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ABSTRACT
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ASSOCIATION ANALYSIS OF CHOLESTEROL 7- ALPHA 
HYDROXYLASE (CYP7A1) AND CHOLESTEROL 24-HYDROXLASE 

(CYP46A1) GENETIC POLYMORPHISMS AND MULTIPLE SCLEROSIS 
RISK IN TURKISH POPULATION
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TÜRK POPÜLASYONUNDA KOLESTEROL 7-ALFA HİDROKSİLAZ 
(CYP7A1) VE KOLESTEROL 24-HİDROKSİLAZ (CYP46A1) GEN 

POLİMORFİZİMLERİ İLE MULTİPLER SKLEROZ RİSKİ İLİŞKİSİNİN 
İNCELENMESİ
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CHAPTER 1

1. INTRODUCTION

�

1.1. Multiple Sclerosis
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���$]�$$;$$$� &(&3+*-1(8�� *86� �3'(&/� ��$L]�$$;$$$�;� 1-� 10� +(H/0-� 18� �*0-� �01*�

��<�]�$$;$$$�&(&3+*-1(8��*86�034��*.*'*8��,'1?*���<�]�$$;$$$���
/'*7�/-�*+<;��$���<�

�.10�10�303*++7�?+*'1,1/6�47�/-.81?�61,,/'/8?/0�18�&'/610&(01-1(8�(,�*�610/*0/�('�/J&(03'/�

-(�(8/�('�5('/�/8)1'(85/8-*+�,*?-('0���/++8/'�/-�*+<;��$���<�

�+-.(3:.�1-�5*18+7�?*8�4/�0//8�18�7(38:�*63+-0�4/-H//8��$�*86�M$�7/*'0�(,�*:/;�H1-.�

*�&/*E�(??3''18:�*-�G$�7/*'0�(,�*:/;�?.1+6.((6�('�(+6/'�*:/�?*0/0�?*8�'*'/+7�(??3'�

��1+(�Z��*.*8*;��$�$�< �&&'(J15*-/+7��<M�51++1(8�&/(&+/�H('+6H16/�03,,/'�,'(5����

�#/+?1?�/-�*+<;��$�L�;�*86�/)16/8?/0�03::/0-�-.*-�1-0�18?16/8?/�10�18?'/*018:�+1E/�(-./'�

*3-(15538/�610/*0/0<��??('618:�-(�0-*-10-1?0�,'(5�-./��3+-1&+/��?+/'(010��8-/'8*-1(8*+�

�/6/'*-1(8;�18��3'(&/�*+(8/�-./�610/*0/�?(0-0�5('/�-.*8�^�M�41++1(8�/*?.�7/*'�18�-/'50�

(,�./*+-.�?*'/�?(0-0�*86�+(0-�&'(63?-1)1-7���*H?/'�/-�*+<;��$���<�

���&*-1/8-0�.*)/�/J?/00�5('-*+1-7���<G]G��*86�'/63?/6�+1,/�/J&/?-*8?7�������7/*'0��

?(5&*'/6�H1-.�-./�:/8/'*+�&(&3+*-1(8<��+-.(3:.����10�+18E/6�-(�18?'/*0/6�,'/93/8?7�

*5(8:�H(5/8��18�-./�,/5*+/]5*+/�0/J�'*-1(�,'(5��2��-(�8/*'+7�G2��;�H(5/8�H1-.����

.*)/�4/--/'�03')1)*+�?*&*?1-7�-.*8�5/8��
/'*7�/-�*+<;��$�M�<�

�
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1.1.1. Diagnosis of MS

�8?16/8?/� (,� ��� 10� '1018:� ()/'� -15/;� *86� -.10� ?*8� 4/� '/+*-/6� H1-.� *6)*8?/0� 18�

'/?(:81-1(8�5/-.(60�*86�+(8:/'�+1,/�/J&/?-*8?7���.*(�/-�*+<;��$�L�<��,�-./�61*:8(010�(,�

53+-1&+/�0?+/'(010�10�6(8/�18?(''/?-+7;�-.10�5*7�+/*6�-(�:'/*-�H(''7�-(�&*-1/8-0�*86�5*7�

?*30/�388//6/6� -'/*-5/8-�H1-.�.1:.�&'1?/6�5/61?18/0<��(�51815*+1D/� -.10� '10E�*86�

5*18-*18�*�.1:.�+/)/+�(,�610/*0/�0&/?1,1?1-7;�*�0/-�(,�'/?(55/86/6�61*:8(0-1?�?'1-/'1*�

10� 30/6R� *86� -.*8E0� -(� -./� ?+181?*+� *86�&*'*?+181?*+� 6*-*�(,� *8� *+:('1-.5�H1-.18� -./�

?'1-/'1*;�61*:8(0-1?�?/'-*18-7�?*8�4/�61)16/6�-.'//�?*-/:('1/02���;�&(0014+/���;�*86�

8(-������'//65*8�/-�*+<;��$$M�<��8�'/0/*'?.�*86�?+181?*+�&'*?-1?/;�-./��$����?�(8*+6�

?'1-/'1*�,('�1-0�61*:8(010� 10�H16/+7�30/6���.(5&0(8�/-�*+<;��$�L��*86�1-�/5&.*01D/�*�

?+181?*+� 61*:8(010;� '/,/''18:� *87� &*'*?+181?*+� 5/*03'/� _1</<;� 5*:8/-1?� '/0(8*8?/�

15*:18:� �����;� /)(E/6� &(-/8-1*+0;� ('� ?/'/4'(0&18*+� ,+316� �����`� ��'//65*8� /-� *+<;�

�$$M�<��++�(,�-./5�*'/�8(-�303*++7�8/?/00*'7;�43-�?*8�&'()16/�03&&('-1)/�/)16/8?/�(,�

53+-1&+/�0?+/'(010���'(H8+//�/-�*+<;��$���<��

�1'0-+7;� ���� 10� .1:.+7� 0/801-1)/� -(� 6/-/?-� ?.*'*?-/'10-1?� �	�� +/01(80R� -./'/,('/;�

61*:8(010�(,����10�4*0/6�(8�-./�/J10-/8?/�(,�?+181?*+�075&-(50�*86�01:80�*86�,18618:0�

(8� ���� ��(+5*8� /-� *+<;� �$���<� �/?(86+7;� &*'-1*++7� 6/57/+18*-/6� *J(80� ?(863?-�

15&3+0/0� *-� '/63?/6� )/+(?1-7<� �('� -.*-� '/*0(8;� 6/+*70� 18� ?(863?-1(8� (,� /)(E/6�

&(-/8-1*+0�?*8�4/�0//8�18����&*-1/8-0���(5&0-(8�Z��(+/0;��$$��<��.1'6+7;�*�8('5*+�

('�51+6+7� '*10/6�H.1-/� ?/++� ?(38-� �a�M� ?/++0� &/'� ?5bR� &'15*'1+7� +75&.(?7-/0�� *86�

&'(-/18��303*++7�a��:]
�;�*�'*10/6��:��186/J��18�*661-1(8�-(��:�;��:��;�H.1?.�?(8-'143-/�

61'/?-+7�-(�*8�15538/�'/0&(80/�18?+3618:�8/3-'*+1D*-1(8�(,�-(J180�*86�)1'30/0;�?*8�4/�

5/*03'/6�H1-.�����(,� ?*0/0� ��'(H8+//� /-� *+<;� �$��R��?.'(/6/'�Z��*)*?181;� �$�$R�


/8'1E00(8�/-�*+<;��%LM�<��18*++7;�*+-.(3:.�'(3-18/�-/0-18:�,('�070-/51?�*3-(15538/�

610('6/'0�.*0�*�)/'7�+(H�71/+6�18�&*-1/8-0�H1-.�&'/0/8-*-1(80�-7&1?*+�(,���;�+*4('*-('7�

/J*518*-1(80� *'/� ,'/93/8-+7� 6/5*86/6� *0� &*'-� (,� -./� 61*:8(0-1?� H('E�3&� ,('����

��'(H8+//�/-�*+<;��$���<��-1++;�-./�61*:8(0-1?�*&&'(*?./0�.*)/�5*87�+151-*-1(80�*86�*'/�

(,-/8�8(-�0&/?1fi?�/8(3:.�,('�*�61*:8(010�(,���;�&*'-1?3+*'+7�18�-./�/*'+7�0-*:/0�(,�-./�

610/*0/���'D74/E�/-�*+<;��$�M�<�
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1.1.2. Classification of MS

�./����	*-1(8*+��3+-1&+/��?+/'(010��(?1/-7��	������6)10('7��(551--//�(8��+181?*+�

�'1*+0� 18� �3+-1&+/� �?+/'(010� 6/,18/6� -./� ?+181?*+� 034-7&/0� (,� 53+-1&+/� 0?+/'(010� *0�

4/81:8���� *86�5*+1:8*8-���� 18� �%%�� �
34+18� Z� �/18:(+6;� �%%��R� .(H/)/';� -./�

6/0?'1&-1(80�.*)/�4//8�?.*8:/6�()/'�-15/�63/�-(�-./�?(8,301(8�('�+*?E�(,�?(80/8030�

�
34+18�/-�*+<;��$���<�

�./�?+181?*+� &'(:'/001(8�(,����?*8� '*8:/� ,'(5� *� 0366/8�*86� 0/)/'/� 18,+*55*-1(8�

610('6/';�H.1?.�?*8�4/�,*-*+�H1-.18�5(8-.0;�-(�*8�*075&-(5*-1?�?(861-1(8;�H.1?.�?*8�

(8+7� 4/� '/*+1D/6� *-� *3-(&07� 18?16/8-*++7� ��*6()81?E� /-� *+<;� �%%��<� �*0/6� 3&(8� -./�

610/*0/� ?(3'0/;� ��� 10� ?*-/:('1D/6� 18� 61,,/'/8-� ,('502� '/+*&018:['/51--18:� ���

������;�0/?(86*'7�&'(:'/001)/���;�&'15*'7�&'(:'/001)/���;�4/18:�+1E/�c4/81:8c;�

c+(8:�-/'5� '/+*&018:�'/51--18:c;� *86� c&'15*'7� ?.'(81?� &'(:'/001)/d;� '/0&/?-1)/+7�

��'(H8+//�/-�*+<;��$��R��1+)*�/-�*+<;��$�LR��*6()81?E�/-�*+<;��%%��<��

�����10�5('/�?(55(8;�*,,/?-18:�LM[%$Y�(,����&*-1/8-0<��-�10�6/0?'14/6�47�'/+*&0/0�

H.1?.�*'/�*--*?E0�(,�8/3'(+(:1?*+�670,38?-1(8�(8:(18:�*-�+/*0-����.(3'0�18�-./�*40/8?/�

(,�,/)/'�('�18,/?-1(8;�,(++(H/6�47�0-*:/0�(,�'/51001(8R�*86�'/?()/'7�,'(5�'/+*&0/0�10�

)*'1*4+/� *86�?(3+6�4/�&*'-1*+� ��'(H8+//� /-� *+<;� �$���<��./0/� 0/'1/0�(,� '/+*&0/0� *86�

'/51001(80� (,-/8� 4/?(5/�&'(:'/001)/� ��*6()81?E� /-� *+<;� �%%��R� *86� *+5(0-� �$Y�(,�

&*-1/8-0�6/)/+(&�&'(:'/001(8��$[�M�7/*'0�*,-/'�*8�181-1*+�'/+*&018:�'/51--18:�?(3'0/;�

H.1?.� 10� ?*++/6� 0/?(86*'7� &'(:'/001)/���� ��8-*8/6*� /-� *+<;� �$���<��4(3-� �MY�(,�

&*-1/8-0� 4/:18� H1-.� *� &'(:'/001)/� 610/*0/� ?(3'0/� ,'(5� 181-1*-1(8;� H.1?.� 10� ?*++/6�

&'15*'7�&'(:'/001)/���R�*86�1-�610&+*70�8(�'/+*&0/0�('�&/'1(60�(,�'/51001(8���8-*8/6*�

/-�*+<;��$��R��1+)*�/-�*+<;��$�L���Figure 1.2�<�

�
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��.*8:/6�?+181?*+�&./8(-7&/0�(,�53+-1&+/�0?+/'(010�*86�-./�386/'+718:�&*-.(+(:7<�

��(5&0-(8�Z��(+/0;��$$��<�

�

�8�*661-1(8�-(�-.(0/;��8-/'8*-1(8*+����&*8/+�18��$�G�*66/6�*8(-./'�-H(�-7&/0�(,����

6/,181-1(82�?+181?*++7�10(+*-/6�0786'(5/������;�*86�'*61(+(:1?*++7�10(+*-/6�0786'(5/�

��������('1/5;��$���<�����10�16/8-1,1/6�*0�-./�181-1*+�?+181?*+�&'/0/8-*-1(8�(,�*�610/*0/;�

1861?*-18:� ,/*-3'/0� (,� 18,+*55*-('7� 6/57/+18*-1(8;� H.1?.� ?(3+6� 4/� 0//8� 18� ��R�

.(H/)/';�1-�.*0�-(�5//-�?'1-/'1*�(,�0&'/*618:�18�-15/��
34+18�/-�*+<;��$���<��8�-./�(-./'�

.*86;�-./�38*8-1?1&*-/6�����6/-/?-1(8�18�-./�4'*18�(,�075&-(5+/00�034O/?-0;�H.1?.�*'/�

-./�1861?*-1)/�(,�53+-1&+/�0?+/'(010�.*0�4//8�?*++/6�*0�'*61(+(:1?*++7�10(+*-/6�0786'(5/�

�������
*�*41*8(��(8-?34/'-*�/-�*+<;��$���<�

�

1.1.3. Treatment of MS

�+-.(3:.�53+-1&+/�0?+/'(010�10�8(-�303*++7�*�,*-*+�610/*0/;�1-�*,,/?-0�-./�&*-1/8-0�18�-/'50�

(,�4(-.�6/?'/*018:�-./�93*+1-7�(,�+1,/�*86�18?'/*018:�-./�/?(8(51?�/J&/861-3'/�'/+*-/6�

�'/93/8-�18,+*55*-1(8;�

6/57/+18*-1(8;�*J(8*+�

-'*80/?-1(8�&+*0-1?1-7�

*86�'/57/+18*-1(8�

�(8-18318:�18,+*55*-1(8;�

&/'010-/8-�6/57/+18*-1(8�
�8,'/93/8-�18,+*55*-1(8;�

?.'(81?�*J(8*+�6/:/8/'*-1(8;�

:+1(010�
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-(�610/*0/���*6()81?E�/-�*+<;��%%��<�W.1+/�-./'/�10�8(-�*8�*)*1+*4+/�/,,/?-1)/�-./'*&7�

,('������18�-./�*40/8?/�(,�(4)1(30�*?-1)/�18,+*55*-1(8;�610/*0/�?(3'0/�(,������?*8�

4/� 5(63+*-/6� H1-.� )*'1(30� 610/*0/� 5(61,718:� -./'*&1/0� �����;� +/*618:� -(� +/00�

/J*?/'4*-1(80� *86� +/00� '*&16� *??353+*-1(8� (,� 610*41+1-7� 18� -./� /*'+7� 0-*:/0� (,� -./�

610('6/'<��'/*-5/8-�(,������10�&'15*'1+7�?(8,18/6� -(� 075&-(5*-1?�*86�03&&('-1)/�

?*'/R�-./'/,('/;�-.10�5*E/0������*�01:81,1?*8-�385/-�?+181?*+�8//6�18�8/3'(+(:1?�?*'/�

��(J�/-�*+<;��$��R��(+,�/-�*+<;��$���<

�0/6�,('�-./�-'/*-5/8-�(,���;�15538(5(63+*-('7�-./'*&1/0�03?.�*0�18-/',/'(8�e����	�

e�;� :+*-1'*5/'� *?/-*-/� *86�51-(J*8-'(8/� *'/� 8(-� /8-1'/+7� /,,/?-1)/� ��(.*O/'1� /-� *+<;�

�$���<��('�/J*5&+/;�18-/',/'(80�*86�:+*-1'*5/'�*?/-*-/�15&'()/6�(8+7�-./�'/+*&0/�'*-/�

18�(8/�-.1'6�(,�&*-1/8-0�43-�616�8(-�*+-/'�-./�*6)*8?/6�&'(:'/00�(,�-./�610/*0/���*.4(3'�

/-�*+<;��$���<��./�'/*0(80�(,�-.10�18/,,/?-1)/8/00�*'/�-./1'�1803,,1?1/8?7�18�?(8-'(++18:�

0/+,�'/*?-1)/� +75&.(?7-/0� *86� &'(5(-18:� '/57/+18*-1(8� *86� '/:/8/'*-1(8�

5/?.*81050;� ?(8-'143-18:� -(� ?353+*-1)/� 610*41+1-7� *86� 1''/)/'014+/� *J(8*+]8/3'(8*+�

15&*1'5/8-� ��(.*O/'1� /-� *+<;� �$���<� �-./'� -.*8� 15538(5(63+*-('7� -./'*&1/0;�

41(+(:1?*+;�5(8(?+(8*+;�*86�('*+�*:/8-0�.*)/�4//8�18-'(63?/6�H1-.�:((6�(3-?(5/�,('�

-'/*-5/8-�(,������*.4(3'�/-�*+<;��$���<��(5&+/5/8-*'7�-'/*-5/8-0�03?.�*0�)1-*518�

�;� �(:*;� 5/61?18*+� &+*8-0;� (J7:/8� -./'*&7;� *?3&38?-3'/� *86� '/,+/J(+(:7� �D(8/�

-./'*&7��*'/�30/6�47�*+5(0-�.*+,�(,����&*-1/8-0<��./7�*'/�+*?E�(,�*87�016/�/,,/?-�43-�

-./�/,,1?1/8?7�(,�-./0/�-'/*-5/8-0�10�0-1++�8(-�/8(3:.���('1/5;��$���<�

�

1.1.4. Risk Factors of MS

�/18:� *� ?.'(81?� 6/57/+18*-18:� ?/8-'*+� 8/')(30� 070-/5� 610/*0/;� ��� 18?+36/0�

(+1:(6/86'(?7-/� +(00� *86� ,*1+3'/� -(� '/57/+18*-/� 6*5*:/6� 4'*18� *'/*0;� +/*618:� -(� *�

&'(:'/001)/� 8/3'(+(:1?*+� 610*41+1-7� ��*8-('(� /-� *+<;� �$���<� ��� .*0� *� ?(5&+/J;�

53+-1,*?-('�/-1(+(:7�-.*-�10�8(-�/8-1'/+7�?(5&'/./86/6R�.(H/)/';�1-�10�*0035/6�-.*-�18�

*661-1(8�-(�*3-(15538/�&'(?/00/0;�:/8/-1?�*86�/8)1'(85/8-*+�,*?-('0�5*7�4/�'/+*-/6�

H1-.�-./�,('5*-1(8�(,�6/57/+18*-18:�+/01(80���/?EJ�/-�*+<;��$���<�
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1.1.4.1. Genetic Factors

�)/8�-.(3:.�*�+(-�(,�:/8/-1?�?.*8:/0�*'/�'/0&(8014+/�,('�1-0�075&-(50;����10�8(-�*�

:/8/-1?�610/*0/<�
*)18:�'(+/0�(,�:/8/-1?�,*?-('0�18����&'(:'/001(8�H*0�,1'0-�'*10/6�18�

-./��L%$0;�63/�-(�-./�16/8-1,1?*-1(8�(,�,*51+1*+�*::'/:*-1(8���75/8-�/-�*+<;��$$��<����

18?16/8?/� 10� .1:.� *5(8:� -./� ,*51+7� (,���� &*-1/8-;� *86� -.10� 18?'/*0/0� -(� G$Y� 18�

16/8-1?*+�-H180�H.1+/�-./�'*-/�10�MY�18�8(816/8-1?*+�-H180���('1/5;��$���<��8�*661-1(8�

-(� ,*51+7� .10-('7� (,� 610/*0/;� /-.81?� 4*?E:'(386� (,� *� &/'0(8� 0-'(8:+7� *,,/?-0� -./�

&(00141+1-7�(,�6/)/+(&18:���;�03::/0-18:�-.*-�:/8/-1?�030?/&-141+1-7�10�*�E/7�,*?-('�(,�

'10E��
(++/84*?.�Z��E0/84/':;��$�M�<�

�./�/J*?-�?*30/�(,����'/5*180�38E8(H8R�.(H/)/';�-./'/�*'/�5('/�-.*8��$$�?(8,1'5/6�

:/8/0�('�:/8/�+(?1�*00(?1*-/6�H1-.�����
*'1'?.1*8�/-�*+<;��$��R��3+*'�/-�*+<;��$�L�<�

�8/�+(?30�/J/'-18:�*�5(6/'*-/�/,,/?-�*86�5*87�+(?1�H1-.�5(6/0-�/,,/?-0�*'/�'/+*-/6�

18./'1-*8?/�(,�-./�610/*0/���3+*'�/-�*+<;��$�L�<��./�0-'(8:/0-�:/8/-1?�*00(?1*-1(80�H1-.�

���*'/�+(?*-/6�H1-.18�-./�.35*8�+/3E(?7-/�*8-1:/8��

���?(5&+/JR�/0&/?1*++7�-./�

/J-/86/6�.*&+(-7&/�(,�-./�

��?+*00����'/:1(8�f���Mg$�2$������g�M2$�d�?(8,/'0�

-./�:'/*-/0-�'10E�,('�6/)/+(&18:�����
/60-'@5�/-�*+<;��$�LR��3+*'�/-�*+<;��$�L�<�

�0;�

?/++�03',*?/�&'(-/180�-.*-�&+*7�*�)1-*+�'(+/�18�'/:3+*-1(8�(,�15538/�'/0&(80/0�-.'(3:.�

-./1'�*41+1-7�-(�4186�*86�&'/0/8-�&'(?/00/6�&/&-16/0�-(���?/++0;�*'/�/8?(6/6�47�-./�5*O('�

.10-(?(5&*-141+1-7�?(5&+/J���
��<��
��10�*�&'18?1&*+�030?/&-141+1-7�+(?30�,('�5*87�

.35*8�*3-(15538/�610/*0/0;�18�H.1?.�0/+,�-1003/�*8-1:/80�*'/�4(386�*86�&'/0/8-/6�-(�
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1.1.4.2. Environmental Factors

�./� :/8/0� *'/� (4+1:*-('7� ,('� 6/)/+(&18:� ��R� .(H/)/';� :/8/-1?� /&16/51(+(:1?*+�

,18618:0�6/5(80-'*-/�*�&'(518/8-� '(+/� ,('� -./�/8)1'(85/8-� 18�6/-/'51818:����'10E�

��*5*:(&*+*8�/-�*+<;��$�$�<��-�10�4/+1/)/6�-.*-�/8)1'(85/8-*+�,*?-('0�?*8�-'1::/'�-./�

*3-(15538/�'/0&(80/�18�:/8/-1?*++7�030?/&-14+/�1861)163*+0���/'/D��/'/D�/-�*+<;��$�L�<�

�&0-/18��*''� )1'30� ��� �;� 05(E18:;� *86� +*-1-36/])1-*518� �;� 18� *661-1(8� -(�

:/(:'*&.1?*+�'/:1(8�*'/�0.(H8�-./�0-'(8:/0-�,*?-('0�,('�18)(+)/5/8-�18���R�/0&/?1*++7�

0(5/�,*?-('0�?*8�(&/'*-/�)/'7�/*'+7�18�+1,/���*5*:(&*+*8�/-�*+<;��$�$�<�

�./�'(+/�(,��� �18�-./����&*-.(:/8/010�10�-.*-��� �18,/?-/6���?/++0�*86�&+*05*�?/++0�

*??353+*-/� 18� -./� 4'*18� (,� ��� &*-1/8-0R� *86� 0-'(8:� �� � 0&/?1,1?� ?/++�5/61*-/6�

15538/�'/0&(80/0�*'/�8(-1?/6�18�-./0/�&*-1/8-0���:(0-181�/-�*+<;��$�L�<��0�,('�05(E/�

/J&(03'/;�1-�H*0�0.(H8�-.*-�05(E/�/J&(03'/�610&+*70�*�01:81,1?*8-+7�.1:./'�*00(?1*-1(8�

H1-.���;�/0&/?1*++7;�*5(8:0-�-./�&/(&+/�.*)18:�*�:/8/-1?�&'/610&(01-1(8�-(�-./�610/*0/�

�
/60-'@5� /-� *+<;� �$�L�<� �38+1:.-� /J&(03'/� *86� ?(''/+*-/6� )1-*518� �� 0-*-30� H/'/�

18)/0-1:*-/6�-(�,186�'/+*-1(80�4/-H//8�+*-1-36/�*86����&'/)*+/8?/R�*86�+/00�038+1:.-�

/J&(03'/�10�18)/'0/+7�+18E/6�-(����030?/&-141+1-7���*5*:(&*+*8�/-�*+<;��$�$�<��

�0�*8(-./'�'10E�,*?-(';�1-�H*0�0-*-/6�-.*-�018?/�8*8(&*'-1?+/0�?*8�/*01+7�?'(00�-./�����

63/� -(� -./� +1&16�0(+34+/� 0&/?1,1?*-1(8;� 0-/5518:� ,'(5� -./1'� *00(?1*-1(8� H1-.�

&.(0&.(+1&160;� ?*+?1,718:� 8*8(4*?-/'1*� ('� 8*8(&*'-1?+/0� 5*7� .*)/� *� '(+/� 18�

&*-.(&.701(+(:7� (,� ��;� ?'/*-18:� 8*8(� '3&-3'/0� (,� -./� *J(8*+� 5/54'*8/;� *86�

/)/8-3*++7�?*3018:�8/3'(6/:/8/'*-1(8���*8��/51'6@A/8;��$�%�<����

�8�*661-1(8� -(� -./0/�,*?-('0;� '/5*'E*4+/�?.*8:/0�(,� +1,/0-7+/;�/0&/?1*++7� ,('�H(5/8;�

.*)/�4//8�'/+*-/6�H1-.�-./�'/?/8-�*+-/'*-1(80�(,����/&16/51(+(:7<��4/01-7;�.('5(8*+�

'/&+*?/5/8-�-./'*&7;�*86�+*-/'�?.1+641'-.�.*)/�4//8�*66/6�-(�'10E�,*?-('0h�+10-�(,���<�

�+0(;�.1:.�18?16/8?/�(,�*6)/'0/�./*+-.�*--1-36/�?*8�4/�0//8�18����&*-1/8-0���/++8/'�/-�

*+<;� �$���<� �('� 180-*8?/;� -./� &'/)*+/8?/� (,� (4/01-7� 10� '*&16+7� :'(H18:� H('+6�H16/�

4/?*30/�(,�4*6�+1,/0-7+/�.*41-0R�*86�-./0/�&/(&+/�.*)/�+(H/'�)1-*518���+/)/+0�*86�+/00�
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1.2. Vitamin D and MS

�+-.(3:.�1-�10�38?+/*'�H./-./'�)1-*518���10�'/+*-/6�H1-.�-./�E/7�,38?-1(8*+�610*41+1-7�

.*++5*'E�18���;�1-�10�*5(8:�-./�0-'(8:/0-�(8/�(,�-./�16/8-1,1/6�/8)1'(85/8-*+�,*?-('0�

,('����'10E�*86�?+181?*+�?(3'0/��
393/��i'6(4*�Z�
393/�6/��*0-'(*;��$���<� 1-*518�

��10�*�+1&16�0(+34+/�)1-*518;�43-�*?-0�+1E/�*�.('5(8/<��1,,/'/8-�,'(5�*�)1-*518;�H.1?.�

10�*8�/00/8-1*+�(':*81?�?(5&(386�-.*-�?*88(-�4/�&'(63?/6�47�-./�4(67�*86�530-�4/�
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�-�.*0� -H(�61,,/'/8-� ,('50�6/'1)/6� ,'(5�610-18?-�&*-.H*702�?.(+/?*+?1,/'(+� �)1-*518�

�G��*86�/':(?*+?1,/'(+��)1-*518������Figure 1.3����*?(&/--*�/-�*+<;��$�L�<��./�(8+7�

0-'3?-3'*+�61,,/'/8?/�4/-H//8�)1-*518����*86��G�10�-.*-�-./'/�10�*�6(34+/�4(86�4/-H//8�

�����*86����G�*86�*������5/-.7+�:'(3&�18�-./�016/�?.*18�(,�)1-*518���� ��
(+1?E;�

�$$G�<�  1-*518��G� 10� &'(63?/6� 18� -./� 0E18� (,� .35*80� *86� 10� -*E/8� ,'(5� -./� 61/-�

?(8-*1818:�-./�*815*+�4*0/6�,((60;�/0&/?1*++7�,10.�(1+�H.1+/�)1-*518���;�H.1?.�10�8(-�

5*18+7�.35*8�5*6/;�10�(4-*18/6�,'(5�&+*8-�0(3'?/0���1+�/-�*+<;��$�L�<�
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��-'3?-3'/�(,�)1-*518��G�*86����*86�-./1'�&'/?3'0('0���6/.76'(?.(+/0-/'(+�*86�/':(0-/'(+;�

'/0&/?-1)/+7<�

�
(+1?E;��$$G�<�

�

�38� /J&(03'/;� )1-*518� �� 03&&+/5/8-*-1(8� *86� 61/-� *'/� -./� 4/0-� '/?(:81D/6�

/8)1'(85/8-*+� ,*?-('0� +18E/6� -(� )1-*518� �� +/)/+0� ��'(H8/;� /-� *+<;� �$���<� � ���

'*61*-1(8� ?*-*+7D/0� -./� &.(-(�?(8)/'01(8� (,� ��6/.76'(?.(+/0-/'(+� -(� )1-*518� ��

�?.(+/?*+?1,/'(+�� 18� -./� 0E18� ��'/5/8-0()� /-� *+<;� �$�L�<��8� -./� (-./'� .*86;� 61/-*'7�

)1-*518��� �/1-./'� )1-*518��G� ('����� 10� *60('4/6� *-� -./� 05*++� 18-/0-18/�H1-.� (-./'�

61/-*'7�,*-0;�03?.�*0�?.(+/0-/'(+R�*86�/J(:/8(30�)1-*518���10�&*?E/6�18-(�?.7+(51?'(80�

�H.1?.� *'/� -./� +1&(&'(-/18� &*'-1?+/0;� ?(8010-18:� (,� -'1:+7?/'16/0;� &.(0&.(+1&160;�

?.(+/0-/'(+;�*86�&'(-/180�51J-3'/�;�*86�-./8;�-./7�*'/�-'*80&('-/6�-(�-./�+1)/'���:8/++(�

/-� *+<;��$�L�<��,-/'� -.*-;� 1-*518����&'(63?/6� ,'(5� -./�0E18�*86�*40('4/6� -.'(3:.�

61/-*'7�18-*E/��8//60�-H(�.76'(J7+*-1(8�-(�4/?(5/�41(+(:1?*++7�*?-1)/<��./'/,('/;�1-�10�

?(8)/'-/6� -(� ?*+?161(+� _�M .76'(J7)1-*518� �G� ('� �M��
��G`� 47� -.'//� /8D75/0;�
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������;� �������;� *86� ���G��� 18� -./� +1)/';� *86� -./8� -(� ?*+?1-'1(+� _�;�M

61.76'(J7)1-*518��G�('��;�M��
���G`�47���������18�-./�E168/7�('�18�-*':/-�-1003/�

�Figure 1.4�<��
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����,'(5�-./�E168/7�-(�-./�-*':/-�?/++0<��./�
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���18-(��M;����
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����
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18?+3618:� 4(8/;� E168/70;� 18-/0-18/� *86� 15538/� 070-/5;� �M�.76'(J7)1-*518� ��
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�./�4/0-�E8(H8�,38?-1(8�(,�)1-*518���10�-(�'/:3+*-/�?*+?135�&.701(+(:7�18�H.1?.�1-�

0-153+*-/0� -./� *40('&-1(8� (,� ?*+?135� 18� -./� 05*++� 18-/0-18/� 47� 418618:� -(� ?*+?135�

-'*80&('-18:�&'(-/180<��3'-./'5('/;�1-�1863?/0�(0-/(?+*0-1?�5*-3'*-1(8�47�?(8-'143-18:�

-(�*8�18?'/*0/�18�4(8/�'/0('&-1(8�*86�-./�'/+/*0/�(,�?*+?135�18-(�-./�4+((6�*86�03&&('-0�

-./� 4(8/� 6/)/+(&5/8-� 47� *0010-18:� 18� -./� 518/'*+1D*-1(8� (,� -./� ?(++*:/8� 5*-'1J<�

�./'/,('/;�1-0�6/,1?1/8?7�?*30/0�'1?E/-0�18�?.1+6'/8�*86�(0-/(5*+*?1*�18�*63+-0���(0/8�

/-�*+<;��$��R��0?./'1(�/-�*+<;��$�$�<�

�8�*661-1(8�-(�,38?-1(80�(,�?*+?135�.(5/(0-*010;�)1-*518���&+*70�?'3?1*+�'(+/0�(8�4'*18�

6/)/+(&5/8-� *86� ,38?-1(8;� *&(&-(010� *86� ?/++� &'(+1,/'*-1(8;� '/:3+*-1(8� (,� 4+((6�

&'/003'/�*86�1803+18�0/?'/-1(8<��+0(;�1-�.*0�/,,/?-0�(8�15538/�?/++0P�61,,/'/8-1*-1(8�*86�

5(63+*-1(8�(,�15538/�'/0&(80/0���(0/8�/-�*+<;��$��R��0?./'1(�/-�*+<;��$�$�<��,-/'�-./�

38?()/'18:� (,� -./� )1-*518� �� '/?/&-('� *86� E/7� )1-*518� �� 5/-*4(+1D18:� /8D75/0�

/J&'/00/6�47�15538/�?/++0;�15&('-*8?/�(,�)1-*518���(8�-./�'/:3+*-1(8�(,�-./0/�?/++0�

.*0�:*18/6�5('/�*--/8-1(8�18�+*0-�7/*'0���*5/8�Z��*8:&'1?.*;��$�$�<��('�180-*8?/;�-(�

18?'/*0/�-./�8354/'�(,�'/:3+*-('7���?/++0�����/:�;�H.1?.�+/*60�-(�6/?'/*0/�&'(63?-1(8�

(,� 18k*55*-('7� ?7-(E18/0;� *86� -(�5(63+*-/� -./� /J&'/001(8� (,��
�� �� ?(5&+/J/6�
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*8-1:/80� (8� -./� 03',*?/� (,� 15538/� ?/++0;�H.1?.� 18.141-0� -./� &'(63?-1(8� (,��7&/� ��

./+&/'���?/++�?7-(E18/0;�*86�-(�*,,/?-�&'(&*:*-1(8�*86�61 /'/8-1*-1(8�(,���?/++0;�H.1?.�

:/8/'*-/0� +(H/'� 15538(:+(43+18� 0/?'/-1(8� *86� * /?-0��� ?/++�5*-3'*-1(8;� *'/� 0(5/�

'(+/0�(,�)1-*518��� 18� -./� 15538/�070-/5� ��3035*6/H1�/-� *+<;��$�LR��1H*'1�/-� *+<;�

�$�L�<�

�*0/�?(8-'(+� 0-361/0� .*)/� '/)/*+/6� -.*-� &/(&+/� H1-.� ��� .*)/� 01:81,1?*8-+7� +(H/'�

)1-*518���+/)/+0<��8�(8/�(,�-.(0/�0-361/0;�1803,,1?1/8?7�(,�1-�H*0�0//8�18���Y�(,����

&*-1/8-0���D:(?5/8�/-�*+<;��$$M�<�
(H/)/';�-./'/�*'/�5*87�93/0-1(80�*4(3-�H./-./'�

+(H�)1-*518���+/)/+0�18?'/*0/�-./�'10E�(,����('����6/?'/*0/0�)1-*518���+/)/+0<��8�

(-./'�H('60;�H./-./'�/J*?/'4*-/6�47�./*-����075&-(50�5*7�'/03+-�18�038�*)(16*8?/�

*86� ?(8-'143-/� -(� +(H/'� )1-*518� �� +/)/+0� *86� H./-./'� )1-*518� �� 6/,1?1/8?7]�

1803,,1?1/8?7�-'1::/'0����*'/�0-1++�18?(8?+301)/�*86�*'/�8//6/6�-(�4/�?+*'1,1/6���+E*5*�

Z��*'*.*+1+;��$�L�<�Table 1.1�0.(H0 -./�'/?(55/86/6�(&-1535�+/)/+0�(,��M�
��47�

 1-*518����(38?1+<�

�

�*4+/��<��<������������������������������������ !"#�$
�%�������#�&������
�

25OHD Levels � � �

Deficiency Insufficient Sufficient Toxic

a$[G$�8:]5+� G�[G%�8:]5+� �$[L$�8:]5+� l�M$�8:]5+�

�
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1.3. Lipid Metabolism and MS

�*87�'/&('-0�1861?*-/�*�?(88/?-1(8�4/-H//8�-./�+1&(&'(-/18�&'(,1+/�(,����&*-1/8-0�*86�

��� 610/*0/� &'(?/00/0� +1E/� +/01(8� ,('5*-1(8;� 4+((6�4'*18�4*''1/'� 670,38?-1(8� *86�

610*41+1-7R� .(H/)/';� -./� ?3''/8-� '/03+-0� *4(3-� &(0014+/� ?.*8:/0� (,� -./� +1&(&'(-/18�

&'(,1+/�18����&*-1/8-0�*'/�0-1++�18?(8?+301)/��#('100/8�/-�*+<;��$�L�<�
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5*18-*1818:�8/3'*+�6/)/+(&5/8-;�078*&-1?�&+*0-1?1-7;�*86�4'*18�,38?-1(8��!.*8:�/-�*+<;�

�$�L�<� �/18:� 5*18� ?(5&(8/8-� (,� 57/+18� *86� 0-*-180;� ?.(+/0-/'(+� 5*7� &'/)/8-�

'/57/+18*-1(8�47�18.141-18:�?.(+/0-/'(+�078-./010�18�-./�4'*18��W/180-(?E��3--5*8�/-�

*+<;��$���<�
(H/)/';��/':.(,,�/-�*+<�0.(H/6�-.*-�?.(+/0-/'(+�18-*E/�,'(5�61/-�18?'/*0/6�

&'(+1,/'*-1(8�(,�(+1:(6/86'(?7-/�&'/?3'0('�?/++;�H.1?.�10�15&('-*8-�,('�'/57/+18*-1(8;�

*86� &'(5(-/6� 61,,/'/8-1*-1(8� (,� (+1:(6/86'(?7-/� 18� -./� ?3&'1D(8/�-'/*-/6� 51?/�

�-(J1?*8-�1863?/6����5(6/+0����/':.(,,�/-�*+<;��$���<�
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1.3.1.1. Brain Cholesterol Metabolism
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1.3.1.2. Cholesterol and Vitamin D Interdependence
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1.4. Cytochrome P450s
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1.4.1. CYP7A1
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�1+/� *?160;� ?.(+/0-/'(+� *86�.('5(8/0� '/:3+*-/� 1-0� *?-1)1-7;�H.1?.� 10� .1:.+7� )*'1*4+/�

*5(8:�./*+-.7�1861)163*+0���'1)*0-*)*�/-�*+<;��$$LR��1*0�Z��14/'1(;��$���<���?(5&+/J�

83?+/*'� '/?/&-('�5/61*-/6� 8/-H('E� -.*-� ?(8-'(+0� /J&'/001(8� (,� ������� :/8/� *86�
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�
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&'/0/')/0�-./�4*+*8?/�4/-H//8�?.(+/0-/'(+�*86�41+/�*?16;�.*0�4//8�6/0?'14/6�18�0/)/'*+�

'/0/*'?.� �	*E*5(-(� /-� *+<;� �$$��<� �/?*30/� (,� -./� ,38?-1(8� (,� -./�������� *0� -./�

?/8-'*+� ?(5&(8/8-� (,� ?.(+/0-/'(+� ?(8)/'01(8� 18� -./� +1)/';� -./� &(+75('&.1050� (,�

�������:/8/�*'/�0-361/6�,('�1-0�&(0014+/�/,,/?-0�(8�+1&16�5/-*4(+105���H*81?E1�/-�*+<;�

�$�M�<��('�180-*8?/;��������5(63+*-/0�&+*05*����+/)/+0�(H18:�-(�-./�18-/'*?-1(8�

4/-H//8�-./�'/:3+*-1(8�(,�41+/�*?16�*86�-./�&'(63?-1(8�*86�0/?'/-1(8�(,����('����'1?.�

+1&(&'(-/180<��./'/,('/;�:/8/-1?�)*'1*-1(80�18�-./��������:/8/;�,('�/J*5&+/�*�+(00�

(,�,38?-1(8� 53-*-1(8� (,� -.10� :/8/� H.1?.� +/*60� -(� -./� 6/,/?-� (,� ?.(+/0-/'(+� �α�

.76'(J7+*0/�*?-1)1-7� 18�.35*80;�.*)/�4//8�?(88/?-/6�H1-.�610('6/'0�(,� ?.(+/0-/'(+�

*86� 41+/� *?16� 5/-*4(+105� 03?.� *0� .7&/'?.(+/0-/'(+/51*;� .7&/'-'1:+7?/'16/51*;� ('�

&'/5*-3'/�*-./'(0?+/'(010��	*E*5(-(�/-�*+<;��$$�R��./8�/-�*+<;��$���<��

�

1.4.2. CYP46A1

�/18:�186/&/86/8-�,'(5�83-'1-1(8*+�18-*E/;�4'*18�?.(+/0-/'(+�10�+(?*++7�&'(63?/6�63/�

-(� 1-0� '/0-'1?-/6� -'*80,/'� -.'(3:.� ���� �
1� /-� *+<;� �$�G�<� �(� 5*18-*18� -./� 4'*18�

?.(+/0-/'(+� .(5/(0-*010;� /J?/00� 4'*18� ?.(+/0-/'(+�H.1?.� 6/'1)/0� ,'(5� 1-0� 18?'/*0/6�

078-./010� ('� 1-0� *??353+*-1(8� 63/� -(� -./� 8/3'(8*+� ?/++� 6/*-.� 0.(3+6� 4/� /+1518*-/6�

��*'?1*�/-�*+<;��$$%�<��./'/,('/;�4'*18�?.(+/0-/'(+�10�?(8)/'-/6�18-(�5('/�H*-/'�0(+34+/�

5/-*4(+1-/�������.76'(J70-/'(+�����
���47�?7-(?.'(5/����M$;�,*51+7���;�034,*51+7�

�;�&(+7&/&-16/�������������('�?.(+/0-/'(+�����.76'(J7+*0/��
1�/-�*+<;��$�G�<����
��

.*0�*41+1-7�-(�&*00�-./�4+((6�4'*18�4*''1/'�*86�61,,30/�18-(�-./�?1'?3+*-1(8�,('�,3'-./'�

41(�-'*80,('5*-1(80�18�-./�+1)/'���*0-�/-�*+<;��$��*R��(+*80E*�/-�*+<;��$$M�<�

�0�H/++�*0�?(8-'(++18:�-./�'*-/�(,�?/'/4'*+�?.(+/0-/'(+�/+1518*-1(8;���������'/:3+*-/0�

-./� +/)/+� (,� ?/'/4'*+� ?.(+/0-/'(+� 078-./010� ��*0-� /-� *+<;� �$��4�<� �-� 0-*70� (8� .35*8�

?.'(5(0(5/���9G�<��*86�?(8-*180��M�/J(80�*86����18-'(80���(30*)16/.5('61�/-�*+<;�

�$���<��./'/�10�8(������('������18�1-0�&'(5(-/'�'/:1(8;�.(H/)/'�1-�H*0�,(386�-.*-�

-.10� '/:1(8�.*6�*�.1:.����?(8-/8-;�H.1?.� 10�*�&'(&/'-7� ,'/93/8-+7�&'/0/8-� 18�:/8/0�

-.(3:.-�-(�.*)/�*8�/00/8-1*++7�.(30/E//&18:�,38?-1(8���.7*5*�/-�*+<;��$$��<�



�

�
�
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�

�8?(618:�*�8/3'(8�0&/?1,1?�/8D75/;���������&'/6(518*8-+7�/J&'/00/6�18�8/3'(8*+�

?/++�4(61/0�*86�6/86'1-/0�(,�(8+7�*�0340/-�(,�8/3'(80;�03?.�*0�8/3'(80�(,�-./�?/'/4'*+�

?('-/J;� .1&&(?*5&30;� 6/8-*-/� :7'30;� *86� -.*+*530� *86� '/-18*� 4/?*30/� ?.(+/0-/'(+�

.(5/(0-*010� 10�/00/8-1*+� -(�6(� -./1'�0&/?1,1?� ,38?-1(80�(,� -./0/�?/++0� �
*)'8O*�/-�*+<;�

�$��R�
1�/-�*+<;��$�L�<� �-� 0-*70� 18� -./�/86(&+*051?�'/-1?3+35�*86�8//60�*� 0(3'?/�(,�

'/63?18:� ?(38-/'&*'-0� �	���
�� *86� -./� '/6(J�&*'-8/'�	���
[?7-(?.'(5/���M$�

(J16('/63?-*0/;�H.1?.� -'*80,/'0� /+/?-'(80� ,'(5�	���
� -(��������� ��*0-� /-� *+<;�

�$��*�<� �-� H*0� 0.(H8� -.*-� 0-/'(16� .('5(8/0;� 1803+18;� :'(H-.� .('5(8/;� -.7'(16�

.('5(8/;� ?���;� ?.(+/0-/'(+;� ���
�;� 41+/� *?160� H/'/� 8(-� *,,/?-1)/� (8� -./�

-'*80?'1&-1(8*+� '/:3+*-1(8� (,� �������� �
3� /-� *+<;� �$�LR� �.7*5*� /-� *+<;� �$$��<�


(H/)/';� (J16*-1)/� 0-'/00� *86� /86(:/8(30� 8/3'(-'*8051--/'0� ?*8� 3&'/:3+*-/�

�������<��0�H/++�*0;�1-0�&'(5(-/'�?*8�4/�1863?/6�47�/&1:/8/-1?�5(61,1?*-1(80�*86�

-./�0&/?1,1?1-7�&'(-/18���&��-'*80?'1&-1(8�,*?-('0�*-�-./�4*0*+�/J&'/001(8�+/)/+��
3�/-�*+<;�

�$�LR��*0-��/-�*+<;��$��4�<�

�0�*�03''(:*-/�5*'E/'�(,�8/3'(8*+�6*5*:/�*86�4'*18�*-'(&.7;�����
��&+*05*�+/)/+�

.*0� 4//8� 30/6� 18� 8/3'(6/:/8/'*-1)/� 610('6/'0� 03?.� *0� �+D./15/'P0� ����� *86�

�*'E180(8P0�610/*0/;�*86�����
3�/-�*+<;��$�L�<��-�H*0�0.(H8�47����������/J&/'15/8-0�

-.*-�����.76'(J7?.(+/0-/'(+�:1)/0�*�&(-/8-�8/3'(-(J18�/,,/?-��
1�/-�*+<;��$�L�<��,�-./'/�

10� *8� 18?'/*0/� 18� -./� *?-1)1-7� (,� �������;� 1-� ?*30/0� *8� *??353+*-1(8� 18� -./�

?/'/4'(0&18*+� ,+316� (,� ����.76'(J7?.(+/0-/'(+<� �8� -./� (-./'� .*86;� 1,� -./'/� 10� *�

6/?'/*018:�18�1-0�*?-1)1-7;�-.10�+/*60�-(�*??353+*-1(8�(,�?.(+/0-/'(+�18�-./�4'*18;�H.1?.�

4'18:0�*4(3-�*57+(16�4/-*�&+*93/P�,('5*-1(8�18������/'8p86/D�6/+��(D(�/-�*+<;��$$��<�

�+-.(3:.� 18� /J&/'15/8-*+� *3-(15538/� /8?/&.*+(57/+1-10� ������H.1?.� 10� -./� 4/0-�

?.*'*?-/'1D/6����5(30/�5(6/+;���������5�	��+/)/+0�H*0�6/?'/*0/6�*-�-./�(80/-�

(,�610/*0/;�-.10�/)/8-�H*0�'/-3'8/6�-(�-./�?(8-'(++*4+/�+/)/+�63'18:�'/?()/'7�&/'1(6�*86�

&'(-/18�?(8-/8-�(,���������616�8(-�?.*8:/�-.'(3:.�-./�?(3'0/�(,�-./�610/*0/��
*)'8O*�

/-�*+<;��$���<�

�
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1.5. Genetic Polymorphism

�++/+/0�*'/�6/,18/6�*0�61,,/'/8-�,('50�(,�*�:/8/�18�-./�:/8(5/<�	('5*+�('�?.*8:/6�

&'(-/180�H1-.�*87;�05*++�('�41:�*+-/'*-1(8� 18� -./1'� -*0E0;�('�0(5/-15/0�H1-.� +(00�(,�

,38?-1(8�5*7�4/�0//8�63/�-(�-./�*++/+1?�5(61,1?*-1(80<��/8/-1?�&(+75('&.105�.*&&/80�

1,�*8�*++/+/�/J10-0�*-�+/*0-�18�-./��Y�(,�-./�&(&3+*-1(8;�*86�1-�10�-.(3:.-�*0�*�8('5*+�

)*'1*8-�(,�*�:/8/<��8�*+-/'*-1(8�18�&'(-/18�,38?-1(8�'/03+-18:�,'(5�*�&(+75('&.105�10�

:/8/'*++7�518('R�.(H/)/';�1-0�/,,/?-�5*7�4/�18?'/*0/6�47�/8)1'(85/8-*+�,*?-('0;�03?.�

*0� 61/-;� 05(E18:� ('� 18,/?-1)/� ,*?-('0;� '1018:� -./� '10E� (,� /5/':18:� *� ?/'-*18� 610/*0/�

��/)1+*?93*�/-�*+<;��$�L�<�

�/8/-1?�&(+75('&.105�18�-./��	��'/:3+*-('7�'/:1(80�?*8�*,,/?-�-./�&'(5(-/'�*?-1)1-7;�

:/8/� /J&'/001(8;� 15538/� '/0&(80/0� 47� 5(63+*-18:� -./� /&1:/8/-1?� *+-/'*-1(80� *86�

-'*80?'1&-1(8�,*?-('�418618:R�-./'/,('/;�1-�10�*+0(�?(88/?-/6�H1-.�610/*0/�6/)/+(&5/8-�

�W/8:�/-�*+<;��$�LR��*503'*8�/-�*+<;��$�L�<��8�('6/'�-(�16/8-1,7�:/8/0�18)(+)/6�18�*�

610/*0/�&'(?/00;� +*':/�8354/'0�(,�&(+75('&.1?�5*'E/'0�.*)/�4//8�30/6� 18�:/8/-1?�

*8*+70/0;� 18� H.1?.� H./-./'� *� :/8(51?� '/:1(8� 10� +18E/6� -(� *� 610/*0/� &./8(-7&/� 10�

0/*'?./6� ��8:+/� /-� *+<;� �$$��<� W.1+/� 83?+/(-16/� )*'1*-1(80� 18)(+)/� 83?+/(-16/�

0340-1-3-1(80;�63&+1?*-1(80;�180/'-1(80�*86�,301(80;�*�83?+/(-16/�10�0H1-?./6�H1-.�*87�

(-./'�-.'//�E1860�(,�83?+/(-16/0�18�*�018:+/�83?+/(-16/�0340-1-3-1(8���*-036*;��$���<�

�./� 018:+/� 83?+/(-16/� &(+75('&.1050� ��	�0�� 10� -./�5(0-� 0-361/6� -7&/0� (,� :/8/-1?�

&(+75('&.1050���/)1+*?93*�/-�*+<;��$�L�<�

�

1.5.1. Single-Nucleotide Polymorphisms (SNPs)

�+-.(3:.�-./'/�*'/�-H(�?(&1/0�(,�/*?.�:/8/�18�/)/'7�1861)163*+;�?(&1/0�(,�*�?/'-*18�

:/8/�&'/0/8-�H1-.18�*�&(&3+*-1(8�5*7�8(-�.*)/�0*5/�83?+/(-16/�0/93/8?/0;�H.1?.�?*8�

4/�0//8�-.'(3:.(3-�-./�:/8(5/�(,�*++�0&/?1/0�*86�-.10�5*E/0�3&�-./�4*010�,('�.35*8�

61)/'01-7� ��+H1;� �$$M�<� �+-/'*-1(80� 18� -./� �	�� 0/93/8?/� *-� 1861)163*+� 83?+/(-16/�

4*0/0� *'/� ?*++/6� 018:+/�83?+/(-16/� &(+75('&.1050� ��	�0�� &'(8(38?/6� *0� f081&0<d��

��1*0�/-�*+<;��$�LR�
300;��$�M�<��./7�*'/�-./�5(0-�?(55(8�:/8/-1?�)*'1*8-0;�(??3''18:�
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8*-3'*++7�18�(8/�(,�/)/'7��$$$�4*0/�&*1'0�*86�&'/0/8-18:�()/'��$�51++1(8�18�-./�.35*8�

:/8(5/���1*0�/-�*+<;��$�LR��*'931;��$�M�<��./�1861)163*+�:/8(-7&/�*-�*8��	��01-/�10�

��;���;�('����*0�*�:/8(51?�+(?30�18�H.1?.�-H(�('�5('/�*+-/'8*-1)/�4*0/0�(??3'�5('/�

-.*8��Y�(,�-./�&(&3+*-1(8��
300;��$�M�<��,�-./�,'/93/8?7�10�+(H/'�-.*8�-.10�&/'?/8-*:/;�

1-�10�8*5/6�*0�*�53-*-1(8<�

�	�0�-/86�-(�*00/54+/�18�'/:1(80;�.*)18:�*�.1:.�'/?(5418*-1(8�'*-/�*86�51?'(0*-/++1-/�

6/801-7�*86�51:.-�*'10/�18�*++�:/81?�*86�18-/':/81?�'/:1(80��#*?E0(8�/-�*+<;��$���<��(386�

18�8(8�?(618:�0/93/8?/0;�03?.�*0�18-'(80;�*'/�.1:.+7�/,,/?-1)/�(8�'/:3+*-('7�&'(?/00/0;�

+1E/�:/8/�0&+1?18:;�&'(5(-/'�*?-1)1-7;�('�/8.*8?/'�418618:��#*?E0(8�/-�*+<;��$���<���8�

5(0-�?*0/0;��	�0�6(�8(-�?*30/�*�61,,/'/8?/�18�-./�*518(�*?16�0/93/8?/;�-./'/,('/;�-./7�

6(�8(-�*+-/'� -./� ,38?-1(8�('� /J&'/001(8�(,�:/8/0;�?+*001,1/6�*0� 078(875(30<��8� -./�

(-./'�.*86;�0(5/�(,�-./5�*'/�41(+(:1?*++7�,38?-1(8*+;�*86�+/*6�-(�*�?.*8:/�18�-./�*518(�

*?16�/)/8-3*++7�-./�*+-/'/6�&'(-/18�,38?-1(8;�H.1?.�10�?*++/6�8(8078(875(30]5100/80/�

�#*?E0(8�/-�*+<;��$��R��1*0�/-�*+<;��$�L�<��	�0�,'(5�?(618:�*86�&'(5(-/'�'/:1(80�?(3+6�

4/�/J&/?-/6�-(�?.*8:/�:/8/�,38?-1(8�*86;�?(80/93/8-+7;�-./�,('5/6�&'(-/18���*'931;�

�$�M�<��-1++;�,38?-1(80�(,�5(0-�*'/�38E8(H8�*86�8//6�-(�4/�0-361/6�-./1'�18,+3/8?/�(8�

.35*8�./*+-.���1*0�/-�*+<;��$�L�<�

�18?/� 18./'1-/6� )*'1*8?/0� 18��	�� 0/93/8?/� &+*7� *� '(+/� &./8(-7&1?� )*'1*-1(8;� -./7�

*,,/?-� 1861)163*+P0� *8-.'(&(5/-'1?� ,/*-3'/0;� 610/*0/� '10E� *86� '/0&(80/� -(� -./�

/8)1'(85/8-����'(3&;��$$��<��./'/,('/;�*8�*00/005/8-�(,��	��,'/93/8?1/0�4/-H//8�

61,,/'/8-� &(&3+*-1(80�H1-.� 610-18?-� /-.81?� 4*?E:'(386�H1++� /8-1'/+7� 4/� 4/8/,1?1*+� -(�

6/-/'518/� -./� *+-/'*-1(80� 18� 6'3:� &.*'5*?(E18/-1?0� *86� /0-15*-/� 18-/'1861)163*+�

61,,/'/8?/0� *86� &'/610&(01-1(8� -(� &(0014+/� *6)/'0/� '/03+-0� ��1*0�Z��14/'1(;� �$���<�

�3-3'/�'/0/*'?./0�(,�0?1/8-10-0�H1++�4/�-(�,186��	�0�*00(?1*-/6�H1-.�?(5&+/J�610/*0/0�

+1E/� ./*'-� 610/*0/;� 61*4/-/0;� 5/-*4(+1?� 610('6/'� *86� ?*8?/';� 0(� -.*-� 03?.� :/8/-1?�

61*:8(010� ?*8� ?(8-'143-/� -(� &/'0(8*+1D/6� -./'*&7� ,('� ?.((018:� 6'3:0� *86� -'/*-5/8-�

'/:15/80���*-036*;��$���<�

�
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1.5.2. Polymorphism of Cytochromes P450 (CYP450)


*)18:�.1:.+7�15&('-*8-�,38?-1(80�03?.�*0�18�6'3:�'/0&(80/0�*86�18�-./�/86(:/8(30�

?(5&(3860P�5/-*4(+105���/?-1(8��<��;��7-(?.'(5/0���M$�.*0�4//8�0-361/6�18�5*87�

'/0/*'?./0� 18� -/'50� (,� :/8/-1?� &(+75('&.105<� �('� -./0/� /8D75/0;� 0/)/'*+�

&(+75('&.1050�.*)/�4//8�6/,18/6�*86�-./1'� ,38?-1(8*+�/,,/?-0�?(3+6�4/�*�5(6/'*-/�

'/63?-1(8;�*�6/,/?-�('�*8�18?'/*0/�(,�/8D75*-1?�*?-1)1-7���1*0�Z��14/'1(;��$���<�
/8?/;�

1-�10�15&('-*8-�-(�0-367�-./5�*86�-./1'�'/+*-1(80�4/-H//8�610('6/'0<�

�

1.5.2.1. CYP7A1: rs3808607 A → C

�8�5/61*-18:�?.(+/0-/'(+�5/-*4(+105;�,38?-1(80�(,��������?(3+6�4/�10(,('5�0&/?1,1?�

�W*8:;�/-�*+<;��$���<��*87�&(+75('&.1050�.*)/�4//8�0.(H8�18�-./�'/:3+*-('7�'/:1(80�

(,� -./� ������� :/8/� � +*?.()p� /-� *+<;� �$���<� �� 018:+/� 83?+/(-16/� &(+75('&.105�

?(8,/''18:��K��-'*801-1(8;�8*5/6�'0GL$L�$�;�H.1?.�10�&'/0/8-�*-� ��$��+(?*-1(8�(,�

,('5�-./�-'*80?'1&-1(8*+�0-*'-�01-/�('����L�,'(5�-./�-'*80+*-1(8�181-1*-1(8�?(6(8;�51:.-�

&+*7�*�?'1-1?*+�'(+/�18�:/8/�/J&'/001(8�*86�1-0�/8D75/�*?-1)1-7���'1)*0-*)*�/-�*+<;��$$LR�

�*1�/-�*+<;��$���<��00(?1*-1(80�4/-H//8�-.10�&(+75('&.1?�'/:1(8�*86�)*'1(30�5/-*4(+1?�

610('6/'0� .*)/� 4//8� 18)/0-1:*-/6� 18� 0/)/'*+� 0-361/0� 63/� -(� -./� ?'1-1?*+� '(+/0� (,� -./�

�������18�?.(+/0-/'(+�*86�41+/�*?16�.(5/(0-*010��"'*,+1�/-�*+<;��$��R��1*8:�/-�*+<;�

�$���<� �(5/� (,� -./0/� 0-361/0� '/&('-/6� -./� '/+*-1(80� 4/-H//8� -./� '0GL$L�$�� *86�

610/*0/0� 03?.� *0� .7&/'?.(+/0-/'(+/51*;� .7&/'-'1:+7?/'16/51*;� :*++4+*66/'� 0-(8/;�

:*++4+*66/'� ?*8?/';� &'(J15*+� ?(+(8� ?*8?/';� 8/3'(57/+1-10� (&-1?*;� .7&/'-/801(8� *86�

?('(8*'7�*'-/'7�610/*0/�18�*63+-0�*86�?.1+6'/8�18��*3?*01*8�*86��01*8�&(&3+*-1(80�H1-.�

?(8,+1?-18:�'/03+-0;�63/�-(�-./�61,,/'/8-�0-367�6/01:8;�/J&/'15/8-*+�&'(?/63'/0;�/-.81?�

4*?E:'(386;�/J&(0/6�/8)1'(85/8-*+�,*?-('0�*86�0(�(8���*1�/-�*+<;��$��R��H*81?E1�/-�

*+<;��$�MR�"'*,+1�/-�*+<;��$��R�	*E*5(-(�/-�*+<;��$$��<��/8/-1?�)*'1*-1(80�18�������;�

/0&/?1*++7� ���$��� &'(5(-/'� )*'1*8-;� .*)/� 18,+3/8?/6� -./� 0/'35� +/)/+0� (,� -(-*+�

?.(+/0-/'(+;�
�
�*86�-'1*?7+:+7?/'(+;�H.1?.�H/'/�0.(H8�18�0/)/'*+�0-361/0��W/'-./15�

/-�*+<;��$��R��H*81?E1�/-�*+<;��$�M�<�
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�.10�&(+75('&.1?�01-/� ,(3860� 18�*�.1:.+7� 15&('-*8-� '/:1(8��Figure 1.9�� ,('�0/)/'*+�

'/*0(80<��1'0-+7;�1-�H*0�0.(H8�-.*-�-./'/�*'/�0/)/'*+�?/++�0&/?1,1?�/8.*8?/'�/+/5/8-0�

4/-H//8�r�G��*86�r��$�18��������&'(5(-/';�03?.�*0�-./�,38?-1(8*+�418618:�01-/0�,('�

./&*-(?7-/�83?+/*'�,*?-('�G��
	��G�;�
	���;�*86�*�341931-(30� -'*80?'1&-1(8�,*?-(';�

H.1?.�/5&.*01D/0�1-0�'/:3+*-('7�15&('-*8?/���(+(H*�/-�*+<;��%%��<��/?(86+7;�6/+/-1(8�

(,�-./�0/:5/8-�,'(5����G�-(��%��+/*60�-(�*��$Y�'/63?-1(8�18�&'(5(-/'�*?-1)1-7;�H.1?.�

03::/0-0� -.*-�*�&(01-1)/�/+/5/8-�H*0� '/5()/6� ��'1)*0-*)*�/-�*+<;��$$L�<��.1'6+7;�*0�

4/18:� '/0&(801)/� -(� 0/)/'*+� /,,/?-('0� 03?.� *0� 1803+18;� :+3?(?('-1?(160;� *86� -.7'(16�

.('5(8/;�0/)/'*+�'/:3+*-('7�/+/5/8-0�&'/0/8-�H1-.18������-(�\���(,�&'(5(-/'�'/:1(8�

(,��������18�.35*8���((&/'�/-�*+<;��%%��<��./'/,('/;�0-*718:�18�-.10�?'3?1*+�+(?*-1(8;�

'0GL$L�$�� ?*8� 18-/'*?-� H1-.� '/:3+*-('7� /+/5/8-0� *86� /,,/?-('0� -(� 5(63+*-/� -./�

-'*80?'1&-1(8*+�*?-1)1-7�(,�������;�H.1?.�*,,/?-0�/)/8-3*++7�1-0�,38?-1(80���3�/-�*+<;�

�$���<�

�

�

�

�������	
�+
��?./5*-1?�6/5(80-'*-1(8�(,�&(01-1(8�(,����$���&(+75('&.105��'0GL$L�$���18�

?.(+/0-/'(+��*�.76'(J7+*0/����������:/8/�&'(5(-/'<�
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/&*-(?7-/�	3?+/*'��*?-('�G<���'1)*0-*)*�/-�*+<;��$$L�<�

�

�./���-(���0340-1-3-1(8�18�-./��������&'(5(-/'�.*)/�4//8�*00(?1*-/6�H1-.�18?'/*0/6�

&+*05*�-(-*+�*86�
�
�?.(+/0-/'(+�?(8?/8-'*-1(80;�H.1?.�H*0�&(0-3+*-/6�-.*-�-./'/�H*0�

'/63?/6��������*?-1)1-7�H1-.�?*''1/'0�(,�-./���*++/+/��W/'-./15�/-�*+<;��$��R��1*8:�
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/-� *+<;� �$���<� 
(H/)/';� ��$���� :/8(-7&/� H*0� *00(?1*-/6� H1-.� '/63?/6� '10E� (,�

?(+('/?-*+� ?*8?/';� 03::/0-18:� *� &'(-/?-1)/� :/8/� /,,/?-� 63/� -(� -./� '/63?/6� 41+/� *?16�

078-./010�18����?*''1/'0��W/'-./15�/-�*+<;��$���<��8�*8(-./'�0-367�-./����:/8(-7&/�

5*7�*,,/?-�-'*80?'1&-1(8*+�'/:3+*-1(8�(,�-./�:/8/;�?*3018:��������6/,1?1/8?7;�H.1?.�

-'1::/'0� 0/)/'*+� *+-/'*-1(80� 18� ./&*-1?� ,*--7� *?16� 5/-*4(+105� *86� :*++4+*66/'� 41+/�

?(5&(01-1(8;� +/*618:� -(�5('/� 030?/&-141+1-7� -(� :*++4+*66/'� ?*8?/'� &*-.(:/8/010<� �8�

*661-1(8;� H.1+/� -./� ��� :/8(-7&/� (,� '0GL$L�$�� H*0� 5*E18:� *� 01:81,1?*8-� '10E� ,('�

:*++0-(8/�610/*0/�18��861*8�&/(&+/;�1-0����:/8(-7&/�H*0�610?()/'/6�-(�4/�'/+*-/6�H1-.�

-.10�610/*0/�18��.18/0/�&(&3+*-1(8���'1)*0-*)*�/-�*+<;��$$LR�#1*8:�/-�*+<;��$$��<��-.81?�

61,,/'/8?/� (,� -./� 0-367� &(&3+*-1(8� ?*8� /J/'-� *� 5*O('� /,,/?-� (8� -./� 610/*0/�

&'/610&(01-1(8<�

�

1.5.2.2. CYP46A1: rs754203 T → C

�.(+/0-/'(+�� ����.76'(J7+*0/� ���������� H.1?.� 10� *� 4'*18� 0&/?1,1?� ?.(+/0-/'(+�

5/-*4(+1D18:�/8D75/�.*0�'(+/�18�-./�'/5()*+�(,�?.(+/0-/'(+�,'(5�8/3'(8*+�0-'3?-3'/0�

��(3':/3J�/-�*+<;��$$%����/?-1(8��<�<��<��8-'(81?�)*'1*-1(80�?(3+6�4/�0//8�15&('-*8-�18�

-/'50�(,�.*)18:�'(+/0�(8�-./�'*-/�(,�-'*80?'1&-1(8�(,�:/8/�&'(63?-0�47�*,,/?-18:�0&+1?/�

01-/0;�('��	��0-*41+1-7�*86�5(63+*-18:�83?+/*'�-'*80?'1&-1(8*+�,*?-('0;�H.1?.�5/*80�

-.*-� -./7� '/:3+*-/� ,38?-1(8*+1-7�('�078-./010� '*-/�(,�*�:/8/0�&'(63?-� ��(''(81�/-�*+<;�

�$$�R��(004@?E�/-�*+<;��$���<��./'/�*'/�5*87�'/&('-0�*4(3-�18)/0-1:*-1(80�4/-H//8�

-./0/�-7&/0�(,��	�0�*86�.35*8�./*+-.�('�610/*0/<�����������K���018:+/�83?+/(-16/�

&(+75('&.105�8*5/6� '0�M��$G� 10� (8/� (,� -./5� ��*&*00(-1'(&(3+(0� /-� *+<;� �$$G�<� �-�

+(?*-/0�18�18-'(81?�'/:1(8�(,�������:/8/;��M��4*0/0�MN�-(�/J(8�G;�H.1?.�6(/0�8(-�*,,/?-�

-./� *518(� *?160� 0/93/8?/0� ('� -./� 0-'3?-3'/� (,� -./� &'(-/18� /J&'/00/6� 47� -./� :/8/�

��*&*00(-1'(&(3+(0�/-�*+<;��$$GR�#18�/-�*+<;��$�G�<�

�8�5*87�0-361/0;�-.10�&(+75('&.1?�'/:1(8�.*0�4//8�*00(?1*-/6�H1-.�0/)/'*+�610/*0/0�18�

61,,/'/8-�&(&3+*-1(80�H1-.�?(8-'()/'01*+�'/03+-0�+1E/�18�-./�'0GL$L�$��(,�������<��('�

/J*5&+/;�H.1+/�18-'(8�����-(���0340-1-3-1(8�18�������H*0�'/+*-/6�H1-.�18?'/*0/6�'10E�
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(,� �+D./15/'P0� 610/*0/� ����� 18� *� �.18/0/� &(&3+*-1(8;� -./'/� H*0� 8(-� /8(3:.�

*00(?1*-1(8�*4(3-� -.10�&(+75('&.105�*86����18�
38:*'1*8�*86� �-*+1*8�&(&3+*-1(80�

��1D)1�/-�*+<;��$��R��3�/-�*+<;��$$%�<��/016/0;��(30*)16/.5('61�/-�*+<;�'/&('-/6�-.*-����

:/8(-7&/�('���*++/+/�,'/93/8?7�(,���������5*7�4/�*�'10E�,*?-('�47�18?'/*018:�-./�

030?/&-141+1-7�-(����18�-./��'*81*8�&(&3+*-1(8;�H./'/*0��(''(81�/-�*+<�6/0?'14/6�-.*-�

���:/8(-7&/�51:.-�*?-�*0�*�'10E�,*?-('�,('�
�����
*-/��80/-�����18��-*+1*8�&/(&+/�

��(30*)16/.5('61� /-� *+<;� �$��R��(''(81� /-� *+<;� �$$��<� �8� *661-1(8� -(� -./0/� 0-361/0;�

#3.p0D� /-� *+<;� ?(3+6� 8(-� ,186� *87� '/+*-1(8� 4/-H//8� -.10� �	�0� (,� �������� *86�

18?'/*018:�030?/&-141+1-7�-(�
����18�-./�
38:*'1*8�&(&3+*-1(8��#3.p0D�/-�*+<;��$$M�<�

�++�-./0/�'/03+-0�03::/0-�-.*-�&'/610&(01-1(8�(,�*�610/*0/�'/+*-/6�H1-.�*�&(+75('&.105�

5*7�4/�610-18?-�18�61,,/'/8-�/-.81?�:'(3&0���*'?1*�/-�*+<;��$$%�<�

�

1.6. Aim of the Study

�3+-1&+/��?+/'(010� 10� -./�5(0-�?(55(8�*3-(15538/;� 18,+*55*-('7;�6/57/+18*-18:;�

8/3'(6/:/8/'*-1)/�610('6/'�(,�-./�?/8-'*+�8/')(30�070-/5<��86/'�-./�/,,/?-0�(,�?/'-*18�

/8)1'(85/8-*+�,*?-('0;�1-�6/)/+(&0�18�:/8/-1?*++7�030?/&-14+/�1861)163*+0<�W.1+/�

��

����g�M2$��*++/+/�/J/'-0�-./�:'/*-/0-�:/8/-1?�/,,/?-�(8����'10E�H1-.�(-./'�+(?1�.*)18:�

)/'7�5(6/0-�/,,/?-0R�(4/01-7;�05(E18:;��&0-/18��*''�)1'30�*86�+(H/'�)1-*518���+/)/+0�

.*)/�4//8�*00(?1*-/6�H1-.�-./�6/)/+(&5/8-�(,���<��0�*�?/8-'*+�0-/&;�-./�18)*01(8�(,�

*3-('/*?-1)/����\���?/++0���.����18-(�-./��	��.*0�4//8�*0035/6;�*86�(-./'����\�

?/++0;� 03?.� *0��.�� *86� �.��;���L\��� ?/++0;� *86��� ?/++0� *'/� *+0(� 18)(+)/6� 18����

&*-.(:/8/010<�LMY[%$Y�(,����&*-1/8-0�*'/�'/,/''/6�-(�*0�'/+*&018:��'/51--18:���;�18�

H.1?.�/&10(6/0�(,�*?3-/�8/3'(+(:1?*+�6/-/'1('*-1(8�10�,(++(H/6�47�&*'-1*+�('�?(5&+/-/�

'/?()/'7<��8�-./�(-./'�.*86;�&'15*'7�&'(:'/001)/�53+-1&+/�0?+/'(010�10�0//8�*+5(0-��$[

�MY�(,����&*-1/8-0�H.1?.�10�6/0?'14/6�47�0+(H+7�&'(:'/001)/�18?'/*0/�18�8/3'(+(:1?*+�

610*41+1-7� ,'(5� (80/-;� 303*++7� H1-.(3-� '/+*&0/0<� �-� :/8/'*++7� 0-*'-0� 18� -./� 5(0-�

&'(63?-1)/�7/*'0�(,�+1,/;�4/-H//8��M��$�7/*'0;�*86�6/?'/*0/0�-./�+1,/�93*+1-7�(,�-.(0/�

&/(&+/<���
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�-�H*0� 0.(H8� 18�5*87�?*0/�?(8-'(+� 0-361/0� -.*-�&/(&+/�H1-.����.*)/� 01:81,1?*8-+7�

+(H/'�)1-*518���+/)/+0<� 1-*518���.*0�0/)/'*+� 15&('-*8-� ,38?-1(80� 18�.35*8�4(67�

03?.�*0�18�?*+?135�.(5/(0-*010;�*&(&-(010;�?/++�&'(+1,/'*-1(8;�4'*18�6/)/+(&5/8-�*86�

,38?-1(8;�61,,/'/8-1*-1(8�(,� 15538/�?/++0�*86�5(63+*-1(8�(,� 15538/� '/0&(80/0<� �-0�

+/)/+�10�18?'/*0/6�18�-./�.35*8�4(67�47�038�/J&(03'/;�)1-*518���03&&+/5/8-*-1(8�*86�

61/-<� � ��� '*61*-1(8� ?*-*+7D/0� -./� &.(-(�?(8)/'01(8� (,� ��6/.76'(?.(+/0-/'(+;�

&'(63?/6� 18� �*863-0?.[�300/++� &*-.H*7� -.*-� 10� (8/� (,� -./� ?.(+/0-/'(+� &'(63?-1(8�

&*-.H*70;�-(�)1-*518����?.(+/?*+?1,/'(+��18�-./�0E18<��.10�10�*�+18E/'�4/-H//8� 1-*518�

��*86�?.(+/0-/'(+�&*-.H*70<�

�.(+/0-/'(+�.*0�5*O('� '(+/0� 18�5*87�41(+(:1?*+�&'(?/00/0<� �-�&+*70� *� 0-'3?-3'*+� '(+/�

4/?*30/�(,�4/18:�*8�15&('-*8-�?(5&(8/8-�(,�?/++3+*'�5/54'*8/0<��./�&'/?3'0('0�(,�

0-/'(16�.('5(8/0�*86�41+/�*?160�*'/�&'(63?/6�,'(5�?.(+/0-/'(+<��8�*661-1(8�-(�-./0/;�1-�

10� 18)(+)/6� 18� ,('5*-1(8� (,� *J(80� *86� 6/86'1-/0� 63'18:� 6/)/+(&5/8-;� 57/+18*-1(8�

63'18:� �	�� 5*-3'*-1(8;� 8/3'(�0-/'(16� &'(63?-1(8;� 51?'(-343+/� 0-*41+1-7;� 8/3'(8*+�

'/&*1'� *86� '/5(6/+18:;� +/*'818:;� *86� 5/5('7<� �(� 5*18-*18� -./� ?.(+/0-/'(+�

.(5/(0-*010;� /J?/00� ?.(+/0-/'(+� 18� 5*87� -1003/0� 0.(3+6� 4/� '/5()/6� 47� 61,,/'/8-�

?7-(?.'(5/���M$�/8D75/0�-.*-�.76'(J7+*-/�?.(+/0-/'(+�*-�0&/?1,1?�&(01-1(80;�*86�41+/�

*?160� *'/� &'(63?/6<� �.(+/0-/'(+� �I�.76'(J7+*0/� ��������� 18� -./� +1)/'� *86�

�.(+/0-/'(+�����.76'(J7+*0/�����������18�-./�4'*18�*'/�'/0&(8014+/�,('�?.(+/0-/'(+�

'/5()*+�18�.35*8�4(67<��������10�-./�,1'0-�*86�'*-/�+151-18:�/8D75/�18�-./�41+/�*?160�

&'(63?-1(8� &*-.H*7� *86� 1-� ?(8)/'-0� -(� ?.(+/0-/'(+� 18-(� �� I�.76'(J7?.(+/0-/'(+<�

��������?(8)/'-0� -./�4'*18�?.(+/0-/'(+� 18-(�5('/�H*-/'�0(+34+/�5/-*4(+1-/�������

.76'(J7?.(+/0-/'(+� ����
��;� +/)/+0�(,�H.1?.�.*0�4//8� -.(3:.-�4/18:� 15&('-*8-� 18�

8/3'(6/:/8/'*-1)/� 610('6/'0� 03?.� *0� ��;� ��� *86� ��<� �+0(;� ������� 5(63+*-/0�

&+*05*���;����
�
;�
�
�+/)/+0;�-./'/,('/�:/8/-1?�)*'1*-1(80�18�-./��������:/8/�

.*)/�4//8�?(88/?-/6�H1-.�610('6/'0�(,�?.(+/0-/'(+�*86�41+/�*?16�5/-*4(+105<��


1&(&'(-/180� � 
�
;� 
�
;� ��
;� 
�
;� ?.7+(51?'(80�� *'/� 15&('-*8-�5/61*-('0� (,�

?.(+/0-/'(+� *86� +1&160� -'*80&('-� *86� .*)/� ?'1-1?*+� '(+/0� 18� -./� '/:3+*-1(8� (,�

18,+*55*-('7� '/0&(80/0<��+-.(3:.�5*87� '/&('-0� 1861?*-/�*� ?(''/+*-1(8�4/-H//8� -./�
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+1&(&'(-/18�&'(,1+/�(,����&*-1/8-0�*86����&'(:'/001(80;�-./�(3-?(5/0�*4(3-�&(0014+/�

?.*8:/0�(,�-./�+1&(&'(-/18�&'(,1+/�18����&*-1/8-0�18�+1-/'*-3'/�*'/�0-1++�?(8,+1?-18:�63/�

-(� -./� 0-367� 6/01:8;� /J&/'15/8-*+� &'(?/63'/0;� /-.81?� 4*?E:'(386;� /J&(0/6�

/8)1'(85/8-*+� ,*?-('0� /-?<� 
(H/)/';� 0(5/� '/0/*'?./'0� .*)/� 0.(H8� -.*-� 18?'/*0/6�

+/)/+0�(,�
�
��;���;���;�*86�'/63?/6�+/)/+0�(,�
�
�*'/�01:81,1?*8-+7�*00(?1*-/6�H1-.�

H('0/818:�610*41+1-7�(,����&*-1/8-0<�

�./�'0GL$L�$��.*0�4//8�0-361/6�H1-.�0/)/'*+�610/*0/0�03?.�*0�.7&/'?.(+/0-/'(+/51*;�

.7&/'-'1:+7?/'16/51*;� :*++0-(8/� 610/*0/;� :*++4+*66/'� ?*8?/';� &'(J15*+� ?(+(8� ?*8?/';�

8/3'(57/+1-10�(&-1?*�H1-.�61,,/'/8-�&(&3+*-1(8<��8�*661-1(8;�1-�H*0�0.(H8�-.*-����$���

&'(5(-/'� )*'1*8-� 18,+3/8?/6� 0/'35� +/)/+0� (,� -(-*+� ?.(+/0-/'(+;� 
�
� *86�

-'1*?7+:+7?/'(+0<�
(H/)/';�(4-*18/6�'/03+-0�5*7�4/�61,,/'/8-�18�-/'50�(,�/,,/?-1)/�*++/+/�

(8�610/*0/�&'(:'/001(8<��('�/J*5&+/;��'1)*0-*� /-� *+<;� 0.(H/6� -.*-� -./����:/8(-7&/�

:*)/�*� 01:81,1?*8-� '10E� ,('�:*++0-(8/�610/*0/� 18� �861*8�&/(&+/;�H./'/*0� #1*8:� /-� *+<;�

'/)/*+/6�-.*-����:/8(-7&/�10�'/+*-/6�H1-.�-.10�610/*0/�18��.18/0/�&(&3+*-1(8<��+0(;�

-./�'0�M��$G2���K���'/:1(8�18���������.*0�4//8�0-361/6�H1-.�0/)/'*+�610/*0/0�03?.�

*0� ��;� &'15*'7� (&/8�*8:+/� :+*3?(5*;� 61*4/-/0� 5/++1-30;� *:/�'/+*-/6� 5*?3+*'�

6/:/8/'*-1(8� 18� 61,,/'/8-� &(&3+*-1(8� H1-.� ?(8-'()/'01*+� '/03+-0<� �('� 180-*8?/;�

�(30*)16/.5('61�/-�*+<;�'/&('-/6�-.*-����:/8(-7&/�('���*++/+/�,'/93/8?7�(,�1-�5*7�4/�

*�'10E�,*?-('�47�18?'/*018:�-./�030?/&-141+1-7�-(����18�-./��'*81*8�&(&3+*-1(8;�H./'/*0�

�(''(81�/-�*+<�6/0?'14/6�-.*-����:/8(-7&/�51:.-�*?-�*0�*�'10E�,*?-('�,('����18��-*+1*8�

&/(&+/<�

�8� &'/0/8-� 0-367;� '0GL$L�$�� 18� ������� :/8/;� *86� '0�M��$G� 18� ��������

&(+75('&.1050�H/'/�18)/0-1:*-/6�,('�-./�'10E�(,�53+-1&+/�0?+/'(010<��/?*30/�(,�-./1'�

15&('-*8-�'(+/0�18�?.(+/0-/'(+�5/-*4(+105;�-./�*00(?1*-1(80�4/-H//8�4(-.�?.(+/0-/'(+�

*86� )1-*518� �� &*-.H*70� *86� -./1'� /,,/?-0� 18� 53+-1&+/� 0?+/'(010� &'(:'/001(8;� -./0/�

'/:1(80�H/'/�0/+/?-/6�,('�-.*-�0-367<��

�./�*15�(,�-./�0-367�10�-(�18)/0-1:*-/�*00(?1*-1(80�'0GL$L�$�����K����18��������

*86�'0�M��$G����K������������018:+/�83?+/(-16/�&(+75('&.1?�'/:1(80�H1-.�53+-1&+/�



�

�
�
GL�

�

0?+/'(010� 18��3'E10.�&(&3+*-1(8�*86�*+0(�-./1'�'/+*-1(80�H1-.�+1&16�&'(,1+/0����;���;�


�
;�
�
��*86�)1-*518��� +/)/+0� 18����?*0/0�*86�./*+-.7�?(8-'(+0<��(�6/-/'518/�

H./-./'�-./'/�*'/�-./0/�'/+*-1(80;�-./�0-/&0�:1)/8�4/+(H�.*)/�4//8�&/',('5/62�

� g�(++/?-18:�-(-*+�4+((6�0*5&+/0�,'(5�53+-1&+/�0?+/'(010�&*-1/8-0�*86�./*+-.7�

?(8-'(+0�18�*��3'E10.�&(&3+*-1(8;�

� g�0(+*-1(8�(,�:/8(51?��	��,'(5�4+((6�0*5&+/0;�

� g�5&+1,1?*-1(8�(,�18-/'/0-/6�'/:1(80�18��������:/8/�*86���������:/8/�47�

���;�

� g�/0-'1?-1(8�/86(83?+/*0/�61:/0-1(8�H1-.�0&/?1*+�/8D75/�(,�*5&+1,1/6�'/:1(80�

-(�6/-/'518/�-./�:/8(-7&/�(,�/)/'7�1861)163*+;� �

� g�6/8-1,1?*-1(8�(,�:/8(-7&/�*86�*++/+/�,'/93/8?1/0�,('��������*86���������

:/8/0�,('����?*0/�*86�./*+-.7�?(8-'(+�:'(3&0;��

� g��)*+3*-1(8�(,�:/8(-7&/�*86�*++/+/�,'/93/8?1/0�4/-H//8�&*-1/8-0�*86�?(8-'(+0�

*86�-./1'�'/+*-1(80�H1-.�4+((6�+1&16�&'(,1+/0�*86�)1-*518���+/)/+0<�

�

�
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CHAPTER 2

2. MATERIAL AND METHODS

�

2.1. Materials

2.1.1. Population and Blood Sampling

�+((6� 0*5&+/0� H/'/� ?(++/?-/6� ,'(5� �GL�53+-1&+/� 0?+/'(010� ����� &*-1/8-0� *86� �$$�

075&-(5�,'//�?(8-'(+0�-.*8E0�-(�-./�?(++*4('*-1(8�H1-.�-./��/&*'-5/8-�(,�	/3'(+(:7;�

�B+.*8/��63?*-1(8�*86��/0/*'?.�
(0&1-*+;��8E*'*;��3'E/7�,'(5��/&-/54/'��$���-(�

#3+7��$�L<��++�(,�-./�&*'-1?1&*8-0�18�&*-1/8-�*86�?(8-'(+�:'(3&0�H/'/��*3?*01*8�&/(&+/�

H.(�H/'/�,'(5�0*5/�:/(:'*&.1?�'/:1(8;��/8-'*+��8*-(+1*;��3'E/7<��,-/'�+/*'8/6�-./�

5/61?*+� .10-('1/0� (,� &*-1/8-0;� *� )*'1/-7� (,� -/0-0� H/'/� &/',('5/6� -(� -./� &*-1/8-0� 47�

8/3'(+(:10-0<����&*-1/8-0�H/'/�61*:8(0/6�*??('618:�-(�-./��$�$��?�(8*+6��'1-/'1*;�

4*0/6� 3&(8� -./� 8/3'(+(:1?*+� /J*518*-1(8;� 4'*18����� 0?*80;� 
354*'� &38?-3'/� *86�

4+((6�-/0-0<��./�&*-1/8-0�H.(�H/'/�18?+36/6�18�(3'�0-367;�H/'/�&'/,/'*4+7�H1-.(3-�*87�

(-./'�5*O('�610/*0/�03?.�*0�?*'?18(5*;�*87�,*1+3'/�18�?+(--18:;�./&*-1?�*86�'/8*+�,*1+3'/�

*86�8(� ,*51+1*+�4*?E:'(386� 18� -/'50�(4/01-7;�61*4/-/0�5/++1-30� ����;�./*'-� '/+*-/6�

610/*0/0�*86�.*6�8(�.*)18:�*87�(-./'�8/3'(+(:1?*+�610/*0/0<��(8-'(+�:'(3&�034O/?-0�

H/'/�?.(0/8� '*86(5+7�*86� -./0/�&/(&+/�H/'/�8(-�61*:8(0/6�H1-.����('�*87�(-./'�

8/3'(+(:1?*+�610/*0/<��*51+1*+�4*?E:'(386�(,�-./5�H/'/�?./?E/6�H./-./'�-./'/�10�*87�

1861)163*+�.*)18:�(4/01-7;�61*4/-/0�*86�./*'-�'/+*-/6�610/*0/<��*0/6�3&(8�-./�'/03+-0;�

�$$�(,���$�?(8-'(+�)(+38-//'0�.*)/�4//8�18?+36/6�18�-.10�0-367<��

�++�&*'-1?1&*8-0�H/'/�034O/?-/6�-(�'(3-18/�+*4('*-('7�-/0-0�18?+3618:�?(5&+/-/�4+((6�

?(38-18:;�+/3?(?7-/�61,,/'/8-1*+;�/'7-.'(?7-/�0/615/8-*-1(8�'*-/;�'(3-18/�41(?./51?*+�

-/0-0� 03?.� *0� ,*0-18:� :+3?(0/� *86� +1&16� &'(,1+/� *86� +1)/'� ,38?-1(8<� �+0(;� ?'/*-18/;�

0(6135;�&(-*00135;�41+1'3418�*86��M��
�)1-*518���+/)/+0�H/'/�5/*03'/6<��./�)*+3/0�

(,��(-*+��.(+/0-/'(+;��'1:+7?/'16/0;�
�
�?.(+/0-/'(+;�
�
��?.(+/0-/'(+�*86��M��
�
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�

)1-*518� �� H/'/� 30/6� 18� (3'� 0-367<� �++� +*4('*-('7� 5/*03'/5/8-0� H/'/� ?(863?-/6�

4+186/6�-(�5/61?*+�?(861-1(80�(,�-./�034O/?-0<��

�(-.�&*'-1?1&*8-0�(,�&*-1/8-0�*86�?(8-'(+�:'(3&0�H/'/�18,('5/6�*4(3-�(3'�0-367�*86�

?(80/8-� ,('50� H/'/� 01:8/6� 4/,('/� &'(?/63'/0� H/'/� *&&+1/6� �0//� Appendix A�<�

�/016/0;�-.10�0-367�H*0�*&&'()/6�47�-./��-.1?*+��(551--//�(,��B+.*8/��63?*-1(8�*86�

�/0/*'?.� 
(0&1-*+� �*&&'()*+� 10� *)*1+*4+/� 18� -./�Appendix B�� *86� H*0� &/',('5/6�

*??('618:�-(�-./�&'18?1&+/0�(,�-./��/?+*'*-1(8�(,�
/+018E1<�

�

2.1.2. Chemicals and Enzymes

�(�&/',('5�-./�/J&/'15/8-*+�&'(?/63'/0;�0(5/�?./51?*+0�H/'/�8//6/6�03?.�*0�*:*'(0/�

��%MG%�;�/-.16135�4'(516/������G��;�/-.7+/8/�61*518/�-/-'*�*?/-1?�*?16�610(6135�0*+-�

�����R���M�G��;���*518(����.76'(J75/-.7+���;G�&'(&*861(+���'10R����M$G�;�H.1?.�

H/'/� *++� &3'?.*0/6� ,'(5� �1:5*��./51?*+� �(5&*87;� �*18-� 
(310;��100(3'1;����<�

�('1?�*?16����$�$���*86�*40(+3-/�/-.*8(+��G�����H/'/�30/6�&'(63?-0�*0�(,��1/6/+�6/�


*/8;��//+D/;��/'5*87<�

�/8#��� H.(+/� 4+((6� :/8(51?� �	�� &3'1,1?*-1(8� 5181� E1-� �s�$�L��;� ��,� �	��

&(+75/'*0/;�H.1?.�10�03&&+1/6�H1-.�*5&+1,1?*-1(8�43,,/'�*86��:�+���s��$�$��;�6	���

0/-��s�$�L��;��/8/�3+/'�M$�4&��	��
*66/'��s��$G���;��/8/�3+/'�3+-'*�+(H�'*8:/�

�	��+*66/'��s�������;��/8/�3+/'�+(H�'*8:/��	��+*66/'��s����%���H/'/�4(3:.-�

,'(5� �./'5(� �10./'� �?1/8-1,1?� �8?<;� �*+1,('81*<� �0� '/0-'1?-1(8� /8D75/0;� �0*� ��

��$MGM���*86��0&�������$�����03&&+1/6�H1-.�-./1'�43,,/'0�;�H/'/�('6/'/6�,'(5�	/H�

�8:+*86��1(+*40��8?<;����<��++�?./51?*+0�30/6�18�-.10�0-367�H/'/�(,�5(+/?3+*'�:'*6/�

*86�H/'/�:(--/8�,'(5�?(55/'?1*+�0(3'?/0�.*)18:�-./�.1:./0-�+/)/+�(,�&3'1-7<�

�

2.1.3. Primers

�H(�&'15/'�&*1'0;�H.1?.�H/'/�0/+/?-/6�*??('618:�-./�+1-/'*-3'/�0/*'?.;�H/'/�&3'?.*0/6�

,'(5��+1:(5/'� ��+1:(5/'��1(-/?.8(+(:7;��8E*'*;��3'E/7�� -(� *5&+1,7� (3'� 18-/'/0-�
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�

'/:1(80<��./�?(55/'?1*+�&'15/'�0-(?E0�H/'/�*-��$$�t�]t+� ?(8?/8-'*-1(8�*86�H/'/�

0-('/6�*-���$u�<��8�('6/'�-(�30/�18�-./�&(+75/'*0/�?.*18�'/*?-1(8������;�-./�&'15/'0�

H/'/�&'/&*'/6�*0�*+193(-0�(,��$�&5(+/]t+<����

�./�0/93/8?/0�(,�,('H*'6�*86�'/)/'0/�&'15/'0�30/6�,('�*8*+7010�(,�'0GL$L�$�2��K��

&(+75('&.105�(,��������:/8/� *86� '0�M��$G2��K��&(+75('&.105�(,���������

:/8/�H/'/�0.(H8�18�Table 2.1

�*4+/��<��<�����������������������-�������������������������������������
����������).)'.(�

���
������������&/�(0	������������( ��.�����
������������&/��'0	
�

Gene
&
SNP Name 

Forward and Reverse Primer Information References

                   
                        Sequence (5’-3’)

Length 
(bp)

Tm 
(��C)

�

������;�
'0GL$L�$��

Forward 
Primer

���������������������
���

�G� MM� �
�W*8:;�/-�*+<;��%%L��

� Reverse 
Primer

���������������������
������

��� MM�

�������;�
'0�M��$G�

Forward 
Primer

��������������������� �$� MG� �
��*&*00(-1'(&(3+(0;�
/-�*+<;��$$G��
�Reverse 

Primer
��������������������� �$� MG�

2.2. Methods

�/8(51?� �	��H*0� /J-'*?-/6� ,'(5� 4+((6� 0*5&+/0� (,� &*-1/8-� *86� ?(8-'(+� :'(3&0P�

034O/?-0�47�3018:��/8#���H.(+/�4+((6�:/8(51?��	��&3'1,1?*-1(8�5181�E1-�*??('618:�

-(� -./� 5*83,*?-3'/'P0� 180-'3?-1(80<� �*-1/8-0� *86� ?(8-'(+0� H/'/� :/8(-7&/6� ,('� -./�

'0GL$L�$�� &(+75('&.105� (,� ������� *86� '0�M��$G� &(+75('&.105� (,� ��������

)*'1*8-0�47�������
��5/-.(60<��'/&*'*-1(8�(,� '/*:/8-0�30/6� ,('����;� '/0-'1?-1(8�

/86(83?+/*0/� 61:/0-1(8� *86� *:*'(0/� :/+� /+/?-'(&.('/010� H/'/� 6/0?'14/6� 18� -./�

Appendix C<���

�
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2.2.1. Preparation of Human Genomic DNA Sample for PCR

2.2.1.1. Isolation of Genomic DNA from Whole Blood Samples

�./�H.(+/�4+((6�0*5&+/0�H/'/�?(++/?-/6�47��B+.*8/��63?*-1(8�*86��/0/*'?.�
(0&1-*+�

18-(������?(8-*1818:�-34/0�-(�&'/)/8-�-./�4+((6�?+(--18:<��0(+*-1(80�(,�:/8(51?��	��

,'(5�?*0/� *86� ?(8-'(+� :'(3&0�H/'/�&/',('5/6�H1-.��/8#���H.(+/�4+((6�:/8(51?�

�	��&3'1,1?*-1(8�5181�E1-��s�$�L���*??('618:�-(�-./�180-'3?-1(80�(,�5*83,*?-3'/'<��

�8�-.*-�&'(?/00;��$$�t+�(,�H.(+/�4+((6�0*5&+/�H*0�-'*80,/''/6�18-(�*8��&&/86(',�-34/�

*86��$�t+�(,�&'(-/18*0/����03&&+1/6�H1-.�E1-��H*0�*66/6�(8�1-<� �8�('6/'�-(�(4-*18�*�

381,('5�0(+3-1(8;�-./7�H/'/�51J/6�47�)('-/J18:�('�&1&/--18:;�*86�-./8;�-./�51J-3'/�

H*0�18?34*-/6�*-�M�����,('��$�5183-/0<��,-/'�18?34*-1(8;��$$�t+�(,�*40(+3-/�/-.*8(+�

H*0�03&&+/5/8-/6�-(�-./�51J-3'/�*86�H*0�51J/6�47�&1&/--18:<��./�&'/&*'/6�51J-3'/�

H*0�-'*80,/''/6�-(�-./�0&18�?(+358��H.1?.�10�&'(63?-�(,�E1-��*86�?/8-'1,3:*-1(8�,('���

518�*-���$$$J:��mL<$$$�'&5��H*0�&/',('5/6�-(�?(+358�47�3018:��1:5*����M�4/8?.-(&�

51?'(,3:/� ��1:5*� �(0-,*?.� ���G���G�M$�;� �0-/'(6/�<� �./8;� -./� ?(++/?-1(8� -34/�

?(8-*1818:�-./�,+(H�-.'(3:.�0(+3-1(8�H*0�610?*'6/6R�*86�-./�?(+358�H*0�&+*?/6�18-(�

*�8/H���5+�?(++/?-1(8�-34/��18?+36/6�18�E1-�<��8�8/J-�0-/&;�-./�M$$�t+�(,�H*0.�43,,/'���

�H.1?.� H*0� 30/6� *,-/'� �-.*8(+� H*0� *66/6� 18-(� 1-� *??('618:� -(� 5*83,*?-3'/'�

180-'3?-1(80��H*0�&3-�-(�-./�?(+358;�*86�-./�-34/�H*0�?/8-'1,3:/6�,('���518�*-�L�$$$J:�

�m�$�$$$�'&5�<��./8;�-./�,+(H�-.'(3:.�H*0�610?*'6/6�*86�-./�?(+358�H*0�&+*?/6�4*?E�

18-(� -./�?(++/?-1(8� -34/<�
*-/';�M$$�t+�(,�H*0.�43,,/'� ��� �/-.*8(+�H*0�*66/6� 18-(� 1-�

*??('618:�-(�5*83,*?-3'/'�180-'3?-1(80�4/,('/�30/6��H*0�&3-�-(�-./�?(+358R�*86�1-�H*0�

?/8-'1,3:/6�,('�G�518�*-�5*J1535�0&//6��v��$�$$$J:�('�v����$$$�'&5�<��,-/'� -./�

?/8-'1,3:*-1(8;�-./�?(++/?-1(8�-34/�?(8-*1818:�-./�,+(H�-.'(3:.�0(+3-1(8�H*0�610?*'6/6�

*86�-./�?(+358�H*0�-'*80,/''/6�18-(�*�0-/'1+/��<M�5+�51?'(?/8-'1,3:/�-34/��8(-�18?+36/6�

H1-.�E1-�<��8�('6/'�-(�/+3-/�-./�:/8(51?��	��,'(5�-./�?(+358;��$$�t+�(,�/+3-1(8�43,,/'�

H*0�*66/6�-(�-./�?/8-/'�(,�-./�5/54'*8/<��,-/'H*'60;�1-�H*0�18?34*-/6�,('���518�*-�

'((5�-/5&/'*-3'/�*86�?/8-'1,3:/6�,('���518�*-�L�$$$J:��m�$�$$$�'&5�<��8�,18*+�0-/&;�
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�

-./�&3'1,1?*-1(8�?(+358�H*0�610?*'6/6�*86�-./�10(+*-/6��	��H*0�30/6�155/61*-/+7�('�

0-('/6�*-���$u�<�

2.2.1.2. Quantification and Qualification of Genomic DNA Samples by 

Spectrophotometry

�8� ('6/'� -(� 6/-/'518/� -./� ?(8?/8-'*-1(8� *86� &3'1-7� (,� -./� 10(+*-/6� �	�;�

	*8(6'(&���$$$� ��./'5(� �?1/8-1,1?�� H*0� 30/6<� �.10� 5*?.18/� :1)/0� -(� 30� -./�

?(8?/8-'*-1(8��t:]5+��(,��	��0*5&+/�*0�H/++�*0�*40('4*8?/�'*-1(0�(,�0*5&+/�18���$�

85�-(��L$�85�����$]��L$��*86���$�85�-(��G$�85�����$]��G$��H*)/+/8:-.0<��/?*30/�

-./�83?+/1?�*?160�*86�&'(-/180�:1)/�-./�5*J1535�*40('4*8?/�*-���$�85�*86��L$�85;�

'/0&/?-1)/+7;����$]��L$�'*-1(�10�30/6�-(�/)*+3*-/�-./�&3'1-7�(,�-./�83?+/1?�*?160<���'*-1(�

(,� m�<L� 10� *??/&-/6� *0� f&3'/d� ,('� �	�� 0*5&+/0<� �+0(;� ����;� ?*'4(.76'*-/0� *86�

&./8(+1?�'/*:/8-0�+1E/����D(+�.*)/�*40('4*8?/�8/*'��G$�85<��./'/,('/;����$]��G$�'*-1(�

10�30/6�*0�*�0/?(86*'7�5/*03'/�(,�83?+/1?�*?16�&3'1-7<��.10�'*-1(�10�:/8/'*++7�/J&/?-/6�

18� -./� '*8:/� (,� �<$��<�<� �,� 1-� 10� +(H/'� -.*8� /J&/?-/6;� 1-�5*7� 0.(H� -./� &'/0/8?/� (,�

?(8-*518*8-0�H.1?.�*40('4�-./�+1:.-�*-��G$�85<�

�

2.2.1.3. Qualification of Genomic DNA Samples by Agarose Gel Electrophoresis

�1(:/8�.('1D(8-*+�:/+�/+/?-'(&.('/010�070-/5�H*0�30/6�H1-.��Y�*:*'(0/�:/+�-(�*00/00�

-./� 18-*?-8/00�(,��	��0*5&+/0<��./'/� 10�*� -'*7� 18�L�?5�J�%�?5�615/801(80� 18� -.10�

070-/5<��/*:/8-0�30/6�18�*:*'(0/�:/+�/+/?-'(&.('/010�H/'/�:1)/8�18�Appendix C<�

$<��:�*:*'(0/�-(��$�5+�$<M�������43,,/'�18�&
�L<G�?(8-*1818:��M�5���'10;��M�5��

�('1?��?16�*86���5������;�H*0�30/6�-(�&'/&*'/��Y�*:*'(0/�:/+<���./�51J-3'/�H*0�

./*-/6�18�51?'(H*)/�()/8�38-1+�*++�(,�-./�*:*'(0/�&*'-1?+/0�6100(+)/6<��./�0(+3-1(8�H*0�

?((+/6�-(�*&&'(J15*-/+7��$u��H.1+/�0-1''18:;�-(�5*18-*18�.(5(:/8(30�?((+18:<�W./8�

-./�0(+3-1(8�?((+/6�6(H8�/8(3:.;�/-.16135�4'(516/�H*0�&3-�,'(5�0-(?E�0(+3-1(8�(,�

�$� 5:]5+� 18� H*-/'� H1-.� ,18*+� ?(8?/8-'*-1(8� (,� $<M� t:]5+� *86� -./� 0(+3-1(8� H*0�
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-.('(3:.+7�51J/6<�W.1+/�-./���Y�*:*'(0/�H*0�4/18:�./*-/6;�-./�5(+6;�&+*0-1?�-'*7�*86�

?(54�H/'/� ?+/*8/6�H1-.� �$�Y�/-.*8(+<��,-/'� &+*0-1?� -'*7�H*0� 0/--+/6� 18� -./�5(+6;�

&'/&*'/6�H*'5�*:*'(0/�0(+3-1(8�H1-.�/-.16135�4'(516/�H*0�&(3'/6�18-(�-./�5(+6<��,�

-./'/�H/'/�*87�*1'�4344+/0;�/0&/?1*++7�4/-H//8�('�386/'�-./�-//-.�(,�?(54;�-./7�H/'/�

'/5()/6�H1-.�-./�./+&�(,�-./�&1&/--/�-1&;�*86�-./�?(54�H*0�&'(&/'+7�&+*?/6�*-�$<M��<$�

55�*4()/�-./�&+*-/<��&&'(J15*-/+7��$��$�5183-/0�*-�'((5�-/5&/'*-3'/�H*0�/8(3:.�

-(�(4-*18�?(5&+/-/+7�0(+16�:/+<��

�,-/'�-./�*:*'(0/�:/+�H*0�0(+161,1/6;�1-�H*0�&+*?/6�-(�-./�/+/?-'(&.('/010�-*8E�,1++/6�

H1-.� $<M�������43,,/'� 03?.� -.*-�H*7� -./� 0+(-0� (,� -./� :/+�H/'/� ,*?/6� -(H*'60� -./�

8/:*-1)/�&(+/�?*-.(6/<��./�?(54�H*0�'/5()/6�,'(5�-./�:/+;�?*'/,3++7<��/,('/�+(*618:�

-./��	��0*5&+/0�18-(�-./�H/++;��$�t+��$<�M���$<M�5:��(,��	��0*5&+/�H*0�51J/6�H1-.�

��t+�(,����:/+�+(*618:�67/��03&&+1/6�H1-.��	��+*66/'��47�&1&/--18:<��/016/0;�*��	��

+*66/'�H*0�+(*6/6�18-(�(8/�H/++�(,�-./�:/+�-(�16/8-1,7�-./�*&&'(J15*-/�01D/�(,��	��

4*860<��-�H*0�&'/&*'/6�*??('618:�-(�5*83,*?-3'/'�180-'3?-1(802�G�t+�(,�610-1++/6�H*-/';�

��t+�(,�+(*618:�67/�*86���t+�(,�0-(?E�+*66/'������H/'/�51J/6;�*86�M�t+�(,�-.10�51J-3'/�

�����H*0�+(*6/6�18-(�(8/�0+(-�(,�-./�:/+<�

�,-/'� -./� +(*618:�H*0�,1810./6;� +16�(,� -./� -*8E�H*0�?+(0/6�*86�*�&(H/'�03&&+7�H*0�

?(88/?-/6�-(�-./�/+/?-'1?*+�+/*60<��./�?(80-*8-�)(+-*:/�(,��$$�)(+-0�H*0�0/-�18�-./�&(H/'�

03&&+7;�0(�-.*-�8(�5('/�-.*8�*�)(+-*:/�(,�M� ]?5��H.1?.�10�5/*03'/6�*0�-./�610-*8?/�

4/-H//8�/+/?-'(6/0��H*0�*&&+1/6<��8-1+�-./�+(*618:�67/�'/*?./6�-(�-./�4(--(5�(,�-./�

:/+;�-./�:/+�H*0�'38��*&&'(J15*-/+7�%$�5183-/0�<��86/'�-./�� �+1:.-;�:/+�15*:18:�H*0�

6(8/� *86� -./8� 1-0� &.(-(:'*&.7�H*0� -*E/8�47� 1+4/'�
(3'5*-��/+� �5*:18:��70-/5�

��*'8/�
*� *++//;��/6/J;��'*8?/��*86��8,181-7�*&-��)/'01(8���<%��?(5&3-/'�0(,-H*'/<�

�8�&3'/��	��&'/&*'*-1(80;�*�018:+/�4*86�18�*:*'(0/�:/+�/+/?-'(&.('/010�H*0�(4-*18/6�

H.1+/� �	�� ?(8-*518*-/6� &'/&*'*-1(80� 0.(H/6� -H(� 4*860<� �,� -./'/� H*0� *� 05/*'�

,('5*-1(8;�1-�5/*8-�-.*-��	��H*0�6/:'*6/6<�

�
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2.2.2. Genotyping of rs3808607 Polymorphism in CYP7A1 Gene and rs754203 

Polymorphism in CYP46A1

�8�-.10�0-367;�:/8/-1?�&(+75('&.105�(,��������:/8/��'0GL$L�$���*86�&(+75('&.105�

(,��������� :/8/� �'0�M��$G��H/'/� 18)/0-1:*-/6� 18�53+-1&+/� 0?+/'(010� &*-1/8-0� *86�

./*+-.7� ?(8-'(+� :'(3&0� (,� �3'E10.� &(&3+*-1(8<� �(+75/'*0/� �.*18� �/*?-1(8� *86�

�/0-'1?-1(8��'*:5/8-�
/8:-.��(+75('&.105��������
���*8*+7010�H*0�&/',('5/6�18�

('6/'� -(� 6/-/'518/� -./� :/8(-7&18:� (,� 18-/'/0-/6� '/:1(80� �Table 2.2�<� � �('� -.*-�

-/?.8193/;� ,1'0-+7;� -./� 18-/'/0-� '/:1(80� (,� :/8/0�H/'/� &'(&*:*-/6� 47� 3018:� 0&/?1,1?�

&'15/'0�-.'(3:.�-./����;�*86�,(++(H/6�47�'/0-'1?-1(8�/8D75/�61:/0-1(8<�W.1+/��/?.8/�

�'(:/8/� ��*54'16:/;� ���� -./'5(?7?+/'� H*0� 30/6� ,('� ���;� �����$� 
/*-� �+(?E�

��1(0*8�
-6;�
*-)1*��H*0�30/6�-(�18?34*-/�-./�0*5&+/0�63'18:�61:/0-1(8<��./�&'(?/63'/�

6/-*1+0�(,�����*86�61:/0-1(8�H/'/�5/8-1(8/6�18�,(++(H18:�0/?-1(80<�

�

�*4+/��<��<�1������������$����������������������������������
���������������2��&*�����������3�2�

�����������������������������������������3�������&/�(0	�����&/��'0	������
�

Gene Polymorphism Regions of 

Amplification 

PCR 

Product 

Size

Restriction 

Endo-

nuclease 

Fragment Sizes 

(bp)

������� ������K���

�

�'(5(-('�

�/:1(8�

G%G�4&� �0*�� ��2G$$��%G��

��2G$$�����%G�G%�

��2����%G�G%�

�������� ������K��� �8-'(8��/:1(8�� �L��4&� �0&�� ��2�L��

��2�G���M��

��2�L���G���M��
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2.2.2.1. Genotyping of rs3808607 Single Nucleotide Polymorphism on CYP7A1 

Gene
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2.2.2.1.1. Polymerase Chain Reaction for CYP7A1 rs3808607 

SNP

��&(+75('&.105��'0GL$L�$���18�-./�&'(5(-/'�'/:1(8�(,��������8*5/6����L��K��

,'(5�-'*80+*-1(8�?(6(8�('���$����K���,'(5�-./�-'*80?'1&-1(8*+�0-*'-�01-/�H*0�*5&+1,1/6�

47����<��./�30/6�'/*:/8-0��6/-*1+0�H/'/�:1)/8�18�Appendix C��H/'/��

� �

g��,��	��&(+75/'*0/��

� g����*5&+1,1?*-1(8�43,,/'�H1-.��	
�������

� g6	���51J-3'/�

� g�:�+��0(+3-1(8��

� g�('H*'6�*86�'/)/'0/�&'15/'0�

g�3'/�
�$��0/?-1(8��<�<G��

�

�8�('6/'�-(�(4-*18�018:+/�0&/?1,1?�&'(63?-�,('�18-/'/0-/6��	��'/:1(80;�?(861-1(80�*86�

?(5&(8/8-0� (,� ����H/'/� (&-151D/6<� �.'//� 61,,/'/8-� ?(8?/8-'*-1(80� (,� &'15/'� �G$�

&5(+/;��$�&5(+/;�M$�&5(+/��*86�-.'//�?(8?/8-'*-1(80�(,��:�+�����;��<M�;�����H1-.�

-H(�61,,/'/8-���,�43,,/'0�_��,��3,,/'�H1-.���+�*86���,��3,,/'�H1-.��	
������`�H/'/�

-/0-/6� 386/'� -.'//� 61,,/'/8-� *88/*+18:� -/5&/'*-3'/0� (,� &'15/'0� H.1?.� H/'/� �5;�

'/?(55/86/6�47�-./�5*83,*?-3'/'���52MM����;��5\���M�����;��5����M�����<��./�

4/0-�?(8?/8-'*-1(8�(,�0(+3-1(80�30/6�,('�(&-151D/6�����51J-3'/�H/'/�:1)/8�18�Table 

2.3<��

����?(861-1(80�/J?/&-�-./�*88/*+18:�-/5&/'*-3'/�H/'/�0/-�*??('618:�-(�0-367�(,�W*8:�

*86�?(H('E/'0��W*8:;�/-�*+<;��%%L�<��./�?(861-1(80�,('�4/0-�����&'(63?-�(3-&3-�H/'/�

0.(H8�18�Table 2.4<���
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�./� *5&+1,1/6� ���� &'(63?-0� H/'/� ?./?E/6� H1-.� �Y� *:*'(0/� :/+� /+/?-'(&.('/010;�

H.1?.�H*0�6/0?'14/6�18�0/?-1(8��<�<�<G<��,-/'�Mt+�(,�����&'(63?-�*86���t+�(,�+(*618:�

67/������H/'/�51J/6�47�&1&/--18:;�-./�51J-3'/�H*0�,1++/6�18-(�-./�H/++<��+0(;�M�t+�(,�

�/8/�3+/'�M$�4&��	��+*66/'�H*0�+(*6/6�-(�(8/�(,�-./�H/++�-(�6/-/'518/�-./�01D/�(,�

����&'(63?-0<��./�:/+�H*0�'38�%$�518�*-�%$� ;�38-1+�-./�67/�'/*?./6�-(�-./�4(--(5�(,�

-./�:/+<��./8;�-./�:/+�H*0�*8*+7D/6�386/'�-./�� �+1:.-�*86�1-0�&.(-(:'*&.7�H*0�-*E/8<�

G%G�4&�(,�����&'(63?-�H*0�/J&/?-/6�-(�4/�0//8�18�-./�:/+<�

�

�*4+/��<�G<�������������������&*���4���������&/�(0	����).)'.(����
��������
�

Constituent Stock 
Concentration

Volume Added Final 
Concentration in 50 

μl 
Reaction Mixture

�5&+1,1?*-1(8� ���,��
�3,,/'� _H1-.�
�	
������`�

�$�� M�t+� ���

�:�+�� �M�5�� ��t+� ��5��

6	����1J-3'/� �$�5�� ��t+� $<��5��

�('H*'6��'15/'� �$�&5(+/]t+� M�t+�� M$�&5(+/�

�/)/'0/��'15/'�� �$&5(+/]t+� M�t+�� M$�&5(+/�

��,� �	��
�(+75/'*0/�

M�]t+� $<M�t+� �<M���

�/5&+*-/��	��  *'1/0�  *'1/0� m�$$�8:��

�-/'1+/��&7'(:/8�
��� � �&�-(�M$ t+� �

�

�

�
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�*4+/��<��<��������������
�����������������������
�&/�(0	����).)'.(��5�
�

Temperature
(��C)

Time

Initial Denaturation %�� ��518�

Denaturation %�� G$�0/?�

Annealing MM� �������������G$�0/?������G$��

Extension ��� G$�0/?�

Final Extension ��� ��518�

�
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2.2.2.1.2. Restriction Endonuclease Digestion of CYP7A1 

rs3808607 Polymorphism

�/0-'1?-1(8� ,'*:5/8-� +/8:-.� &(+75('&.105� ���
��� H*0� 30/6� 6/-/'518*-1(8� (,�

:/8(-7&/0�(,�'0GL$L�$��18��������:/8/<��0*�����?(G����'/0-'1?-1(8�/8D75/�H*0�30/6�

-(� 61:/0-� ���� &'(63?-0� (,� ������� H1-.� -./� ./+&� (,� -./� �MP� <<������<<� GP��

'/?(:81-1(8�0/93/8?/<��8�1861)163*+0�?*''718:�-./�H1+6�-7&/���*++/+/;�-./�/8D75/�?3-�

-./��	��,'(5�(8+7�(8/�01-/�47�,('518:�G$$�4&�*86�%G�4&�,'*:5/8-0<�
(H/)/';�1,�-./�

&/'0(80�.*)/�-./�53-*8-�*++/+/��;�1-�?3-0�-./��	��,'(5�*661-1(8*+�(8/�01-/�47�,('518:�

-./�4*860�(,�����4&;�%G�4&�*86�G%�4&;�*86�18�./-/'(:/8/(30�1861)163*+0�18�-/'50�(,�

-.10��	�;�1-�,('50�,'*:5/8-0�(,�G$$�4&;�����4&;�%G�4&�*86�G%�4&��Figure 2.1�<����

�8�('6/'�-(�(4-*18�-./�?+/*'/0-�61:/0-1(8�&'(63?-0�18�-./�*:*'(0/�:/+�/+/?-'(&.('/010;�

(&-151D*-1(80�,('�'/0-'1?-1(8�/8D75/�61:/0-1(8�51J-3'/�*86�18?34*-1(8�?(861-1(80�H/'/�

?*''1/6�(3-<��.'//�61,,/'/8-�*5(38-0�(,�����&'(63?-���t+;�Mt+;��$t+��H/'/�-/0-/6�H1-.�

-.'//� 61,,/'/8-� /8D75/� ?(8?/8-'*-1(80� ���;� M�;� �$�� ,'(5� ��]t+� 0-(?E� /8D75/�

0(+3-1(8��*-�61,,/'/8-�18?34*-1(8�-15/�*0���.(3'0��.�;��<M�.;���.;��<M�.;�G�.;����.�*-�-H(�

61,,/'/8-�18?34*-1(8�-/5&/'*-3'/��G����*86�M$����H.1?.�H/'/�0/+/?-/6�,'(5�+1-/'*-3'/�
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��*'?/+(0� /-� *+<;� �$�%R� "'*,+1� /-� *+<;� �$��R� �'1)*0-*)*� /-� *+<;� �$$L�<� �./� (&-151D/6�

?(861-1(8�30/6�,('�'/0-'1?-1(8�/86(83?+/*0/�61:/0-1(8�51J�H*0�0355*'1D/6�18�Table 

2.5<�

�

�*4+/��<�M<��������������������������������������������������������4���������&/�(0	����).)'.(�
���
��������
�

Constituent Stock 
Concentration

Amount / Volume 
to be added

Final Concentration 
in 50 μl 

Reaction Mixture
�����'(63?-� � ��$�t
� �

	��3,,/'�� �$�� M�t
� ���

�0*��� ��]�t+� �$�t
� �$��

�-/'1+/��&7'(:/8�
��� � �M�t
� �

�(-*+����������������������������� � M$�t+� �

�

�$� t+� ���� &'(63?-� *86� �$����0*� �� '/0-'1?-1(8� /8D75/�H/'/� 18?34*-/6�H1-.18� -./�

61:/0-1(8�51J-3'/�*-�M$���,('����.(3'0<��,-/'�18?34*-1(8;�-./�61:/0-/6�&'(63?-0�H/'/�

/J*518/6�18�GY�*:*'(0/�:/+�*86�M�t+�(,��/8/�3+/'�3+-'*�+(H�'*8:/��	��+*66/'�H*0�

*+0(�+(*6/6�-(�(8/�(,�-./�H/++0�(,�-./�:/+�-(�6/,18/�-./�+/8:-.�(,�,'*:5/8-0<��./�:/+�

H*0�'38�,('�%$�518�*-�%$� <�
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��������
�	
��?./5*-1?�'/&'/0/8-*-1(8�,('�6/-/'518*-1(8�(,�:/8(-7&/0�(,��������'0GL$L�$����K���

018:+/�83?+/(-16/�&(+75('&.105<�

�8�-./�+/,-�&*8/+;�-./�H1+6�-7&/�*++/+/����?*8�4/�0//8<��0*��?3-0�-./�G%G�4&�����&'(63?-�47�,('518:�

-H(�4*860�(,�G$$�4&�*86�%G�4&<��8�-./�'1:.-�&*8/+;�-./�53-*8-�*++/+/������?*8�4/�0//8<��0*��*+0(�?3-0�

,'(5�*8(-./'�(8/�01-/�*86�,('50�-.'//�,'*:5/8-0�(,�����4&;�%��4&�*86�G%�4&<���'/&'/0/8-*-1)/�*:*'(0/�

:/+�/+/?-'(&.('/010�&.(-(�(,�H1+6�-7&/;�.(5(D7:(-/�*86�./-/'(D7:(-/�53-*8-�:/8(-7&/0�*'/�:1)/8�(8�

-./�4(--(5�01-/<��0/6�'/*:/8-0�,('�6/-/'518*-1(8�(,�:/8(-7&/0�H/'/�5/8-1(8/6�18��&&/861J��<�

�
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�5&+1,1/6� '/:1(8� (,� ������� :/8/� 18?+3618:� '0GL$L�$�� 018:+/� 83?+/(-16/�

&(+75('&.105�H*0� 1++30-'*-/6� 18�Figure 2.2� H1-.� .1:.+1:.-/6� ,('H*'6� *86� '/)/'0/�

&'15/'0;�'/?(:81-1(8�01-/�(,�'/0-'1?-1(8�/8D75/�*86�018:+/�83?+/(-16/�0340-1-3-1(8<�

�

�

��������
��
��?./5*-1?�'/&'/0/8-*-1(8�(,�-./��.(+/0-/'(+���*+&.*�.76'(J7+*0/�:/8/����������

83?+/(-16/�0/93/8?/�-.*-�18?+36/0�'0GL$L�$��018:+/�83?+/(-16/�&(+75('&.105<�

�./�7/++(H�.1:.+1:.-/6�0/93/8?/0�*'/�-./�,('H*'6�*86�'/)/'0/�&'15/'0�30/6�,('�����&'(?/63'/<��./�

:'//8�'/:1(8�10�/8D75/�'/?(:81-1(8�01-/<��8�H1+6�-7&/;�-./�/8D75/�10�?3-�,'(5�4+3/�*''(H�01-/�*86�,('5�

,'*:5/8-0�(,�G$$�4&�*86�%G�4&<��8�53-*8-�-7&/;�1-�,('50�-.'//�4*860�(,�����4&;�%G�4&�*86�G%�4&�47�

?3--18:�,'(5�4+3/�*86�'/6�*''(H0�01-/0<��./�83?+/(-16/�0/93/8?/�H*0�-*E/8�,'(5�

.--&02]]HHH<8?41<8+5<81.<:()]&'(O/?-0]�	�]08&w'/,<?:1x'0yGL$L�$�s,*0-*<��/0-'1?-1(8�&(18-0�H/'/�

6/-/'518/6�H1-.�-./�./+&�(,�-./�.--&2]]HHH<'/0-'1?-1(85*&&/'<(':]<��
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2.2.2.2. Genotyping of CYP46A1 rs754203 Single Nucleotide Polymorphism on 

CYP46A1 Gene

2.2.2.2.1. Polymerase Chain Reaction for CYP46A1 rs754203 

SNP

��K� �� &(+75('&.105� �'0�M��$G�� 18� -./� 18-'(8� �� '/:1(8� (,� �������� :/8/� H*0�

*5&+1,1/6�47����<��./�30/6�'/*:/8-0��6/-*1+0�H/'/�:1)/8�18�Appendix C��H/'/��

� g��,��	��&(+75/'*0/��

� g����*5&+1,1?*-1(8�43,,/'�H1-.��	
�������

� g6	���51J-3'/�

� g�:�+��0(+3-1(8��

� g�('H*'6�*86�'/)/'0/�&'15/'0��

g�3'/�
����0/?-1(8��<�<G�<�

�8�('6/'�-(�(4-*18�018:+/�*86�0&/?1,1?�&'(63?-�,('�18-/'/0-/6��	��'/:1(8;�*5(38-0�(,�

����?(5&(8/8-0�H/'/�(&-151D/6<��.'//�61,,/'/8-�?(8?/8-'*-1(80�(,�&'15/'��G$�&5(+/;�

�$�&5(+/;�M$�&5(+/��*86� -.'//�61,,/'/8-�?(8?/8-'*-1(80�(,��:�+�� ���;��<M�;�����

H1-.�-H(�61,,/'/8-���,�43,,/'0�_H1-.���+�('��	
������`�H/'/�-/0-/6�386/'�-./�����

?(861-1(80;� H.1?.� H/'/� 6/-/'518/6� *??('618:� -(� 0-367� (,� �*&*00(-1'(&(3+(0� *86�

?(++/*:3/0� ��*&*00(-1'(&(3+(0� /-� *+<;� �$$G�<� �./� *5(38-0� (,� ?(5&(3860� 30/6� ,('�

(&-151D/6�����51J-3'/�H/'/�:1)/8�18�Table 2.6�*86�����?(861-1(80�,('�-.10�18-/'/0-/6�

'/:1(8�H/'/�0.(H8�18�Table 2.7.

�./� *5&+1,1/6� ���� &'(63?-0� H/'/� ?./?E/6�H1-.� GY� *:*'(0/� :/+� �1-0�5/-.(6�H*0�

6/0?'14/6�18�0/?-1(8��<�<�<G�<��,-/'�Mt+�(,�����&'(63?-�*86���t+�(,�+(*618:�67/������

H/'/�51J/6�47�&1&/--18:;�-./�51J-3'/�H*0�,1++/6�18-(�-./�H/++<��+0(;�M�t+�(,��/8/��3+/'�

M$�4&��	��+*66/'�51J�H*0�+(*6/6�-(�(8/�(,�-./�H/++0�-(�6/-/'518/�-./�01D/�(,�����

&'(63?-0<��./�:/+�H*0�'38�*-�%$� ;�38-1+�-./�67/�'/*?./6�-(�-./�4(--(5�(,�-./�:/+� �
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*&&'(J15*-/+7� %$� 518�<� �./8;� -./� :/+� H*0� *8*+7D/6� 386/'� -./� � � +1:.-� *86� 1-0�

&.(-(:'*&.7�H*0�-*E/8<�����&'(63?-�H*0�/J&/?-/6�-(�4/�0//8�*-��L��4&�18�-./�:/+<�

�

�*4+/��<��
�������������������&*���4���������&/��'0	���( ��.�����
��������
�

Constituent Stock 
Concentration

Volume Added Final 
Concentration in 50 

μl 
Reaction Mixture

�5&+1,1?*-1(8� ���,��
�3,,/'� H1-.�
�	
�������

�$�� M�t+� ���

�:�+�� �M�5�� ��t+� ��5��

6	����1J-3'/� �$�5�� ��t+� $<��5��

�('H*'6��'15/'� �$�&5(+/]t+� ��t+�� �$�&5(+/�

�/)/'0/��'15/'�� �$�&5(+/]t+� ��t+�� �$�&5(+/�

��,� �	��
�(+75/'*0/�

M�]t+� $<M�t+� �<M���

�/5&+*-/��	��  *'1/0�  *'1/0� m�$$�8:��

�-/'1+/� �&7'(:/8�

���

� �&�-(�M$ t+� �

�

�

�

�

�

�

�
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�*4+/��<��<��������������
�����������������������
�&/��'0	���( ��.���5�
�

Temperature
(��C)

Time

Initial Denaturation %�� M�518�

Denaturation %�� G$�0/?�

Annealing M%� �����������G$�0/?�����L���

Extension ��� G$�0/?�

Denaturation %�� G$�0/?�

Annealing MM� ������������G$�0/?���������

Extension ��� G$�0/?�

Final Extension ��������������������������������������������518

�

�

2.2.2.2.2. Restriction Endonuclease Digestion of CYP46A1 

rs754203 Polymorphism

�/0-'1?-1(8� ,'*:5/8-� +/8:-.� &(+75('&.105� ���
��� H*0� 30/6� 6/-/'518*-1(8� (,�

:/8(-7&/0� (,� '0�M��$G2� �� K� �� 18� �������� :/8/� ,('� -.10� 0-367<� �0&�� �
&*����

'/0-'1?-1(8� /8D75/�H*0� 30/6� -(� 61:/0-� ���� &'(63?-0� (,� �������<� �8� 1861)163*+0�

?*''718:� -./�H1+6� -7&/��� *++/+/;� -./� /8D75/� ?*88(-� ?3-� -./��	�<�
(H/)/';� 1,� -./�

&/'0(8�.*0�-./�53-*8-�*++/+/��;�1-�?3-0�-./��	��H1-.�-./�./+&�(,�-./�,('518:������

'/?(:81-1(8� 01-/� -.'(3:.� -.10� -'*801-1(8;� ?'/*-18:� 4*860� (,� �G�� 4&� *86� �M� 4&<�

�3'-./'5('/;� 1-� ,('50� ,'*:5/8-0� (,� �L�� 4&� �G�� 4&� *86� �M� 4&� 18� ./-/'(:/8/(30�

1861)163*+0�18�-/'50�(,�-.10��	���Figure 2.3�<����

�8�('6/'�-(�(4-*18�-./�?+/*'/0-�61:/0-1(8�&'(63?-0�18�-./�*:*'(0/�:/+�/+/?-'(&.('/010;�

(&-151D*-1(80�,('�'/0-'1?-1(8�/8D75/�61:/0-1(8�51J-3'/�*86�18?34*-1(8�?(861-1(80�H/'/�
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�

?*''1/6�(3-<��.'//�61,,/'/8-�*5(38-0�(,�����&'(63?-���t+;�Mt+;��$t+��H/'/�-/0-/6�H1-.�

61,,/'/8-�18?34*-1(80�-15/�+1E/��.(3'0��.�;��<M�.;���.;��<M�.;�G�.;�*86����.�*-�G����H1-.�

-.'//� 61,,/'/8-� /8D75/� ?(8?/8-'*-1(8� ���;� M�;� �$�� ,'(5� ��]t+� 0-(?E� /8D75/�

0(+3-1(8�;� 0/&*'*-/+7<� �./� (&-151D/6� ?(861-1(80� 30/6� ,('� -.10� 61:/0-1(8� 51J� H/'/�

0355*'1D/6�18�Table 2.8<

�/8�t+�����&'(63?-�H*0�18?34*-/6�H1-.��$����0&��'/0-'1?-1(8�/8D75/�*-�G����,('����

.(3'0<��,-/'�18?34*-1(8;�-./�61:/0-/6�&'(63?-0�H/'/�/J*518/6�18�GY�*:*'(0/�:/+�*86�

M� t+� (,��/8/�3+/'� +(H� '*8:/��	�� +*66/'�51J;�H.1?.�H*0� &'/&*'/6� *??('618:� -(�

5*83,*?-3'/'P0�180-'3?-1(80;�H*0�*+0(�+(*6/6�-(�(8/�(,�-./�H/++0�-(�6/,18/�-./�+/8:-.�

(,�-./�,'*:5/8-0<��./�:/+�H*0�'38�*-�%$� �,('�%$�518<�

�
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��������
��
��?./5*-1?�&'/0/8-*-1(8�(,�:/8(-7&/0�,('���������'0�M��$G�018:+/�83?+/(-16/�
&(+75('&.105<�

�8�-./�+/,-�&*8/+;�-./�H1+6�-7&/�*++/+/�f�d�*++/+/�?*8�4/�0//8<��0&��6(/0�8(-�,186�1-0�?3--18:�01-/�(8�

.*)18:�-.10�-7&/�:/8(-7&/�18�1861)163*+0�*86�-./'/,('/;�38,'*:5/8-/6��L��4&�4*86�'/&'/0/8-0�-./�H1+6�

-7&/�*++/+/�f�d<��8�-./�+/,-�&*8/+;�-./�53-*8-�*++/+/������?*8�4/�0//8<��0&��?3-0�-./��L��4&�����

&'(63?-�*86�?*30/�-H(�,'*:5/8-0�(,��G��4&�*86��M�4&<���'/&'/0/8-*-1)/�*:*'(0/�:/+�/+/?-'(&.('/010�

&.(-(�(,�H1+6�-7&/;�.(5(D7:(-/�*86�./-/'(D7:(-/�53-*8-�:/8(-7&/0�10�:1)/8�18�-./�4(--(5�01-/<��0/6�

'/*:/8-�,('�6/-/'518*-1(8�(,�:/8(-7&/0�H/'/�5/8-1(8/6�18��&&/861J��<�

�



�

�
�
M��

�

�*4+/��<�L<��������������������������������������������������������4���������&/��'0	���( ��.��
���
��������
�

Constituent Stock 
Concentration

Amount / 
Volume to be 

added

Final 
Concentration in 

50 μl 
Reaction Mixture

�����'(63?-� � ��$�t
� �

	��3,,/'�� �$�� M�t
� ���

�0&�� ��]�t+� �$�t
� �$��

�-/'1+/� �&7'(:/8�

���

� �M�t
� �

�(-*+�������������������������� � M$�t+� �

�

�

�5&+1,1/6� '/:1(8� (,� �������� :/8/� 18?+3618:� '0�M��$G� 018:+/� 83?+/(-16/�

&(+75('&.105�H*0�6/5(80-'*-/6�18�Figure 2.4�H1-.�.1:.+1:.-/6�,('H*'6�*86�'/)/'0/�

&'15/'0;�'/?(:81-1(8�01-/�(,�'/0-'1?-1(8�/8D75/�*86�018:+/�83?+/(-16/�0340-1-3-1(8<�

�

�

�

�

�

�

�

�
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��?./5*-1?�'/&'/0/8-*-1(8�(,�-./�?.(+/0-/'(+�����.76'(J7+*0/�����������:/8/�83?+/(-16/�

0/93/8?/�-.*-�18?+36/0�'0�M��$G2���K���018:+/�83?+/(-16/�&(+75('&.105<�

�./�7/++(H�.1:.+1:.-/6�0/93/8?/0�*'/�-./�,('H*'6�*86�'/)/'0/�&'15/'0�30/6�,('�����&'(?/63'/<��./�

:'//8�'/:1(8�10�/8D75/�'/?(:81-1(8�01-/<��8�H1+6�-7&/�*++/+/�����;�-./�/8D75/�6(/0�8(-�,186�1-0�

'/?(:81-1(8�01-/�������R�*86�38,'*:5/8-/6��L�4&�����&'(63?-�10�0//8�18�-./�:/+<��8�53-*8-�-7&/�

*++/+/�����;�1-�?3-0�-./��	��,'(5�'/6�*''(H�&(18-R�*86�,('50�-H(�4*860�(,��G��4&�*86��M�4&<��./�

83?+/(-16/�0/93/8?/�H*0�-*E/8�,'(5�

.--&02]]HHH<8?41<8+5<81.<:()]&'(O/?-0]�	�]08&w'/,<?:1x'0y�M��$Gs,*0-*<��/0-'1?-1(8�&(18-�H*0�

6/-/'518/6�H1-.�-./�./+&�(,�-./�.--&2]]HHH<'/0-'1?-1(85*&&/'<(':]<�

�

2.2.3. Sanger Sequencing

�,-/'�,1810.18:�-./�����*++/+1?�610?'1518*-1(80�(,����?*0/�*86�./*+-.7�?(8-'(+�:'(3&0�

18� -/'50� (,� '0GL$L�$�� 18� ������� *86� '0�M��$G� 18� �������� �	�0;� 01J� (,� -./�

0*5&+/0�(,�-./5�H/'/�0/+/?-/6�-(�?./?E�3&�-./�*??3'*?7�(,�:/8(-7&18:<��./0/�0*5&+/0�

H/'/� &1?E/6� 3&� ,'(5� *5(8:0-� &(0014+/� H1+6� -7&/;� .(5(D7:(-/� 53-*8-� *86�

./-/'(D7:(-/� 53-*8-� -7&/0� *++/+/0� ,('� /*?.� &(+75('&.1?� '/:1(8R� *86� �*8:/'�

0/93/8?18:�H*0�&/',('5/6�,('�-./5�47��/8-/:/8���/8-/:/8��1(-/?.8(+(:7;��8E*'*;�

�3'E/7�<�
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2.2.4. Statistical Analysis

�-*-10-1?*+� *8*+70/0� H/'/� &/',('5/6� 47� 3018:� ����� ��-*-10-1?*+� �*?E*:/� ,('� �(?1*+�

�?1/8?/0;� �����('&<��/+/*0/6� �$��<� ����������-*-10-1?0� ,('��*?18-(0.;� /'01(8�

��<$<��'5(8E;�	�2������('&<�<��

	('5*+1-7� (,� -./� 0*5&+/� 610-'143-1(8� (,� /*?.� ?(8-183(30� )*'1*4+/� H*0� -/0-/6�H1-.�

�(+5(:('()���51'8()�-/0-<��8�*8*+70/0�(,�+1&16�&*'*5/-/'0�*86�)1-*518���)*+3/0;�1,�

-./7�6168P-�0.(H�8('5*+�610-'143-1(8;�+(:*'1-.51?�-'*80,('5*-1(8��+(:�$��H*0�*&&+1/6�

-(�4'18:�-./�6*-*�?+(0/'�-(�8('5*+�610-'143-1(8<�W./8�-./�8/H�+(:�-'*80,('5/6�)*'1*4+/�

0.(H/6�8('5*+�610-'143-1(8;�&*'*5/-'1?�-/0-0�H/'/�30/6�18�-./�*8*+70/0<��8�-./�?.*&-/'�

(,�'/03+-0;�-.10�/)/8-�H*0�1861?*-/6�H1-.�fgd�01:8�18�-./�-*4+/0;�(8?/�-'*80,('5/6�6*-*�

H*0� 30/6� 18� -./� *8*+7010<� �8� -./� (-./'� .*86;� 1,� -./� 6*-*� 6168P-� 0.(H� -./� 8('5*+�

610-'143-1(8� *,-/'� +(:� �$� -'*80,('5*-1(8;� 8(8&*'*5/-'1?� -/0-0� H/'/� 30/6� H1-.�

38-'*80,('5/6�6*-*<��/&/8618:�(8�-./�0.*&/�(,�-./�610-'143-1(8�?3')/0;��86/&/86/8-�

�*5&+/� -��/0-� *86��*88�W.1-8/7����/0-�H/'/�30/6� -(� /)*+3*-/� -./�61,,/'/8?/0�(,�

?(8-183(30�)*'1*4+/0<��./0/�?(8-183(30�)*'1*4+/0�H/'/�/J&'/00/6�*0�5/*8�z�0-*86*'6�

6/)1*-1(8������*86�5/61*8�z�18-/'93*'-1+/�'*8:/���"���)*+3/�*-�-./�/86�(,�-./�*8*+7010<��

�*-/:('1?*+� )*'1*4+/0�H/'/� 0-*-/6� *0� &'(&('-1(80� *86� -./1'� ?(5&*'10(80�H/'/� 6(8/�

3018:� �.1�093*'/� -/0-<� �++/+/� ,'/93/8?1/0� H/'/� 6/-/'518/6� 47� -./� :/8/� ?(38-18:�

5/-.(6<� �.1�093*'/� H*0� 30/6� -(� *00/00� -./� 6/&*'-3'/� ,'(5� -./� 
*'67�W/184/':�

/931+14'135�*86�*+0(�18�('6/'�-(�?(5&*'/�:/8(-7&/�610-'143-1(80�*86�*++/+/�,'/93/8?1/0<��

�)*+3*-1(8�,('�01:81,1?*8?/�(,�-./�'/03+-0�H*0�?*''1/6�(3-�H1-.���)*+3/;�18�H.1?.�1,�-./�

��)*+3/� H*0� +/00� -.*8� $<$M;� -.10� '/03+-� H*0� *??/&-/6� *0� 0-*-10-1?*++7� 01:81,1?*8-;� 18�

?(8-'*0-� (8/0� .1:./'� -.*8� $<$M� H*0� /)*+3*-/6� *0� 1801:81,1?*8-<� �0� H/++� *0� -.10;�

�(8,/''(81�?(''/?-1(8�,('�53+-1&+/�-/0-18:�H*0�*&&+1/6<�

�
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CHAPTER 3

3.

RESULTS
�

3.1. Study Population

�./�0-367�&(&3+*-1(8�?(5&'10/6�(,��GL��3+-1&+/��?+/'(010�&*-1/8-�*86��$$�./*+-.7�

?(8-'(+�034O/?-0<��+181?*+�&*'*5/-/'0�(,�4(-.�:'(3&0;�+1E/�0/'35�+1&16��-(-*+�?.(+/0-/'(+;�

-(-*+� -'1:+7?/'16/;� 
�
�?.(+/0-/'(+;� 
�
�?.(+/0-/'(+�� *86� �M�.76'(J7�)1-*518� ��

)*+3/0�H/'/�5/*03'/6�47��B+.*8/��63?*-1(8�*86��/0/*'?.�
(0&1-*+;��1(?./510-'7�


*4('*-('7<��./0/�&*'*5/-/'0�*86�6/5(:'*&.1?�18,('5*-1(8�,('�&*-1/8-0�*86�?(8-'(+0�

H/'/�6/5(80-'*-/6�18�Table 3.1<��

�3+-1&+/��?+/'(010� 10� (8/�(,� -./�5(0-� ?(55(8� ?*30/0�(,�8/3'(+(:1?*+�610*41+1-7� 18�

7(38:�*86�5166+/�*:/6�*63+-0<��./'/,('/;�*:/�10�*8�15&('-*8-�,*?-('� 18���<��8�-.10�

0-367;�-./�5/*8�*:/�H*0�GG<M��z�M<LL�,('�&*-1/8-0�*86�G�<�%�z�L<%G�,('�?(8-'(+0R�*86�

*87�0-*-10-1?*++7�01:81,1?*8-�61,,/'/8?/�H*0�8(-�,(386�4/-H//8�-./5����y�$<$MG�<��./�

H(5/8�*'/�5('/�&'(8/�-(�4/����-.*8�5/8�H1-.�G2��'*-1(<�W.1+/�(3'�&*-1/8-0�:'(3&�

18?+36/6�%M�,/5*+/0�*86��G�5*+/0;�-./�?(8-'(+0�:'(3&�?(5&'10/6�(,����,/5*+/�*86�G%�

5*+/�034O/?-0<�	354/'�(,�,/5*+/0�18�&*-1/8-0���L<L�Y��H/'/�.1:./'�-.*8�?(8-'(+0����<$�

Y��43-�-.10�H*0�*-�*8�1801:81,1?*8-�+/)/+����y�$<�$L�<�

�??('618:�-(�?+181?*+�+*4('*-('7�-/0-0;��(-*+��.(+/0-/'(+������+/)/+�H*0�01:81,1?*8-+7�

+(H/'�18����&*-1/8-0���<L%�z�$<%��55(+]
��-.*8�./*+-.7�?(8-'(+0���<%M�z��<���55(+]
R�

��y�$<$�$�<��8�*661-1(8;�
�
�?.(+/0-/'(+�+/)/+�H*0�01:81,1?*8-+7�.1:./'�18�-./�?(8-'(+0�

�G<$��z�$<%G�55(+]
R��-.*8�18�&*-1/8-0���<���z�$<L��55(+]
R���y�$<$�$�<��8�-./�(-./'�

.*86;�-./�-'1:+7?/'16/0�+/)/+�*86�
�
�?.(+/0-/'(+�+/)/+0�H/'/�1801:81,1?*8-+7�.1:./'�18�

?(8-'(+0���<�%�z�$<%��55(+]
�*86��<G��z�$<G$�55(+]
;�'/0&/?-1)/+7��-.*8�18�&*-1/8-0�

��<���z�$<M��55(+]
�*86��<�L�z�$<G$�55(+]
;�'/0&/?-1)/+7�;����y�$<$M��,('����*86���

y�$<��M�,('�
�
���<��18?/�+/)/+�(,�0/'35�)1-*518���*,,/?-0�-./����6/)/+(&5/8-�*86�

5(61,1/0�-./�610/*0/�*?-1)1-7�18����&*-1/8-0;� 1-*518���10�/)*+3*-/6�*0�*�'10E�,*?-('�

,('���<��8�(3'�0-367;�)1-*518���+/)/+�H*0�,(386�01:81,1?*8-+7�+(H/'�18����&*-1/8-0�

�MG<LG�z�GL<M��85(+]
��-.*8�./*+-.7�?(8-'(+0���G<�G�z��%<L%�85(+]
R���y�$<$$G�<�
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3.2. Genotyping for Single Nucleotide Polymorphisms in CYP7A1 and CYP46A1

�./� ������
�� 5/-.(6� H*0� 30/6� 18� ('6/'� -(� 6/-/'518/� :/8(-7&/0� (,� �������

'0GL$L�$���K����	��*86���������'0�M��$G��K����	��18�*++�034O/?-0;�18�H.1?.�

18-/'/0-/6� '/:1(80� H/'/� *5&+1,1/6� 47� ���;� -./8� -./0/� &'(63?-0� H/'/� 61:/0-/6� 47�

0&/?1,1?�/8D75/0;�*86�,18*++7�-./�'/0-'1?-1(8�&'(63?-0�H/'/�)103*+1D/6�47�*:*'(0/�:/+�

/+/?-'(&.('/010<�

�

3.2.1. Genotyping for rs3808607 Single Nucleotide Polymorphism of CYP7A1 

Gene

�/-/'518*-1(8�(,�'0GL$L�$���K����	��(,��������:/8/�H*0�?(863?-/6�47�����

��
��5/-.(6<��,-/'�-./�&(+75/'*0/�?.*18�'/*?-1(8;�-./�'/0-'1?-1(8�/8D75/�61:/0-1(8�

H*0�&/',('5/6�*86�-./�0&/?1,1?�/8D75/�,('�-.10�&'(?/63'/�H*0��0*�<�

�

3.2.1.1. Polymerase Chain Reaction Results for rs3808607 SNP of CYP7A1

'0GL$L�$�� 10� -./�5(0-�H16/+7�0-361/6��	�� 18� -./�&'(5(-/'� '/:1(8�(,� -./��������

:/8/<��-�10�*8��]��-'*80)/'01(8�&(+75('&.105�*-����L�,'(5�-./�-'*80+*-1(8*+�?(6(8;�('�

��$��,'(5�-'*80?'1&-1(8*+�0-*'-�01-/<��.10�'/:1(8�H*0�*5&+1,1/6�47�&(+75/'*0/�?.*18�

'/*?-1(8;�H.1?.�H*0�(&-151D/6�-(�(4-*18�-./�6/01'/6�4*86�H1-.(3-�8(8�0&/?1,1?�4*860<�

�./� (&-151D/6� ���� 51J-3'/� *86� ?(861-1(80� H/'/� 0.(H8� 18� �/?-1(8� �<�<�<�<�<� �8�

4'1/,+7;�*+5(0-��$$�8:�(,��	�;�����5&+1,1?*-1(8����,���3,,/'�H1-.��	
������;���5��

�:�+�;�$<��5��6	��0;�M$�&5(+/�(,�/*?.�&'15/'�*86��<M�381-�(,���,��	��&(+75/'*0/�

H/'/�18?+36/6�18�����'/*?-1(8<��

�./�*5&+1,1/6�����&'(63?-0�H/'/�*8*+7D/6�(8��Y�*:*'(0/�&'/&*'/6�47�*6618:�$<��:�

*:*'(0/�-(��$�5+�(,�$<M������43,,/'<��$�t+�(,�/*?.�����&'(63?-�H*0�51J/6�H1-.���t+�

(,����:/+�+(*618:�67/�*86�-./7�H/'/�&3-�18-(�-./�H/++�(,�-./�:/+;�H.1?.�H*0�'/&/*-/6�

,('�/*?.�0*5&+/<��M�t+�(,�M$�4&��	��+*66/'�51J��&'/&*'/6�*??('618:�-(�5*83,*?-3'/'�

180-'3?-1(80��H*0�*&&+1/6�-(�-./�(8/�H/++;�*86�-./8�-./�:/+�H*0�'38�,('�%$�518�*-�%$� <�

�/?*30/�(,�0/+/?-/6�&'15/'0;�-./�&'(63?-�01D/�(,�-./�*5&+1,1/6�'/:1(8�0.(3+6�4/�*-�G%G�
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4&<�Figure 3.1�0.(H0�-./�*:*'(0/�:/+�/+/?-'(&.('/010�15*:/�(,�-./��������'0GL$L�$��

�	��,'(5�&*-1/8-0�*86�?(8-'(+0�*,-/'�����'/*?-1(8<��

�

�

��������
�	
��:*'(0/�:/+����Y��/+/?-'(&.('/010�15*:/�,('�����&'(63?-0�(,�'0GL$L�$���	��(,�
�������:/8/<�


*66/'��M$���$$$�4&��H*0�0.(H8�*0�f
d�(8�-./�&1?-3'/<��./�(-./'�+*8/0�'/&'/0/8-/6�-./�G%G�4&�����

&'(63?-0��
*8/��;��;�G�H/'/�����&'(63?-0�(,�&*-1/8-0;�-./�(-./'0�H/'/�,'(5�?(8-'(+0�<�

�

3.2.1.2. Restriction Endonuclease Digestion Results for rs3808607 SNP of 

CYP7A1

�./�*++/+1?�610?'1518*-1(80�(,�&*-1/8-0�*86�?(8-'(+0�H/'/�6(8/�47�'/0-'1?-1(8�,'*:5/8-�

+/8:-.�&(+75('&.105�5/-.(6<���0&/?1,1?�/86(83?+/*0/�/8D75/;��0*��H*0�30/6� ,('�

�������'0GL$L�$����K����	�<��,�-./�1861)163*+�?*''1/0�-./�H1+6�-7&/�*++/+/�f�d;�

-./� ���� &'(63?-� ?(8-*180� (8/� '/?(:81-1(8� 01-/� �MP<<<������� -...GP�� ,('� /8D75/;�

186/&/86/8-+7�,'(5�-./�&'/0/8?/�('�*40/8?/�(,��	�;�*86�-./�/8D75/�?3-0�-./��	��47�

,('518:� -H(� ,'*:5/8-02� G$$� 4&� *86� %G� 4&<� 
(H/)/';� 1,� -./� 1861)163*+� ?*''1/0� -./�

&(+75('&.1?�*++/+/�f�d;�*8�/J-'*�031-*4+/�01-/� ,('50�*86� -./�/8D75/�?3-0� -./��	��

,'(5� -H(� &(18-0� 47� &'(63?18:� -.'//� ,'*:5/8-02� ���� 4&;� %G4&� *86� G%� 4&<� �,� -./�

1861)163*+�.*0�-./�./-/'(D7:(30�:/8(-7&/;�1-�71/+60�,(3'�61,,/'/8-��	��,'*:5/8-0�H1-.�

G$$�4&;� ����4&;� %G� 4&;� *86� G%� 4&<��./� 61:/0-1(8� &'(?/63'/� 6/-*1+0� *86� (&-151D/6�
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?(861-1(80� ,('� 1-� H/'/� 5/8-1(8/6� 18� �/?-1(8� �<�<�<�<�<� �./� '/03+-0� ,('� '/0-'1?-1(8�

,'*:5/8-0�(,��������'0GL$L�$���	��H/'/�6/5(80-'*-/6�18�Figure 3.2.

�

�

�

��������
��
��:*'(0/�:/+��G�Y��/+/?-'(&.('/010�15*:/�,('�'/0-'1?-1(8�/86(83?+/*0/�61:/0-1(8�H1-.��0*��

(,�*5&+1,1/6�'0GL$L�$���	��(,��������:/8/<�

�:*'(0/�:/+��G�Y��/+/?-'(&.('/010�15*:/�,('�'/0-'1?-1(8�/86(83?+/*0/�61:/0-1(8�H1-.��0*��(,�*5&+1,1/6�

'0GL$L�$���	��(,��������:/8/<�
*66/'���M���$$�4&��H*0�0.(H8�*0�f
d�(8�-./�&1?-3'/<��./�(-./'�

+*8/0�H/'/�-./�61:/0-1(8�&'(63?-0�,'(5�&*-1/8-0��(66�8354/'0��*86�?(8-'(+0��/)/8�8354/'0�<�
*8/���

*86���'/&'/0/8-/6�-./�.(5(D7:(-/�53-*8-�1861)163*+0�����;�H.(�,('5/6�-.'//�4*860�*-�����4&;�%G�4&�

*86�G%�4&�*86�+*8/�M�*86���'/&'/0/8-/6�-./�.(5(D7:(-/�H1+6�-7&/������1861)163*+0;�H.(�5*6/�-H(�

4*860�*-�G$$�4&�*86�%G�4&�*,-/'�61:/0-1(8<�
*8/�G�*86���0.(H/6�-./�./-/'(D7:(-/�53-*8-������

1861)163*+0�H1-.�,(3'�4*860�*-�G$$�4&;�����4&;�%G�4&�*86�G%�4&<�

�

3.2.2. Genotyping for rs754203 Single Nucleotide Polymorphism of CYP46A1 

Gene

�/-/'518*-1(8�(,�:/8(-7&/0�,('�'0�M��$G���K���018:+/�83?+/(-16/�&(+75('&.105�(,�

��������:/8/�H*0�?(863?-/6�47�������
��5/-.(6<��,-/'� -./�&(+75/'*0/�?.*18�

'/*?-1(8;�-./�'/0-'1?-1(8�/8D75/�61:/0-1(8�H*0�6(8/�18�-.10�&'(?/00<��0&��H*0�0/+/?-/6�

*0�-./�0&/?1,1?�/8D75/<�
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3.2.2.1. Polymerase Chain Reaction Results for rs754203 SNP of CYP46A1

'0�M��$G�018:+/�83?+/(-16/�&(+75('&.105;�H.1?.�?.*8:/0���-(��;�10�+(?*-/6�18-'(8���

'/:1(8�(,�-./��������:/8/<��.10�'/:1(8�H*0�*5&+1,1/6�47�&(+75/'*0/�?.*18�'/*?-1(8<�

�8� ('6/'� -(� (4-*18� 6/01'/6� ���� &'(63?-0;� +1E/� (8+7� 18-/'/0-/6� 4*86� (8� -./� :/+� 47�

*)(1618:�,'(5�,('518:�(,�8(8�0&/?1,1?�4*860;�����18:'/61/8-0�*86�?(861-1(80�H/'/�

(&-151D/6;�H.1?.�H/'/�5/8-1(8/6�18�-./��/?-1(8��<�<�<�<�<��8�0.('-;�*+5(0-��$$�8:�(,�

�	��0*5&+/;����*5&+1,1?*-1(8����,��43,,/'�H1-.��	
������;���5���:�+�;�$<��5��

6	��0;��$�&5(+/�(,�/*?.�&'15/';��<M���(,���,��	��&(+75/'*0/�H/'/�18?+36/6�18�-./�

���� '/*?-1(8� -34/<� �,-/'� *5&+1,1?*-1(8;� -./� &'(63?-0� H/'/� *8*+7D/6� -.'(3:.� GY�

*:*'(0/�:/+�/+/?-'(&.('/010;�18�H.1?.��$�t+�(,�/*?.�����&'(63?-�H*0�51J/6�H1-.���t+�

(,����+(*618:�67/�*86�-./7�&3-�18-(�-./�H/++�(,�-./�:/+;�*86�M�t+�(,��M���$$�4&��	��

+*66/'�51J� �*,-/'�&'/&*'/6�*??('618:� -(� -./�5*83,*?-3'/'� 180-'3?-1(80��H*0�*&&+1/6�

18-(�(8/�H/++�(,�-./�:/+;�*86�-./8�-./�:/+�H*0�'38�,('�%$�518�*-�%$� <����

�./� /J&/?-/6� �	�� ,'*:5/8-0� *'/� -./� �L�� 4&� +/8:-.� ,('� '0�M��$G� �	�� (,� -./�

��������:/8/<�Figure 3.3�'/&'/0/8-0�-./�:/+�&.(-(�(,�-./�*5&+1,1/6�'/:1(8�(,�-.10�

:/8/<��./�4*860�H/'/�+(?*-/6�*&&'(J15*-/+7�*-��L��4&<�

�

�

��������
��
��:*'(0/�:/+��G�Y��/+/?-'(&.('/010�15*:/�,('�����&'(63?-0�(,�'0�M��$G��	��(,�

��������:/8/<�


*66/'��M$���$$$�4&��H*0�610&+*7/6�*0�f
d�(8�-./�&1?-3'/<��./�(-./'�+*8/0�6/5(80-'*-/6�-./��L��4&�

+/8:-.�����&'(63?-0��
*8/��;��;�G�H/'/�0/+/?-/6�,'(5�&*-1/8-0;�-./�(-./'0�H/'/�,'(5�?(8-'(+0�<�
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3.2.2.2. Restriction Endonuclease Digestion Results for rs754203 SNP of 

CYP46A1

�./�*++/+1?�610?'1518*-1(80�(,�&*-1/8-�*86�?(8-'(+� 034O/?-0�H/'/�6(8/�47� '/0-'1?-1(8�

+/8:-.�,'*:5/8-�&(+75('&.105�5/-.(6<��0�*�0&/?1,1?�/8D75/;��0&��H*0�0/+/?-/6�,('�

��������'0�M��$G��	�<��8�-./�H1+6�-7&/�1861)163*+0;�/8D75/�?*88(-�61:/0-�-./��	��

63/�-(�-./�+*?E�(,�1-0�'/?(:81-1(8�01-/��MP<<<�� ����XGP�;�*86�*�018:+/�4*86�H1-.��L��

4&�+(8:�10�0//8�(8�-./�:/+<��8�-./�(-./'�.*86;�18�-./�53-*-/6�*++/+/�-.*-�4/*'0�-./�f�d�

*++/+/�*-�-.10�&(01-1(8;�-./�/8D75/�?*8�,186�-./�?3--18:�01-/�(8�-./��	��*86�,('50�-H(�

4*860�*0��G��4&�*86��M�4&�+(8:<��./�61:/0-1(8�&'(?/63'/�*86�6/-*1+0�,('�(&-151D/6�

?(861-1(80� H/'/� :1)/8� 18� �/?-1(8� �<�<�<�<�<� Figure 3.4� 1++30-'*-/0� -./� *:*'(0/� :/+�

&.(-(:'*&.7� (,� '/0-'1?-1(8� /86(83?+/*0/� 61:/0-1(8� &'(63?-0� ,('� '0�M��$G� �	�� (,�

��������:/8/<�

�

�

��������
��
��:*'(0/�:/+��G�Y��/+/?-'(&.('/010�15*:/�,('�'/0-'1?-1(8�/86(83?+/*0/�61:/0-1(8�H1-.��0&��

(,�*5&+1,1/6�'0�M��$G��	��(,���������:/8/<�


*66/'���M���$$�4&��H*0�0.(H8�*0�f
d�(8�-./�&1?-3'/<��./�(-./'�+*8/0�H/'/�-./�61:/0-1(8�&'(63?-0�

,'(5�&*-1/8-0��(66�8354/'0��*86�?(8-'(+0��/)/8�8354/'0�<�
*8/���*86���H/'/�,'(5�-./�.(5(D7:(-/�

53-*8-�1861)163*+0�����;�H.(�5*6/�-H(�4*860�*-��G��4&�*86��M�4&�*,-/'�61:/0-1(8R�
*8/�M�*86���H/'/�

,'(5�-./�.(5(D7:(-/�H1+6�-7&/������1861)163*+0;�H.(�.*6�(8+7�(8/�4*86�*-��L��4&�63/�-(�-./�*40/8?/�

(,�031-*4+/�'/?(:81-1(8�01-/R�
*8/�G�*86���0.(H/6�-./�./-/'(D7:(-/�53-*8-������1861)163*+0�H1-.�-.'//�

4*860�*-��L��4&;��G��4&�*86��M�4&<�
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�,-/'� ,1810./6� -./� *++� *++/+1?� 610?'1518*-1(80� ,('� &*-1/8-0� *86� ?(8-'(+0� 18� -/'50� (,�

'0GL$L�$�� *86� '0�M��$G��	�0;� 01J� 0*5&+/0� (,� -./5�H/'/� 0/93/8?/6� 47� �/8-/:/8�

��/8-/:/8��1(-/?.8(+(:7;��8E*'*;��3'E/7��18�('6/'�-(�-/0-�-./1'�:/8(-7&18:�*??3'*?7<�

�8/�0*5&+/�,'(5�/*?.�H1+6�-7&/�.(5(D7:(-/;�53-*8-�.(5(D7:(-/�*86�./-/'(D7:(-/�

:/8(-7&/0� ,('�4(-.��	�0�H*0� 0/93/8?/6�*86� -./1'� '/03+-0� ,('�(3'� 18-/'/0-/6�&(18-0�

5*-?./6�H1-.�(3'�:/8(-7&18:�(3-?(5/0<���

�

3.3. Analysis of Genotypes and Allele Frequencies of rs3808607 SNP CYP7A1

and rs754203 SNP of CYP46A1

�8�-.10�0-367;�'0GL$L�$���	��(,��������:/8/�*86�'0�M��$G��	��(,���������:/8/�

H/'/�*8*+7D/6�*-��GL����&*-1/8-0�*86��$$�./*+-.7�?(8-'(+0�H1-.�'/0&/?-�-(�:/8(-7&/�

*86� *++/+/� ,'/93/8?1/0<� �./� *15� (,� -.10� H*0� -(� +/*'8� .(H� -./1'� 610-'143-1(80� H/'/�

?.*8:18:�18����&*-1/8-�*86�?(8-'(+�:'(3&0�18�-./��3'E10.�&(&3+*-1(8�*86�*+0(�H*0�-(�

6/-/'518/�H./-./'�-./0/��	�0�.*)/�*87�/,,/?-0�(8�'10E�(,�-./���<��('�-.*-�&3'&(0/0;�

-./�*8*+70/0�H/'/�?(863?-/6�47�,('518:� -.'//�:/8/-1?�5(6/+0�(,��	�02��(518*8-;�

�/?/001)/� *86� �661-1)/� �(6/+<� �8� 6(518*8-� 5(6/+;� -./� &(+75('&.1?� *++/+/� H*0�

*??/&-/6�*0�.*)18:�6(518*8-�?.*'*?-/'�?(5&*'/6�-(�H1+6�-7&/�*++/+/<��./'/,('/;�-./�

?*''1/0�(,�53-*8-�*++/+/�H/'/�&((+/6�18�*�018:+/�:'(3&<��8�-./�(-./'�.*86;�18�'/?/001)/�

5(6/+;� 1-�H*0� *0035/6� -.*-� ,('� -./� &(+75('&.1?� *++/+/� .*6� '/?/001)/� ?.*'*?-/'10-1?�

?(5&*'/6�-(�H1+6�-7&/�*++/+/�*86�-./'/,('/;�H1+6�-7&/�*++/+/�?*''1/'0�H/'/�?(++/?-/6�18�

*�018:+/�:'(3&<��8�*661-1(8�-(�-./0/;�*661-1)/�5(6/+�H*0�,('5/6�-(�4/�4*0/6�3&(8�-./�

,*?-� -.*-� 4(-.� H1+6� -7&/� *++/+/� *86� 53-*8-� *++/+/� .*)/� /93*+� :/8/-1?� /,,/?-0� (8�

./-/'(D7:(-/� 1861)163*+0<� 
/8?/;� -.'//� 61,,/'/8-� :'(3&0� H/'/� ,('5/6� H1-.18� -.10�

5(6/+<��++�?(5&*'10(80�H/'/�6(8/�4/-H//8�-./0/�?'/*-/6�:'(3&0<��

�660� '*-1(� H*0� ?*+?3+*-/6� -./� ,(++(H18:� ,('53+*� 18� ('6/'� -(� 6/-/'518/� -./� '10E�

*00/005/8-�4/-H//8�:'(3&02�

�

s�(,�&*-1/8-0�H1-.�'10E7�*++/+/�]�(,�&*-1/8-0�H1-.(3-�'10E7�*++/+/�

s�(,�?(8-'(+0�H1-.�'10E7�*++/+/�]�(,�?(8-'(+0�H1-.(3-�'10E7�*++/+/�
���y�
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�%�

�

�

W./8� ?*+?3+*-18:� -./� (660� '*-1(� 18� 6(518*8-� 5(6/+;� -./� 1861)163*+0� ?*''718:�
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3.3.1. Analysis of Genotypes and Allele Frequencies for rs3808607 SNP of 

CYP7A1 Gene
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3.3.1.1. Genotypes and Allele Frequencies of rs3808607 SNP of CYP7A1 Gene in 

Male Subgroups 

The distribution of genotypes and frequencies of alleles for rs3808607 single 

nucleotide polymorphism of CYP7A1 gene in male subgroups of MS patients and 

healthy controls are shown in Table 3.3. 43 male MS subjects and 39 male healthy 

controls were studied regarding this A → C polymorphism. Among them, 14 (32.6 %) 

patients and 21 (53.8 %) controls were homozygote wild type (AA); 28 (65.1 %) 

patients and 16 (41.0 %) controls were heterozygote mutant (AC); and 1 (2.3 %) 

patients and 2 (5.1 %) controls were homozygote mutant genotype.  

Like in the previous section, the analysis was conducted according to three genetic 

models. In additive model, although there was statistically significant difference 

between the heterozygote male individuals versus ones with wild type allele, after 

Bonferroni correction for multiple testing, it was not remained this significance (OR: 

2.625, 95% CI: 1.053 – 6.545 and p: 0.036). Similarly, there was no statistically 

important difference in comparison of male-homozygote mutant genotype (CC) 

individuals and wild type genotype (AA) ones within this model (OR: 0.750, 95% CI: 

0.062 -9.081 and p: 0.999). In dominant model, the polymorphic C allele carriers, 29 

for patients and 18 for controls, were compared with homozygote wild type carriers, 

14 for patients and 21 for controls. However, no statistically significant link was found 

in male patients and controls in terms of this SNP in that model (OR: 2.417, 95% CI: 

0.986 – 5.922 and p: 0.052). In recessive model, the comparison was performed 

between homozygote mutant individuals and having wild type allele individuals. 

Likewise, there was no significant difference between groups in terms of genotype 

distributions of this SNP (OR: 0.440, 95% CI: 0.038 – 5.058 and p:0.602).  

It was observed that A and C allele frequencies were 0.651 and 0.349 for patients and 

0.744 and 0.256 for controls, respectively. No significant association for the allele 

frequencies was also found between the male subgroups (OR: 1.554, 95% CI: 0.791 – 

3.050 and p: 0.199).  
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3.3.1.2.Genotypes and Allele Frequencies of rs3808607 SNP of CYP7A1 Gene in 

Female Subgroups 

Table 3.4 illustrates the distributions of genotypes and frequencies of alleles for 

rs3808607 single nucleotide polymorphism of CYP7A1 gene in female subgroups of 

MS patients and healthy controls. 

95 female MS patients and 61 female healthy controls were studied in terms of 

rs3808607 A → C SNP of CYP7A1 gene. Among them, 32 (33.7 %), 54 (56.8 %) and 

9 (9.5 %) individuals from patients, and 23 (37.7 %), 35 (57.4 %) and 3 (4.9 %) 

individuals from controls had homozygote wild type (AA), heterozygote mutant 

homozygote (AC), and homozygote mutant type genotype (CC), respectively.  

In additive model, the comparisons were done with “AC vs AA” and “CC vs AA” 

genotypes in female subjects. Nonetheless, no significant differences were found for 

both comparisons (OR: 1.109, 95% CI: 0.56 – 2.198, p: 0.767 for AC vs AA; OR: 

2.156, 95% CI: 0.525 – 8.852, p: 0.343 for “CC vs AA”).  

The comparison was conducted between individuals with mutant allele and 

individuals with homozygote wild type allele in dominant model; however, no 

significant association was seen between them (OR: 1.192, 95% CI: 0.610 – 2.329, p: 

0.608). Similarly, no significant difference for the genotype distribution of rs3808607 

SNP according to recessive model was seen in the female subgroups of patients and 

controls (OR: 2.023; 95% CI: 0.525 – 7.792, and p: 0.369).  

Allele frequencies of this SNP was found to be nearly same in female patients and 

controls, which were 0.621 and 0.664 for A allele and 0.379 and 0.336 for C allele, 

respectively (OR: 1.205, 95% CI: 0.749 – 1.941 and p: 0.442). 
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3.3.2. Analysis of Genotypes and Allele Frequencies for rs754203 SNP of 

CYP46A1 Gene
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*661-1)/;�6(518*8-�*86� '/?/001)/�?.*'*?-/'10-1?0�(,�&(+75('&.1?�*++/+/�?(5&*'/6� -(�
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3.3.2.1.Genotypes and Allele Frequencies of rs754203 SNP of CYP46A1 Gene in 

Male Subgroups 

The genotype distributions and allele frequencies of rs754203 SNP of CYP46A1 gene 

in male subgroups of patients and controls were given in Table 3.6.  

43 male patients and 39 male controls were analyzed in term of this polymorphism. 

There were 21 (48.8%) homozygous wild type (TT), 17 (39.5%) heterozygous mutant 

type (TC) and 5 (11.6%) homozygous mutant type individuals in the patient group. 

These number were 23 (59.0%), 12 (30.8%) and 4 (10.3%), respectively for the control 

group.  

The comparison analyses were performed to additive, dominant and recessive genetic 

models. However, no significant association was found between male subgroups of 

the patients and controls with respect to genotype distributions according to each 

formed model (OR: 1.552 95% CI: 0.602 – 3.998, p: 0.362 for TC vs TT and OR: 

1.369, 95% CI: 0.324 – 5.788, p: 0.728 for CC vs TT in additive model), (OR: 1506, 

95% CI: 0.628 – 3.611, p: 0.358 for TC+CC vs TT in dominant model), (OR: 1.151, 

95% CI: 0.286 – 4.635, p: 0.999 for CC vs TC+TT in recessive model).  

Likewise, distributions of T and C allele frequencies were not statistically significant 

between them (OR: 1.327, 95% CI: 0.671 – 2.626, p: 0.416).   
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3.3.2.2. Genotypes and Allele Frequencies of rs754203 SNP of CYP46A1 Gene in 

Female Subgroups
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*00/005/8-� (,� '/?/001)/� 5(6/+� 616� 8(-� 0.(H� *87� 0-*-10-1?*++7� 15&('-*8-� 61,,/'/8?/�

4/-H//8� ,/5*+/� 034:'(3&0� (,� &*-1/8-0� *86� ?(8-'(+0� 18� -/'50� (,� -.10� �	��:/8(-7&/�

610-'143-1(8����2�$<�%�;�%MY���2�$<�$��[�G<$��;��6�$<�GL�<��

�+0(;�*++/+/�,'/93/8?1/0�(,�H1+6�-7&/���*86�53-*8-�-7&/���H/'/�0151+*'�+1E/�$<����*86�

$<����,('�&*-1/8-0�*86�$<�M��*86�$<����,('�?(8-'(+0;�'/0&/?-1)/+7<��./'/,('/;�-./'/�H/'/�

8(�01:81,1?*8-�61,,/'/8?/�*5(8:�-./5����2��<�M�;�%MY���2�$<�L��[��<%��;��6�$<ML��<�
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3.3.3. Effects of Gender as a Risk Factor in Genotypes of CYP7A1 rs3808607 A 

→ C SNP and Genotypes of CYP46A1 rs754203 T → C for Multiple Sclerosis 

Patient and Control Groups

�3+-1&+/��?+/'(010�*,,/?-0�()/'��<M�51++1(8�&/(&+/�18�-./�H('+6�*86�10�0//8�5('/�(,-/8�

H(5/8�-.*8�5*8�H1-.�G2��'*-1(<��8�*661-1(8;�1-0�18?16/8?/�61,,/'0�*??('618:�-(�/-.81?1-7�

*86�:/(:'*&.1?*+�+(?*-1(8<��./'/,('/;�18�-.10�0/?-1(8;�4/18:�*�,/5*+/�H*0�*8*+7D/6�*0�

*�'10E�,*?-('�H1-.�:/8(-7&/0�(,��������'0GL$L�$����K���*86�(,���������'0�M��$G�

��K����	�0� *5(8:� -./��3'E10.� &*-1/8-0� *86� ?(8-'(+0� :'(3&0<��./� *8*+70/0�H/'/�

&/',('5/6� *??('618:� -(� *0035/6� *661-1)/;� 6(518*8-;� '/?/001)/� 5(6/+0� (,� �	�0�

�5/8-1(8/6� 18�0/?-1(8�G<G�<�Table 3.8� 0.(H0� -./�0355*'7�(,� -./�'/+*-1(80�4/-H//8�

:/86/'�*86�:/8(-7&/0�(,�4(-.�'0GL$L�$��*86�'0�M��$G�H1-.�'/0&/?-�-(�*661-1)/�5(6/+<��

�('��������'0GL$L�$���	�;�-./'/�*'/�G��*86��G�,/5*+/0;����*86����5*+/0�H1-.����

:/8(-7&/0R� M�� *86� GM� ,/5*+/0;� �L� *86� ���5*+/0�H1-.���� :/8(-7&/0R� *86� %� *86� G�

,/5*+/0;���*86���5*+/0�H1-.����:/8(-7&/0�,'(5�&*-1/8-0�*86�?(8-'(+0;�'/0&/?-1)/+7<�

�*0/6�3&(8�-./0/;�.(5(D7:(-/�H1+6�-7&/�:/8(-7&/������H*0�0//8�H1-.���,(+6�.1:./'�

'10E�18�,/5*+/0�?(5&*'/6�-(�5*8�*5(8:�-./�&*-1/8-0�*86�?(8-'(+0<�
(H/)/';�-.10�H*0�

8(-�*-�-./�0-*-10-1?*++7�01:81,1?*8-�+/)/+����2��<$L�;�%MY���2�$<LL��[��<%��;��6�$<$%G�<�

���:/8(-7&/0�(,�'0GL$L�$��0.(H/6�&'(-/?-1)/�/,,/?-0�(8�,/5*+/0�18�-/'50�(,�-./�'10E�

(,�.*)18:����?(5&*'/6�-(�5*+/;�43-�0-1++�*-�0-*-10-1?*++7�1801:81,1?*8-�+/)/+����2�$<LL�;�

%MY���2�$<��L�[��<L��;��6�$<����<��8�*661-1(8;�8(�01:81,1?*8-�*00(?1*-1(8�H*0�,(386�

4/-H//8�4/18:�*�,/5*+/�*86�-./�'10E�(,�.*)18:����18�.(5(D7:(-/�53-*8-�-7&/������

1861)163*+0����2��R�%MY���2�$<G%$�[�%�<��L;��6�$<����<��

�('� �������� '0�M��$G� �	�;� �L� *86� GM� ,/5*+/0� *86� ��� *86� �G� 5*+/0� H1-.� ���

:/8(-7&/0R����*86����,/5*+/0�*86����*86����5*+/0�H1-.����:/8(-7&/0R�*86�M�*86���

,/5*+/0�*86�M�*86���5*+/0�H1-.����:/8(-7&/0�,'(5�&*-1/8-0�*86�?(8-'(+0;�'/0&/?-1)/+7;�

H/'/� 18)/0-1:*-/6<� �./'/� H/'/� 8(� 01:81,1?*8-� *00(?1*-1(80� 4/-H//8� :/8(-7&/0� (,�

'0�M��$G�*86�:/86/'�18����&*-1/8-0�*86�?(8-'(+0<��8�(-./'�H('60;�,('�1861)163*+0�H1-.�

.(5(D7:(-/�H1+6�-7&/�����;�./-/'(D7:(-/�53-*8-������*86�.(5(D7:(-/�53-*8-�-7&/��
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�����:/8(-7&/0;�-(�4/�,/5*+/�H*0�8(-�/)*+3*-/6�*0�*�'10E�,*?-('�,('�.*)18:�������2�

�<M$�;�%MY���2�$<��$�[�G<�G�;��6�$<�M��,('����?*''1/'0R���2��<G�L;�%MY���2�$<M���[�

G<G�%;� �6� $<M��� ,('� ��� ?*''1/'0R���2� �;� %MY���2� $<�M�� [� �<��$;� �6� $<%%%� ,('� ���

?*''1/'0�<�

�*5/�*8*+70/0�H/'/�&/',('5/6�H1-.�6(518*8-�*86�'/?/001)/�5(6/+0�(,�'0GL$L�$��*86�

'0�M��$G;� '/03+-0�(,�H.1?.�H/'/� 0355*'1D/6� 18�Table 3.9<� �8�6(518*8-�5(6/+0�(,�

-./5;�&(+75('&.1?�*++/+/�H*0�*0035/6�*0�.*)18:�-./�6(518*8-�?.*'*?-/'�?(5&*'/6�-(�

-./�H1+6�-7&/�*++/+/;�*86�)1?/�)/'0*�,('�'/?/001)/�5(6/+0<��

�./�?(5&*'10(8�,('��������'0GL$L�$��*??('618:�-(�6(518*8-�5(6/+�?(3+6�8(-�,186�

*87� 0-*-10-1?*++7� 15&('-*8-� 61,,/'/8?/� 4(-.� .(5(D7:(30� ��� ?*''1/'0� *86� �� *++/+/�

?*''1/'0�18�-/'50�(,�4/18:�,/5*+/�*86�.*)18:�-./�'10E�(,�������2��<$L�;�%MY���2�$<LL��

[��<%��;��6�$<$%G�,('����?*''1/'0�*86���2��<$�%;�%MY���2�$<M$M�[��<$%%;��6�$<%%%�,('�

��]��� ?*''1/'0�<� �8� *661-1(8;� 8(� 01:81,1?*8-� *00(?1*-1(80� H/'/� ,(386� 18� *0035/6�

'/?/001)/�5(6/+�(,�-.10��	�����2��<G$�;�%MY���2�$<�M��[��<���;��6�$<G���,('�H1+6�

-7&/���*++/+/�?*''1/'0�*86���2��R�%MY���2�$<G%$�[�%�<��L;��6�$<����,('����?*''1/'0�<�

�,�-./���������'0�M��$G�:/8(-7&/0�H/'/�18./'1-/6�*??('618:�-(�6(518*8-�5(6/+;����

*86���� :/8(-7&/0� 1861)163*+0�H/'/� &((+/6� 18-(� *� 018:+/� :'(3&R� ?(8)/'0/+7;� 1,� -./�

��������'0�M��$G�:/8(-7&/0�H/'/�18./'1-/6�*??('618:�-(�'/?/001)/�5(6/+;����*86�

���:/8(-7&/0�1861)163*+0�H/'/�&((+/6�-(:/-./'�18-(�018:+/�:'(3&<�W./8�4/18:�,/5*+/�

*0�*�'10E�,*?-('�,('����H*0�*8*+7D/6�*5(8:�-./�&*-1/8-0�*86�-./�?(8-'(+0�H1-.�-./0/�

-7&/0�(,�:/8(-7&/0;�*87�0-*-10-1?*++7�01:81,1?*8-�*00(?1*-1(8�H*0�8(-�,(386����2��<M$�;�

%MY���2�$<��$�[�G<�G�;��6�$<����,('�H1+6�-7&/����?*''1/'0�*86���2��<G�M;�%MY���2�

$<ML%�[��<%G�;��6�$<M$��,('�&(+75('&.1?���*++/+/�?*''1/'0�18�6(518*8-�5(6/+�R����2�

�<�M�;�%MY���2�$<L�M�[��<M�G;��6�$<�%M�,('�H1+6�-7&/���*++/+/�?*''1/'0�*86���2�;�%MY�

��2�$<�M��[��<��$R��6�$<%%%�,('�53-*8-�.(5(D7:(-/����?*''1/'0�18�'/?/001)/�5(6/+�<�
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3.3.4. The Combination Analysis of CYP7A1 rs3808607 A → C SNP and 

CYP46A1 rs754203 T → C SNP in Multiple Sclerosis Patients and Healthy 

Controls

�GL����&*-1/8-0�*86��$$�./*+-.7�?(8-'(+0�H/'/�0-361/6�,('�6(34+/�?(5418*-1(80�(,�

�������'0GL$L�$����K����	��*86���������'0�M��$G���K����	�<��8�-(-*+;�818/�

61,,/'/8-� 6(34+/�?(5418*-1(80� H/'/� ?'/*-/6� +1E/� ����;� ����;� ����;� ����;�

����;�����;�����;�����;�����<� �./7�H/'/� ?(5&*'/6� (8/� 47� (8/�H1-.� -./�

:/8/'*+�&(&3+*-1(80��,('�/J*5&+/;�-./�?(5&*'10(8�(,������1861)163*+0�)/'030�H1-.(3-�

�����1861)163*+0;�0(�(8��18�('6/'�-(�6/-/'518/�H./-./'�.*)18:�-.10�-7&/�(,�6(34+/�

,('5�(,�:/8(-7&/0�*,,/?-0� -./� '10E�(,�4/18:���<��./� '/03+-0� ,('�*++� 01-3*-1(80�H/'/�

0355*'1D/6�18�Table 3.10<�

�*0/6�3&(8�-.10�*8*+7010;�1861)163*+0�.*)18:�.(5(D7:(-/�H1+6�-7&/�:/8(-7&/0�,('�4(-.�

'0GL$L�$��*86�'0�M��$G��	�0����\���;�8354/'0�(,�H.1?.�H/'/����,('�&*-1/8-0�*86�

���,('�?(8-'(+0;�.*6�*&&'(J15*-/+7���-15/0�+(H/'�'10E�(,�.*)18:�������2�$<M��;�%MY�

��2�$<��L�[�$<%�G;��6�$<$G%�<�
(H/)/';�8(�0-*-10-1?*++7�01:81,1?*8-�*00(?1*-1(80�H/'/�

,(386� 18�?(5&*'10(80�(,�*++� -./�(-./'�6(34+/�?(5418*-1(80��*++�&�)*+3/0�(,� -./5�l�

$<$M�<��8�*661-1(8;�*87�1861)163*+�H1-.�63*+�,('5�(,�.(5(D7:(30�53-*8-�:/8(-7&/0�(,�

-./0/��	�0����\����H*0�8(-�0//8�18�(3'�0-367�&(&3+*-1(8<�
/8?/;�-./�*8*+7010�?(3+6�

8(-�4/�6(8/�,('�-.*-<



�

�
�
LL�

�

�*4+/�G<��$<��������$������$������������
�������&/�(0	����).)'.(�06&�����&/��'0	���( ��.��

�6&�������������������
���
�

Genotypes 
(CYP7A1+CYP46A1)

Patient 
(n: 138)

Control 
(n: 100)

OR
(95 % CI)

p

AA+TT ��� ��� $<M���
�$<��L�[�$<%�G��

0.039 *

AA+TC ��� ��� �<�%G�
�$<�G��[��<�����

$<�L��g�

AA+CC �� �� $<����
�$<��M�[��<%G���

$<��G�\�

AC+TT ��� �%� �<$GM�
�$<MLL�[��<L����

$<%%%�g�

AC+TC GM� �L� �<M�L�
�$<L�L�[��<%G���

$<��L�g�

AC+CC �� �� �<$%��
�$<G$$�[�G<%�����

$<%%%�\�

CC+TT �� G� �<��L�
�$<�G��[��<LM���

$<M���\�

CC+TC G� �� �<$L%�
�$<��%�[��<��$��

$<%%%�\�

CC+CC $� $� 	��
�

	��

�

9:6� �������;�� ���<�,������ ����=� ���� >6� ������;�� �4���� ����� -���� �������=� 506� 5���

�������$��=�

AA6�?�����
�������3
���������&/�(0	=��

AC6�"�����3
����������������&/�(0	=��

CC6�"���3
����������������&/�(0	=��

TT6�?�����
�������3
���������&/��'0	=��

TC6�"�����3
����������������&/��'0	=��

CC6�"���3
����������������&/��'0	
@��

9&�������������������6�.
. @
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3.4. Analysis of Serum Lipids and Vitamin D Values According to Genotypes for 

CYP7A1 rs3808607 A → C SNP and CYP46A1 rs754203 T → C SNP

�8�-.10�0/?-1(8;�H/�H*8-/6�-(�*8*+7D/�&(0014+/�'/+*-1(80�(,�4+((6�+1&160�*86�)1-*518���

H1-.�61,,/'/8-�:/8(-7&/�:'(3&0�(,��������'0GL$L�$���	��*86���������'0�M��$G�

�	�;�:'(3&0�(,�H.1?.�H/'/�0&+1-�*??('618:�-(�*661-1)/;�6(518*8-�*86�'/?/001)/�5(6/+�

(,�&(+75('&.1?�*++/+/0;�18����&*-1/8-0�*86�./*+-.7�?(8-'(+0<��+-.(3:.�*++�18,('5*-1(8�

(,��$$�?(8-'(+0�H*0�,3++�'/:*'618:�+1&160�*86�)1-*518���)*+3/0;�18,('5*-1(8�(,�0(5/�

&/(&+/�,'(5��GL�&*-1/8-0�*4(3-���;���;�
�
��;�
�
���*86� 1-*518���H*0�*40/8-�

63/�-(�-./�18?(5&+/-/�-/0-18:�18�.(0&1-*+<�

�

3.4.1. Analysis of Serum Lipids and Vitamin D Values with respect to Genotypes 

for CYP7A1 rs3808607 A → C SNP

�./�&(-/8-1*+�/,,/?-0�(,����������$G���l����	��(8�&+*05*�+1&160�*86�)1-*518���

?(8?/8-'*-1(80�18����&*-1/8-0�*86�./*+-.7�?(8-'(+0�H/'/�18)/0-1:*-/6�18�-.10�0/?-1(8<�

�.10�*8*+7010�H*0�?(863?-/6�*??('618:�-(�6(518*8-;�'/?/001)/�*86�*661-1)/�5(6/+�(,�

-.10��	�;�'/0&/?-1)/+7<��

�

3.4.1.1. Analysis of Serum Lipids and Vitamin D Values According to Dominant 

Model of CYP7A1 rs3808607 A → C SNP

�8� 6(518*8-� 5(6/+� (,� ������� '0GL$L�$�� �	�;� -./� &(+75('&.1?� f�d� *++/+/� H*0�

*0035/6�.*)18:�6(518*8-�?.*'*?-/'�?(5&*'/6�-(�H1+6�-7&/�*++/+/�f�d<��./'/,('/;���;�

��;�
�
��;�
�
��� *86� 1-*518��� +/)/+0�H/'/� ?(5&*'/6� 4/-H//8����:/8(-7&/�

1861)163*+0�*86�*++�(,� -./����*86����:/8(-7&/0�1861)163*+0<��./�,1'0-�?(5&*'10(80�

H/'/�6(8/�*5(8:�&*-1/8-0�*86�?(8-'(+0;�H.1?.�.*6�0*5/�:/8(-7&/�(,�-.10��	�<��./8;�

-./�?(5&*'10(80�H/'/�?(863?-/6�4/-H//8�.(5(D7:(-/�H1+6�-7&/����?*''1/'0�*86���

*++/+/�?*''1/'0�,'(5�&*-1/8-�:'(3&<��+0(;�?(8-'(+�:'(3&0�H/'/�?(5&*'/6� 18�*�0151+*'�

H*7<��++�'/03+-0�H/'/�0355*'1D/6�18�Table 3.11<��
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�18?/�53+-1&+/�?(5&*'10(80�H/'/�6(8/�4/-H//8�,1)/�61,,/'/8-�:'(3&0��,('�&*-1/8-0�('�

?(8-'(+0�?(5&*'10(80�H1-.�-./50/+)/0��*86�47�3018:�,1)/�&*'*5/-/'0��,('�&*-1/8-0�*86�

?(8-'(+0�?(5&*'10(80�H1-.�0*5/�:/8(-7&/0�;�8/H�?'1-1?*+��(8,/''(81�?(''/?-/6���)*+3/�

H*0�?*+?3+*-/6�H1-.�-.10�,('53+*2�$<$M]My�$<$�<�

W./8�-./����:/8(-7&/0�1861)163*+0�H/'/�?(5&*'/6�18�-/'50�(,�-./0/�&*'*5/-/'0;�1-�

H*0�,(386�-.*-�-./�&*-1/8-0�.*6�01:81,1?*8-+7�+(H/'�?.(+/0-/'(+�?(8?/8-'*-1(80���<M$�z�

$<L��55(+]
����6�$<$����-.*8�?(8-'(+0���<%M�z�$<%%�55(+]
�<��8�*661-1(8;�-./�5/*8�

)*+3/�(,�&*-1/8-�:'(3&0�,('�)1-*518���H*0��%<���z�GG<�%�85(+]
;�*86�1-�H*0���<G��z�

G�<M��85(+]
�,('�?(8-'(+0;�*86�-.10�61,,/'/8?/�H*0�*-�0-*-10-1?*++7�5/*818:,3+�+/)/+���6�

$<$G��<�
(H/)/';� *,-/'� �(8,/''(81� ?(''/?-1(8;� 8/1-./'� ��� 8('� )1-*518��� '/5*18/6�

0-*-10-1?*++7�01:81,1?*8-<��+0(;�+/)/+0�(,�(-./'�+1&16�&*'*5/-/'0����;�
�
��;�
�
����

H/'/� 8(-� 0-*-10-1?*++7� 61,,/'/8-� 4/-H//8� -./5� ��6� $<$%�;� �6� $<LM�;� �6� $<�$$;�

'/0&/?-1)/+7�<����

�8�1861)163*+0�H1-.����('����:/8(-7&/;�H.1?.�H/'/�&((+/6�18-(�*�018:+/�:'(3&�*0���

*++/+/� ?*''1/'0;� (8+7� 
�
��� +/)/+� ,'(5� +1&16� &*'*5/-/'0�H*0� 01:81,1?*8-+7� 61,,/'/8-�

4/-H//8�&*-1/8-0���<���z�$<%$�55(+]
��*86�?(8-'(+0��G<���z��<$��55(+]
R��6�$<$�%�<�

�+0(;�)1-*518���+/)/+�01:81,1?*8-+7�+(H/'�18�&*-1/8-0��MM<%��z��$<���85(+]
;��6$<$����

-.*8�?(8-'(+0���G<���z���<%��85(+]
��+1E/����:/8(-7&/0�1861)163*+0<�
(H/)/';�*,-/'�

�(8,/''(81�?(''/?-1(8;�8/1-./'�(,�-./5�H/'/�8(-�0-*-10-1?*++7�5/*818:,3+<��

W./8�-./�.(5(D7:(30����?*''1/'0�*86�-./���*++/+/�?*''1/'0�18�&*-1/8-0�H/'/�?(5&*'/6�

H1-.�'/0&/?-�-(�+1&16�&*'*5/-/'0�*86�)1-*518��;�(8+7�0-*-10-1?*++7�15&('-*8-�61,,/'/8?/�

H*0�,(386�*-�
�
�?.(+/0-/'(+�+/)/+���6�$<$GM�<��./���*++/+/�?*''1/'�:'(3&�.*6�.1:./'�

+/)/+�(,�
�
�����<GM�z�$<�%�55(+]
��-.*8�-./�(-./'�:'(3&���<�G�z�$<G��55(+]
�<��3-;�

-.10�61,,/'/8?/�6168P-�'/5*18�*,-/'��(8,/''(81�?(''/?-1(8<��/016/0;�-./�?(5&*'10(80�(,�

-./0/�&*'*5/-/'0�H1-.18�?(8-'(+�034O/?-0�H1-.����:/8(-7&/�*86����('����:/8(-7&/�

H/'/�8(-�,(386�0-*-10-1?*++7�01:81,1?*8-��*++���)*+3/0�l�$<$��<���

�
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3.4.1.2. Analysis of Serum Lipids and Vitamin D Values According to Recessive 

Model of CYP7A1 rs3808607 A → C SNP

�8� '/?/001)/� 5(6/+� (,� ������� '0GL$L�$�� �	�;� -./� &(+75('&.1?� f�d� *++/+/� H*0�

*0035/6�.*)18:�*�'/?/001)/�?.*'*?-/'�?(5&*'/6�-(�-./�H1+6�-7&/�f�d�*++/+/<��./'/,('/;�

-./�?(5&*'10(80�H/'/�6(8/�4/-H//8�.(5(D7:(-/����?*''1/'0�*86���*++/+/�?*''1/'0<��


1E/� 18� -./� &'/)1(30� 0/?-1(8;� -./� ?(8-'(+0� *86� &*-1/8-0� H1-.� 0*5/� :/8(-7&/;� 4(-.�

&*-1/8-0�*86�?(8-'(+0�*5(8:�-./50/+)/0�H/'/�?(5&*'/6�*0�'/:*'60�-(�0/'35�+1&160�*86�

)1-*518���)*+3/0<��++�'/03+-0�,'(5�-./0/�*8*+70/0�H/'/�0.(H8�18�Table 3.12<���

�./�&*-1/8-0�.*6�+(H/'�+/)/+0�(,�-./���;���;�
�
���,'(5�+1&16�&*'*5/-/'0���<MM�z�

$<%��55(+]
;��<�M�z�$<MM�55(+]
;��<�$�z�$<L��55(+]
;�'/0&/?-1)/+7��-.*8�?(8-'(+0�

��<%��z��<���55(+]
;��<M��z�$<%G�55(+]
;�G<$L�z$<%M�55(+]
;�'/0&/?-1)/+7��18�-./�

?(5&*'10(80�(,�-./�H1+6�-7&/���*++/+/�?*''1/'0<��??('618:�-(��(8,/''(81�?(''/?-/6���

)*+3/� -.'/0.(+6� �$<$��;� (8+7����H*0� ,(386� 0-*-10-1?*++7� 61,,/'/8-� ��6� $<$$��� *5(8:�

-./5<��+-.(3:.���)*+3/�(,�
�
����$<$�$��H*0�0(�?+(0/�-./�?'1-1?*+���)*+3/;�1-�H*0�8(-�

*??/&-/6� 0-*-10-1?*++7�5/*818:,3+� *86� +1E/H10/;� -./'/� H*0� 8(� 01:81,1?*8-� 61,,/'/8?/�

4/-H//8�-./5�18�-/'50�(,�
�
���+/)/+0���6�$<�%$�<��3'-./'5('/;�)1-*518���+/)/+0�(,�

&*-1/8-0� H/'/� 01:81,1?*8-+7� +(H/'� �M�<MG� z� G�<GM� 85(+]
;� �6� $<$$��� -.*8� -.(0/� (,�

?(8-'(+0� ���<�L�z�G$<�G� 85(+]
��H1-.18� -./��� *++/+/� ?*''1/'0� /)/8� *,-/'��(8,/''(81�

?(''/?-1(8<�W./'/*0;�8(�0-*-10-1?*++7�01:81,1?*8-�'/03+-0�H/'/�,(386�18�-./�*8*+7010�(,�

+1&16�&*'*5/-/'0�*86�)1-*518���*5(8:�-./�&*-1/8-0�*86�?(8-'(+0�H1-.����:/8(-7&/��*++�

��)*+3/0�l�$<$��<��

	/1-./'� 18 -./� ?(5&*'10(80� (,� &*-1/8-0� H1-.� ��]��� *86� ��� :/8(-7&/0� *5(8:�

-./50/+)/0;�8('�18�-./�?(5&*'10(80�(,�?(8-'(+0�H1-.���]���*86����:/8(-7&/0�*5(8:�

-./50/+)/0;�8(�0-*-10-1?*++7�01:81,1?*8-�61,,/'/8?/0�H*0�,(386�'/:*'618:�-./�4+((6�+1&16�

&*'*5/-/'0�*86�)1-*518���?(8?/8-'*-1(80��*++���)*+3/0�l�$<$��<���

�

�



�

�
�
%G�

�

��
$�
��
�

�	
�

��
/'
35
�+1
&1
6�
+/
)/
+0
�*
86
� 
1-*
5
18
��
�)
*+
3/
0�'
/0
&/
?-
�-(
�:
/8
(-
7&
/0
�(
,��
�
��
�
��
'0
GL
$L
�$
��
&(
+7
5
('
&.
10
5
�H
1-.
�'/
?/
00
1)
/�
5
(6
/+
�18
�

���
���
���
��
��
&*
-1/
8-
0�*
86
�.
/*
+-.
7�
?(
8-
'(
+0
<�

�

�



�

�
�
%��

�

3.4.1.3. Analysis of Serum Lipids and Vitamin D Values According to Additive 

Model of CYP7A1 rs3808607 A → C SNP

�8�*661-1)/�5(6/+�(,��������'0GL$L�$����K����	�;�4(-.�H1+6�-7&/�*++/+/�f�d�*86�

&(+75('&.1?� *++/+/� f�d� H/'/� *0035/6� *0� .*)18:� /93*+� /,,/?-0� (8� ./-/'(D7:(30�

1861)163*+0<��./'/,('/;�.(H�'/+*-1(80�(,�-.'//�61,,/'/8-�:/8(-7&/0�(8�4+((6�+1&160�*86�

)1-*518� �� ?(8?/8-'*-1(80� .*6� ?.*8:/6� *5(8:� -./� &*-1/8-0� *86� -./� ?(8-'(+0� H/'/�

18)/0-1:*-/6<��/016/0;�-./�&*-1/8-�:'(3&0�*86�?(8-'(+�:'(3&0�*5(8:�-./50/+)/0�H/'/�

?(5&*'/6�H1-.� *++� &(0014+/� 6(34+/� ?(5418*-1(80<��++� '/03+-0� (,� -./0/� ?(5&*'10(80�

H/'/�1++30-'*-/6�18�Table 3.13<��������

�8�?(5&*'10(8�(,�.(5(D7:(30����034O/?-0;�-./�&*-1/8-0�.*6�01:81,1?*8-+7�+(H/'�+/)/+0�

(,����*86�)1-*518�����<M$�z�$<L��55(+]
;��%<���z�GG<�%�85(+]
;�'/0&/?-1)/+7��-.*8�

?(8-'(+0���<%M�z�$<%%�55(+]
;���<G��z�G�<M��85(+]
;�'/0&/?-1)/+7�;�43-���)*+3/0�(,�

-./5��$<$G%�,('����*86�$<$G��,('�)1-*518����616�8(-�?(8-183/�-./1'�01:81,1?*8?/�*,-/'�

�(8,/''(81�?(''/?-1(8<��

�151+*'+7;� -./� (-./'� +1&16� &*'*5/-/'0�H/'/� 8(-� ,(386� 0-*-10-1?*++7� 61,,/'/8-� 4/-H//8�

&*-1/8-0� *86� ?(8-'(+0�H1-.����:/8(-7&/0� ��� )*+3/0� ,('���;�
�
��� *86�
�
���l�

$<$��<�

W./8�./-/'(D7:(30�53-*8-� ����� :/8(-7&/0� 1861)163*+0�H/'/� *8*+7D/6� 18� -/'50�(,�

-./0/�&*'*5/-/'0;�-./�&*-1/8-0�.*6�01:81,1?*8-+7�+(H/'������6�$<$�G�;�
�
�����6�$<$G$��

*86� 1-*518���+/)/+���6�$<$����-.*8�-./�?(8-'(+0���<$L�z�$<�L�55(+]
;��<���z�$<%��

55(+]
;�M�<�G�z�G%<�%�85(+]
�,('�&*-1/8-0R��<�$�z�$<L��55(+]
;�G<���z��<$M�55(+]
;�

��<$��z��L<�M�85(+]
�,('�?(8-'(+0;�'/0&/?-1)/+7�<�
(H/)/';�*??('618:�-(��(8,/''(81���

)*+3/�-.'/0.(+6;�8(8/�(,�-./5�'/5*18/6�0-*-10-1?*++7�01:81,1?*8-<��+0(;����*86�
�
���

+/)/+0� H/'/� 8(-� 01:81,1?*8-+7� 61,,/'/8-� H1-.18� -./� &*-1/8-0� *86� ?(8-'(+0� H1-.� ���

:/8(-7&/0���6�$<$LG�,('����*86��6�$<�M%�,('�
�
���<��

	(�0-*-10-1?*++7�01:81,1?*8-�61,,/'/8?/0�H*0�,(386�H1-.�'/0&/?-�-(�+1&160�*86�)1-*518���

)*+3/0�H1-.18�-./�&*-1/8-0�*86�?(8-'(+0�H1-.����.(5(D7:(30�53-*8-�-7&/��*++���)*+3/0�

l�$<$��<���
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�++�6(34+/�?(5418*-1(80�,('�.(5(D7:(-/�H1+6�-7&/�����;�./-/'(D7:(-/�53-*8-������

*86�.(5(D7:(-/�53-*8-�:/8(-7&/0������H/'/�?(5&*'/6�*5(8:�-./�&*-1/8-0P�(H8�*86�

*5(8:�?(8-'(+0P�(H8�18�-/'50�(,�-./0/�&*'*5/-/'0<��8�-./�?(5&*'10(80�(,�&*-1/8-0�H1-.�

��� *86� ��� :/8(-7&/0;� (8+7� 
�
��� +/)/+� H*0� ,(386� 0-*-10-1?*++7� .1:./'� 18� ���

:/8(-7&/0�&*-1/8-0���<GM�z�$<GM�55(+]
R��6�$<$�G��-.*8����:/8(-7&/0�&*-1/8-0���<�G�

z�$<G��55(+]
�;�43-�*,-/'��(8,/''(81�?(''/?-1(8;�-.10�61,,/'/8?/�616�8(-�+*0-�15&('-*8-<�

�./'/�H/'/�8(�*87�(-./'�01:81,1?*8-�*00(?1*-1(8�18�-./�'/0-�(,�-./�&*'*5/-/'0�H1-.18�

-.10�?(5&*'10(8�:'(3&��-./1'���)*+3/0�l$<$��<��8�*661-1(8;�-./�?(5&*'10(80�(,����*86�

��;�*86�-.(0/�(,����*86����&*-1/8-0�18�-/'50�(,�5/8-1(8/6�&*'*5/-/'0�616�8(-�0.(H�

*87�5/*818:,3+�61,,/'/8?/��*++���)*+3/0�l�$<$��<�
1E/H10/;�8(�0-*-10-1?*++7�01:81,1?*8-�

61,,/'/8?/0�H/'/�0//8�18�*++�6(34+/�?(5418*-1(80�(,�?(8-'(+0��*++���)*+3/0�l�$<$��<�

�

3.4.2. Analysis of Serum Lipids and Vitamin D Values with respect to Genotypes 

for CYP46A1 rs754203 T → C SNP

�./�&(0014+/� '/+*-1(80�(,���������'0�M��$G���K����	��H1-.�&+*05*� +1&160�*86�

)1-*518���?(8?/8-'*-1(80�18����&*-1/8-0�*86�./*+-.7�?(8-'(+0�H/'/�/J*518/6�18�-.10�

0/?-1(8<��.10�*8*+7010�H*0�?(863?-/6�*??('618:�-(�6(518*8-;�'/?/001)/�*86�*661-1)/�

5(6/+�(,�-.10��	�;�'/0&/?-1)/+7<��

3.4.2.1. Analysis of Serum Lipids and Vitamin D Values According to Dominant 

Model of CYP46A1 rs754203 T → C SNP

�8�6(518*8-�5(6/+�(,�'0�M��$G���K����	�;�-./�53-*8-�*++/+/�f�d�H*0�?(8016/'/6�*0�

.*)18:�6(518*8-�?.*'*?-/'�?(5&*'/6�-(�H1+6�-7&/�*++/+/�f�d<��.30;�-(-*+�?.(+/0-/'(+;�

-'1:+7?/'16/0;� 
�
��.(+/0-/'(+;� 
�
��.(+/0-/'(+� *86� )1-*518� �� +/)/+0� H/'/�

?(5&*'/6� 4/-H//8� ��� :/8(-7&/� 1861)163*+0� *86� *++� (,� -./� ��� *86� ��� :/8(-7&/�

1861)163*+0<��8�*661-1(8�-(�-.*-;�-./�&*-1/8-�:'(3&0�*5(8:�-./50/+)/0�*86�-./�?(8-'(+�

:'(3&0�*5(8:�-./50/+)/0�H/'/�*8*+7D/6�18�-/'50�(,�-./0/�&*'*5/-/'0;�*86�*++�'/03+-0�

H/'/�0355*'1D/6�18�Table 3.14<�
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�8� ?(5&*'10(8� (,� 1861)163*+0� H1-.� .(5(D7:(-/� H1+6� -7&/� ��� :/8(-7&/;� -./� (8+7�

61,,/'/8?/�,(386�H*0�-.*-�-./�&*-1/8-0�.*6�01:81,1?*8-+7�+(H/'�-(-*+�?.(+/0-/'(+���<���z�

�<$$�55(+]
;��6�$<$�L�� -.*8�?(8-'(+0���<���z��<���55(+]
�<��3-;�H./8��(8,/''(81�

?(''/?-1(8� ,('� 53+-1&+/� ?(5&*'10(80� H*0� 6(8/;� -.10� 61,,/'/8?/� 616� 8(-� '/5*18�

0-*-10-1?*++7�01:81,1?*8-<��151+*'+7;�-./�(-./'�+1&16�&*'*5/-/'0�*86�)1-*518���+/)/+0�616�

8(-�0.(H�*87�0-*-10-1?*++7�01:81,1?*8-�61,,/'/8?/�4/-H//8�-./5��-./1'�&�)*+3/0�l�$<$��<��

�8�1861)163*+0�.*)18:�&(+75('&.1?�f�d�*++/+/����\���;�5/*818:,3+�61,,/'/8?/0�H/'/�

,(386�*-�+/)/+0�(,����*86�
�
���,'(5�+1&16�&*'*5/-/'0�*86�)1-*518�����6�$<$�L;��6�

$<$��;��6�$<$$M;�'/0&/?-1)/+7�;�18�H.1?.�&*-1/8-0�.*6�+(H/'�+/)/+0�(,�-./5���<���z�$<%$�

55(+]
�*86��<L��z�$<���55(+]
;���<LG�z�G�<M%�85(+]
;�'/0&/?-1)/+7��-.*8�?(8-'(+0�

�M<���z��<$��55(+]
�*86�G<���z�$<%��55(+]
;���<���z�G�<%$�85(+]
;�'/0&/?-1)/+7�<�


(H/)/';�(8+7�)1-*518���.*0�?(8-183/6� 1-0� 0-*-10-1?*+� 01:81,1?*8?/�*,-/'��(8,/''(81�

?(''/?-1(8;�,('�-./�(-./'0���)*+3/0�H/'/�.1:./'�-.*8�?'1-1?*+�*+&.*�$<$�<���

W./8� .(5(D7:(30� ��� ?*''1/0� *86� �� *++/+/� ?*''1/'0� ,'(5� &*-1/8-0� H/'/� ?(5&*'/6�

4/-H//8�-./50/+)/0�'/:*'618:�-./0/�)*+3/0;�8(�0-*-10-1?*++7�15&('-*8-�61,,/'/8?/�H*0�

(40/')/6� 4/-H//8� -./5� �*++� ��)*+3/0� l� $<$��<� 
1E/H10/;� -./'/�H/'/� 8(� 01:81,1?*8-�

61,,/'/8?/0�18�?(5&*'10(80�(,�?(8-'(+0�H1-.�-./0/�-H(�:/8(-7&/�:'(3&0��*++���)*+3/0�l�

$<$��<�

3.4.2.2. Analysis of Serum Lipids and Vitamin D Values According to Recessive 

Model of CYP46A1 rs754203 T → C SNP

�8�'/?/001)/�5(6/+�(,�'0�M��$G���K����	��(,���������:/8/;�-./�&(+75('&.1?�f�d�

*++/+/�H*0�*0035/6�*0�.*)18:�'/?/001)/�?.*'*?-/'�?(5&*'/6�-(�H1+6�-7&/�f�d�*++/+/<�

�./'/,('/;����*86����:/8(-7&/0�H/'/�&((+/6�18-(�(8/�:'(3&<�
(H�+1&16�&*'*5/-/'0�

*86� )1-*518� �� )*+3/0� H/'/� ?.*8:18:� *5(8:� -./� &*-1/8-0� *86� ?(8-'(+0� H1-.� -./0/�

:/8(-7&/0�H/'/�18)/0-1:*-/6�*86�-./�'/03+-0�H/'/�0355*'1D/6�18�Table 3.15<��

�('�+1&16�&*'*5/-/'0;�-./�&*-1/8-0�,'(5���*++/+/�?*''1/'0�.*6�01:81,1?*8-+7�+(H/'�+/)/+0�

(,�-(-*+�?.(+/0-/'(+;�-'1:+7?/'16/0�*86�
�
�?.(+/0-/'(+���<�$�z�$<%L�55(+]
;��<���z�

$<MG�55(+]
;��<���z�$<L��55(+]
R��6�$<$�L;��6�$<$��;�*86��6�$<$��;�'/0&/?-1)/+7��-.*8�
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�
�
%%�

�

?(8-'(+0�,'(5�-./�0*5/�:/8(-7&/���<%G�z��<�G�55(+]
;��<�L�z�$<%��55(+]
�*86�G<$��

z�$<%��55(+]
;�'/0&/?-1)/+7�<��/016/0;�-./�5/*8�)1-*518���+/)/+�H/'/�M�<MG�z�G%<�G�

85(+]
�,('�&*-1/8-0�*86��G<�L�z���<%L�85(+]
�,('�?(8-'(+0;�H.1?.�H/'/�0-*-10-1?*++7�

61,,/'/8-�*5(8:���*++/+/�?*''1/'�&*-1/8-0�*86�?(8-'(+0���6�$<$$M�<��3-;�H./8��(8,/''(81�

?(''/?-1(8� ,('�53+-1&+/� -/0-18:�H*0� 15&+/5/8-/6� (8� -./5;� (8+7� )1-*518��� E/&-� 1-0�

0-*-10-1?*+� 15&('-*8?/<� �87� 5/*818:,3+� 01:81,1?*8?/� ?(3+6� 8(-� 4/� ,(386� ,('� +1&16�

&*'*5/-/'0� *86� )1-*518� �� +/)/+0� 18� -./� ?(5&*'10(8� (,� &*-1/8-0� *86� ?(8-'(+0� H1-.�

.(5(D7:(30����:/8(-7&/0��*++���)*+3/0�l�$<$��<��

�+*001,1/6�*??('618:�-(�'/?/001)/�5(6/+�(,�'0�M��$G��	�;�4(-.�&*-1/8-0�*86�?(8-'(+0�

:'(3&0�H/'/�?(5&*'/6�H1-.�-./1'�(H8�:'(3&�18�-/'50�(,� -./�5/8-1(8/6�&*'*5/-/'0<�


(H/)/';�8(�01:81,1?*8-�61,,/'/8?/�H*0�8(-�(40/')/6�18�-./5�,('�4(-.�:'(3&0��*++���

)*+3/0�l�$<$��<�

3.4.2.3. Analysis of Serum Lipids and Vitamin D Values According to Additive 

Model of CYP46A1 rs754203 T → C SNP

�8�*661-1)/�5(6/+�(,�'0�M��$G��	��(,���������:/8/;�-./'/�H/'/�8(-�*87�6(518*8-�

('�'/?/001)/�*++/+/;�*86�4(-.�H1+6�-7&/�f�d�*++/+/�*86�53-*8-�f�d�*++/+/�H*0�*0035/6�

.*)18:�/93*+�/,,/?-0�(8�./-/'(D7:(30�1861)163*+0<��./'/,('/;�-.'//�61,,/'/8-�:/8(-7&/0�

H/'/�,('5/6�*86�-./1'�&(0014+/�*00(?1*-1(80�(8�4+((6�+1&160�*86�)1-*518���+/)/+0�H/'/�

18)/0-1:*-/6�*5(8:�&*-1/8-0�*86�?(8-'(+0<��++�6(34+/�?(5418*-1(80�4/-H//8�&*-1/8-�

:'(3&0�-./50/+)/0�*86�?(8-'(+�:'(3&0�-./50/+)/0�*+0(�H/'/�?(5&*'/6�*86�-./1'�'/03+-0�

H/'/�:1)/8�18�Table 3.16<�

�./�(8+7�,(386�61,,/'/8?/�18�-./�.(5(D7:(30����?*''1/'0�'/:*'618:�-./0/�&*'*5/-/'0�

H*0�18�-./�+/)/+�(,�-./�-(-*+�?.(+/0-/'(+;�H.1?.�H*0�01:81,1?*8-+7�+(H/'�18�-./�&*-1/8-0�

��<��� z� �<$$� 55(+]
�� -.*8� ?(8-'(+0� ��<��� z� �<��� 55(+]
�;� ��6� $<$�L�� 43-;� -.10�

61,,/'/8?/�6168P-�+*0-�*,-/'��(8,/''(81�?(''/?-1(8<���./�(-./'�+1&16�*86�)1-*518���)*+3/0�

H/'/�8(-�01:81,1?*8-+7�61,,/'/8-�*5(8:�-./5��-./1'�&�)*+3/0�l�$<$��<��3'-./'5('/;�18�

?(5&*'10(8�(,����:/8(-7&/�1861)163*+0;�-./�(8+7�610-18?-1(8�0//8�H*0�18�-./�)1-*518��
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�

��+/)/+���6�$<$$��;�/)/8�*,-/'�6(18:��(8,/''(81�?(''/?-1(8;�18�H.1?.�-./�5/*8�)*+3/�

,('�-./�&*-1/8-�:'(3&0�H*0��L<G��z�G�<M$�85(+]
�H.1+/�1-�H*0���<$%�z���<G%�85(+]
�

,('�-./�?(8-'(+0<�	(�01:81,1?*8-�61,,/'/8?/0�H/'/�,(386�*5(8:0-�-./�+1&16�&*'*5/-/'0�

�-./1'� �� )*+3/0� l� $<$��<� �151+*'+7;� -./'/� H*0� 8(� 5/*818:,3+� 61,,/'/8?/� 18� -./0/�

&*'*5/-/'0�4/-H//8����*++/+/�&*-1/8-0�*86�?(8-'(+0��*++���)*+3/0�l�$<$��<����

�8�?(5&*'10(8�(,�-./�&*-1/8-0�-./50/+)/0�18�-/'50�(,�4/18:�610?300/6�&*'*5/-/'0;�-.'//�

61,,/'/8-�?(3&+/0�H/'/�,('5/62�1861)163*+0�H1-.����)/'030���;����)/'030���;�*86����

)/'030���<��8+7�-(-*+�?.(+/0-/'(+�+/)/+�H*0�,(386�0-*-10-1?*++7�61,,/'/8-��&2�$<$G���18�

-./�?(5&*'10(8�(,����*86����:/8(-7&/�&*-1/8-0�*86� 1-0� +/)/+�H*0� +(H/'� 18� -./����

?*''1/'0���<���z��<$$�55(+]
��-.*8����?*''1/'0���<L��z�$<%��55(+]
�<��/016/0;�18�-./�

?(5&*'10(80� ,('� ��� *86� ��� :/8(-7&/0� &*-1/8-0;� (8+7� 
�
��� +/)/+� H*0� ,(386�

01:81,1?*8-+7� .1:./'� 18� -./� 53-*8-� ./-/'(D7:(30� ��� :/8(-7&/� (8/0� ��<%�� z� $<���

55(+]
;��2�$<$�G��-.*8�53-*8-�-7&/����(8/0���<GG�z�$<���55(+]
�;�
(H/)/';�*,-/'�

�(8,/''(81�?(''/?-1(8;�4(-.�(,� -./5�.*)/�4//8�0-*-10-1?*++7� 1801:81,1?*8-<��151+*'+7;�

-./'/�H*0�8(�0-*-10-1?*++7�15&('-*8-�61,,/'/8?/�H1-.�'/0&/?-�-(�-./0/�&*'*5/-/'0�18�-./�

?(5&*'10(80�(,����*86����:/8(-7&/0�&*-1/8-0��*++���)*+3/0�l�$<$��<��

�8�-./�?(5&*'10(80�(,�-./�?(8-'(+0�-./50/+)/0�18�-/'50�(,�+1&16�&*'*5/-/'0�*86�)1-*518�

�;�-.'//�61,,/'/8-�?(5418*-1(80�H/'/�*8*+7D/6�+1E/�18�&*-1/8-02����)0���;����)0���;�

���)0���<�
(H/)/';�8(�0-*-10-1?*++7�01:81,1?*8-�*00(?1*-1(8�,('�-./0/�&*'*5/-/'0�H*0�

,(386�*5(8:�-./5��*++���)*+3/0�l�$<$��<��
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CHAPTER 4

4. DISCUSSION

�

�3+-1&+/�0?+/'(010������10�*�?.'(81?�6/57/+18*-18:�8/3'(18,+*55*-('7�610/*0/�(,�-./�

?/8-'*+� 8/')(30� 070-/5� H1-.� *J(8*+� 6/:/8/'*-1(8<� �8,+*55*-1(8� 18� ��� *?-1)/+7�

6/)/+(&0� 63'18:� -./� /*'+7� 0-*:/0� (,� -./� 610/*0/;� *86� 10� 61'/?-/6� *:*180-� -./�57/+18�

0./*-.� ?(5&(8/8-0� 18� H.1?.� -./'/� 10� &'(+1,/'*-1(8� *86� 670'/:3+*-1(8� (,� &'(�

18,+*55*-('7���+75&.(?7-/0���.��*86��.����;�-(:/-./'�H1-.�*?-1)*-1(8�(,���?/++0�*86�

0/?'/-1(8�(,�18,+*55*-('7�?7-(E18/0<��+0(;�8/3'(6/:/8/'*-1(8�.*0�*8�15&('-*8-�'(+/�

18�-./�&'(:'/001(8�(,���;�H.1?.�?*30/0�-./�6/0-'3?-1(8�(,�(+1:(6/86'(?7-/0;�*J(80;�

*86�/)/8-3*++7;�8/3'(80���(D18�/-�*+<;��$�LR��*'?/+(0�/-�*+<;��$�%�<�

�8�*4(3-�LMY���%$Y�&*-1/8-0;����0-*'-0�H1-.�*�'/+*&018:['/51--18:�?(3'0/�������;�

H.1?.� .*0� &/'1(60� (,� *?3-/� 6/57/+18*-1(8� �'/+*&0/0�� *86� &/'1(60� (,� 8/3'(+(:1?*+�

'/?()/'7� *86� *+0(� *,,/?-0�H(5/8� *4(3-� -H1?/� *0� (,-/8� *0�5/8<��,-/'� �M[�M� 7/*'0;�

.(H/)/';� -./� '/+*&0/0� -7&1?*++7� 0.1,-� 18-(� 0/?(86*'7� &'(:'/001)/� ��� H.1?.� 10�

?.*'*?-/'1D/6�47�*�&'(:'/001(8�(,�H('0/8/6�8/3'(+(:1?*+�,38?-1(8�H1-.�,/H�('�8(�*?3-/�

'/+*&0/0<��4(3-��$Y[�MY�(,�&*-1/8-0�&'/0/8-�H1-.�180161(30�610/*0/�(80/-�*86�0-/*67�

&'(:'/001(8;�8*5/6�&'15*'7�&'(:'/001)/����H.1?.�&'/0/8-0�+*-/'�18�+1,/;�H1-.�*�5/*8�

*:/�(,��M�7/*'0<��-�10�8(-�?+/*'�H.1?.�,*?-('0�*'/�'/0&(8014+/�,('�-./�61,,/'/8-�?(3'0/0�

��'1/0/�/-�*+<;��$��R��*'?/+(0�/-�*+<;��$�%R��(0&/6'*�Z��*'-18;��$$M�<�

�)/8�-.(3:.�-./��	��.*0�'/57/+18*-1(8�?*&*?1-7;�?(8-'143-18:�-(�?+181?*+�'/51001(8�

/)/8�18�-./�8/3'(8*+�18O3'7�H.1?.�?*8�4/�'/&*1'/6�3&�-(�*�?/'-*18�&(18-;�1,�*8�*J(8�10�

-(-*++7�610-3'4/6�('�-./�18-/:'1-7�(,�-./�8/3'(8*+�?/++�4(67�10�0/)/'/+7�4'(E/8;�'/&*1'�

5/?.*81050�H1++�4/�18*6/93*-/���++H*'6-�Z�!1&&;��$���<�

�
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�3/�-(�-./�6/,1?1-0�(,�0/80*-1(8�*86�(,�5(-(';�*3-(8(51?;�*86�8/3'(?(:81-1)/�,38?-1(8;�

1-� ?*30/0� 0340-*8-1*+� 610*41+1-7<� �./� 610/*0/� 10� 303*++7� 8(-� +1,/� 0.('-/818:;� 43-� 1-0�

0(?1(/?(8(51?�43'6/8�10�.3:/�63/�-(�1-0�4/:18818:�*-�7(38:�*:/0���(0&/6'*�Z��*'-18;�

�$$M�<�

�./�/-1(+(:7�(,����'/5*180�&*'-+7�386/'0-((6�*86�1-�10�?(8016/'/6�*�?(5&+/J�610/*0/<�

�??('618:�-(�?3''/8-�6*-*�-./�610/*0/�6/)/+(&0�18�:/8/-1?*++7�030?/&-14+/�1861)163*+0�

*86�+1,/0-7+/�*86�/8)1'(85/8-*+�,*?-('0�&(-/8-+7�18,+3/8?/�-.10�'10E<��&0-/18[�*''�)1'30�

��� �� 18,/?-1(8;� 05(E18:;� +151-/6� 038� /J&(03'/]� +(H� )1-*518� �;� *86� (4/01-7� 18�

*6(+/0?/8-�*'/�-.(3:.-�*0�-'1::/'0�,('�-.*-<��8630-'1*+1D*-1(8;�3'4*8�+1)18:;�&(++3-1(8;�

(??3&*-1(8*+�/J&(03'/0�-(�0(+)/8-0;�?.*8:/0�18�61/-�*86�4'/*0-,//618:�*+0(�*'/�+18E/6�

-(� 1-0� 18?16/8?/;� ,('�/J*5&+/;� 1-� 10� 0//8� 18� +(H�'*-/� 18��01*;�43-� 18�#*&*8� 1-�.*0� -./�

.1:./0-�,'/93/8?7���(D18�/-�*+<;��$�LR��+,'/600(8�Z��+00(8;��$�LR��(0&/6'*�Z��*'-18;�

�$$M�<�

�,�-./�/8)1'(85/8-*+�'10E�,*?-('0�,('���;�)1-*518���10�-./�(8/�(,�-./�5(0-�15&('-*8-�

(8/0<��
*)18:�15&('-*8-�'(+/�18�?*+?135�*86�4(8/�5/-*4(+105;�)1-*518���'/:3+*-/0�

?/++� &'(+1,/'*-1(8� *86� 61,,/'/8-1*-1(8� *86� ?*8� '/:3+*-/� 15538/� '/0&(80/0� ��(1+3�


j8818/8�/-�*+<;��$$M�<��-�.*0�'/&('-/6�-./�&/(&+/�H1-.�+(H�)1-*518���18-*E/�('�+(H�

?1'?3+*-18:��M�.76'(J7)1-*518���_�M��
��`�+/)/+0�.*)/�.1:./'����'10E;�03::/0-18:�

-.*-� -./'/� 10� an inverse correlation between vitamin D levels and MS activity 

(Ascherio, et al., 2014). �+0(;� )1-*518� �� &'/)/8-/6� /J&/'15/8-*+� *3-(15538/�

/8?/&.*+(57/+1-10� �����;� *815*+� 5(6/+� (,� ��;� 47� H('E18:� *0� &(-/8-�

15538(5(63+*-('� ��38:/'� /-� *+<;� �$$��<� �.10� &'(&/'-1/0� (,� )1-*518� �� ?()/'� -./�

1863?-1(8� (,� '/:3+*-('7� *86� *8-1�18,+*55*-('7� �� ?/++0;� 6(H8'/:3+*-1(8� (,� �:��

078-./010�47���?/++0�*86�+/00/818:�(,�*8-1:/8�&'/0/8-*-1(8�47�6/86'1-1?�?/++0��
(+5{7�

/-�*+<;��$���<�

�('/()/';� *??('618:� -(� �0?./'1(� *86� ?(H('E/'0P� 0-367;� 1861)163*+0� H1-.� *)/'*:/�

0/'35� �M��
��� +/)/+0� +/00� -.*8� M$<$� 85(+]
� 18� -./� ��� 5(8-.0� ,(++(H18:� *� ,1'0-�

6/57/+18*-18:�/)/8-�.*6�H('0/�?+181?*+�*86�15*:18:�(3-?(5/0�*,-/'�M�7/*'0�-.*8�616�
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-.(0/�H1-.�.1:./'�+/)/+0���0?./'1(�/-�*+<;��$���<��86�+(H�+/)/+�(,�1-�H*0�*+0(�'/+*-/6�

H1-.� *?-1)/� 610/*0/� 18� ��� &*-1/8-0;� 18)(+)18:� .1:./'� '/+*&0/� '*-/;� 8/H� ��� +/01(8�

,('5*-1(8;�*86�18?'/*0/6�610*41+1-7�18�*8(-./'�0-367���'*)/0�/-�*+<;��$�%�<�

�-�H*0�0.(H/6�47��15&0(8�/-�*+<;�-.*-�/*?.��$�85(+]
�'10/�18��M��
���'/03+-/6�18�3&�

-(�*���Y�'/63?-1(8�18�'10E�(,�'/+*&0/�18������&*-1/8-0�*86�18?'/*018:��M��
���+/)/+0�

47�M$�85(+]
�?(3+6�.*+)/� -./�'10E�(,�*� '/+*&0/���15&0(8�/-�*+<;��$�$�<� �8�*661-1(8;�

�-/H*'-�*86�?(++/*:3/0�03::/0-/6�-.*-�18���	�|�-./'*&7�H.1?.�10�30/6�,('�-'/*-5/8-�(,�

��;�-./'*&/3-1?�/,,/?-0�(,���	�|�(8�'/+*&0/�18����?(3+6�4/�'/+*-/6�H1-.�5(63+*-1(8�

(,�)1-*518���5/-*4(+105�*86�1-�H*0�'/+*-1)/+7�5('/�/,,/?-1)/�H./8�)1-*518���+/)/+0�

H/'/�.1:.���-/H*'-�/-�*+<;��$���<�

�-�H*0�,(386�47�W/':/+*86�/-�*+<;� -.*-�H./8�)1-*518��G�H*0�&'()16/6�*0�*�61/-*'7�

03&&+/5/8-� 18� -./� ?3&'1D(8/� 5(6/+;� H.1?.� 10� *� -(J1?*8-�1863?/6� ��� 5(6/+;� 1-�

&'(-/?-/6� *:*180-� ?3&'1D(8/�1863?/6� 6/57/+18*-1(8;� *86� 6151810./6�51?'(:+1*� *86�

5*?'(&.*:/�*?-1)*-1(8��W/':/+*86�/-�*+<;��$���<�

�./�0/'35�?(8?/8-'*-1(8�(,��M�.76'(J7)1-*518���'/,+/?-0�-./�18-*E/�(,�)1-*518���18�

-./�,((6�*86�1-0�078-./010�,'(5�&'()1-*5180�18�-./�0E18�63/�-(�?1'?3+*-18:�*-��$$$�-15/0�

-./�?(8?/8-'*-1(8�(,��<�M��
����*86�.*)18:�-H(�H//E0�.*+,�+1,/���(1+3�
j8818/8�/-�

*+<;� �$$��<� �./� �M�.76'(J7)1-*518� �� +/)/+� ,+3?-3*-/0� -.'(3:.(3-� -./� 7/*'� 43-�

*??('618:�-(�
(+5{7�/-�*+<;�5/*03'/5/8-0�(,�-./�)1-*518���18��/4'3*'7�5(0-�&'/?10/+7�

&'/61?-�1-0�0-*-30�-.'(3:.(3-�-./�7/*'��
(+5{7�/-�*+<;��$���<��
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6(34+/�?(5418*-1(80<��
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��;�*86�)1-*518��;�*86�.1:./'�+/)/+�(,�
�
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�8� ?(5&*'10(80� (,� H1-.� ��� )/'030� ��� :/8(-7&/0� 1861)163*+0;� &*-1/8-0� H1-.� ���
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)1-*518� �;� *86� .1:./'� +/)/+� (,� 
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CHAPTER 5

5. CONCLUSION

�
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*?160� *'/� &'(63?/6<� �.(+/0-/'(+� �I�.76'(J7+*0/� ��������� 18� -./� +1)/'� *86�
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�����B�����������������2���G�;�

�MG��M%<�

 1-*+1;��<;�W/++18:-(8;��<�
<;�Z��*+*4'/01;�
<���$���<�
�
�*86�?.(+/0-/'(+�.*86+18:�18�

-./�4'*18<�&��������������*�������2�	.�;��$M���G<�

 +*?.()p;��<;��+*.()p;��<;�
p80Ep;� <;�
/8n�/E;��<;��1�.*;�#<;� n-/E;�
<;�Z��()p�;�#<�

��$���<��13'8*+�)*'1*-1(8�18�?.(+/0-/'(+��I�.76'(J7+*0/�*?-1)1-7�10�6/-/'518/6�

47� -./� ��$G�l�� &(+75('&.105� (,� -./� ������� :/8/<� &�������� ��������

A������2� (���;��������<�

W*8:;�#<;��'//5*8;��<�#<;��'3867;��<��<;�
/)18/;��<��<;��3/''*;��<;�Z��(./8;�#<��<�

��%%L�<� 
18E*:/� 4/-H//8� ?.(+/0-/'(+� �*+&.*�.76'(J7+*0/� *86� .1:.� &+*05*�

+(H�6/801-7� +1&(&'(-/18� ?.(+/0-/'(+� ?(8?/8-'*-1(80<� A������� ��� &��������

1������������2�	.	���;���LG���%�<�

W*8:;��<��<;��*)/'*��/86(D*;�
<��<;�
*&/''1/'/;��<;�
1447;��<;��*?
/(6;�	<��<;��<<<�;�

Z� W.1-/;� #<� 
<� ��$$M�<� 
*':/��?*+/� 18� �1+1?(� *86� �1?'(*''*7��*0/6�

�6/8-1,1?*-1(8�(,��1'/?-��;�M��1.76'(J7)1-*518��G��*':/-��/8/0<�����������

E�����������
2�	+����;���LM[��%M<�

W*8:;��<;�
*'618:;��<� <;��?E;��<;��.*86*&1++7;��<�#<;��*5/+;��<�
<;��46/+��*+;��<��<�

�<;� <� <� <� �5/0;� 	<� �<� ��$���<� 
1:.��(+/?3+*'�W/1:.-� e��+3?*8� �/?'/*0/0�

�/'35� �.(+/0-/'(+� �1,,/'/8-1*++7� �*0/6� (8� -./� ������� '0GL$L�$��

�(+75('&.105� 18� �1+6+7� 
7&/'?.(+/0-/'(+/51?� �63+-0<� ���� A������� ���

5���������<�5�������������#������2�	�'���;���$����<�

W/180-(?E��3--5*8;� �<;� !1)*618();� �<;� Z� �*5*8*-.*8;� �<� ��$���<� W/180-(?E�

�3--5*8�/-�*+<;��$��*�<��8-/'�6/&/86/8?/�(,�)1-*518���+/)/+0�H1-.�0/'35�+1&16�

&'(,1+/0�18�53+-1&+/�0?+/'(010<�A��������������5��������������������2��		;�L��

%�<�

W/180-(?E��3--5*8;� �<;� !1)*618();� �<;��*.,((D;� 	<;� �*'+;� �<;� �'*E/;� �<;� �<<<�;� Z�

�*5*8*-.*8;��<���$��4�<��/'35�+1&16�&'(,1+/0�*'/�*00(?1*-/6�H1-.�610*41+1-7�

*86�����(3-?(5/0� 18�53+-1&+/� 0?+/'(010<� A������� ���5����������������2� );�

�����GG<�
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W/8:;��<�
<;�W3;�W<�#<;�
01*(;��<�
<;��*8:;��<��<;�
03;��<��<;�Z�W*8:;��<�
<���$�L�<�

�1:81,1?*8-� *00(?1*-1(8� (,� +(8:� 8(8�?(618:� �	�0� 
������ :/8/-1?�

&(+75('&.1050�H1-.�?*8?/'� '/?3''/8?/�*86�&*-1/8-� 03')1)*+� 18�&*-1/8-0�H1-.�

3-/'18/� ?/')1?*+� ?*8?/'<� 1������������� A������� ����������� ��������2� 	 ����;�

�G����G�%<�

W/':/+*86;��<;��('E1+60/8;��<;��7.';��<��<;��E08/0;�
<;��{'E;��<�#<;�Z��{;�
<���$���<�

�1/-*'7�  1-*518� �G� �3&&+/5/8-0� �/63?/� �/57/+18*-1(8� 18� -./� �3&'1D(8/�

�(6/+<������!5E2�'��$�;���L<�

W/'-./15;��<��<;��51-.;�#<�W<;��*8:;��<;��+4/'-0;��<��<;�
*8?/;��<;�Z��.(5&0(8;��<��<�

��$���<��10E�5(61,1?*-1(8�(,�?(+('/?-*+�*6/8(5*�47��������&(+75('&.1050�

*86� -./� '(+/� (,� 41+/� *?16� 5/-*4(+105� 18� ?*'?18(:/8/010<� &������ ����� *���

9�����@2� ���;��%���$�<�

�1*8:;��<;��*?E5*8;� #<��<;�	/3)(8/8;��<� #<;�Z�	1/51;��<� ��$���<��/86/';�43-�8(-�

������� ('� �
������ �(+75('&.105;� �,,/?-0� -./� �*0-18:� �+*05*�

�(8?/8-'*-1(80� (,� �1+/� �?160� 18� 
35*8� �/18:0<� B����� D� &��������

�����������
�D���4������
2�		.;���M��M�<�

�*5*5(-(;��<;��3'(1;��<;�Z��5*10.1;�
<���$�L�<��/'35�6/'1)/6�,'(5�3+?/'*-1)/�?(+1-10�

5(30/�?.*8:/0�-./�5/-*4(+105�(,�-./�,+3('/0?/8-�0340-'*-/�47���M$�6/&/8618:�

(8�-./�6/:'//�(,�610/*0/�&'(:'/001(8<�&������<B����������1�����������2��+.;�

LL�%L<�

�*5*3?.1;� �<;� Z� �(:/'0;� �<� �<� ��$�L�<� �-/'(+� �/-*4(+105� *86� �'*80&('-� 18�

�-./'(0?+/'(010�*86��*8?/'<��������������E�����������
2�+;�M$%�M�$<�

!*4('0E*;��<��<;�Z��35518:0;��<��<���$�L�<��/-.18E18:��1+/��?16��/-*4(+105�*86�

�1:8*+18:�,('��7&/����1*4/-/0��'/*-5/8-<�&�������#��$�����*������2�	);��$%�

��L<�

!*.((';��<;�Z�
*9;��<���$���<� 1-*518���*86��3+-1&+/��?+/'(0102��8��&6*-/<��8��<��<�

!*:(8;�Z��<�#<��?+*3:.+18;��������������������������������������������������

��������������&&<����L��<�
/'0./7;��/8807+)*81*;����<�

!.*8:;��<;�
);��<;��8;��<;�
13;�"<;��(8:;�
<;��<<<�;�Z��1*(;��<���$�L�<��8?'/*0/6�
/)/+0�

(,����
76'(J7?.(+/0-/'(+��863?/6�47��1/-*'7��.(+/0-/'(+�18��'*18��(8-'143-/�
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!1/500/8;� �<� ��$$M�<� �(63+*-18:� &'(?/00/0� H1-.18� -./� ?/8-'*+� 8/')(30� 070-/5� 10�
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6. APPENDICES

A. INFORMED CONSENTS

A.1. INFORMED CONSENTS FOR PATIENTS 

�3+-1&+/'� �E+/'(D� ����� .*0-*+=A=� 1+/� 1+1QE1+1� (+*41+/?/A181� 6BQB86BAB5BD� 1E1� :/8�

BD/'18/�*'*Q-='5*�7*&5*E-*7=D<�F*+=Q5*5=D=8�*6=�f�B'E��(&B+*07(8386*��(+/0-/'(+�

��*+,*� 
16'(E01+*D� ��������� )/� �(+/0-/'(+� ���
16'(E01+*D� ���������� :/8�

&(+15(',1D15+/'1� 1+/���� '10E1� 1+1QE1+/'1818� 18?/+/85/01d� (+3&� 01D18� 6/� 43� >*+=Q5*7*�

E*-=+5*8=D=�@8/'17('3D<��'*Q-='5*7*�E*-=+5*E�-*5*5/8�:@8B++B+BE�/0*0=8*�6*7*+=6='�

)/�81.*1�E*'*'�01D/�*1--1'<��*'*'=8=D6*8�@8?/�01D1�*'*Q-='5*5=D�.*EE=86*�41+:1+/861'5/E�

10-17('3D<��3�41+:1+/'1�(E373&�*8+*6=E-*8�0(8'*;�>*+=Q5*5=D*�E*-=+5*E�10-/'0/81D�,('53�

15D*+*7=8=D<��'*Q-='5*7*�6*)/-�/61+5/81D18�8/6/81�01D6/�43�.*0-*+=A=8�43+385*0=6='<�

�1D/�:/'/E+1�-/-E1E+/'�7*&-=E-*8�0(8'*;�43�.*0-*+=E�1>18�E*43+�:@'5BQ�E+*01E�41'�-/6*)17/�

4*Q+*7*?*A=D<� �A/'� *'*Q-='5*5=D*� E*-=+5*7=� E*43+� /6/'0/81D� �'(,<� �'<� U/'/,�

�/51'E*7*;��D<��'<�	3'17/��*7'*E+=;��D<��'<�	/615/��3A>/��1+4*7;�7*�6*��D<��'<�

�/51.� �+*7� -*'*,=86*8� 53*7/8/� /61+/?/E� )/� 43+:3+*'=8=D� E*76/61+/?/E-1'<� �3�

>*+=Q5*7=�7*&*41+5/E�1>18�E(+383D6*8��$�5+����-B&��E*6*'�E*8�*+5*5=D�:/'/E5/E-/61'�

)/� 43� E*8+*'6*8� *'*Q-='5*5=D6*� E3++*8=+*?*E� -/-E1E+/'� >*+=Q=+*?*E-='<� �*8� *+=5=�

.*0-*+=A=8=D�E+181E�-*E141�0='*0=86*�1E/8���-B&�,*D+*6*8�*+=8*'*E�7*&=+*?*A=86*8;�01D/�

/E0-'*�41'� 1Q+/5�7*&=+5*7*?*E-='<�F*+=Q5*5=D*�E*-=+6=A=8=D� 1>18� 01D6/8�./'.*8:1�41'�

B?'/-�10-/85/7/?/E�)/�01D/�/E�41'�@6/5/�6/�7*&=+5*7*?*E-='<�

Yapılacak araştırmanın getireceği olası yararlar:

F*+=Q5*5=D6*;�1E1�:/8�4@+:/01818;����.*0-*+=A=�BD/'186/�'10E�,*E-@'B�(+*'*E�/-E1�/61&�

/-5/61A181�)/����1+/�1+1QE101�(+63A3�6BQB8B+/8�+1&1-�&'(,1+�)/� 1-*518���6/A/'+/'1818�

6/� 0/>1+/8� 43� :/8� 4@+:/+/'1� 1+/� (+*8� 1+1QE1+/'1818� 4/+1'+/85/01� *5*>+*85*E-*6='<� U3�

*86*�43�>*+=Q5*8=8�./5/8�01D/�41'�,*76*�0*A+*7=&�0*A+*5*7*?*A=8=�41+517('3DR�,*E*-�

1+:1+1�.*0-*+=A=8�-/5/+186/�7*-*8�8/6/8+/'18�@A'/81+5/0186/�)/�:/+/?/E-/�7/81�-/6*)1�
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7*E+*Q=5+*'=8=8� :/+1Q-1'1+5/0186/R�43�.*0-*+=A=8�('-*7*� >=E*41+/?/A1�E1Q1+/'1� @8?/6/8�

-/0&1-� /61+5/0186/� )/� .*0-*+=A=8� (+3Q35386*8�@8?/� :/'/E+1� @8+/5+/'18� *+=85*0=86*�

,*76*� 0*A+*7*41+/?/A181� 6BQB8B7('3D<� �3� >*+=Q5*7*� E*-=+5*7=� '/66/6/41+1'0181D<�

�'*Q-='5*7*�E*-=+5*E�-*5*5/8�10-/A/�4*A+=6='<��/66/-5/81D�.*+186/;�01D/�37:3+*8*8�

-/6*)16/�7*�6*�01D/�E*'Q=�-*)='+*'=5=D6*�./'.*8:1�41'�6/A1Q1E+1E�(+5*7*?*E-='<��*43+�

/-0/81D� 41+/;� >*+=Q5*8=8� ./'.*8:1� 41'� *Q*5*0=86*� (8*7=8=D=� >/E5/� .*EE=86*� 0*.1&�

(+63A383D3�6*�4/+1'-5/E�10-/'1D<�

Hastanın Beyanı2���

�*7=8��'(,<��'<�U/'/,��/51'E*7*�)/� /E141� -*'*,=86*8��B+.*8/��A1-15�)/��'*Q-='5*�


*0-*8/01;�	@'(+(O1��8*41+15��*+=P86*�-=441�41'�*'*Q-='5*�7*&=+*?*A=�4/+1'-1+/'/E;�43�

*'*Q-='5*� 1+:1+1� 73E*'=6*E1� 41+:1+/'� 4*8*� *E-*'=+6=<� �3� 41+:1+/'6/8� 0(8'*;� 4@7+/� 41'�

*'*Q-='5*7*�fE*-=+=5?=d�(+*'*E�6*)/-�/61+615<��

�A/'�43�*'*Q-='5*7*�E*-=+='0*5;�./E15�1+/�*'*56*�E*+5*0=�:/'/E/8�4*8*�*1-�41+:1+/'18�

:1D+1+1A18/�43�*'*Q-='5*�0='*0=86*�6*�4B7BE�@D/8�)/�0*7:=�1+/�E('38*?*A=8*�18*8=7('35<�

�'*Q-='5*� 0(83>+*'=8=8� /A1-15� )/� 41+150/+� *5*>+*'+*� E3++*8=5=� 0='*0=86*� E1Q10/+�

41+:1+/'1518�1.-15*5+*�E('38*?*A=�E(830386*�4*8*�7/-/'+1�:B)/8�)/'1+61<��

�'*Q-='5*� 1>18� 7*&=+*?*E� .*'?*5*+*'+*� 1+:1+1� ./'.*8:1� 41'� &*'*0*+� 0('35+3+3E� *+-=8*�

:1'517('35<��*8*�6*�41'�@6/5/�7*&=+5*7*?*E-='<�S0-/'�6(A'36*8�10-/'�6(+*7+=�(+038;�

*'*Q-='5*�37:3+*5*0=86*8�E*78*E+*8*8�8/6/8+/'+/�5/76*8*�:/+/41+/?/E�./'.*8:1�41'�

0*A+=E� 0('383538� ('-*7*� >=E5*0=� .*+186/;� ./'� -B'+B� -=441�5B6*.*+/818� 0*A+*8*?*A=�

E(830386*�:/'/E+1�:B)/8?/�)/'1+61���3�-=441�5B6*.*+/+/'+/�1+:1+1�(+*'*E�6*�&*'*0*+�41'�

7BE�*+-=8*�:1'5/7/?/A15�<��

�3�*'*Q-='5*7*�E*-=+5*E�D('386*�6/A1+15�)/�E*-=+5*7*41+1'15<��'*Q-='5*7*�E*-=+5*5�

E(830386*� 6*� D('+*7=?=� 41'� 6*)'*8=Q+*� E*'Q=+*Q5=Q� 6/A1+15<� �A/'� E*-=+5*7=�

'/66/6/'0/5;�43�63'3538�-=441�4*E=5=5*�)/�./E15�1+/�(+*8�1+1QE15/�./'.*8:1�41'�D*'*'�

:/-1'5/7/?/A181�6/�41+17('35<��������
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�*8*�7*&=+*8�-B5�*>=E+*5*+*'=�*7'=8-=+*'=7+*�*8+*5=Q�43+385*E-*7=5<��/861�4*Q=5*�

4/++1�41'�6BQB85/�0B'/01�0(8386*;�*6=�:/>/8�43�&'(O/6/�fE*-=+=5?=d�(+*'*E�7/'�*+5*�

E*'*'=5=� *+6=5<� �3� E(836*� 7*&=+*8� 6*)/-1� 4B7BE� 41'� 5/583817/-� )/� :@8B++B+BE�

1>/'10186/�E*43+�/617('35<��

��
Katılımcı:� � � � � � Görüşme Tanığı:

�6=��(7*6=2� � � � � � �6=��(7*6=2�

�6'/02��� � � � � � �6'/02��

�/+2�� � � � � � � �/+�

S5D*2� � � � � � � S5D*2� �

�

Katılımcı ile görüşen hekim2�

�6=��(7*6=��8)*8=2� � � � �

�6'/02��

�/+2�� � � � � � � �

S5D*2� �

�

�

�

�

�

�

�
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A.2. INFORMED CONSENT FOR CONTROLS

�B'E� �(&B+*07(8386*� �(+/0-/'(+� ��*+,*� 
16'(E01+*D� ��������� )/� �(+/0-/'(+� ���


16'(E01+*D�����������:/8�&(+15(',1D15+/'1�1+/����'10E1�1+1QE1+/'1818�18?/+/85/01d�

1015+1� >*+=Q5*5=D6*� 1E1� :/8� 4@+:/01818;���� BD/'186/� '10E� ,*E-@'B� (+*'*E� /-E1� /61&�

/-5/61A1818�4/+1'+/85/01;�43838+*�41'+1E-/����1+/�1+1QE101�(+63A3�6BQB8B+/8�+1&1-�&'(,1+�

)/� 1-*518���6/A/'+/'1818�6/�0/>1+/8�43�:/8�4@+:/+/'1�1+/�(+*8�1+1QE1+/'1818;����.*0-*�

)/� 0*A+=E+=� E(8-'(++/'+/� 6/� E=7*0+*5*0=� 7*&=+*'*E� *'*Q-='=+5*0=� *5*>+*85*E-*6='<�

�*5*5/8� :@8B++B+BE� /0*0=8*� 6*7*8*8� 43� 1Q+/5� 1>18;� 01D6/8� 1E1� -B&� E*8� ��$� 5+��

*+=8*?*E-=';� 43838� .*'1?186/� 01D/� /E� 41'� 1Q+/5� 7*&=+5*7*?*E-='<� �*-=+=&� E*-=+5*5*�

E(830386*� -*5*5/8� 0/'4/0-0181D<� �*-=+5*8=D� 63'35386*;� 41+:1+/'181D18� :1D+1+1A1�

E(830386*� :B)/86/� (+*?*A=8=D=� 4/+1'-5/E� 10-/'1D<� F*+=Q5*7*� E*-=+5*8=D6*8� 6(+*7=�

01D6/8� ./'.*8:1� 41'� B?'/-� -*+/&� /61+5/5/E-/� 7*� 6*� 01D/� ./'.*8:1� 41'� B?'/-�

)/'1+5/5/E-/61'<�

F*+=Q5*6*� 7/'� *+6=A=8=D� )/� 41+150/+� :/+1Q5/+/'/� E*-E=+*'=8=D6*8� 6(+*7=� -/Q/EEB'�

/617('3D<�

Çalışmaya Katılan GönüllününR�

�6=��(7*6=2� � � � �

�6'/02��

�/+2�� � � � � � � �

S5D*2�

Açıklamayı Başından Sonuna Kadar Tanıklık Eden Kişinin; 

�6=��(7*6=2� � � � �

�6'/02��

�/+2�� � � � � � � �

S5D*2��
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Açıklamayı Yapan Araştırmacının; �

�6=��(7*6=2� � � � �

�6'/02��
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C. REAGENTS

I. The preparation of reagents used in DNA Isolation

�/8#���H.(+/�4+((6�:/8(51?��	��&3'1,1?*-1(8�5181�E1-��s�$�L���H*0�30/6�,('��	��

10(+*-1(8�*86�*++�'/*:/8-0�30/6�,('�-.*-�&3'&(0/�H*0�18?+36/6�18�E1-<�
(H/)/';�*6618:�

(,�/-.*8(+��%���$$�Y��-(�W*0.��3,,/'���*86�W*0.��3,,/'����0.(3+6�4/�6(8/�&'1('�-(�

,1'0-�30/6� -./5<���$�5+��-.*8(+� �%���$$�Y��H*0�*66/6� -(�/*?.�?(8?/8-'*-/6�H*0.�

0(+3-1(8���$�5+�<�

II. The reagents used in PCR

1. PCR Amplification Buffer (10X)

�$����,��3,,/'�H1-.��	
�������H*0�30/6�18�����*86�1-�H*0�(4-*18/6�?(55/'?1*++7�

H1-.�-./���,��	���(+75/'*0/���./'5(��?1/8-1,1?�s��$�$���*86��M$�5���'10�
�+�

�&
�L<L�*-��Mu��;��$$�5���	
������;�$<�Y��)])���H//8��$<��-�10�0-('/6�*-���$u�<�

�

2. dNTP Mixture

�./�0(+3-1(8�H*0�(4-*18/6�?(55/'?1*++7� ��./'5(��?1/8-1,1?�s�$�L���*86� 18?+36/6�

�$$�5��(,�6���;�6���;�6���;�6����18�*93/(30�0(+3-1(8<��$�5��6	���51J�H*0�

&'/&*'/6�47�-*E18:��$�t+�,'(5�/*?.�(,�-./5�*86�)(+35/�H*0�*''*8:/6�-(��$$�t+�H1-.�

�$�t+�(,�83?+/*0/�,'//�H*-/'<��-�H*0�0-('/6�*-���$u�<�

�

3. 25 mM MgCl2

�./� 0(+3-1(8�H*0� (4-*18/6� ?(55/'?1*++7�H1-.� -./���,��	���(+75/'*0/� ��./'5(�

�?1/8-1,1?�s��$�$���*86�H*0�0-('/6�*-���$u�<��

�

III. The reagents used in Agarose Gel Electrophoresis

1. 5X TBE Buffer (Tris-Borate-EDTA, pH 8.3, 1000 ml)
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M��:��'1D5*��*0/;���<M�:�4('1?�*?16�*86��$�t+�(,�M$$�5�������H/'/�51J/6�18�*�

4/*E/'�*86�6100(+)/6�*&&'(&'1*-/�*5(38-�(,�610-1++/6�H*-/'<�&
�H*0�*6O30-/6�-(�L<G�

*86� )(+35/� H*0� ?(5&+/-/6� -(� �$$$� 5+<� �,-/'� &'/&*'*-1(80;� -./� 0(+3-1(8� H*0�

*3-(?+*)/6<���

�

2. Ethidium Bromide

$<��:�/-.16135�4'(516/�H*0�6100(+)/6�18��$�5+�610-1++/6�H*-/'<��./�0(+3-1(8�H*0�0-1''/6�

(8�5*:8/-1?�0-1''/'�,('�0/)/'*+�.(3'0�-(�/803'/�-.*-�67/�H*0�?(5&+/-/+7�6100(+)/6<��3/�

-(� -./� +1:.-� 0/801-1)/� ?.*'*?-/'10-1?� (,� -./� 0(+3-1(8;� -./� 4(--+/� H*0� ?()/'/6� H1-.�

*+351835�,(1+�*86�0-('/6�*-�'((5�-/5&/'*-3'/<����

�

IV. The reagent used in restriction endonuclease digestion

1. 1X CutSmart Buffer

�./�43,,/'�H*0�(4-*18/6�?(55/'?1*++7�H1-.�'/0-'1?-1(8�/8D75/0��0*���*86��0&��<��./�

43,,/'�18?+36/6�M$�5���(-*00135��?/-*-/;��$�5���'10�*?/-*-/;��$�5���*:8/0135�

�?/-*-/;��$$�t:]5+�����&
��<%<��./�0(+3-1(8�H*0�0-('/6�*-���$u�<�

�

�
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D. LIST OF STUDY POPULATION

��$���#
	6� C���� ��� ����
� ����������� ��������� ��� 	+	���������� ���������� ��������� ���� 	..� ���������

���������� ������������ �����������2� ������ ����������2� �������� ��������������� �������� ��� &/�(0	�

���).)'.(�����&/��'0	���( ��.���5��
������$$���������������6�

�6��������=�&6�&������=��6�������=��6�����=�C#C<&6�C�-<#�����
�C�����������&����������=�"#C<&6�

"���<#�����
�C�����������&����������=��&6�������&����������=��76������
�������=�%���#6�%�������#=�

006� ?���� �
��� ����3
����� ���� ���).)'.(� ���
��������=� 0&6� "�����3
����� ���� ���).)'.(�

���
��������=�&&6�"���3
�������������������).)'.(����
��������=���6�?�����
�������3
���������

��( ��.�����
��������=��&6�"�����3
�����������( ��.�����
��������=�&&6�"���3
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�� � ��� ��� �� �%� � � � � ��<G%�

�� � ��� ��� �� �$� �<��� $<�G� � � %<%L�

G� � ��� ��� �� �$� �<GM� �<�%� �<�%� �<�%� GM<�%�

�� � ��� ��� �� ��� � � � � �
M� � ��� ��� �� ��� G<G�� $<�G� �<G�� �<��� �$<�L�

�� � ��� ��� �� ��� �<G$� �<�%� �<��� �<�%� �M�<���

�� � ��� ��� �� �G� G<��� $<%G� �<��� �<�L� �MG<�$�

L� � ��� ��� �� ��� �<��� �<��� $<%�� �<�G� �%<�M�

%� � ��� ��� �� ��� M<LL� �<��� �<�%� G<��� �G<�$�

�$� � ��� ��� �� �M� G<G�� $<M�� �<��� �<%�� �

��� � ��� ��� �� �M� � � � � �
��� � ��� ��� �� �M� G<%%� $<GL� �<ML� �<�G� ��<���

�G� � ��� ��� �� �M� �<�$� $<��� �<�L� �<��� �
��� � ��� ��� �� �M� �<GL� $<%�� �<$�� $<%G� %�<%$�

�M� � ��� ��� �� ��� �<ML� �<�%� �<L�� �<�L� M�<�%�
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Table D.1 (Continued)�

��� � ���� ��� �� ��� G<�G� $<��� �<��� �<��� M$<%��

��� � ��� ��� �� ��� G<%�� �<��� �<$�� �<GL� GM<���

�L� � ��� ��� �� ��� � � � � �

�%� � ��� ��� �� ��� �<��� $<ML� �<��� �<$%� �

�$� � ��� ��� �� ��� �<�%� $<GG� �<��� G<��� �
��� � ��� ��� �� ��� �<%�� �<$�� �<$%� G<G�� �

��� � ��� ��� �� ��� �<ML� $<L�� $<%�� G<��� ��<���

�G� � ��� ��� �� �L� �<%$� �<M�� �<��� �<%G� �

��� � ��� ��� �� �L� � � � � �

�M� � ��� ��� �� �L� �<��� $<GM� � � �
��� � ��� ��� �� �L� M<�G� $<%L� �<GM� G<��� �

��� � ��� ��� ��� �%� �<$�� $<�M� �<��� �<M�� ��<�L�

�L� � ��� ��� �� �%� � � � � GL<�%�

�%� � ��� ��� �� G$� G<��� $<�M� �<�%� �<�L� G�<�M�

G$� � ��� ��� �� G$� G<�%� $<�L� �<��� �<��� �

G�� � ��� ��� �� G$� �<��� $<G�� �<�$� �<M�� �

G�� � ��� ��� �� G$� G<�G� $<�G� �<�$� �<%�� G$<%M�

GG� � ��� ��� �� G$� G<��� �<$�� $<%�� �<�M� ��<%��

G�� � ��� ��� �� G$� � � � � �
GM� � ��� ��� �� G$� �<GL� �<�$� � � �

G�� � ��� ��� �� G$� M<�G� $<M�� �<��� G<�%� ��M<���

G�� � ��� ��� �� G�� �<$�� �<��� �<$%� �<��� G�<%��

GL� � ��� ��� �� G�� �<�$� $<��� $<%L� � �

G%� � ��� ��� �� G�� � � � � ��<�$�

�$� � ��� ��� �� G�� M<LG� $<G�� �<��� G<%%� ��<�G�

��� � ��� ��� �� G�� �<GG� $<�%� �<��� �<�L� M�<���

��� � ��� ��� �� G�� M<��� �<%M� �<$%� G<��� G�<�%�

�G� � ��� ��� �� G�� �<L�� �<G�� �<�%� G<$�� ��L<�%�

��� � ��� ��� �� GG� �<MG� �<�M� �<�L� �<GG� ��<���

�M� � ��� ��� �� GG� � � � � �

��� � ��� ��� �� GG� � � � � �
��� � ��� ��� �� G�� �<M�� �<GG� �;��� �<��� �M<�L�
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Table D.1 (Continued)�

�L� � ��� ��� �� G�� M<��� �<M�� �;$%� G<��� �

�%� � ��� ��� �� G�� � � � � �
M$� � ��� ��� �� G�� � � � � �

M�� � ��� ��� �� G�� G<�G� $<LM� �<�L� �<L�� ��<M��

M�� � ��� ��� �� G�� � $<��� � � �
MG� � ��� ��� �� G�� �<MG� $<%�� �<��� �<L�� �

M�� � ��� ��� ��� GM� G<�L� $<��� �<�%� �<G�� �$<�M�

MM� � ��� ��� ��� GM� M<$$� �<LM� �<��� �<%$� ��<���

M�� � ��� ��� ��� GM� G<�$� $<LL� �<��� �<�L� GM<�%�

M�� � ��� ��� ��� GM� � � � � �L<L��

ML� � ��� ��� �� GM� �<��� $<%�� �<��� �<M�� �

M%� � ��� ��� ��� GM� � � � � �
�$� � ��� ��� ��� GM� M<G%� �<�L� �<$�� G<��� �

��� � ��� ��� ��� GM� � � � � �
��� � ��� ��� �� GM� G<��� �<$�� �<$%� �<$%� M�<���

�G� � ��� ��� �� GM� �<L�� $<%%� �<L%� �<M�� ��<GL�

��� � ��� ��� �� G�� M<G�� �<��� �<G$� �<L�� �M<�G�

�M� � ��� ��� �� G�� �<�%� �<$M� �<�M� �<�M� �

��� � ��� ��� �� G�� �<�L� �<�$� �<%�� �<%%� �M<%��

��� � ��� ��� �� G�� �<�$� �<�%� $<%L� �<L�� �G<�G�

�L� � ��� ��� �� G�� �<�G� $<%%� �<��� �<�M� �GG<G%�

�%� � ��� ��� �� G�� �<GM� $<%%� �<��� �<�%� ��<$G�

�$� � ��� ��� �� G�� �<��� �<�%� $<%L� �<��� ��<���

��� � ��� ��� �� G�� �<GG� $<��� $<%L� �<%L� �
��� � ��� ��� �� G�� G<LG� $<%G� �<$�� �<G�� �$<%$�

�G� � ��� ��� �� G�� M<��� $<%�� �<��� G<��� ��<G��

��� � ��� ��� �� G�� �<ML� �<$$� � � �$L<LG�

�M� � ���� ��� �� G�� �<��� �<�G� � � �

��� � ��� ��� �� G�� G<LG� $<��� �<MG� �<�$� GG<�$�

��� � ��� ��� �� G�� �<��� �<G%� �<$�� �<%M� �

�L� � ��� ��� �� G�� �<MG� �<��� �<�$� �<�%� L�<%%�

�%� � ��� ��� �� G�� �<L�� $<�L� �<��� �<�G� �<%��
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Table D.1 (Continued)�

L$� � ��� ��� �� GL� �<%�� $<��� �<MM� G<��� �

L�� � ��� ��� �� GL� �<M�� �<��� � � G�<�M�

L�� � ��� ��� ��� GL� �<LM� �<�L� �<��� M<G�� ��<�L�

LG� � ��� ��� �� GL� �<GG� �<G�� �<G$� �<%�� ��<%��

L�� � ��� ��� �� GL� � � � � �
LM� � ��� ��� �� GL� G<�G� �<�$� $<LG� �<G�� �M<M$�

L�� � ��� ��� �� GL� �<�M� �<�G� $<%�� �<�%� ��<M$�

L�� � ��� ��� ��� GL� M<�$� �<%M� $<%G� G<��� �

LL� � ��� ��� ��� GL� � � � � �

L%� � ��� ��� �� GL� �<��� $<%G� �<�%� G<��� �
%$� � ��� ��� ��� GL� � � � � G�<���

%�� � ��� ��� ��� G%� �<G$� $<%%� �<G$� �<M�� �$<%��

%�� � ��� ��� ��� G%� G<L�� �<$G� �<$�� �<%�� �

%G� � ��� ��� ��� G%� � � � � ��<���

%�� � ��� ��� �� G%� M<G�� �<�G� �<G�� G<��� ��<���

%M� � ��� ��� ��� G%� �<%M� $<��� �<��� G<G�� ��<$��

%�� � ��� ��� �� �$� M<�L� $<M$� �<M$� �<$�� ��L<�G�

%�� � ��� ��� �� �$� �<M�� �<�L� $<%G� �<L$� �M<�G�

%L� � ��� ��� �� �$� � � � � �
%%� � ��� ��� �� �$� G<$L� $<M�� $<%�� �<L�� �$�<ML�

�$$� � ��� ��� �� �$� �<GG� �<$�� �<��� �<�%� ��<LL�

�$�� � ��� ��� ��� �$� �<%M� $<L�� �<L%� �<��� �
�$�� � ��� ��� �� �$� �<��� �<��� �<MM� �<�G� �<�%�

�$G� � ��� ��� �� �$� �<L�� �<��� � � ��<�L�

�$�� � ��� ��� �� �$� G<L�� �<�$� �<$%� �<��� �

�$M� � ��� ��� �� ��� �<%M� �<G�� �<��� G<$�� ��<�G�

�$�� � ��� ��� �� ��� � � � � �L<G%�

�$�� � ��� ��� �� ��� �<��� �<$�� �<$�� �<�%� L�<%��

�$L� � ��� ��� �� ��� �<��� $<�$� �<%�� �<M�� �%<���

�$%� � ��� ��� �� ��� �<�M� �<��� �<�M� �<%$� M$<%��

��$� � ��� ��� �� ��� �<%�� $<L�� �<��� �<L�� �G<L��

���� � ��� ��� �� ��� M<M�� �<L�� �<G$� �<%L� �
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Table D.1 (Continued)�

���� � ��� ��� �� ��� G<L%� $<%M� $<%G� �<M�� �%<G%�

��G� � ��� ��� �� ��� �<L�� $<L%� � � �G<���

���� � ��� ��� �� ��� �<��� �<��� $<LL� �<��� M�<�%�

��M� � ��� ��� �� � � � � � �

���� � ��� ��� �� � � � � � �
���� � ��� ��� �� � � � � � �

��L� � ��� ��� �� � � � � � �
��%� � ��� ��� �� � � � � � �

��$� � ��� ��� �� � � � � � �

���� � ��� ��� �� � � � � � �
���� � ��� ��� ��� � � � � � %�<M��

��G� � ��� ��� �� � � � � � �
���� � ��� ��� ��� � � � � � �

��M� � ��� ��� �� � � � � � �
���� � ��� ��� �� � � � � � �

���� � ��� ��� ��� � � � � � �

��L� � ��� ��� ��� � � � � � �
��%� � ��� ��� ��� � � � � � �

�G$� � ��� ��� ��� � � � � � �
�G�� � ��� ��� �� � � � � � �

�G�� � ��� ��� �� � � � � � �

�GG� � ��� ��� ��� � � � � � �
�G�� � ��� ��� ��� � � � � � �

�GM� � ��� ��� �� � � � � � �
�G�� � ��� ��� �� � � � � � �

�G�� � ��� ��� �� � � � � � �
�GL� � ��� ��� ��� � � � � � �

�G%� � ��� ��� ��� �G� �<L�� �<��� �<�$� �<��� �$<�%�

��$� � ��� ��� �� G�� $<%M� �<��� �<�M� M<$M� %�<�G�

���� � ��� ��� ��� GL� G<%�� �<�$� $<LL� �<$�� ��<���

���� � ��� ��� ��� G�� M<$$� �<�%� �<G�� �<L$� GL<���

��G� � ��� ��� ��� GM� �<G$� �<$�� �<��� �<�%� �M<ML�
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Table D.1 (Continued)�

���� � ��� ��� �� �G� G<��� �<L%� $<LG� �<$�� �M<���

��M� � ��� ��� �� M�� �<��� $<L�� �<�G� �<��� ��<���

���� � ��� ��� �� GM� M<$�� �<G�� �<G�� G<��� �%<���

���� � ��� ��� �� ��� �<L�� $<LM� �<��� G<��� �M<M��

��L� � ��� ��� �� ��� �<�M� $<L�� �<L%� �<�$� L�<%%�

��%� � ��� ��� �� �G� G<LG� $<��� �<�L� �<$�� ��<���

�M$� � ��� ��� �� �$� G<�%� $<�$� �<$%� �<�%� ��<���

�M�� � ��� ��� �� ��� �<$G� �<�L� �<%�� G<$�� L%<�L�

�M�� � ��� ��� �� ��� M<�M� $<%�� �<L�� �<%G� L�<G%�

�MG� � ��� ��� �� �L� M<$L� $<L�� �<��� G<$G� ��<���

�M�� � ��� ��� ��� �M� G<�L� �<M�� �<��� �<��� ��<���

�MM� � ��� ��� �� G�� �<M�� �<�$� �<��� �<�G� ��<%��

�M�� � ��� ��� �� �%� G<�L� �<G%� �<��� �<L%� M�<G��

�M�� � ��� ��� �� ��� �<��� �<�G� �<G�� �<��� ��<�M�

�ML� � ��� ��� �� GM� M<$$� �<LL� �<��� �<��� �$M<%��

�M%� � ��� ��� �� G�� �<L�� $<LL� �<�M� G<$$� ML<$��

��$� � ��� ��� �� ��� G<�G� �<��� �<��� �<%�� �%<LG�

���� � ��� ��� �� GM� L<G%� $<�M� �<G�� �<�G� %L<G��

���� � ��� ��� �� M%� M<M�� �<%�� �<��� G<$�� �L<���

��G� � ��� ��� �� �M� M<��� $<M$� �<��� G<��� ��<LL�

���� � ��� ��� �� ��� �<M%� �<��� �<$%� M<�M� %$<$L�

��M� � ��� ��� �� ��� �<��� $<��� �<$M� �<�M� ��<�$�

���� � ��� ��� �� G$� M<%�� �<ML� �<GM� G<L%� �L<GM�

���� � ��� ��� ��� ��� M<$M� $<��� �<�L� G<��� �L<%M�

��L� � ��� ��� �� ��� G<��� $<�%� �<��� �<L�� M�<$��

��%� � ��� ��� �� ��� �<%�� �<�M� �<GM� G<��� �L�<�$�

��$� � ��� ��� �� �%� �<�G� �<�G� �<�%� �<��� �M<���

���� � ��� ��� �� �M� G<L�� $<%M� �<��� �<�$� �$<���

���� � ��� ��� �� GG� �<MG� �<%�� �<GM� �<G$� ��<�G�

��G� � ��� ��� �� �%� G<MM� $<�%� $<%�� �<GG� ��<�G�

���� � ��� ��� �� G�� �<%�� �<�$� �<��� G<��� �L<%��

��M� � ��� ��� �� G%� M<�G� �<M�� �<GM� G<�%� ��<�%�
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Table D.1 (Continued)�

���� � ��� ��� �� ��� G<�%� $<��� �<��� �<��� �%<�$�

���� � ��� ��� �� ��� �<�%� �<M�� �<��� �<%M� GL<L��

��L� � ��� ��� �� M�� �<MM� �<MM� �<��� �<ML� ��<�%�

��%� � ��� ��� �� �%� G<%�� $<%%� �<��� �<�$� �M<%��

�L$� � ��� ��� �� �%� M<M�� �<%�� $<LL� G<G�� ��<$$�

�L�� � ��� ��� �� �%� G<L�� $<%$� �<��� �<�$� �M<�M�

�L�� � ��� ��� �� G�� �<$�� �<�%� �<�%� �<G�� ��<%��

�LG� � ��� ��� �� ��� �<%$� $<MG� �<�L� G<�%� �M<GM�

�L�� � ��� ��� �� G�� �<��� G<G�� �<$�� �<ML� L$<G��

�LM� � ��� ��� �� G%� �<��� �<��� $<LM� �<M%� M�<���

�L�� � ��� ��� �� G�� M<��� $<�%� �<��� G<�M� ��<�G�

�L�� � ��� ��� �� G�� M<G�� $<��� �<�%� G<LG� ��<�$�

�LL� � ��� ��� �� GG� M<G�� $<L%� �<$�� G<L%� L%<�L�

�L%� � ��� ��� �� GL� �<��� $<L�� $<%G� G<G�� �$<M��

�%$� � ��� ��� �� G%� M<��� $<��� �<MM� G<G%� ML<$L�

�%�� � ��� ��� �� G�� M<G�� G<�G� �<$%� �<L$� �M<$��

�%�� � ��� ��� �� GL� �<L�� $<L%� �<��� G<G�� �%<�$�

�%G� � ��� ��� �� ��� M<��� $<�L� �<��� G<�G� �L<G��

�%�� � ��� ��� �� G$� M<�L� �<M$� �<$%� G<$�� G�<���

�%M� � ��� ��� �� G$� �<��� �<��� �<$%� �<GG� L�<�L�

�%�� � ��� ��� �� �L� �<�L� �<G%� �<G�� G<��� �L<���

�%�� � ��� ��� �� GG� �<�$� �<��� �<��� �<L�� �G<$��

�%L� � ��� ��� �� G�� G<�L� $<��� �<��� �<G�� �M<L��

�%%� � ��� ��� �� ��� �<%M� �<G�� �<$�� G<�%� MG<L��

�$$� � ��� ��� �� ��� �<GL� �<�G� �<$%� �<�%� ��<M%�

�$�� � ��� ��� �� GL� M<$M� �<��� �<$�� G<G�� ��<L��

�$�� � ��� ��� �� G�� M<��� �<��� �<$�� G<L�� %%<G��

�$G� � ��� ��� �� �%� �<��� $<M$� �<��� �<M�� G�<���

�$�� � ��� ��� �� G�� �<��� �<M�� $<%L� �<��� �$$<G��

�$M� � ��� ��� �� ��� �<�G� $<ML� �<�G� �<M�� L�<$��

�$�� � ��� ��� �� GL� �<��� �<GG� $<%L� �<�%� �M$<%G�

�$�� � ��� ��� �� ��� �<�$� �<$G� �<GM� �<L�� G�<G��
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Table D.1 (Continued)�

�$L� � ��� ��� �� ��� �<�$� $<�$� �<M$� �<��� M�<�%�

�$%� � ��� ��� �� �M� G<�G� $<M�� �<�%� �<�L� ���<���

��$� � ��� ��� �� G�� �<L�� $<�M� �<��� �<L$� ��<�$�

���� � ��� ��� �� G�� �<�%� G<%�� �<$�� G<��� �G<�M�

���� � ��� ��� �� GL� G<�L� �<�$� $<L$� �<%�� �$M<LG�

��G� � ��� ��� �� ��� G<��� $<�G� �<G$� �<ML� ��<�$�

���� � ��� ��� �� GM� M<��� �<�L� �<��� G<L�� �L<�M�

��M� � ��� ��� �� G�� �<��� �<�$� �<G$� G<�G� M�<���

���� � ��� ��� �� ��� �<�%� �<�$� �<MG� �<��� ��<�G�

���� � ��� ��� �� �$� �<$�� ��G� �<G$� G<%�� L�<���

��L� � ��� ��� �� �G� M<G�� �<MM� $<�L� G<G�� �%<%��

��%� � ��� ��� �� ��� �<��� �<%�� �<$%� �<L$� GG<�$�

��$� � ��� ��� �� ��� �<�%� �<ML� $<%L� �<%L� L�<���

���� � ��� ��� �� ��� �<G$� $<�%� �<GM� �<��� ���<M$�

���� � ��� ��� �� �%� M<�L� �<G$� �<%�� �<��� ��<LM�

��G� � ��� ��� �� �%� �<�%� �<�%� $<LL� �<�M� MG<$��

���� � ��� ��� �� GL� �<GM� $<M�� �<G�� �<��� M�<���

��M� � ��� ��� �� ��� �<��� $<M�� �<L�� �<M�� ML<M��

���� � ��� ��� �� �%� G<��� �<M�� $<�$� �<��� %�<M$�

���� � ��� ��� �� GM� �<��� �<�L� �<�L� �<��� ��<�M�

��L� � ��� ��� �� ��� �<�G� $<�%� �<��� M<G�� M�<���

��%� � ��� ��� �� G�� M<�$� $<M�� �<M$� G<%�� %M<���

�G$� � ��� ��� �� G�� �<��� G<G�� �<��� �<$�� %�<���

�G�� � ��� ��� �� G$� �<L�� �<G�� �<��� G<$G� �L<���

�G�� � ��� ��� �� GM� �<$�� �<�$� �<��� �<GG� ML<�L�

�GG� � ��� ��� �� ML� �<�L� �<L$� �<M$� G<L%� %M<L��

�G�� � ��� ��� �� G�� �<M�� �<GM� $<��� �<��� ��<LM�

�GM� � ��� ��� �� �L� M<�M� �<GM� �<$%� G<��� �L<�M�

�G�� � ��� ��� �� G�� �<��� $<M%� �<MG� �<%L� ��<�G�

�G�� � ��� ��� �� �%� M<�M� $<�M� �<��� G<�$� ��<�M�

�GL� � ��� ��� �� GG� M<G�� G<M�� �<$�� �<��� ��<GL�
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