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Fabry disease and multiple sclerosis misdiagnosis: the role of 
family history and neurological signs
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ABSTRACT

Fabry disease (FD) is an X-linked inherited lysosomal storage disorder caused 
E\�Į�JDODFWRVLGDVH�$��Į�JDO�$��GHILFLHQF\��&HQWUDO�QHUYRXV�V\VWHP�LQYROYHPHQW�DQG�
chronic white matter lesions are observed in both FD and multiple sclerosis (MS), 
ZKLFK�FDQ�FRQIRXQG�WKH�GLIIHUHQWLDO�GLDJQRVLV��:H�DQDO\]HG�WKH�GLA gene, which 
HQFRGHV�Į�JDO�$��LQ����SDWLHQWV�ZLWK�FOLQLFDO�DQG�QHXURUDGLRORJLFDO�ILQGLQJV�FRQVLVWHQW�
ZLWK�06� WR�GHWHUPLQH�ZKHWKHU� WKH\�KDG�)'��:H� LGHQWLILHG� IRXU�ZRPHQ� LQLWLDOO\�
diagnosed with MS who had GLA�PXWDWLRQV�DVVRFLDWHG�ZLWK�)'��2XU�UHVXOWV�LQGLFDWH�
that family history besides neurological findings should be evaluated in patients with 
DQ�XQFHUWDLQ�GLDJQRVLV�RI�06��$OVR�WKH�LQYROYHPHQW�RI�RUJDQV�RXWVLGH�WKH�FHQWUDO�
QHUYRXV�V\VWHP�FDQ�VXSSRUW�WKH�)'�GLDJQRVLV�

ZZZ�LPSDFWMRXUQDOV�FRP�RQFRWDUJHW�                      2QFRWDUJHW��������9RO������1R������SS�����������

INTRODUCTION

Fabry disease (FD) is a rare lysosomal storage 
disorder. It is caused by mutations in the GLA gene, which 
HQFRGHV�WKH�HQ]\PH�Į�JDODFWRVLGDVH�$��Į�JDO�$���WKDW�UHVXOW�
LQ�Į�JDO�$�GHILFLHQF\�DQG�WKH�SURJUHVVLYH�DFFXPXODWLRQ�
RI�JORERWULDRV\OFHUDPLGH�DQG�LWV�GHULYDWLYHV�LQ�O\VRVRPHV�
>�@��7KLV�WULJJHUV�D�FDVFDGH�RI�FHOOXODU�HYHQWV�LQFOXGLQJ�LQ�
YDVFXODU�HQGRWKHOLXP�>�@��7KH�GLVHDVH�XVXDOO\�PDQLIHVWV�
LQ�FKLOGKRRG�RU�HDUO\�DGROHVFHQFH�ZLWK�WKH�HPHUJHQFH�RI�
DQJLRNHUDWRPDV�� FRUQHDO� RSDFLWLHV� �FRUQHD� YHUWLFLOODWD���
PLFURDOEXPLQXULD�DQG�RU�SURWHLQXULD��DQG�V\PSWRPV�WKDW�
UHIOHFW�WKH�LQYROYHPHQW�RI�WKH�DXWRQRPLF�QHUYRXV�V\VWHP�
LQFOXGLQJ�QHXURSDWKLF�SDLQ��SDLQ�FULVHV��DQG�K\SRKLGURVLV�

>�@��'LVHDVH�SURJUHVVLRQ�LV�FKDUDFWHUL]HG�E\�SURJUHVVLYH�
GHWHULRUDWLRQ�RI�UHQDO�IXQFWLRQ�UHVXOWLQJ�LQ�HQG�VWDJH�UHQDO�
GLVHDVH�DQG�WKH�GHYHORSPHQW�RI�VHULRXV�FDUGLRYDVFXODU�DQG�
FHUHEURYDVFXODU�FRPSOLFDWLRQV�WKDW�FDQ�FDXVH�SUHPDWXUH�
GHDWK�>�@��&HQWUDO�QHUYRXV�V\VWHP��&16��PDQLIHVWDWLRQV�
LQFOXGH�VWURNH�DQG�FHUHEURYDVFXODU�GLVHDVH��L�H��FKURQLF�
ZKLWH�PDWWHU�OHVLRQV��&:0/��>�@��6LQFH�WKH�GLA gene is 
RQ�WKH�;�FKURPRVRPH��ZRPHQ�XVXDOO\�SUHVHQW�ZLWK�PLOGHU�
DQG�PRUH�YDULDEOH�V\PSWRPV�FRPSDUHG�WR�PHQ��7KHUHIRUH��
IHPDOH�SDWLHQWV�FDQ�EH�PRUH�GLIILFXOW�WR�GLDJQRVH�

%HFDXVH� WKH� FOLQLFDO� IHDWXUHV� RI� )'�RYHUODS�ZLWK�
WKRVH�RI�RWKHU�GLVRUGHUV��HUURUV�DQG�GHOD\V� LQ�GLDJQRVLV�
DUH�FRPPRQ�>����@��)'�FDQ�EH�PLVGLDJQRVHG�DV�PXOWLSOH�
VFOHURVLV� �06��EHFDXVH�SDWLHQWV�ZLWK�HLWKHU�GLVHDVH�FDQ�
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SUHVHQW�ZLWK�SDLQ�DQG�ZKLWH�PDWWHU�OHVLRQV�RQ�PDJQHWLF�
UHVRQDQFH�LPDJLQJ��05,���6HYHUDO�VWXGLHV�KDYH�GHVFULEHG�
)'�SDWLHQWV�ZKR�ZHUH�LQLWLDOO\�GLDJQRVHG�ZLWK�06�>�±��@��
RU�ZKR�ZHUH�ODWHU�IRXQG�WR�KDYH�ERWK�GLVHDVHV�>��@��)RU�
H[DPSOH��/LGRYH�HW�DO��GHVFULEHG����)'�SDWLHQWV��RI�ZKLFK�
IRXU�ZHUH�LQLWLDOO\�GLDJQRVHG�ZLWK�06�>�@��%|WWFKHU�et al. 
LQ�D�FRKRUW�RI�����)'�SDWLHQWV�LGHQWLILHG����VXEMHFWV�ZKR�
ZHUH�IRUPHUO\�GLDJQRVHG�ZLWK�³SRVVLEOH´�RU�³GHILQLWH´�06�
>�@��7KH�GLDJQRVLV�RI�06�LV�JHQHUDOO\�EDVHG�RQ�FOLQLFDO�
PDQLIHVWDWLRQV�� 05,�� DQG� FHUHEURVSLQDO� IOXLG� DQDO\VLV��
+RZHYHU��D�IUDFWLRQ�RI�SDWLHQWV�GLDJQRVHG�ZLWK�06�GR�QRW�
IXOO\�PHHW�WKH�GLDJQRVWLF�FULWHULD�>��±��@��,Q�WKLV�VWXG\��ZH�
UHSRUW�IRXU�SDWLHQWV�ZLWK�)'�DPRQJ�D�FRKRUW�RI����SDWLHQWV�
ZKR�UHFHLYHG�D�SUHYLRXV�³SRVVLEOH´�GLDJQRVLV�RI�06��

RESULTS

:H� LQYHVWLJDWHG� ��� SDWLHQWV� ���� IHPDOH� DQG� ���
PDOH��DYHUDJH�DJH�RI����\HDUV��UDQJH���±���\HDUV��ZKR�
KDG�SUHYLRXVO\� UHFHLYHG� D� ³SRVVLEOH´� GLDJQRVLV� RI�06��
$OO�SDWLHQWV�SUHVHQWHG�ZLWK�QHUYRXV�V\VWHP�LQYROYHPHQW��
Brain MRI demonstrated white matter lesions. Four 
ZRPHQ�RXW�RI�WKH�FRKRUW�RI����SDWLHQWV��������ZHUH�IRXQG�
WR�KDYH�PXWDWLRQV� LQ�GLA� WKDW� DUH� UHVSRQVLEOH� IRU�)'��
7KH�GHPRJUDSKLF�DQG�FOLQLFDO�GDWD�IRU�WKH�)'�SDWLHQWV�DUH�
summarized in Table 1.

3DWLHQW� �� LV� D� ���\HDU�ROG� ZRPDQ� ZLWK� D� KLVWRU\�
RI�D�WUDQVLHQW�LVFKHPLF�DWWDFN��+HU�IDWKHU�ZDV�GLDJQRVHG�
ZLWK� )'�� +H� ZDV� IRXQG� WR� KDYH� D� SUHYLRXVO\� UHSRUWHG�
SDWKRJHQLF�YDULDQW��F����B���GHO$$��LQ�GLA [16]. The 
VDPH�PXWDWLRQ�ZDV�LGHQWLILHG�LQ�RXU�SDWLHQW�DQG�KHU�Į�JDO�
$�DFWLYLW\�ZDV�����QPRO�PO�K��ZKLFK�LV�VOLJKWO\�EHORZ�WKH�
UHIHUHQFH�YDOXHV���IRU�KHDOWK\�VXEMHFWV��QRUPDO�YDOXHV�!��
nmol/ml/h).

3DWLHQW� �� LV� D� ���\HDU�ROG� ZRPDQ� ZKR� ZDV�
HYDOXDWHG� IRU�EXUQLQJ�SDLQ� LQ� WKH� OLPEV��$�EUDLQ�05,�
GHPRQVWUDWHG� WKH� SUHVHQFH� RI� PXOWLSOH� ZKLWH� PDWWHU�
OHVLRQV��6KH�KDG�D�PXWDWLRQ��0��,��LQ�GLA that resulted 
LQ�QR�Į�JDO�$�DFWLYLW\��ZKLFK� LV�XQFRPPRQ� LQ�ZRPHQ�
ZLWK�)'��7KH�VDPH�PXWDWLRQ�ZDV�SUHYLRXVO\�LGHQWLILHG�
LQ�VHYHQ�LQGLYLGXDOV�LQ�KHU�IDPLO\��ILYH�ZRPHQ�DQG�WZR�
PHQ���7KH�0��,�PXWDWLRQ�LV�DVVRFLDWHG�ZLWK�WKH�DW\SLFDO�
IRUP�RI�)'�>������@��9DULDELOLW\�LQ�RUJDQ�LQYROYHPHQW�DQG�
GLVHDVH�VHYHULW\�ZDV�REVHUYHG�DPRQJ�WKHVH�LQGLYLGXDOV��
ZLWK�VRPH�IRXQG�WR�KDYH�ORZ�RU�QR�Į�JDO�$�DFWLYLW\�>��@��

3DWLHQW���LV�D����\HDU�ROG�ZRPDQ�ZKR�KDG�D�UHFXUUHQW�
KHDGDFKH��$�EUDLQ�05,�GHPRQVWUDWHG�ZKLWH�PDWWHU�OHVLRQV�
VXJJHVWLYH�RI�06��*HQHWLF�DQDO\VLV�RI�GLA�JHQH�UHYHDOHG�
WKH�SUHVHQFH�RI�WKH�5���4�PXWDWLRQ��ZKLFK�LV�UHVSRQVLEOH�
IRU�WKH�FODVVLF�IRUP�RI�)'�>��@��1RUPDO�Į�JDO�$�DFWLYLW\�
was detected (4.1 nmol/ml/h). The same mutation was 
SUHYLRXVO\�LGHQWLILHG�LQ�D�PDOH�FRXVLQ�RI�WKH�SDWLHQW��7KLV�
LQGLYLGXDO�H[KLELWHG�WKH�W\SLFDO�PDQLIHVWDWLRQV�RI�)'�DQG�
KDG�QR�GHWHFWDEOH�Į�JDO�$�DFWLYLW\��

3DWLHQW���LV�D����\HDU�ROG�ZRPDQ�ZKR�H[SHULHQFHG�
D�MXYHQLOH�VWURNH��6KH�DOVR�FRPSODLQHG�RI�UHFXUUHQW�IHYHU�
DQG�DEGRPLQDO�SDLQ��$�PXWDWLRQ� �*���$�� LQ�GLA was 
GHWHFWHG�DQG�Į�JDO�$�DFWLYLW\�ZDV�ZLWKLQ�WKH�QRUPDO�UDQJH�
�����QPRO�PO�K���:H�SUHYLRXVO\�LGHQWLILHG�WKLV�SDWKRJHQLF�
PXWDWLRQ�LQ�QLQH�SDWLHQWV�ZLWK�VLJQV�DQG�V\PSWRPV�RI�)'��
,W�ZDV�DVVRFLDWHG�ZLWK�Į�JDO�$�GHILFLHQF\�LQ�PDOH�VXEMHFWV�
>��@�� 7KH� VDPH� PXWDWLRQ� ZDV� LGHQWLILHG� LQ� WKUHH� RWKHU�
LQGLYLGXDOV�LQ�SDWLHQW¶V�IDPLO\�ZKR�KDG�QRW�EHHQ�GLDJQRVHG�
with the disease yet.

:H�LGHQWLILHG�DQ�DGGLWLRQDO����\HDU�ROG�ZRPDQ�ZKR�
ZDV�LQLWLDOO\�GLDJQRVHG�ZLWK�³SRVVLEOH´�06��+RZHYHU��WKH�
GLDJQRVLV�ZDV�QRW�FRQILUPHG�IROORZLQJ�FOLQLFDO�ZRUN�XS��
+HU� V\PSWRPV� LQFOXGHG�DFURSDUDHVWKHVLD�� EXUQLQJ�SDLQ�
LQ�WKH�OLPEV�SDUWLFXODUO\�DIWHU�SK\VLFDO�DFWLYLW\��KHDW�DQG�
FROG�LQWROHUDQFH��UHFXUUHQW�KHDGDFKH��DQG�DEGRPLQDO�SDLQ��
*HQHWLF�DQDO\VLV� UHYHDOHG�D�PXWDWLRQ� �6���*�� LQ�GLA.
+HU� Į�JDO�$� DFWLYLW\�ZDV�ZLWKLQ� WKH� QRUPDO� UDQJH� �����
QPRO�PO�K���7KH�SDWKRJHQLF�QDWXUH�RI�6���*�PXWDWLRQ�LV�
XQFHUWDLQ�>������@��:H�GHWHUPLQHG�WKDW�ILYH�RWKHU�PHPEHUV�
RI�KHU�IDPLO\�KDYH�WKH�VDPH�PXWDWLRQ�DQG�DUH�FXUUHQWO\�
XQGHU�REVHUYDWLRQ��

DISCUSSION

$FFRUGLQJ�WR�WKH�FXUUHQW�GLDJQRVWLF�FULWHULD�>��±��@��
WKH�GLDJQRVLV�RI�06�LV�EDVHG�RQ�FOLQLFDO�PDQLIHVWDWLRQV��
FHUHEUDO�05,�ILQGLQJV��DQG� WKH�SUHVHQFH�RI�ROLJRFORQDO�
EDQGV� LQ� FHUHEURVSLQDO� IOXLG� ZLWK� LQFUHDVHG� LQWUDWKHFDO�
,J*� V\QWKHVLV� �DGMXQFW� FULWHULD��� $OWHUQDWLYH� GLDJQRVHV�
VKRXOG� EH� H[FOXGHG� >��@�� 6HYHUDO� GLVHDVHV� FDQ� PLPLF�
06� OHDGLQJ� WR� GLIILFXOWLHV� LQ� GLDJQRVLV� DQG� SRVVLEOH�
PLVGLDJQRVLV�>��±��@��$SSUR[LPDWHO\��±����RI�SDWLHQWV�
UHFHLYHG�D�PLVGLDJQRVLV�RI�06�>��@��7KH�GLVRUGHUV�PRVW�
RIWHQ�PLVWDNHQ�IRU�06�KDYH�FKDQJHG�RYHU�WLPH�DV�D�UHVXOW�
RI�UHYLVLRQV�WR�WKH�GLDJQRVWLF�FULWHULD�IRU�06�>��@��1RQ�
VSHFLILF�ZKLWH�PDWWHU�DEQRUPDOLWLHV�RQ�05,��QRQ�VSHFLILF�
QHXURORJLFDO�V\PSWRPV��DQG�VPDOO�YHVVHO�LVFKHPLF�GLVHDVH�
DUH�WKH�PRVW�IUHTXHQWO\�UHSRUWHG�ILQGLQJV�LQ�PLVGLDJQRVHG�
SDWLHQWV�>��@�

06� LV� RQH� RI� WKH� PRVW� FRPPRQ� QHXURORJLFDO�
GLVRUGHUV�WKDW�DIIHFWV�\RXQJ�DGXOWV��SULPDULO\�IHPDOH���DQG�
LV�KLJKHVW�RQ�WKH�GLIIHUHQWLDO�LI�05,�GHPRQVWUDWHV�ZKLWH�
PDWWHU�OHVLRQV��)'�SDWLHQWV�PD\�KDYH�����SHULSKHUDO�QHUYH�
V\PSWRPV�WKDW�PDQLIHVW�DV�DFXWH�DWWDFNV�RI�QHXURSDWKLF�
SDLQ�LQ�WKH�OLPEV��HVSHFLDOO\�XQGHU�FRQGLWLRQV�RI�VWUHVV��
KHDW��RU�IDWLJXH�>��@��DQG�����FHUHEURYDVFXODU�GLVHDVH�WKDW�
DIIHFWV�ERWK�ODUJH�DQG�VPDOO�YHVVHOV�DQG�FDQ�OHDG�WR�WKH�
GHYHORSPHQW� RI� FKURQLF� ZKLWH� PDWWHU� K\SHULQWHQVLWLHV�
GHWHFWHG�RQ�EUDLQ�05,�>�@��7KHVH�IHDWXUHV�DUH�FRQVLVWHQW�
ZLWK� 06�� SDUWLFXODUO\� LQ� \RXQJ� DQG�RU� IHPDOH� SDWLHQWV�
ZKR� PD\� KDYH� PLOG� V\PSWRPV� GXH� WR� WKH� SURJUHVVLYH�
RQVHW� RI� )'� DQG�RU� UDQGRP� ;� LQDFWLYDWLRQ� >��@�� ,Q�
WKHVH�SDWLHQWV�� QHXURORJLFDO� V\PSWRPV�PD\�EH� WKH� ILUVW�
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RU� RQO\� HYLGHQFH� RI� )'� >��@�� &HUHEUDO� VPDOO� YHVVHO�
LQYROYHPHQW�LQ�)'�SDWLHQWV�PD\�EH�GXH�WR�HQGRWKHOLDO�FHOO�
G\VIXQFWLRQ�DQG�GHSRVLWLRQ�RI�QHXWUDO�JO\FRVSKLQJROLSLGV��
$OWKRXJK� WKH� SDWWHUQ� RI� &:0/� LQ� )'� GHPRQVWUDWHV� D�
V\PPHWULF�GLVWULEXWLRQ�IUHTXHQWO\�UHIHUUHG�WR�DV�³YDVFXODU�
OHXNRG\VWURSK\´��YDULDELOLW\�LQ�DSSHDUDQFH�GXH�WR�DJLQJ�
DQG�WKH�WHPSRUDO�OHVLRQ�ORDG�FDQ�FRQIRXQG�WKH�GLIIHUHQWLDO�
GLDJQRVLV�>��@��1HYHUWKHOHVV��VSLQDO�FRUG�LQYROYHPHQW�ZLWK�
FKDUDFWHULVWLF�QHXURUDGLRORJLFDO�ILQGLQJV��ZKHQ�SUHVHQW��LV�
DQ� DGGLWLRQDO� SRZHUIXO� GLDJQRVWLF� HOHPHQW� LQ�06� >��@��
8VXDOO\� D� FDUHIXO� QHXURUDGLRORJLFDO� DQDO\VLV� VKRXOG� EH�
able to distinguish between white matter lesions that are 
KLJKO\�VXJJHVWLYH�RI�LQIODPPDWRU\�HYHQWV�DQG�06��IURP�
WKRVH�WKDW�DUH�PRUH�W\SLFDO�RI�YDVFXORSDWK\�DQG�)'�>��@��

3UHYLRXV� VWXGLHV� KDYH� LGHQWLILHG� VXEMHFWV� ZLWK� D�
SUHYLRXV�GLDJQRVLV�RI�06�DPRQJ�SDWLHQWV�ZLWK�JHQHWLFDOO\�
SURYHQ�)'�>����@��&RQYHUVHO\��LQ�RXU�VWXG\�ZH�LGHQWLILHG�
)'�VXEMHFWV�DPRQJ�SDWLHQWV�ZKR�KDG�LQLWLDOO\�UHFHLYHG�D�
³SUHVXPSWLYH�SRVVLEOH´�GLDJQRVLV�RI�06��:H�LQYHVWLJDWHG�D�
FRKRUW�RI����LQGLYLGXDOV�DQG�LGHQWLILHG�IRXU�IHPDOH�SDWLHQWV�
ZLWK�)'���������7KUHH�RXW�RI�IRXU�SDWLHQWV�KDG�UHODWLYHV�
SUHYLRXVO\�GLDJQRVHG�ZLWK�)'��3DWLHQWV�������DQG�����

2XU�HYDOXDWLRQ�RI�WKH�IRXU�DIIHFWHG�SDWLHQWV�LQGLFDWHG�
WKDW�IDPLO\�KLVWRU\�DQG�QHXURORJLFDO�VLJQV�DUH�FULWLFDO�IRU�WKH�
GLDJQRVLV�RI�)'��&OLQLFDO�PDQLIHVWDWLRQV�LQ�GLIIHUHQW�RUJDQV�
LQFOXGLQJ�WKH�NLGQH\��KHDUW��DQG�H\H�VKRXOG�DOVR�EH�HYDOXDWHG�
WR�VXSSRUW�WKH�)'�GLDJQRVLV��SDUWLFXODUO\�LQ�PDOH�SDWLHQWV��
)'�VKRXOG�EH�FRQVLGHUHG�LQ�DOO�FDVHV�RI�SUHVXPSWLYH�06�
ZLWK�DW\SLFDO�FOLQLFDO�SUHVHQWDWLRQ��DW\SLFDO�05,�ILQGLQJV��
DQG�WKH�DEVHQFH�RI�ROLJRFORQDO�EDQGV�LQ�FHUHEURVSLQDO�IOXLG��
,W�VKRXOG�DOVR�EH�FRQVLGHUHG�LI�WKHUH�LV�D�IDPLO\�KLVWRU\�RI�
)'�RU�FOLQLFDO�PDQLIHVWDWLRQV�WKDW�FRXOG�EH�DWWULEXWHG�WR�WKLV�
GLVRUGHU��7KH�DELOLW\�WR�GLVWLQJXLVK�)'�IURP�06�LV�FULWLFDO�
IRU�WKH�VHOHFWLRQ�RI�WKH�DSSURSULDWH�WUHDWPHQW�

MATERIALS AND METHODS

Patients 

%ORRG�ZDV�FROOHFWHG�IURP����SDWLHQWV�����ZRPHQ�
DQG����PHQ��ZLWK�D�SUHVXPSWLYH�GLDJQRVLV�RI�06�XVLQJ�
('7$�DV�DQ�DQWLFRDJXODQW��7KH�VWXG\�ZDV�DSSURYHG�E\�
WKH� +RVSLWDO� (WKLFV� &RPPLWWHH� RI� WKH� 8QLYHUVLW\� RI�

3DOHUPR��:ULWWHQ�LQIRUPHG�FRQVHQW�ZDV�REWDLQHG�IURP�DOO�
SDUWLFLSDQWV��$OO�SDWLHQWV�ZHUH�DVVHVVHG�E\�QHXURORJLVWV�
SUDFWLFLQJ�LQ�GLIIHUHQW�QHXURORJLFDO�XQLWV�LQ�,WDO\�

Genetic analysis

'1$�VDPSOHV�ZHUH�LVRODWHG�IURP�ZKROH�EORRG�E\�
FROXPQ�H[WUDFWLRQ��*HQ(OXWH�%ORRG�*HQRPLF�'1$�.LW��
0LQLSUHS�� 6LJPD�$OGULFK�� 86$��� '1$� FRQFHQWUDWLRQV�
ZHUH� HVWLPDWHG� XVLQJ� D� VSHFWURSKRWRPHWHU�� (LJKW� SDLUV�
RI�SULPHUV�ZHUH�GHVLJQHG�WR�DQDO\]H�HLJKW�WDUJHW�UHJLRQV�
FRQWDLQLQJ�WKH�VHYHQ�H[RQV�RI�WKH�GLA gene, including the 
IODQNLQJ�UHJXODWRU\�VHTXHQFHV��DQG�WKH�FU\SWLF�H[RQ��3&5�
SURGXFWV�ZHUH�SXULILHG�DQG�VHTXHQFHG�XVLQJ�DQ�DXWRPDWHG�
'1$�VHTXHQFHU�DW�%05�*HQRPLFV�WR�LGHQWLI\�PXWDWLRQV��

$VVD\V�RI�Į�JDO�$�DFWLYLW\

:H�SHUIRUPHG�Į�JDO�$�DFWLYLW\�DVVD\V�RQ�VDPSOHV�
FROOHFWHG� IURP� PDOH� DQG� IHPDOH� SDWLHQWV� ZLWK� SRVLWLYH�
GLA� WHVWV� XVLQJ� WKH� 'ULHG� %ORRG� )LOWHU� 3DSHU� �'%)3��
test described by Chamoles et al. [34] with minor 
PRGLILFDWLRQV�>��@���

$EEUHYLDWLRQV

I'��)DEU\�GLVHDVH��Į�JDO�$��Į�JDODFWRVLGDVH�$��&16��
FHQWUDO� QHUYRXV� V\VWHP�� &:0/�� FKURQLF� ZKLWH� PDWWHU�
OHVLRQV��06��PXOWLSOH�VFOHURVLV��05,��PDJQHWLF�UHVRQDQFH�
LPDJLQJ��('7$��HWK\OHQHGLDPLQHWHWUDDFHWLF�DFLG�

Author contributions
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7KH�DXWKRUV�GHFODUH� WKDW� WKHUH�DUH�QR�FRQIOLFWV�RI�
interest.

7DEOH����'HPRJUDSKLF��JHQHWLF��ELRFKHPLFDO�DQG�FOLQLFDO�GDWD�RI�WKH�IRXU�SDWLHQWV�ZLWK�)DEU\�GLVHDVH

Pat. No 6H[�$JH */$�JHQH
mutations

Į�*$/�$�
DFWLYLW\ CWML CNS 

LQYROYHPHQW
1HXURSDWKLF�

SDLQ
2WKHU�VLJQV

1 )��� F����B���GHO$$ ��� + + � �
� )��� M51I ��� + � + �
3 F/63 5���4 4.1 + � � recurrent headache

4 F/45 *���$ 6.1 + + � UHFXUUHQW�IHYHU��
DEGRPLQDO�SDLQ

&:0/��FKURQLF�ZKLWH�PDWWHU�OHVLRQV��&16��FHQWUDO�QHUYRXV�V\VWHP�����\HV�����QR�
Į�*$/�$�DFWLYLW\�LV�PHDVXUHG�LQ�QPRO�PO�K��QRUPDO�YDOXHV�!���
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