublin, Ireland 
SARTORIUS, Gottingen, Germany 
METTLER TOLEDO, Ohio, USA 
 
BIO-RAD, California, USA 
 
ESCO, Singapore 
MEMMERT, Schwabach, Germany 
CORNING, New York, USA 
- 
KOKUSAN, Japan 
Corning, New  York, USA 
Spectrafuge, LABNET, USA 
- 
Thermo Scientific, Ohio, USA 
BIO-RAD, California, USA 
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�%����%� (Equipments) .�!�@�RS���� (Product of) 
15) Transsonic TP 690 
16) Vortex mixer 
17) Water baths 
18) Microwave 
19) Heat block 
20) Ice maker 
21) Electrophosresi power supply 
22) Horizontal electrophoresis system 
23) High speed centrifuge 
24) Digital timer 
25) Cuvettes (plastic and quarts) 
26) Distilled water maker 

 

Elma, Germany 
VORTEX-2 GENIE, USA 

GFL, Burgwedel, Germany 

- 
Techne, New Jersy, USA 
- 
BIO-RAD, California, USA 
BIO-RAD, California, USA 
SPECTRAFUGE, Utha, USA 
- 
PERKIN ELMER, Massachusetts, USA 
- 

�	�

�� (Chemical substance) .�!�@�RS���� (Product of) 
1) Ethanol 
2) Isopropanol 
3) Dinitrophenylhydrazine (DNPH) 
4) Ethyl acetate  
5) Guanidine hydrochloride (GdmCl) 
6) Hydrochloric acid 
7) Potassium phosphate, monobasic 
8) Sodium chloride 
9) Sodium phosphate, dibasic 
10) Trichloroacetic acid 
11) RNA stabilizer 
12) Tirs base 
13) Sodium hydroxide 
14) Boric acid 
15) Ethylenediaminetetraacetic acid 

(EDTA) 

MERCK, Darmstadt, Germany 
MERCK, Darmstadt, Germany 
Riedel-de Haën, Hannover, Germany 
BDH, England 
USB corporation, Ohio, USA 
BDH, England 
BAKER, New Jersy, USA 
USB corporation, Ohio, USA 
BAKER, New Jersy, USA 
BDH, England 
QIAGEN, Hilden, Germany 
USB corporation, Ohio, USA 
 
BDH, England 
SIGMA, Steinheim, Germany 
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�%����%� (Equipments) .�!�@�RS���� (Product of) 
16) Ammonium acetate 
17) Sodium metabisulfate 
18) 2,2-diphenyl-1-picryl hydrazyl 

(DPPH) 
19) Hydroquinone 
20) Glycogen 
21) Ammonium persulfate (APS) 
22) Tetramethylethylenediamine 

(TEMED) 
23) 40% acrylamide/Bis solution 19:1 
24) SyBr GreenI 
25) Restriction enzyme TasI  -'� TaqI  
26) Wizard DNA clean-up system 
27) High pure PCR template 

preparation kit 
28) 25 bp DNA step ladder 
29) Taq DNA polymerase 
30) dNTP mix, PCR grade 

- 
SIGMA, Steinheim, Germany 
SIGMA, Steinheim, Germany 
 
SIGMA, Steinheim, Germany 
SIGMA, Steinheim, Germany 
SIGMA, Steinheim, Germany 
SIGMA, Steinheim, Germany 
 
BIO-RAD, California, USA 
 
MBI Fermentas, Glen Burnie, MD 
Promega, Wiscosin, USA 
Roche Diagnostics, Indianapolis, USA 
 
Promega, Wiscosin, USA 
QIAGEN, Hilden, Germany 
QIAGEN, Hilden, Germany 

 

 	��!

�	����	��$���V!���! 	� 
1. �
���	��
�2&�*()

 (Specimen collection) 

1.1. �
���	�����
����&8
-��+�2*��1%
 (first morning urine)  
�!W"�
���	� �9* ��	�����
��+�2*��1%
 � (+/%����
��1)�
-���!8
$��)*�-'%���	�
����
��1)�
�'

+�)T
1���
���%

�"#��
<0
��198* 2&�*()

����
���"#$ %�.
�

���� 4000 rpm �
� 20 �
�" ��9#*-(��)��+� (supernate) -'��)���"#����2��*� 

(cell pellet)  ��	��&8
�*
�)���"# -80 °C �)*��
��!���
�/4 
1.2. �
���	��'9*  (Heparinized blood) 

�0
��'9*  0
���%��'9*  .
��!��3�%*
-6� %�(1, *,���34�0
��'9* ��!�
3 5 
�!''!'!2�+1% heparin �����
��&��'9* -6	
 ��	�2&�*()

 plasma � (�
������"# 3000 
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rpm ������'
 10 �
�" -(��)��6*
 plasma ��	��"# -20°C �)*��
��!���
�/4  �)�� 

buffy coat ��	��"# 4°C �*�
���&  "�*	��* 
1.3. �
���	���98*�(9#* (Biopsy) 

<&'(-��(4�����

� !�����
�� ����B5%�.
�
��)*
�'%*
 -'�2& ��98*�(9#*����	

�����
�����
��  6�
 ����
3 1x1x1 cm.  -'%�+�)'
+�/'* �"#�" RNA 

stabilizer  1 ml -'%���	��"# -80 °C �)*��
��!���
�/4 
 

2. �!W"�!���
�/4�

/%*
�x!�!2!�
� 
2.1. �
�2��0�� &� protein carbonyl +��'
��
 � (�!W" spectrophotometric DNPH 

assay (64) 
/'&��
��9* 2,4-dinitrophenylhydrazine (DNPH) �.
�x!�!�!(
�&�/�5) carbonyl 
(C=O) ��/�5)-6�
6%

 (side chain) 6*
���2"��"#;5�**�R!$ R4 -'%�$ %B'!2T&3�4�"#
�"��
���;"(� �9* 2,4-dinitrophenyl (DNP) hydrazone  0��/	�����2��*��"
�/'9*
/�9*�"- 
  R7#
�
�
�;2��0�*�$ %�"#��
�(
��'9#� 370 �
����2� (T
��"# 
8)  

 

 
 
T
��"# 8 -� 
/'&��
��&  protein carbonyl � (�!W" spectrophotometric DNPH assay � (
(�2&�*()

�
�;5�**�R!$ R4�"#�� *��!�� proline 6*
���2"� ��9#* proline ;5�**�R!$ R4���� 2-
pyroidone R7#
�"/�5) carbonyl (C=O) 0��.
�x!�!�!(
�&� DNPH  $ %B'!2T&3�4���� DNP 
hydrazone  �"#�
�
�;2��0�*�$ %�"#��
�(
��'9#� 370 �
����2� 

 
�!W"�.
�9* �09*0

�'
��
 %�( phosphate buffer saline (PBS) 20 ��)
 � ( 5 
�'
��
 30 $����'!2� +�)/'* 6�
  1.5 �!''!'!2� �"#�" PBS *(5) 570 $����'!2� 
�6()
+/%�6%
�&� �.
/'* $������/�"#(
�"# 10000 �*�2)*�
�" ������'
 10 �
�" -'%�
 5 �)��+� %
��� 250 $����'!2� +�)/'* +/�) -'%��2!� DNPH '
$� 1 �!''!'!2� 
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�)��/'*  blank 6*
-2)'�2&�*()

�'
��
 �2!� 2N HCl '
$�-�� -'%��.
�,�
/'* $� incubated �"#*,3/T5�!/%*
 +��"#�9  ������'
 45 �
�" � (�6()
������(�: 
�2!� 20% TCA �"#-1)�(	�$�% ��!�
2� 1.2 �!''!'!2� '
$��,�/'*  �

/'* $�%��
�8.
-6	
 ������'
 10 �
�" -'%��.
$������/�"#(
�"# 3000 �*�2)*�
�" ������'
 15 
�
�"  5 �)��+� %
����!8
 -'%�'%

2��*� %�( ethanol : ethyl acetate 3 ��&8
 ��&8

'� 2.5 �!''!'!2� -'%��2!� guanidine hydrochloride (GdmCl) ��!�
2� 1 
�!''!'!2� -'��.
$� sonicate ������'
 10 �
�" ��9#*'�'
(2��*� ;%
2��*�
'�'
($�)/�  +/%�.
$������/�"#(
 ��9#*2�2��*� -'%��.
�)��+� %
���$��& �)

�
� 5 �'9�-�
 +1% GdmCl ��&��)
�
�*)
���!#�2%�����<5�(4 -'%��& �)
�
� 5 �'9�
-�
�"#��
�(
��'9#� 375 �
����2� (ODtest) � (+1% blank 6*
-2)'�2&�*()

��&�
�)
�
�*)
���!#�2%�����<5�(4 ��!�
3 protein carbonyl +��'
��
0��
(

�+�
/�)�(�
����'2)*�!''!��&�6*
���2"� (nmol/mg protein) 
 
�
��.
��3/
��!�
3 protein carbonyl 
Protein carbonyl (nmol/ml)  = ODtest x 45.45 
Protein carbonyl (nmol/mg) = protein carbonyl (nmol/ml)/protein (mg/ml) 
 

2.2. �
�2��0�� &� TAS +����
�� � (�!W" spectrophotometric DPPH assay (65) 
/'&��
��9* 2,2-diphenyl-1-picryl hydrazyl (DPPH) �����
�*�,�5'*!����"#+/%�"
�)�
��9#*'�'
(+����
�*'  5 �'9�-�
�5
�, �"#��
�(
��'9#� 520 �
����2� ��9#* 
DPPH �&�*!�'	�2�*� (reduced DPPH) 0
��
�2%
�*�,�5'*!���/�9*�
�2%
�**�
R!� 1&#� �"�)�
0�0

'
 -'��
� 5 �'9�-�
�"#��
�(
��'9#� 520 �
����2�0�
' '
 �& ��!�
3�
�2%
�**�R!� 1&#�+��
�2&�*()

0
��)
�
� 5 �'9�-�
�"#' '
 
 &
-� 
+�T
��"# 9 
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T
��"# 9 -� 
�
� 5 �'9�-�
6*
 DPPH R7#
 5 �'9�-�
$ %�5
�,  �"#��
�(
��'9#�  520 �
��
��2� -2)��9#* DPPH ;5�(&�(&8
 %�(�
�2%
�*�,�5'*!��� 0���'"#(�$�*(5)+��5� reduced DPPH (�"
�/'9*
) R7#
�"�
� 5 �'9�-�
�"#��
�(
��'9#�  520 �
����2�' '
   

 
�!W"�.
�9* �.
����
�� 20 $����'!2� B���&� 6*
 sodium phosphate buffer 400 
$����'!2� -'� DPPH solution 400 $����'!2� -'%� incubate $�%+��"#�9  �"#
*,3/T5�!/%*
 ������'
 30 �
�" -'%��.
$��& �
� 5 �'9�-�
�"#��
�(
��'9#� 520 
�
����2� 
 
�
��.
��3/
��!�
3��!�
3 TAS 
Antioxidant activity (%) = ((ODblank-ODtest)/ODblank)x100 
 

2.3. �
��!���
�/4���2"�+��'
��
 � (�!W" dye binding method (66) 
/'&��
��9* �
�'�'
( Comassie Brilliant Blue G-250 dye +� acidic solution 
(CBB reagent) R7#
��2!0��"�)
�
� 5 �'9�-�
�5
�,  *(5)�"# 465 �
����2�   � (
�����
��"- 
 -2)��9#*0&��&����2"�0���'"#(��)
�
� 5 �'9�-�
�5
�,  ���� 595    
�
����2�  +/%�
�'�'
(�"vp
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�!W"�.
�9* �.
 �'
��
 50 $����'!2� B���&� CBB reagent   2.5 �!''!'!2� -'%� 
incubate �"#*,3/T5�!/%*
 �
� 5 �
�" -'%��.
$��& �
� 5 �'9�-�
�"#��
�(
��'9#� 
595 �
����2� 
 
�
��.
��3/
��!�
3���2"� 
Protein (mg/ml) = (��
��6%�6%�6*
 standard  x ODsample)/ODstandard   
 

2.4. �
�2��0�� &��
���!  methylation 6*
 LINE1� (�!W" combined bisulfite 
restriction analysis of LINE1(COBRA-LINE1) (11) 
/'&��
��9*  ��9#*�.
 DNA $� treat �&��
�'�'
( bisulfate (HSO3

-) 0��.
+/%
��! �x!�!�!(
�
� 7
/�5)*��!�� (NH2) **�0
���� cytosine -2)0�$�)�"B'2)*��� 
cytosine �"#;5��2!�/�5)���!'/�9* 5-methylcytosine  ��9#* unmethylated cytosine 
��"(/�5)*��!��$�0��'
(������� uracil  &
-� 
+�T
��"# 10  -'���9#*�.
 PCR  
��� uracil 0�;5���'"#(�������� thymine �.
+/%�/'9*-2)��� cytosine �"#;5��2!�/�5)
���!'��)
�&8� (T
��"# 11)  0
�6&8�2*���98*
2%�0��.
+/%��! �
��
$�%/�9*�5=��"(
2.
-/�)
0 0.
6*
�*�$R�42& 0.
��
� (restriction enzyme site)   &
�&8���9#*�.

B'!2T&3�40
� PCR (PCR product) �
2&  %�(�*�$R�42& 0.
��
� �	0���! �
�2& 
�"#-2�2)

�&���/�)

��!��3�"#��! �
��2!�/�5)���!'-'���!��3�"#$�);5��2!�  $ %
B'!2T&3�4 (digested fragment) �"#�"6�
 -2�2)

�&� R7#
�
�
�;�.
�
-(�� (
�!W"*!�'	�����v��R!� (electrophoresis)  (%*�-;� "�*	��* -'��& �� &���
��6%� 
(intensity) 6*
 band �	0�/
�%*('��
���! ���!'�'1&#�$ %  0
��52� 
 
%methyation = 100x(digested fragment)/(undigested+digested fragments) 
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T
��"# 10 -� 
�'$��
���!  bisulfite conversion R7#
0��.
+/% unmethylated cytosine 
�'
(������� uracil -2)0�$�)�"B'2)*��� cytosine �"#;5��2!�/�5)���!'/�9* 5-methylcytosine  
 
 

 
 
T
��"# 11 -� 
�x!�!�!(
 PCR 6*
 DNA template �"#;5� treat  %�( bisulfte R7#
��� uracil (U) 0�
;5���'"#(�������� thymine (T) �.
+/%�/'9*-2)��� cytosine (C) �"#;5��2!�/�5)���!'��)
�&8� 
 

�!W"�.
�9* ��& -(� DNA � (+1%1, ��&  high pure PCR template preparation kit 
(Roche Diagnostics, Indianapolis, USA) 2��0�*���!�
3 DNA �"#��& -(�$ %
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� (�.
$��& �)
�
� 5 �'9�-�
�"#��
�(
��'9#� 260 �
����2�   -'� 280 �
��
��2�   �.
�
/
*&2�
�)��6*
�&8
�*
�)
���"(���"(���!�
3�)
*&2�
�)���"#$ % -'%�
-�)
 DNA 250 �
����&� '�'
(�8.
+/%$ %��!�
2� 50 $����'!2�0
��&8��.
 DNA 
�
�.
 bisulfite treatment  ��!#�2%�� (�2!� 2M NaOH 5.5 $����'!2� -'%� 

incubate �"# 37 °C  ������'
 5 �
�"  ��9#*�.
+/% DNA �'
(��'"(������
(� "#(�  
-'%��2!� hydroquinone 30 $����'!2�  �6()
�&��"0���! �"�/'9*
 0
��&8��2!� 

sodium bisulfate 520 $����'!2�  incubate �"# 50 °C  ����
3 16 1&#���
 -'%�07
 
purified � (+1% Wizard DNA Clean-up System -'�'�'
( DNA  %�(�8.
*,)� 
-'%� desulfonated  %�( 3M NaOH 5.5 $����'!2� 0
��&8�2�2��*� DNA  %�( 
�
��2!� glycogen 1 $����'!2�  2
� %�( ammonium acetate   17 $����'!2� 
-'� absolute  isopropanol  220  $����'!2�    �6()
��
: %�(�9*  �!8
$�%�"#*,3/T5�! 

-20 °C  ��9#*�������
3 2 1&#���
 �.
$������/�"#(
�"# 14000 �*�2)*�
�"  �
� 15 
�
�"  -'%��2!� 70% ethanol  1 �!''!'!2���9#*'%

2��*� DNA �.
$������/�"#(
*"�
��&8
�"# 14000 �*�2)*�
�"  �
� 10 �
�"  �, �%
('�'
(�'&� %�(�8.
 20 $����'!2� 

� ( bisulfite-treated DNA �"#$ %0�;5���	��"# -20°C 0�����&#
�.
�
��!���
�/4�� &�
�
��2!�/�5)��W!'6*
 LINE1  %�(����!� COBRA LINE1 6&8�2*� PCR 0�+1% 
forward primer �9* 5�-CCGTAAGGGGTTAGGGAGTTTTT-3� -'�reverse 
primer �9* 5�-RTAAAACCCTCCRAACCAAATATAAA-3�  R7#
�)������*�6*

�
����"+����.
 PCR -� 
+�2
�

�"# 2 T
(+2%�T
�� denature �"#*,3/T5�! 95 
°C, 15 �
�" 2
� %�( denature �"#*,3/T5�! 95 °C, 1 �
�"  annealing �"#*,3/T5�! 

50°C, 1 �
�" extension �"#*,3/T5�! 72°C, 1 �
�" 0.
��� 35 �*� 2
� %�( final 

extension �"#*,3/T5�! 72°C, 7 �
�" -'%�2&  %�(�*�$R�42& 0.
��
�  2 1�!  �9* 

TasI -'� TaqI  1�! '� 2 U +� 1xNEB3 buffer �)��"# 50 °C  6%
��9� /�9*
����
3 16 1&#���
 -'%�2��0�*�� ( 8% nondenaturing polyacrylamide gel 
electrophoresis -'%�(%*� SYBR  Green -'�2��0�& �� &���
��6%� (intensity) 
6*
 band �"#2.
-/�)
 160 bp (mCuC)  98 bp (uCuC)  80 bp (mC) -'� 62 bp 
(uC) (T
��"# 12)  %�(���9#*
 Phospholmager � (+1%  Image Quant software 
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2
�

�"# 2 -� 
�)������*�6*
�
����"�"#+1%+��
��.
 PCR (PCR protocol) 
 
PCR mixture Stock concectration Working concentration Final volume (µl) 

dNTPs 
10x PCR buffer 
MgCl2 
Taq Polymerase 
Forward primer 
Reverse primer 
dH2O 
DNA template 

10 mM 
10x 

25 mM 
5 U/µl 
20 µM 
20 µM 
- 
- 

0.2 mM 
1x 

1 mM 
1 U/µl 
0.3 µM 
0.3 µM 

- 
- 

0.4 
2.0 
0.8 
0.2 
0.3 
0.3 
14 
2.0 

 
 

 
 
T
��"# 12 2&�*()

�0'-� 
B'�
�2��0�*�B'!2T&3�4�"#$ %� (�!W"*!�'	�����v��R!�  (%*�-;� "
�*	��* -'��& �� &���
��6%� 6*
 band �"#2.
-/�)
 160 bp (mCuC)  98 bp (uCuC)  80 bp (mC) 
-'� 62 bp (uC) 
 

�
��.
��3/
�� &��
���!  methylation (56) 
1. �.
��
��6%�6*
 band (%band) �
/
� %�(0.
������  &
2)*$��"8 
1.1. % band �"# 160 /
� %�( 160  = A 
1.2. % band �"# 98 /
� %�( 94   = B  
1.3. % band �"# 80 /
� %�( 77   = C 
1.4. % band �"# 62 /
� %�( 60  = D 
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2. �.
/� +/% band �"# 18 bp   = E = D-B 
3. % methylation     = mC/( uC + mC)  
      = 100X(C+A)/(C+A+A+B+D)  
4. % partial methylated loci (mCuC) = mCuC/(mCuC+uCuC+mC+uC) 
         = 100X(A)/(((C-D+B)/2)+A+D) 
5. % hypomethylated loci (uCuC)  = uCuC/(mCuC+uCuC+mC+uC) 
      = 100XB/(((C-E)/2)+A+E+B) 

 
 	�
 0��������$��W� 

B5%�!0&(0��.
�
���	�������6%*�5'�"#��"#(�6%*
0
�*
�
��&���&��"�"#���)
�"
*
�
��&���"#2�
2
�6%*�.
/� 6*
�
��!0&( � (B5%�.
�
��!0&(0�R&�����&2!-'���	�6%*�5'�


�'!�!��"#��"#(�6%*
 
 
 	��!

�	����$��W� 

�;!2!�1!
���3�
 (descriptive statistics) �����;!2!�"#��"#(�6%*
�&��
���	�
������6%*�5'-'��
��.
���*6%*�5' R7#
0�-� 
6%*�5'�)
�U'"#( (mean) /�9* median -'��)

��"#(
����
2�o
� (standard deviation; SD) /�9* interquartile range (IQR) 2
�'.
 &��.
/�&�
2&�-��2)*��9#*
 (continuous variables) ��
�;"#-'��%*('��.
/�&�2&�-���"#�����',)�(categorical 
variables) � (�.
���*+��5�6*
��
v/�9*2
�

 

 �;!2!�1!
*�,�
� (inferential statistics) �����;!2!�"#+1%��,�B'6*
���1
�� � (
<7�b
0
�2&�*()

�"#�,)��
����2&�-�� �
����"(���"(���
�-2�2)

6*
�)
�'

6*
6%*�5'0�+1%
�;!2!� �*� &
2)*$��"8  

1. Two-samples t-test +1%�.
/�&����"(���"(��)
�U'"#( (mean) 6*
 2 �',)��"#
����*!���2)*�&� 

2. Correlation test +1%2��0�*���
��&��&�W4��/�)

2&�-��2)*��9#*
 2 2&�
-�� 

/
��
����0
(2&�6*
6%*�5'$�)2�
2
�6%*2�'
��98*
2%� (assumptions) 6*
 
parametric tests �"#�')
��
6%

2%� 0�+1% non-parametric tests �"#�/�
���-�� ���-����


�;!2!�"#+1% �9*  SPSS version 17.0 �.
/� �� &��&(�.
�&=�

�;!2!�"# P < 0.05  

�!���
�/4�,3���&2! %
��
��!�!0U&(���� ( Reciever-operating characteristic 
(ROC) analysis R7#
 ROC curve ������
v-� 
��
��&��&�W4��/�)

B'���0�!
 (true positive 
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rate /�9* sensitivity) +�-��  Y -'�*&2�
B'�����	0 (false positive rate /�9* 1-specificity) 
+�-�� X   &
-� 
+�T
��"# 13  ROC curve +1%+��
������!��)
�
�� �*��&8��
�
�;0.
-��
��/�)

B5%�C�(�&�����2!$ % "��"(
+  �&8
(&
�
�
�;�����!�$ %�)
�)
*%

*!
 (cutoff) �"#-2�2)

�&�
�"B'*()

$�2)*��
�$� (sensitivity) ��
�0.
��
� (specificity)  -'���
�-�)�(.
 (accuracy) 
-'��'9*��)
 cutoff  �"#�/�
����.
/�&�+1%���� diagnostic marker � (�)
 sensitive specificity 
-'� accuracy �"��
�/�
( &
2)*$��"8 

1. Sensitivity �����,3'&�b3�6*
�
�2��0�!�!0U&(�"#0��*�;7
�& �)��6*

B'���6*
�
�2��0+�B5%�C�(�"#�������/�9*�')
�*"��&(/�7#
�9* ;%
B5%�C�(�"
���0�!
�*�
��"#B'2��00�+/%B'����%*('���)
$� 
 
Sensitivity =   number of true positives  

 number of true positives + number of false negatives 
 

2. Specificity �����,3'&�b3�6*
�
�2��0�!�!0U&(�"#0��*�;7
�& �)��6*
B'
'�6*
�
�2��0+�����2!/�9*+�B5%�C�(�"#�������*()

*9#� /�9*�')
�*"�-��
/�7#
�9* ;%
���"#$�)�"����&8�/�9*����2! �"�*�
��"#B'2��00�+/%B''�����
�%*('���)
$� 
 
Specificity =   number of true negatives 

number of true negatives + number of false positives 
 

3. Accuracy /�
(;7
��
�-�)�(.
6*
�
�2��0 
 
Accuracy = number of true positives + number of true negatives 

    number of TPs + FPs + FNs + TNs 
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T
��"# 13 ��
v ROC ��! 0
��
�/
��
��&��&�W4��/�)

*&2�
B'���0�!
 (sensitivity) +�-�� 
Y -'�*&2�
B'�����	0 (specificity) +�-��  X  �!W"�
�2��0�"# "�"����(1�4 B'���0�!
()*�
�
���)
B'�����	0 A: �
�2�0�!�!0U&(�"8+/%B'���0�!
��)
�&�B'��	0 ()*�$�)+/%����(1�4�&�
B5%�C�( B: �
�2��0�!�!0U&(�"8+/%B'���0�!
�
���)
B'�����	0 �!W"�
�+ �"#+/%��%
 ROC �5
��)
 (�"
�98��"#+2%��
v�
���)
) ()*������
��!�!0U&(�"# "��)
 C: �
��!�!0U&(�"8+/%B'�����	0�
���)
B'���
0�!
 �!W"�
�2��0�"807
+/%B'��"(-'�����*&�2�
(2)*B5%�C�( 
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�����  4 

.� 	��!

�	����$��W� 
 
�',)����1
���"#+1%+��
�<7�b
 

+��
�<7�b
��&8
�"8�"���1
���6%
�)�����
�
��&8
/�  106 �
( -�)
�',)�
���1
��2&�*()

**����� 2 �',)� �9* �',)�B5%�C�(�������	
�����
�����
��0.
��� 61  �
(-'�
�',)�����2!R7#
����B5%�"#�"�,6T
� "0.
��� 45 �
(  2
�

�"# 3 -� 
6%*�5'�98�o
�6*
�',)�2&�*()


�&8
�*
�',)� 

+��',)�B5%�C�(�������	
�����
�����
�� (bladder cancer patients) 
����*� %�(��<1
( 52  �
(  (85.25%)  ��</=!
 9 �
( (14.75%) *
(,�U'"#(��)
�&� 65.11 ± 
12.16 �E 1)�
*
(,2&8
-2)  42-91  �E -'��',)�����2!�,6T
� " (healthy controls) ������<1
( 37 
�
( (82.22%)  ��</=!
 8 �
( (17.77%) *
(,�U'"#( 61.00 ± 13.25 �E 1)�
*
(,��/�)

 30-81 �E  
�)
�U'"#(6*
 ��1�"��'�
( (Body Mass Index: BMI) 6*
�',)�B5%�C�(�������	
�����
�
����
��-'��',)�����2!��)
�&� 22.24 ± 3.71 kg/m2 -'� 23.15 ± 2.45  kg/m2 2
�'.
 &�  
0
�B'�
�� �*��

�;!2!���)
*
(, (P = 0.100)  ��< (P = 0.678) -'� BMI (P = 0.188) 6*

�&8
�*
�',)�$�)-2�2)

�&�*()

�"�&(�.
�&=�

�;!2! (2
�

�"#3) 
 
2
�

�"# 3 -� 
6%*�5'�98�o
�6*
�',)�2&�*()

B5%�C�(�������	
�����
�����
��-'��',)���
��2!� (�" ��< *
(,-'� &1�"��'�
( 
 
 �',)�2&�*()

 

P value 
B5%�C�(����	
�����
�����
�� ����2! 

0.
��� (�
() 61 45  
��< 
- 1
( 
- /=!
 

 
52 (85.25%) 
9 (14.75%) 

 
37 (82.22%) 
8 (17.77%) 

0.678a 

*
(, (�E) (mean±SD) 65.11 ± 12.16 61.00 ± 13.25 0.100b 
BMI (kg/m2) (mean±SD) 22.24 ± 3.71 23.15 ± 2.45  0.188b 
a �)
 P value 0
��
��!���
�/4�;!2!� (�!W" Chi-square test 
b �)
 P value 0
��
��!���
�/4�;!2!� (�!W" Independent samples t-test   
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2
�

�"#  4 -� 
6%*�5'����&2!�
��5��,/�"#-'�6%*�5'�

�'!�!�6*
B5%�C�(
�������	
�����
�����
��0.
��� 61 �
( ���)
 B5%�C�(����	
�����
�����
���"#�"����&2!�
��5�
�,/�"#�
�)*��";7
 54.24% B5%�C�(�"#B'�(
W!�!�(
���� low grade tumor �" 27 �
( �! ���� 45%  
-'� high grade 33 �
( �! ���� 55%  �)������&2!�
���������	
�����
�����
��R8.
 
(recurrence) ���)
�)��+/=)����B5%�C�(�"#2��0����98*
*�������&8
-�� (61.66%) 63��"# 38.33% 
����B5%�C�(�"#��! ����	
�����
�����
��R8.
  B5%�C�( 35 �
( (59.32%) �"0.
����%*���98*
*� 1-3 
�%*� 6 �
( (10.17%) ���%*���98*
*� 4-6 �%*� -'�B5%�C�(�"#�"��98*
*�0.
����
�0�$�)�
�
�;
�&�$ %�" 18 �
( (30.51%) (2
�

�"# 4) 
 
2
�

�"# 4 -� 
6%*�5'�

�'!�!�6*
�',)�2&�*()

B5%�C�(����	
�����
�����
���"#+1%+��
�<7�b
 
 

 6%*�5'�

�'!�!� 0.
��� (%) 
�
��5��,/�"# 
- $�)��(�5� 
- ��(�5� 

 
27 (45.76%) 
32 (54.24%) 

Histological tumor grade 
- low 
- high 

 
27 (45.00%) 
33 (55.00%) 

Recurrence  
- primary 
- 1-3 recurrence 

 
37 (61.66%) 
23 (38.33%) 

0.
����%*���98*
*� 
- 1-3 �%*� 
- 4-6 �%*� 
- numerous 

 
35 (59.32%) 
6 (10.17%) 
18 (30.51%) 
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�
�<7�b
�� &� LINE1 methylation 6*
�R''4��	 �'9* 6
�-'��R''4+�����
��6*
�',)�B5%�C�(
����	
�����
�����
�����"(���"(��&��',)�����2! 

<7�b
�� &� LINE1 methylation R7#
0��)
�*��� &��
���!  methylation 6*
�&8

0"��� � (�
�<7�b
+��
�2&�*()

�"#�����R''4��	 �'9* 6
� B'�
��!���
�/4���)
 �%*('��
�
��!  LINE1 methylation 6*
�',)�B5%�C�(����	
�����
�����
�� (n = 60) 2#.
��)
�',)�����2! (n 
= 45) *()

�"�&(�.
�&=�

�;!2! (median(IQR): 40.49 (3.09) vs. 41.79 (3.55)) (P = 0.001) 
(T
��"#14A) -'�0
��
�<7�b
+��
�2&�*()

�"#�����R''4+�����
��B'�
��!���
�/4���)
    
�%*('��
���!  LINE1 methylation 6*
�',)�B5%�C�(����	
�����
�����
�� (n=30) 2#.
��)
�',)�
����2! (n=14) *()

�"�&(�.
�&=�

�;!2!�1)�� "(��&� (median(IQR): 37.21 (7.33) vs. 39.61 
(4.92)) (P = 0.044) (T
��"# 14B) B'�
�<7�b
�"8-� 
+/%�/	��)
�',)�B5%�C�(����	
�����
�
����
���"�� &��
���!  LINE1 methylation  �&8
+��R''4��	 �'9* 6
�-'��R''4+�����
��2#.

��)
�',)�����2!*()

�"�&(�.
�&=�

�;!2! 

 

 
 

T
��"# 14 Box-Whisker plot -� 
�� &� methylation +��R''4��	 �'9* 6
�-'��R''4+�����
��
6*
B5%�C�(����	
�����
�����
�����"(���"(��&��',)�����2! A: �� &� methylation +��R''4��	 
�'9* 6
�6*
�',)�B5%�C�(����	
�����
�����
��2#.
��)
�',)�����2!*()

�"�&(�.
�&=�

�;!2! B: 
-� 
�� &� methylation 6*
�R''4+�����
��6*
�',)�B5%�C�(����	
�����
�����
��2#.
��)
�',)�
����2!*()

�"�&(�.
�&=�

�;!2! 
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�*�0
��� &� methylation � (���-'%� +��
�<7�b
��&8
�"8$ %�.
�
��& 
B'!2T&3�4�"#��! 678�*"� 2 -���9* partial methylated form (partially methylation, mCuC) -'� 
hypomethylated form (hypomethylation, uCuC) +��
�2&�*()

�"#�����R''4��	 �'9* 6
� B'
�
��!���
�/4���)
 �%*('��
���!  hypomethylation 6*
B5%�C�(�5
��)
�',)�����2!*()

�"
�&(�.
�&=�

�;!2! �;!2! (median(IQR): 34.66 (4.98) vs. 33.59 (2.88)) (P = 0.013) -2)$�)��
��
�-2�2)

6*
�� &� partial methylation �.
/�&��
�<7�b
+��
�2&�*()

�"#�����R''4+�
����
�� ���)
 �',)�B5%�C�(����	
�����
�����
���"�%*('��
���!  partial methylation 2#.
��)
 
(median(IQR): 19.99 (5.10) vs. 22.64 (14.55)) (P = 0.029) -2)�"�%*('��
���!  
hypomethyltion �5
��)
 (median(IQR): 41.42 (11.02) vs. 33.28 (6.85)) (P < 0.001) �',)���
��2!*()

�"�&(�.
�&=�

�;!2! (T
��"# 15)  &
�&8�B'�
�<7�b
�"8-� 
+/%�/	��)
 B5%�C�(����	

�����
�����
���"�� &�6*
  hypomethylation �5
��)
�',)�����2!*()

�"�&(�.
�&=�

�;!2!  
�&8
+��R''4��	 �'9* 6
�-'��R''4+�����
�� (T
��"# 15 A2 -'� B2) -2)���� &� partial 
methylation 2#.
��)
�',)�����2!*()

�"�&(�.
�&=�U�
��R''4+�����
����)
�&8� (T
��"# 15 B1) 
$�)����
�-2�2)

�

�;!2+��R''4��	 �'9* 6
� (T
��"# 15  A1) 
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T
��"# 15 Box-Whisker plot -� 
�� &� partial methylation -'��� &� hypomethylation 6*

�R''4��	 �'9* 6
� -'��R''4+�����
��6*
�',)�B5%�C�(����	
�����
�����
�����"(���"(��&�
�',)�����2! A: -� 
�� &� partial methylation -'� hypomethylation +��R''4��	 �'9* 6
� 
�%*('��
���!  hypomethylation 6*
B5%�C�( (n= 60) �5
��)
�',)�����2! (n=45) *()

�"
�&(�.
�&=�

�;!2! -2)$�)����
�-2�2)

6*
�� &� partial methylation B: -� 
�� &� partial 
methylation -'� hypomethylation 6*
�R''4+�����
�� �',)�B5%�C�(����	
�����
�����
�� 
(n=30) �"�%*('��
���!  partial methylation 2#.
��)
-2)�"�%*('��
���!  hypomethyltion �5
��)

�',)�����2! (n=14) *()

�"�&(�.
�&=�

�;!2! 
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�
�<7�b
�� &� LINE1 methylation +���98*�(9#*����	
6*
B5%�C�(����	
�����
�����
�� 
�%*('��
���!  LINE1 methylation +���98*�(9#*����	
6*
�',)�B5%�C�(����	


�����
�����
��0.
��� 15 �
( -� 
+�2
�

�"# 5  
 
2
�

�"# 5 �%*('��
���!  LINE1 methylation +���98*�(9#*����	
6*
�',)�B5%�C�(����	
�����
�
����
�� ��"(��&�+��R''4��	 �'9* 6
�-'��R''4+�����
��6*
B5%�C�(-2)'��
( 
 

No. 
Patient 
code 

Histological 
grading 

% Methylation 
Cancerous 
tissues 

Peripheral 
blood cells 

Urinary exfoliated 
cells 

1 NI01 H 33.40 41.39 42.15 
2 NI03 H 30.73 nd 20.82 
3 NI05 L 29.66 39.18 nd 
4 NI07 L 31.58 41.53 24.54 
5 NI11 H 33.41 42.22 27.48 
6 NI12 H 36.26 41.67 39.43 
7 NI23 H 21.69 35.33 22.93 
8 NI25 H 31.90 43.77 33.37 
9 NI37 H 35.04 41.55 41.38 
10 NI48 L 30.73 35.32 30.02 
11 NI51 H 35.68 38.50 37.89 
12 NI52 H 31.90 35.30 30.27 
13 NI53 L 37.23 42.16 39.20 
14 NI59 L 35.70 42.28 41.05 
15 NI60 L 33.39 35.51 28.80 

median   33.40 41.53 33.37 
IQR   3.95 6.77 12.10 
nd: no data 
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�
��!���
�/4��
��&��&�W4��/�)

�� &� LINE1 methylation +��R''4��	 �'9* 6
� �R''4+�
����
��-'���98*�(9#*����	
6*
�',)�B5%�C�(����	
�����
�����
�� 

0
��
��!���
�/4/
��
��&��&�W4��/�)
�� &� LINE1 methylation +��R''41�! 
2)

: 6*
B5%�C�(����	
�����
�����
�� � (+1%  Pearson�s correlation test ���)
�� &� LINE1 
methylation 6*
�R''4��	 �'9* 6
�-'��R''4+�����
���"��
��&��&�W4�1!
����&�*()

�"
�&(�.
�&=�

�;!2! (r = 0.480, P = 0.008) (T
��"# 16A)  -'�����
��&��&�W4�1!
����&�*()

�"
�&(�.
�&=�

�;!2!��/�)

�� &� LINE1 methylation 6*
�R''4+�����
��-'���98*�(9#*����	

�1)�� "(��&� (r = 0.719, P = 0.004) (T
��"# 16C) -'�(&
��-����%���
��&��&�W4�1!
���
��/�)

�� &� LINE1 methylation 6*
��98*�(9#*����	
-'�6*
�R''4��	 �'9* 6
� (r = 0.532, P = 
0.050) (T
��"# 16B)   &
�&8�+��
�<7�b
�"8-� 
+/%�/	�;7
��
��&��&�W4��/�)

�� &� LINE1 
methylation +��
�2&�*()

2)

1�! �&� � (������
��&��&�W4�1!
����&8
/�  �&#��9*�
�2��0�& 
�� &� LINE1 methylation 6*
�R''4��	 �'9* 6
�-'��R''4+�����
�� �)
0�+1%����2&�-��/�9*
2&��)
1"8�� &� LINE1 methylation 6*
��98*�(9#*����	
$ % R7#
B'�
�<7�b
-� 
+/%�/	��)
�� &� 
LINE1 methylation 6*
�R''4+�����
���)
0�����2&�-��/�9*�)
1"8�
���������	
�"# "��)
 LINE1 
methylation 6*
�R''4��	 �'9* 6
� 
 �*�0
��"8$ %�!���
�/4/
��
��&��&�W4��/�)

�� &� LINE1 methylation 6*
�R''4��	 
�'9* 6
�-'��R''4+�����
��6*
�',)�����2! %�( -2)$�)����
��&��&�W4�

�;!2! (r = 0.348, 
P = 0.222) (T
��"# 16D) 
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T
��"# 16 Scatter plot -� 
��
��&��&�W4��/�)

�� &� LINE1 methylation +��R''4-2)'�1�! 
6*
B5%�C�(����	
�����
�����
�� (A-C) -'�����2! (D)  A: -� 
��
��&��&�W4�1!
�����/�)


�� &� LINE1 methylation 6*
�R''4��	 �'9* 6
�-'��R''4+�����
�� B: -� 
-����%�
��
��&��&�W4�1!
�����/�)

�� &� LINE1 methylation +��R''4��	 �'9* 6
�-'���98*�(9#*����	
  
C: -� 
��
��&��&�W4�1!
�����/�)

�� &� LINE1 methylation 6*
�R''4+�����
��-'�
��98*�(9#*����	
�����
�����
��  D: -� 
��
��&��&�W4��/�)

�� &� LINE1 methylation 6*

�R''4��	 �'9* 6
�-'��R''4+�����
��6*
�',)�����2!  
 

B'�
��!���
�/4/
��
��&��&�W4�1!
��%�2�
��/�)

�� &� methylation (overall 
methylation) �� &� partial methylation (partially methylated form /�9* mCuC) -'��� &� 
hypomethylation (hypomethylated forms /�9* uCuC) 6*
�R''4��	 �'9* 6
� �R''4+�����
��
-'���98*�(9#*����	
6*
B5%�C�(����	
�����
�����
�� -� 
+�2
�

�"# 6 � (+��R''4��	 �'9* 6
�
����
��&��&�W4�1!
'�*()

�"�&(�.
�&=�

�;!2!��/�)

 �� &� methylation -'� 
hypomethylation (r = -0.559, P < 0.001) (T
��"# 17 A2) -'���
��&��&�W4�1!
'���/�)
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�� &� partial methylation -'� hypomethylation (r = -0.532, P < 0.001) (T
��"# 17 A3)  
�.
/�&��R''4+�����
������
��&��&�W4�1!
'�*()

�"�&(�.
�&=�

�;!2!��/�)

 �� &� 
methylation -'� hypomethylation (r = -0.688, P < 0.001) (T
��"# 17 B2) �)����98*�(9#*����	

�����
�����
������
��&��&�W4�1!
'�*()

�"�&(�.
�&=�

�;!2!��/�)

 �� &� methylation 
-'� hypomethylation (r = -0.851, P < 0.001) (T
��"# 17 C2) -'� ��
��&��&�W4�1!
'�
��/�)

�� &� partial methylation -'� hypomethylation (r = -0.536, P = 0.039) (T
��"# 17 
C3)  -2)0
�<7�b
��&8
�"8$�)���&(�.
�&=�

�;!2!6*
��
��&��&�W4��/�)

�� &� methylation 
-'� partial methylation �&8
+��R''4��	 �'9* 6
� (T
��"# 17 A1) �R''4+�����
�� (T
��"# 17 
B1) -'���98*�(9#*����	
 (T
��"# 17 C1) 
 
2
�

�"# 6 -� 
�
�/
��
��&��&�W4�1!
��%�2�
��/�)

�� &� methylation (overall 
methylation) �� &� partial methylation (partial methylated form) -'��� &� 
hypomethylation (hypomethylated form) 6*
�R''4��	 �'9* 6
� (n=60) �R''4+�����
�� 
(n=30) -'���98*�(9#*����	
 (n=15) 6*
B5%�C�(����	
�����
�����
�� 
 

sample Level (%) Methylation Partial methylation 

Peripheral blood cells 
(n = 60) 

Partial methylation 
mCuC 

r = 0.011 
P = 0.934 

 

Hypomethylation 
uCuC 

r = -0.559** 
P < 0.001 

r = -0.532** 
P < 0.001 

Urinary exfoliated cells 
(n =30) 

Partial methylation 
mCuC 

r = 0.346 
P = 0.061 

 

Hypomethylation 
uCuC 

r = -0.688** 
P < 0.001 

r = -0.284 
P = 0.128 

Cancerous tissue 
(n=15) 

Partial methylation 
mCuC 

r = 0.476 
P = 0.073 

 

Hypomethylation 
uCuC 

r = -0.851** 
P < 0.001 

r = -0.536* 
P = 0.039 

�)
 P value 0
��
��!���
�/4�;!2!� (�!W" Pearson�s correlation test 
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T
��"# 17 Scatter plot -� 
��
��&��&�W4��/�)

�� &� methylation �� &� partial methylation 
(mCuC)  -'��� &� hypomethylation (uCuC) 6*
�R''4��	 �'9* 6
� �R''4+�����
��-'���98*�(9#*
����	
6*
B5%�C�(����	
�����
�����
�� A1: -� 
 methylation �� &� partial methylation -'� 
hypomethylation 6*
�R''4��	 �'9* 6
�  A2: -� 
��
��&��&�W4�1!
'�*()

�"�&(�.
�&=�


�;!2!��/�)

 �� &� methylation -'� hypomethylation  A3: -� 
��
��&��&�W4�1!
'���/�)


�� &� partial methylation -'� hypomethylation   B1: -� 
��
��&��&�W4��/�)

�� &� 
methylation �� &� partial methylation -'� hypomethylation 6*
�R''4+�����
�� B2: -� 

��
��&��&�W4�1!
'�*()

�"�&(�.
�&=�

�;!2!��/�)

 �� &� methylation -'� hypomethylation 
C1: -� 
��
��&��&�W4��/�)

�� &� methylation �� &� partial methylation -'��� &� 
hypomethylation 6*
��98*�(9#*����	
 C2: -� 
��
��&��&�W4�1!
'�*()

�"�&(�.
�&=�

�;!
��/�)

 �� &� methylation -'� hypomethylation C3: -� 
��
��&��&�W4�1!
'���/�)

�� &� 
partial methylation -'� hypomethylation  
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��9#*�!���
�/4/
��
��&��&�W4�1!
��%�2�
��/�)

�� &� methylation �� &� 
partial methylation -'��� &� hypomethylation 6*
�R''4��	 �'9* 6
� �R''4+�����
��6*

�',)�����2!   &
-� 
+�2
�

�"# 7 � (+��R''4��	 �'9* 6
�����
��&��&�W4�1!
'�*()

�"
�&(�.
�&=�

�;!2!��/�)

 �� &� methylation -'� hypomethylation (r = -0.772, P < 0.001) 
(T
��"# 18  A1) -'���
��&��&�W4�1!
�����/�)

�� &� partial methylation -'� 
hypomethylation (r = 0.369, P = 0.013) (T
��"# 18 A2)  �.
/�&��R''4+�����
����
��
��&��&�W4�1!
'�*()

�"�&(�.
�&=�

�;!2!��/�)

 �� &� partial methylation -'� 
hypomethylation (r = -0.636, P = 0.014) (T
��"# 18 B) -2)$�)����
��&��&�W4*()

�"
�&(�.
�&=�

�;!2!��/�)

�� &� methylation -'� partial methylation �&8
+��R''4��	 �'9* 6
�  
-'��R''4+�����
�� (2
�

�"# 7)  
  
2
�

�"# 7 -� 
�
�/
��
��&��&�W4�1!
��%�2�
��/�)

�� &� methylation (overall 
methylation) �� &� partial methylation (partial methylated form) -'��� &� 
hypomethylation (hypomethylated form) 6*
�R''4��	 �'9* 6
� -'��R''4+�����
��6*
�',)�
����2! 

�)
 P value 0
��
��!���
�/4�;!2!� (�!W" Pearson�s correlation test 
 
 
 

sample Level (%) Methylation Partial methylation 

Peripheral blood cells 
(n = 45) 

Partial methylation 
mCuC 

r = 0.157 
P = 0.302 

 

Hypomethylation 
uCuC 

r = -0.772** 
P < 0.001 

r = 0.369* 
P = 0.013 

Urinary exfoliated cells 
(n = 14) 

Partial methylation 
mCuC 

r = 0.148 
P = 0.614 

 

Hypomethylation 
uCuC 

r = 0.120 
P = 683 

r = -0.636* 
P = 0.014 



 
 
45 

 
 
T
��"# 18 Scatter plot -� 
��
��&��&�W4��/�)

�� &� methylation �� &� partial methylation 
-'� hypomethylation 6*
�R''4��	 �'9* 6
�-'��R''4+�����
��6*
�',)�����2! A: -� 
 
methylation �� &� partial methylation -'� hypomethylation 6*
�R''4��	 �'9* 6
� A1: 
-� 
��
��&��&�W4�1!
'�*()

�"�&(�.
�&=�

�;!2!��/�)

 �� &� methylation -'� 
hypomethylation A2: -� 
��
��&��&�W4�1!
�����/�)

�� &� partial methylation -'� 
hypomethylation B: -� 
��
��&��&�W4�1!
'���/�)

�� &� partial methylation -'� 
hypomethylation 6*
�R''4+�����
��  

 
��9#*�.
�
���"(���"(��&���
��&��&�W4+�B5%�C�(����	
�����
�����
�� ���)


+��R''4��	 �'9* 6
�6*
B5%�C�(����	
�����
�����
���"��
��&��&�W4��/�)

�� &� partial 
methylation -'� hypomethylation  ������
��&��&�W4�1!
'� (r = -0.532, P < 0.001) (T
��"# 
17  A3) -2)+��',)�����2! ������
��&��&�W4�1!
��� (r = 0.369, P = 0.013) (T
��"# 18 A2) R7#

-� 
�)
��
��&��&�W4��/�)

�� &� partial methylation -'� hypomethylation  +��R''4��	 
�'9* 6
�6*
B5%�C�(����	
�����
�����
��-'��',)�����2!�"��
�-2�2)

�&� 

��9#*���"(���"(��� &� methylation �� &� partial methylaiton -'��� &� 
hypomethylation +��R''4��	 �'9* 6
� �R''4+�����
�� -'�+���98*�(9#*����	
6*
B5%�C�(����	

�����
�����
�� ���)
�� &� methylaton +��R''4��	 �'9* 6
��5
��)
�R''4+�����
�� (P < 
0.001) -'���98*�(9#*����	
 (P < 0.001) *()

�"�&(�.
�&=�

�;!2! -'��� &� methylation 6*

�R''4+�����
���5
��)
+���98*�(9#*����	
 *()

�"�&(�.
�&=�

�;!2! (P = 0.038) (T
��"# 19A)  
�� &� partial methylation +��R''4��	 �'9* 6
��5
��)
�R''4+�����
��*()

�"�&(�.
�&=�

�;!2! 
(P < 0.001)   -'��� &� partial methylation +��R''4��	 �'9* 6
�2#.
��)
+���98*�(9#*����	
*()

�"
�&(�.
�&=�
�;!2! (P = 0.004) -2)$�)����
�-2�2)

��/�)

�� &� partial methylation 6*

�R''4��	 �'9* 6
�-'���98*�(9#*����	
  (T
��"# 19B)  �.
/�&��� &� hypomethylation ����
�
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-2�2)

*()

�"�&(�.
�&=�

�;!2!��/�)

�� &� hypomethylation +��R''4��	 �'9* 6
�-'�
�R''4+�����
�� �&��R''4+���98*�(9#*����	
 � (�R''4��	 �'9* 6
��"�� &� hypomethylation 2#.

��)
�R''4+�����
�� (P < 0.001) -'��R''4+���98*�(9#*����	
 (P < 0.001) -2)$�)����
�-2�2)


��/�)

6*
�R''4+�����
��-'���98*�(9#*����	
 (T
��"# 19C) 

 

T
��"# 19 Box-Whisker plot -� 
�� &� partial methylation -'��� &� hypomethylation 6*

�R''4��	 �'9* 6
� -'��R''4+�����
��-'���98*�(9#*����	
6*
�',)�B5%�C�(����	
�����
�����
�� 
A: -� 
�� &� methylation +��R''4��	 �'9* 6
��5
��)
�R''4+�����
��-'�+���98*�(9#*����	
 
*()

�"�&(�.
�&=�

�;!2! -'��� &� methylation 6*
�R''4+�����
���5
��)
+���98*�(9#*����	

*()

�"�&(�.
�&=�

�;!2!�1)��&�  B: -� 
�� &� partial methylation 6*
�R''4+���	 �'9* 6
�
�5
��)
�R''4+�����
��*()

�"�&(�.
�&=�

�;!2!   -'��� &� partial methylation +��R''4��	 
�'9* 6
�2#.
��)
+���98*�(9#*����	
*()

�"�&(�.
�&=�
�;!2! C: -� 
�� &� hypomethylation  +�
�R''4��	 �'9* 6
�2#.
��)
-'��R''4+�����
���&��R''4+���98*�(9#**()

�"�&(�.
�&=�

�;!2!  
    �9*-2�2)

�&�*()

�"�&(�.
�&=�

�;!2! (P < 0.05) 
�9*-2�2)

�&�*()

�"�&(�.
�&=�

�;!2! (P < 0.01) 

 
�
�<7�b
T
�����"( 0
�**�R!� 1&#� (oxidative stress) 

<7�b
T
�� oxidative stress 0
��� &� total antioxidant status  +�����
��
R7#
�)
�*��� &�6*
�
�2%
�**�R!� 1&#�/�9*2%
�*�,�5'*!���� (��� -'��& �� &� protein 
carbonyl +��'
��
�"#����2&��)
1"8�� &��
�*�,�5'*!����"#�.
�x!�!�!(
�&����2"� B'�
��!���
�/4
���)
�� &� TAS 6*
B5%�C�(����	
�����
�����
����)
�&� 1.12 ± 0.20 mM ascorbate 
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equivalence  -'��',)�����2!��)
�&� 1.33 ± 0.16 mM ascorbate equivalence  R7#
�� &� TAS 
6*
B5%�C�(����	
�����
�����
��2#.
��)
�',)�����2!*()

�"�&(�.
�&=�

�;!2! (P < 0.001) 
(T
��"# 20A)  -'�0
��
��!���
�/4�� &� protein carbonyl ���)
 �',)�B5%�C�(�"�)
��)
�&� 0.52 ± 
0.11 nmol/mg -'��',)�����2!��)
�&� 0.39 ± 0.11 nmol/mg R7#
�5
��)
*()

�"�&(�.
�&=�


�;!2! (P < 0.001) (T
��"# 20B) B'�
�<7�b
�"8-� 
+/%�/	��)
�',)�B5%�C�(����	
�����
�����
��
�"�� &��
�2%
�*�,�5'*!���2#.
 -2)�"�� &��
�*�,�5'*!����"#�.
�x!�!�!(
�&����2"��5
��)
�',)���
��2!*()

�"�&(�.
�&= R7#
�)
1"8�)
B5%�C�(����	
�����
��"T
�����"( 0
�**�R!� 1&#��5
��)
T
��
��2!  
 

 
 

T
��"# 20 Box-Whisker plot -� 
�� &�T
�����"( 0
�**�R!� 1&#� (oxidative stress) +��',)�
B5%�C�(����	
�����
�����
�����"(���"(��&��',)�����2! A: -� 
�� &� TAS +�����
��6*

�',)�B5%�C�(2#.
��)
�',)�����2!*()

�"�&(�.
�&=�

�;!2! B: -� 
�� &� protein carbonyl +�
�'
��
6*
�',)�B5%�C�(�5
��)
�',)�����2!*()

�"�&(�.
�&=�

�;!2! 
 
�
��!���
�/4��
��&��&�W4��/�)

�� &� LINE1 methylation �&�T
�����"( 0
�**�R!� 1&#�+�
B5%�C�(����	
�����
�����
�� 
 0
��
��!���
�/4/
��
��&��&�W4��/�)

�� &� LINE methylation �&�T
�����"( 0
�
**�R!� 1&#�+�B5%�C�(����	
�����
�����
�� � (-(��!0
�3
�����5)2
�2
�

�"# 8 ���)
�� &� 
methylation +��R''4��	 �'9* 6
��"��
��&��&�W4�1!
����&��� &� TAS +�����
�� (r = 0.618, 
P < 0.001) (T
� 21A) -'��&��&�W4�1!
'��&��� &� protein carbonyl +��'
��
 (r = -0.327, 
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P = 0.011) (T
� 21B) *()

�"�&(�.
�&=�

�;!2!  �� &� methylation 6*
��98*�(9#*����	
�"
��
��&��&�W4�1!
����&��� &� TAS +�����
��*()

�"�&(�.
�&=�

�;!2! (r = 0.567, P = 
0.034) (T
� 21C) -2)$�)����
��&��&�W4�

�;!2!�&��� &� protein carbonyl (T
��"# 21D) 
-'�$�)����
��&��&�W4��/�)

�� &� methylation 6*
�R''4+�����
���&��� &� TAS /�9* 
protein carbonyl (2
�

�"# 8) 
 0
��
�<7�b
�"8-� 
�)
�� &� methylation 6*
�R''4+���	 �'9* 6
�-'���98*�(9#*����	
�"
��
��&��&�W4�&��� &�T
�����"( 0
�**�R!� 1&#�6*
B5%�C�(����	
�����
�����
�� � (����
��
��&��&�W4�1!
����&��� &��
�2%
�*�,�5'*!��� (T
��"# 21A -'�T
��"# 21C) -2)����
��
��&��&�W4�1!
'��&��� &� protein carbonyl (T
��"# 21B) �&#��9*T
�����"( 0
�**�R!� 1&#�
�5
�&��&�W4�&��� &� LINE1 methylation 2#.
 
 
2
�

�"# 8 -� 
�
�/
��
��&��&�W4�1!
��%�2�
��/�)

��/�)

�� &� LINE1 methylation -'� 
T
�����"( 0
�**�R!� 1&#�+�B5%�C�(����	
�����
�����
�� 
 

%Methylation in urinary TAS  
(mM ascorbate equivalence) 

plasma protein carbonyl 
(nmol/mg) 

Peripheral blood cells r = 0.618** 
P < 0.001 
(n = 60) 

r = -0.327* 
P = 0.011 
(n = 60) 

Urinary exfoliated cells r = 0.304 
P = 0.102 
(n = 30) 

r = 0.086 
P = 0.102 
(n = 30) 

Cancerous tissue r= 0.567* 
P = 0.034 
(n = 14) 

r = -0.426 
P = 0.168 
(n = 12) 

�)
 P value 0
��
��!���
�/4�;!2!� (�!W" Pearson�s correlation test 
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T
��"# 21 Scatter plot -� 
��
��&��&�W4��/�)

�� &� LINE1 methylation -'�T
�����"( 
0
�**�R!� 1&#�+�B5%�C�(����	
�����
�����
�� A: -� 
��
��&��&�W4�1!
�����/�)

�� &� 
LINE1 methylation �R''4��	 �'9* 6
�-'��� &� TAS +�����
�� B: -� 
��
��&��&�W4�1!
'�
��/�)

�� &� LINE1 methylation �R''4��	 �'9* 6
�-'��� &� protein carbonyl +��'
��
 
C: -� 
��
��&��&�W4�1!
�����/�)

�� &� LINE1 methylation +���98*�(9#*����	
-'��� &� TAS  
D: -� 
-����%���
��&��&�W4��/�)

�� &� LINE1 methylation +���98*�(9#*����	
-'��� &� 
protein carbonyl +��'
��
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0
��
��!���
�/4/
��
��&��&�W4��/�)

�� &� LINE methylation �&�T
��
���"( 0
�**�R!� 1&#�+��',)�����2! � (-(��!0
�3
�����5)2
�2
�

�"# 9 ���)
�� &� 
methylation +��R''4��	 �'9* 6
��"��
��&��&�W4�1!
����&��� &� TAS +�����
�� (r = 0.469, 
P = 0.001) (T
� 22A) -2)$�)����
��&��&�W4�

�;!2!�&��� &� protein carbonyl +��'
��
 
�*�0
��"8���)
�� &� methylation 6*
�R''4+�����
���"��
��&��&�W4�1!
����&��� &� protein 
carbonyl +��'
��
 (r = 0.593, P = 0.025) (T
� 22B) *()

�"�&(�.
�&=�

�;!2!  -2)$�)��
��
��&��&�W4�

�;!2!�&��� &� TAS (2
�

�"# 9) 
 
2
�

�"# 9 -� 
�
�/
��
��&��&�W4�1!
��%�2�
��/�)

��/�)

�� &�  LINE1 methylation   -'� 
T
�����"( 0
�**�R!� 1&#�+��',)�����2! 
 

%Methylation in urinary TAS  
(mM ascorbate equivalence) 

plasma protein carbonyl 
(nmol/mg) 

Peripheral blood cells r = 0.469** 
P = 0.001 
(n = 45) 

r = 0.067 
P = 0.660 
(n = 45) 

Urinary exfoliated cells r = -0.110 
P = 0.708 
(n = 14) 

r = 0.593* 
P = 0.025 
(n = 14) 

�)
 P value 0
��
��!���
�/4�;!2!� (�!W" Pearson�s correlation test 
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T
��"# 22 Scatter plot -� 
��
��&��&�W4��/�)

�� &� LINE1 methylation -'�T
�����"( 
0
�**�R!� 1&#�+��',)�����2!  A: -� 
��
��&��&�W4�1!
�����/�)

�� &� LINE1 methylation 
�R''4��	 �'9* 6
�-'��� &� TAS +�����
�� B: -� 
��
��&��&�W4�1!
�����/�)

�� &� 
LINE1 methylation 6*
�R''4+�����
��-'��� &� protein carbonyl +��'
��
 
 
 
�
�<7�b
�,3�)
�

�'!�!�+��
��!�!0U&(�������	
�����
�����
�� (diagnostic values) 6*

�
�2��0�&  LINE1 methylation  -'�2&��)
1"8T
�����"( 0
�**�R!� 1&#� 

�
�<7�b
�"8+1%�
��!���
�/4 receiver operating characteristic (ROC) curve 
��9#*�����!��,3�)
6*
�
�2��0�& �� &� LINE1 methylation 6*
�R''4+���	 �'9* 6
�-'��R''4
+�����
�� �.
/�&�+1%+��
�-(�-(�B5%�C�(�������	
�����
�����
��0
�����2! �98��"#+2%��
v
6*
 ROC curve  (area under  curve (AUC))  �����)
�"#+1%�.
/�&��*��)
�
�� �*� (test) + : 
�"����!�W!T
�+��
�-(�-(���/�)

�',)���������� (disease) �&���$�)������� (non-
disease) $ % "��"(
+  � ( AUC = 0.5 �)
1"8�)
�
�� �*��&8�: $�)�
�
�;-(���/�)

�',)��"#����
���-'��',)��"#$�)�������$ %�'( 63��"# AUC = 1 �)
1"8�*��)
�
�� �*��&8�: �
�
�;+1%0.
-��
�',)��"#�������-'��',)��"#$�)�������$ %*()

���5�34-�� (perfectly distinguishing)  �*�0
��"8
�
��.
�
�2��0�

/%*
�x!�&2!�
�$�+1%+��

�'!�!� 0.
����2%*
�!0
�3
;7
��
�$� 
(sensitivity) -'���
�0.
��
� (specificity)  %�( � (�
�� �*�����"�)
 sensitivity -'� 
specificity �5
�"#�,    

B'�
��!���
�/4  ROC curve -'��)
 AUC 6*
�
�2��0�& -2)'�1�!  -� 
+�
2
�

�"# 10 ���)
�
�2��0�& �� &� hypomethylation (uCuC) (%) 6*
�R''4+�����
�� +/%�)
 



 
 
52 

AUC �"#�5
�"#�,  ��)
�&� 0.848 (T
��"# 23C) �" sensitivity ��)
�&� 80.00% -'��� &� specificity 
��)
�&� 85.00% +�63��"#�
��& �� &� LINE1 methylation -��*9#�: +/%�)
 AUC �"#�%*(��)
 
-� 
�)
�
�2��0�&  hypomethylated form (uCuC) �
�
�;+1%+��
�0.
-��B5%�C�(����	

�����
�����
��**�0
�����2!$ % "��)
�
�2��0�&  total -'� partial methylation   

�.
/�&��
��!���
�/4�,3�)
�

�
��!�!0U&(6*
2&��)
1"8T
�����"( 0
�**�R!
� 1&#� ���)
 protein carbonyl +��'
��
 +/%�)
 AUC �"#�5
�"#�,  ��)
�&� 0.819 (T
��"# 24B) �"
�)
 sensitivity ��)
�&� 81.97% -'� specificity ��)
�&� 73.33% 63��"# AUC 6*
�
�2��0�&  
TAS +�����
�� ��)
�&� 0.800 (T
��"# 24A) sensitivity ��)
�&� 88.52% -'� specificity ��)
�&� 
60.00% (2
�

�"# 10) 
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2
�

�"# 10  -� 
�)
 area under ROC curve  (AUC)  �)
 sensitivity -'� specificity 6*

�
�2���& �� &� methylation �� &� partial methylation -'� �� &� hypomethylation 6*
�R''4
��	 �'9* 6�
-'��R''4+�����
�� -'��
�2��0�& �� &� TAS +�����
��-'� protein carbonyl 
+��'
��
6*
B5%�C�(����	
�����
�����
��-'��',)�����2! 
 

Samples Level  
ROC 

AUC 
Sensitivity 

(%) 
Specificity 

(%) 
Accuracy 
of test 

Peripheral  
blood cells  
(n = 105) 

%Methylation 
Cutoff: 42.87 

0.684 96.67 40.00 72.38 

%Partial 
methylation (mCuC) 
Cutoff: 20.96 

0.585 91.67 37.78 68.57 

%Hypomethylaiton 
(uCuC) 
Cutoff: 34.64 

0.641 50.00 77.78 61.90 

Urinary 
exfoliated cells 
(n = 44) 

%Methylation 
Cutoff: 42.15 

0.691 100.00 21.43 75.00 

%Partial 
methylation (mCuC) 
Cutoff: 22.86 

0.762 80.00 71.43 77.27 

%Hypomethylation 
(uCuC) 
Cutoff: 38.43 

0.848 80.00 85.00 81.82 

Urine  
(n = 106) 

TAS (mM) 
Cutoff: 1.32 

0.800 88.52 60.00 76.42 

Plasma  
(n = 106) 

Protein carbonyl 
(nmol/mg)  
Cutoff: 0.44 

0.820 81.97 73.33 78.30 
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T
��"# 23 -� 
 ROC curve 6*
�� &� methylation  �� &� partial methylation -'��� &� 
hypomethylation 6*
�R''4��	 �'9* 6
� (n=105) -'��R''4+�����
�� (n = 44)  A: ROC 
curve 6*
�� &� methylation  B: ROC curve 6*
�� &� partial methylation C: ROC curve 
6*
�� &� hypomethylation �"�� &� sensitivity -'��� &� specificity �"# "��)
 %methylation  
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T
��"# 24 -� 
 ROC curve 6*
�� &� urinary TAS  -'��� &� plasma protein carbonyl 
(nmol/mg) (n = 106)  A: ROC curve 6*
�� &�  urinary TAS (mM ascorbate equivalence) 
(n =106)  B: ROC curve 6*
�� &� plasma protein carbonyl (nmol/mg) (n = 106) 

��9#*
0
��"�*�
��%*(�"#�!W"�
�� �*�+ /�9*�!W"2��0� "(�0��"�&8
 sensitivity 
-'� specificity �5
 07
*
0+1%�!W"� �*�/�9*�
�2��0/'
(*()

�)���&� (test combination) ��9#*
��!#��&8
��
�$�-'���
�0.
��
�  &
-� 
+�2
�

�"# 11 R7#
0��/	��)
��9#*+1%�
�2��0�)���&�-'%� 
;%
2& �!��
���������	
�����
�����
�� %�(�� &� hypomethylation (uCuC) 6*
�R''4+�
����
��/�9* protein carbonyl +��'
��
*()

+ *()

/�7#
����B'��� (%hypomethylation 
or plasma protein carbonyl Positive) 0��.
+/%��!#���
�$�6*
�
�2��0678���9#*��"(��&���
�
$�6*
�
�2��0-'�'�*()

 -2);%
2& �!�����	
�����
�����
����9#*�&8
�� &� hypomethylation 
(uCuC) 6*
�R''4+�����
��-'� protein carbonyl +��'
��
 +/%B'��������&8
�5) 
(%hypomethylation and plasma protein carbonyl  Positive) +/%��
�0.
��
�����&�;7
 
100.00% �*�
��"#B5%�C�(�"B'�����	0 (false positive) ���� 0.00% /�9*$�)�"�'( (2
�

�"# 11)  
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2
�

�"# 11 B'�
��.
��3�)
 sensitivity -'� specificity ��9#*�"�
�2��0�)���*
*()

��9#*
�!�!0U&(����	
�����
�����
�� 
 

Test BCA Healthy Total 
% Hypomethylation (uCuC) 

- Positive 
- Negative 

 
24 
6 

 
2 
12 

 
26 
20 

Plasma protein carbonyl (nmol/mg) 
- Positive 
- Negative 

 
50 
11 

 
12 
30 

 
62 
41 

% Hypomethylation or plasma protein 
carbonyl Positive 

- Positive 
- Negative 

 
 
29 
1 

 
 
7 
7 

 
 
36 
8 

% Hypomethylation and plasma protein 
carbonyl Positive 

- Positive 
- Negative 

 
 
19 
11 

 
 
0 
14 

 
 
19 
25 

 
Test Sensitivety Specificity 

Single test   
%Hypomethylation (uCuC) 80.00 85.00 
Plasma protein carbonyl (nmol/mg) 81.97 73.33 
Combined test   
%Hypomethylation or plasma protein carbonyl Positive 96.66 50.00 
%Hypomethylation and plasma protein carbonyl  Positive 63.33 100.00 
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�����  5 

����.� 	��!"�# �@!��	#.� ����$�
������ 
 
����.� 	��!"�# 

�
�<7�b
��&8
�"8�"�&2;,����
�4��9#*�& �� &�T
�����"( 0
�**�R!� 1&#�-'��� &� 
LINE1 methylation +��R''4��	 �'9* 6
�-'��R''4+�����
��6*
B5%�C�(����	
�����
�����
��
���"(���"(��&��',)�����2! �!���
�/4��
��&��&�W4��/�)

T
�����"( 0
�**�R!� 1&#� �&��� &� 
LINE1 methylation ����&8
��
��&��&�W4��/�)

�� &� LINE1 methylation +���98*�(9#*����	
 +�
�R''4��	 �'9* 6
� -'��R''4+�����
��6*
B5%�C�(����	
�����
�����
�� 

B'�
�<7�b
 ���)
B5%�C�(����	
�����
�����
���"�� &� methylation +��R''4
��	 �'9* 6
�-'��R''4+�����
��2#.
��)
�',)�����2!*()

�"�&(�.
�&=�

�;!2! (T
��"# 14A -'� 
14B)  0
��
�<7�b
�"8-� 
�)
B5%�C�(����	
�����
�����
���"T
�� LINE1 hypomethylation 
6*
�R''4��	 �'9* 6
�-'��R''4+�����
�� -'��5�-���
���!  LINE1 methylation �"#���)*(+�
�R''4��	 �'9* 6
�-'��R''4+�����
��6*
B5%�C�(����	
�����
�����
�� �9*  hypomethylated 
form /�9* unmethylated pattern /�9* uCuC R7#
��$ %�5
��)
�',)�����2!*()

�"�&(�.
�&= 

B'�
�<7�b
�� &� LINE1 methylation +���98*�(9#*����	
6*
B5%�C�(�����
�
����
�����)
 B5%�C�(����	
�����
�����
���"�� &� methylation +���98*�(9#*����	
2#.
��)
�� &� 
methylation 6*
�R''4+�����
�� -'��R''4��	 �'9* 6
� 2
�'.
 &� (T
��"# 19A) B'�!0&(�"8
-� 
+/%�/	��)
�R''40
�-2)'�-/')
�"�� &� LINE1 methylation -2�2)

�&� � (+���98*�(9#*����	

�"T
�� LINE1 hypomethylation �5
�,  R7#
*
0��9#*
�
0
��"��!�
3�R''4����	
�
��"#�,  �R''4
+�����
���"�� &� LINE1 hypomethylation +�'%��"(
�&�+���98*�(9#*����	
 07
�)
0������
�
2&�*()

�"#�/�
����.
/�&�2��0�!�!�U&(�
���)
�R''4�R''4��	 �'9* 6
� 

�� &� LINE1 methylation +���98*�(9#*����	
�"��
��&��&�W4�1!
����&��� &� 
methylation 6*
�R''4+�����
��*()

�"�&(�.
�&=�

�;!2! (T
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��-����%�
��
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�����/�)
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-'��R''4��	 �'9* 6
� (T
��"# 
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�)
�
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�-'��R''4+�����
���)
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���%*�;7
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 �*�0
��"8(&
���)
 �5�-���
���!  LINE1 
methylation -�� partial methylation (mCuC) -'� hypomethylation ( uCuC ) +��R''4��	 �'9* 
6
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�� ����
��&��&�W4�1!
'� ��/�)
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hypomethylation +��',)�B5%�C�(B5%�C�(����	
�����
�����
�� (T
��"# 17 A3) 63��"#����
��
��&��&�W4�1!
���+��',)�����2! (T
��"# 18 A2)  

B'�
�<7�b
�� &� oxidative stress ���)
B5%�C�(����	
�����
�����
���"�� &�  
protein carbonyl �5
��)
�',)�����2!*()

�"�&(�.
�&=�

�;!2! (T
��"# 20B)  63��"#�"�� &� 
total antioxidant status (4) +�����
�� 2#.
��)
�',)�����2!*()

�"�&(�.
�&=�

�;!2! (T
��"# 
20A) B'�
�<7�b
�"8-� 
+/%�/	��)
B5%�C�(����	
�����
�����
���"T
�����"( 0
�**�R!� 1&#��5

��)
����2! 

B'�
��!���
�/4��
��&��&�W4��/�)

�� &��
���!  LINE1 methylation �&�
T
�����"( 0
�**�R!� 1&#�+�B5%�C�(����	
�����
�����
�� ���)
�� &� methylation +��R''4
��	 �'9* 6
��"��
��&��&�W4�1!
����&��� &��
�2%
�*�,�5'*!��� (4) *()

�"�&(�.
�&=�

�;!2! 
(T
� 21A) -2)�"��
��&��&�W4�1!
'� �&��� &�  plasma protein carbonyl  (T
��"# 21B) R7#
B'
�
�<7�b
�"8�)
1"8�)
�� &� LINE1 methylation +��R''4��	 �'9* 6
��"#2#.
'
�&��&�W4�&�T
�����"( 
0
�**�R!� 1&#��"#�5
678� (T
��"# 21A -'� 21B) �
�<7�b
�"8�����
�<7�b
-���"#-� 
+/%�/	�;7

��
��&��&�W4 &
�')
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�@!��	#.� 	��!"�# 

�����"#(*��&��&��)
���)
 global hypomethylation �&��&�W4�&��
���! ����	
 
��9#*
0
��
���!  global hypomethylation �.
+/%*&2�
�
���!  mutation �5
678��.
$��5)��
�$�)
��;"(�6*
0"��� (50) /'
(�
�<7�b
�
(

��
���T
�� global hypomethyaltion +�
�R''4����	
  �1)�����	
<"�b�-'��* (head and neck cancer) ����	
�����
�*
/
� ����	
2)*�
'5�/�
�  -'�����	
'.
$�%+/=) ����2%� (10, 11, 67-70) �
���!  LINE1 hypomethylation ����
�
���'"#(�-�'
-���/�9*�&�W,�����"#��$ %�)*(+�����	
/'
(1�!  (11, 68, 71)  ����&8
����	

�����
�����
�� �&8
+���98*�(9#*����	
 (9, 11) -'��R''4��	 �'9* 6
�  (20, 72) R7#
+��
�<7�b
�"8
+ %B'�"#�* �'%*
�&��9* ���)
�� &� LINE1 methylation +��R''4��	 �'9* 6
�-'��R''4+�
����
�� 6*
B5%�C�(����	
�����
�����
��2#.
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�',)�����2!*()

�"�&(�.
�&=�
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B5%�C�(����	
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�����
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�
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2��0�*���
���"#(
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�����
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�
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-2�2)

�&��
� (wide ranges and varied levels)  R7#
�)
B'2)* specificity 6*
�
�2��0�& 
�� &� LINE1 methylation �.
+/%�"�� &� specificity 2#.
 (10, 11, 67)   

�*�0
��R''4��	 �'9* 6
�-'%�(&
���)
�� &� LINE1 methylation 6*
�R''4+�
����
��6*
B5%�C�(2#.
��)
�',)�����2!*()

�"�&(�.
�&=�

�;!2!  R7#
�
�<7�b
�"8�����
�<7�b

-���"#2��0�*��� &� LINE1 methylation 6*
�R''4+�����
��6*
B5%�C�(����	
�����
�����
��
 %�(  ��9#*�.
�
����"(���"(��� &� LINE1 6*
�R''4��	 �'9* 6
� �R''4+�����
��-'���98*�(9#*
����	
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B5%�C�(����	
�����
�����
�����)
�"��
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�&�*()

�"�&(�.
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�'9* 6
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��)
�R''4+����
�� -'���98*�(9#*����	
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�'.
 &� -� 

�)
�� &� LINE1 methylation �"��
�0.
��
���/�)

�R''4-2)'�1�!  � (���)
 �R''4��	 �'9* 
6
��"�� &� LINE1 methylation �5
�"#�,  -'���98*�(9#*����	
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�"#�,  
/�9**
0����$�$ %�)
+��'9* �"�R''4����	
�����
�����
���%*(�"#�,  07
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�R''4+�����
�����)
�"�� &�*(5)2�

�'

��/�)

�R''4��	 �'9* 6
�-'���98*�(9#*����	
 -'����)
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�R''4
+�����
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�"#��%

�
��"#�, ��9#*��"(��&��R''4��	 �'9* 6
�-'���98*�(9#*����	
  B5%�!0&(�
 �)

*
00��������
��R''4+�����
��6*
B5%�C�(����	
�����
�����
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�
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0�"�R''4/'
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�����
�����
���)���"#��������	
 
(urothelial cancer cells) -'��R''4�(9#*�,�

� !�����
��+��)���"#$�)$ %��������	
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��
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0
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�&� R7#
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0��"�� &� LINE1 methylation 2#.
��)
��98*�(9#*��2! (11)   

Mutirangura -'��3� (56) ���*�)
+��R''4�"#�"�� &� LINE1 methylation $�)
-2�2)

�&� *
0�" LINE1 methylation pattern -2�2)

�&�$ %  &
�&8��
��& �� &� LINE1 
methylation +��1!
��!�
3*()

� "(�07
$�)��"(
�*�"#0�+1%����2&�1"8�& ��
���"#(
6*
����	
$ % +�
�
�<7�b
��&8
�"8�*�0
�<7�b
�� &� LINE1 methylation -'%� (&
$ %<7�b
�5�-���
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methylation 0.
��� 2 �5�-�� �9* partial methylaiton /�9* mCuC -'� hypomethylation /�9* 
uCuC � (���"(���"(���/�)

B5%�C�(����	
�����
�����
��-'�����2! ���)
 B5%�C�(�"�5�-��
�
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+��R''4��	 �'9* 6
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���5
��)
0
�
����2!*()
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0+1%����2&��)
1"8��
���"#(
6*
����	
�����
�����
��$ %  R7#
0
��
�
�!���
�/4 ROC curve ���)
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�R''4+�����
��+/%�)
 AUC �"#�5

�"#�,  (cutoff: 38.43), sensitivity = 80.00%, specificity = 85.00% -'� accuracy = 81.82%)   
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-� 
�)
 LINE1 hypomethylated pattern *
00�����2&��)
1"8��
���"#(
6*
����	
�����
�
����
��$ % "��)
�� &� overall LINE1 methylation 

�"

��!0&(0.
����
����)
B5%�C�(����	
�����
�����
���"T
�����"( 0
�**�
R!� 1&#��5
 (6, 21) � (T
�����"( 0
�**�R!� 1&#���! ��9#*
0
��
���%

 ROS 6*
�R''4+�
�)

�
(��!#�678�-'���!�
3�
�2%
�*�,�5'*!���' '
 �.
+/%��! �
��.
'
(�
�1"����'�,' �1)�   "
�*	��* $6�&�-'����2"� ����2%� ��9#*�
�1"����'�,'�/')
�"8;5��.
'
(0��.
+/%�5=��"(/�%
�"#-'�
��! �
��
 �0	�6*
�R''4 �.
/�&�+��
�<7�b
��&8
�"8�'9*�<7�b
�
��
 �0	�6*
���2"�0
�B'
6*
 ROS /�9* protein oxidation ��9#*
0
��"�
�<7�b
�"#�
(

��)
 oxidative damage 2)*
���2"��"��
��.
�&=�
���)
 oxidative damage 2)*$6�&� (21) ���
���9#*�"�
��
 �0	�6*

���2"������
�678�0��.
+/%�*�$R�4�5=��"(�
��.


�  �)
B'+/%�R''4�.


�B! ��2!0��.
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�
��"#�!(�+1%����2&��)
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�
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�T
�����"( 0
�
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�"�
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(

��!0&(���)
�� &� protein 
carbonyl ��!#��5
678�+��'9* 6*
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(78-81)  �����
/�
� (diabetes) (82-84) ���'.
$�%*&���� (inflammatory bowel disease 
(IBD)) (85) ���6%**&���� (arthritis) (86, 87) -'����2&����1�!  C (hepatitis C) (88) ����2%�  
*"��&8
(&
�"��
��&��&�W4�&��
���! ����	
/'
(1�!  (89, 90)  �.
/�&��
�<7�b
+���&8
�"8 ���)

B5%�C�(�������	
�����
�����
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�
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�����
�����
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ROS +��'9* �5
��)
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�� &�6*
�
�2%
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��& 
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�����
�����
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�����
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*!���2#.
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�����
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T
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�
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��.
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�����
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(guanine) ��! ���� 8-hydroxy-2-deoxyguanosine (8-OHdG)    R7#
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� DNA methylation  �)
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�����
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�������	�	�����	������� protein carbonyl ��%�	�&� 

1. Phosphate buffer saline (1X PBS) (10 mM sodium phosphate, dibasic (Na2HPO4), 
pH 7.4 !"# 0.14 M sodium chloride (NaCl)) 
1.1. '()* Na2HPO4 (MW=141.98) 1.42 g  !"# NaCl (MW=58.44) 8.18 g 
1.2. "#"012334506"()3789:0;8 800 ml 
1.3. 78(= pH 2>?@A? 7.4 !"?BC;9:34506"()3D3@A? 1000 ml 

 
2. Trichloroacetic acid (TCA) (20% w/v) 

2.1.  '()* TCA 20 g C;9:34506"()3D3@A?789:0;8 100 ml 
 

3. Dinitrophenylhydrazine (DNPH) (10 mM DNPH 23 2N hydrochloric acid (HCl)) 
3.1. C;9: HCl 98.5ml 2334506"()3 500 ml 
3.2. '()* DNPH (MW=198.14) 0.99 g "#"0123 HCl MN)C;8N1:@B?23O?P 3.1 

 
4. Ethanol:Ethyl acetate (1:1)  

4.1. RS: 95% ethanol 500 ml 6(= ethyl acetate 500 ml 2>?CO?06(3 
 
5. Guanidine hydrochloride (GdmCl) (6 M GdmCl !"# 0.5 M potassium phosphate, 

monobasic (KH2PO4), pH2.5) 
5.1. '()* KH2PO4 (MW=136.09) 34.023 g  !"# GdmCl (MW=95.53) 286.6 g  
5.2. "#"012334506"()3789:0;8 300 ml  
5.3. 78(= pH 2>?@A? 2.5 !"?BC;9:34506"()3D3@A?789:0;8 500 ml 

 
��	
�	�
���	
�������	�	�����	������� total antioxidant status (TAS) ��>?���� 

1. Sodium phosphate buffer (10 mM, pH 7.4) 
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1.1.  C;8N1: solution A XA1'()* NaH2PO4YH20 (MW=137.99) 0.69 g !"?BC;9:34506"()3D3@A?
789:0;8 1000 ml  

1.2.  C;8N1: solution B XA1'()* Na2HPO4 (MW=141.98) 0.71 g !"?BC;9:34506"()3D3@A?
789:0;8 1000 ml 

1.3.  C;N1: solution AB XA1RS: solution A 18 ml 6(= solution B 82 ml 
1.4.  RS: solution AB 6(= 0.9% NaCl 23P(;80SZB3 1:1 

 
2. Sodium chloride (NaCl) (0.9 % w/v) 

2.1.  '()* NaCl (MW=58.44) 0.9 g !"?BC;9:34506"()3D3@A?789:0;8 100 ml 
 

3. 2,2-diphenyl-1-picryl hydrazyl (DPPH) (0.1 mM DPPH 23 absolute methanol) 
3.1.  '()* DPPH (MW=394.32) 0.0394 g "#"0123 absolute methanol 1000 ml 

 
��	
�	�
���	
�������	�	�����	������� LINE1 methylation 

1. Sodium hydroxide  (NaOH) (10 M)  
1.1.  '()* NaOH 1 C:[A  !"?BC;9:34506"()3 = (5/2)x 3450>3(6OP* NaOH C:[A(g)  ml 

  
2. Sodium hydroxide  (NaOH) (2M !"# 3M) 

2.1.  C;8N1: 2M NaOH XA1350 10M NaOH :0 100 µl  !"?BC;9:34506"()3 400 µl  
2.2.  C;8N1: 3M NaOH XA1350 10M NaOH :0 150 µl !"?BC;9:34506"()3 350 µl 

 
3. Sodium metabisulfate (Na2S2O5)(3M, pH 5.0) 

3.1 '()* Na2S2O5 (MW=190.11) 1.88 g C;9:34506"()3789:0;8 5 ml (S50>8(= 10 reaction) 
RS:2>?CO?06(3 

3.1 78(= pH 2>?@A? 5.0 XA12'? 10M NaOH MN)C;N1:@B?23O?P 1 
 

4. Hydroquinone (C6H6O2)  
4.1 '()* hydroquinone (MW=110.10) 2>?@A?789:0_3?P1`   
4.2 !"?BC;9:34506"()3 = (50/55)x 3450>3(6OP* hydroquinone MN)'()*@A?(mg) ml 
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5. Tris- Boric -EDTA buffer (TBE buffer)  (10X, pH 8.3) 
5.1.  "#"01 Tris base (MW=121.14) 108 g !"# boric acid (MW=61.83) 55 g 23

S08"#"01 0.5M EDTA (pH 8.0) 40 ml !"?BC;9:34506"()32>?c8= 1000 ml 
5.2.  3d)*eZ0C'f4PMN)Pg_>hi:9 121 P*j0Ck"CkN1S 303 15 30MN 
5.3.  CDfPD0*C7l3S08"#"01CO?:O?3 1X Cmf)P2'?C7l3 electrophoresis buffer 

 
6. Ethylenediaminetetraacetic acid (EDTA) (0.5 M, pH 8.3) 

6.1.  "#"01 EDTA (MW=292.24) 16.81 g 2334506"()3 80 ml cZP1`C;9:S08"#"01 NaOH 
CO?:O?32>?@A? pH 8.0 78(=789:0;8A?B134506"()32>?c8= 100 ml 

6.2.  3d)*eZ0C'f4PMN)Pg_>hi:9 121 P*j0Ck"CkN1S 303 15 30MN 
 

7. Ammonium acetate (CH3COONH4) (10M) 
7.1.  '()* CH3COONH4 (MW=77.08) 7.71 g !"?BC;9:34506"()3D3@A?789:0;8 10 ml 

 
8. Glycogen (20 mg/ml) 

8.1.  "#"01 glycogen 10 mg (type XI from oysters) 2334506"()3 500 µl RS:2>?CO?06(3 
 

9. Isopropanol (80% v/v) 
9.1.  350 isopropanol  :0789:0;8 80 ml !"?BC;9:34506"()32>?@A?789:0;8c8= 100 ml 
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����	O�PQ���R��ST/�V�Q���V�Q�W�SR
�R�	W��X�	���	 

(Information sheet for research volunteer) 
'f)PXc8*608B9D(1   cB0:S(:m(3op8#>BZ0*608C69AC:M9"C"'()3OP*@"3pB(3 !"#h0B# Cc8N1AD06PP6
k9CA'()3 23Ri?7qB1:#C8[*68#Cm0#7rSS0B# 
�SRZV��[��
 
'f)P    30*S0B:og8A0  Cm'8S(*Op  
MN)P1iZ    h0cB9'0'NBCc:N  c_#!mM1j0S;8p Dgs0"*68_p:>0B9M10"(1 
C=P8pXM8j(mMp    0-2256-4482        :fPufP 08-9097-2512 
�SR	W���[��
 
'f)P    j0S;80D081p7v1#8(;3p X;SgXOB*jp     
MN)P1iZ    h0cB9'0'NBCc:N c_#!mM1j0S;8p Dgs0"*68_p:>0B9M10"(1 
C=P8pXM8j(mMp   0-2256-4482 :fPufP 08-1518-7618 
'f)P    Ri?'ZB1j0S;80D081p A8.'0w'(1   =gw>"?0 
MN)P1iZ    h0cB9'0'NBCc:N c_#!mM1j0S;8p Dgs0"*68_p:>0B9M10"(1 
C=P8pXM8j(mMp   0-2256-4482 :fPufP 08-1320-6627 
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