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Supplemental Figure S1. CSF of MTX-treated mice is metabolically altered and presents 

markers of oxidative stress, Related to Figure 1.��A��2QH�ZD\�$129$�RI�PHWDEROLF�FKDQJHV�

LQ� PRXVH� &6)� LQ� UHVSRQVH� WR�07;� WUHDWPHQW�� 9HKLFOH�� DQG�07;�WUHDWHG� &6)� VDPSOHV� ZHUH�

FRPSDUHG�DW���K�����K�DQG����K�IROORZLQJ�07;�WUHDWPHQW��6LJQLILFDQWO\�FKDQJHG�PHWDEROLWHV�DUH�

LQGLFDWHG���B��/HYHOV�RI�DPLQR�DFLGV�DW�LQGLFDWHG�WLPH�SRLQWV� IROORZLQJ�07;�GHOLYHU\��16��QRW�

VLJQLILFDQW��'DWD�UHSUHVHQW�PHDQ���6(0� 
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Supplemental Figure S2. 4V ChP, like LV ChP, is vulnerable to MTX-mediated oxidative 

stress, Related to Figure 2. �A, B�� )ORZ� F\WRPHWU\� DQDO\VLV� RI� FHOOV� IURP� PRXVH� �9� &K3�

IROORZLQJ� LQFXEDWLRQ� ZLWK� �� ȝ0� IOXRUHVFHQW� 07;� DW� GHVLJQDWHG� WLPH� SRLQWV�� 5HSUHVHQWDWLYH�

KLVWRJUDP��A��DQG�PHDQ�IOXRUHVFHQFH�LQWHQVLW\��0),��RI�IOXRUHVFHQW�07;��B� DUH�VKRZQ��Qௗ ௗ��

SHU�JURXS��P����������2QH�ZD\�$129$�ZLWK�7XNH\
V�SRVW�KRF�WHVW��'DWD�UHSUHVHQW�PHDQ���

6(0���C, D� 0LWR7UDFNHU�'HHS�5HG�VWDLQLQJ�RI�PRXVH��9�&K3�IROORZLQJ�WUHDWPHQW�ZLWK�YHKLFOH�

RU����ȝ0�07;�IRU���K��5HVXOWV�ZHUH�DQDO\]HG�E\�IORZ�F\WRPHWU\��5HSUHVHQWDWLYH�KLVWRJUDP��C��

DQG�PHDQ�IOXRUHVFHQFH�LQWHQVLW\��0),��RI�WKH�0LWR7UDFNHU�'HHS�5HG�VLJQDO��D��DUH�VKRZQ��Qௗ ௗ��

SHU�JURXS��3����������8QSDLUHG�t�WHVW��'DWD�UHSUHVHQW�PHDQ���6(0���E, F��526�ZHUH�DVVHVVHG�

E\�&HOO52;�VWDLQLQJ�LQ�PRXVH��9�&K3�IROORZLQJ�LQFXEDWLRQ�ZLWK�YHKLFOH�RU����ȝ0�07;�IRU���K��

5HVXOWV�ZHUH�DQDO\]HG�E\�IORZ�F\WRPHWU\��5HSUHVHQWDWLYH�KLVWRJUDP��E��DQG�WKH�SHUFHQW�&HOO52;��

FHOOV��F��DUH�VKRZQ��Qௗ ௗ��SHU�JURXS��P����������8QSDLUHG�t�WHVW��'DWD�UHSUHVHQW�PHDQ���6(0��

�G��)ORZ�F\WRPHWU\�JDWLQJ�VWUDWHJLHV�WR�LGHQWLI\�&K3�IOXRUHVFHQW�07;�XSWDNH��1RQYLDEOH�FHOOV�

ZHUH�H[FOXGHG�EDVHG�RQ���DPLQR�DFWLQRP\FLQ�'���$$'��VWDLQLQJ��7KHVH�JDWLQJ�VWUDWHJLHV�ZHUH�

XVHG�LQ�PDLQ�Figure 2B��/9�&K3��DQG�Figure S2A���9�&K3���)6&�$��IRUZDUG�VFDWWHU�DUHD��66&�

$��VLGH�VFDWWHU� DUHD�� �H��)ORZ�F\WRPHWU\�JDWLQJ� VWUDWHJLHV� WR� LGHQWLI\�PLWRFKRQGULDO�PHPEUDQH�

SRWHQWLDO� IROORZLQJ�&K3�07;� WUHDWPHQW� XVLQJ�0LWR7UDFNHU�'HHS�5HG��7KHVH�JDWLQJ� VWUDWHJLHV�

ZHUH�XVHG�LQ�PDLQ�Figure 2D��/9�&K3��DQG�Figure S2C���9�&K3����I��)ORZ�F\WRPHWU\�JDWLQJ�

VWUDWHJLHV�WR�LGHQWLI\�526�SURGXFWLRQ�IROORZLQJ�&K3�07;�WUHDWPHQW�XVLQJ�&HOO52;��1RQYLDEOH�

FHOOV�ZHUH�H[FOXGHG�EDVHG�RQ��$$'�VWDLQLQJ��7KHVH�JDWLQJ�VWUDWHJLHV�ZHUH�XVHG�LQ�PDLQ�Figure 

2F��/9�&K3��DQG�Figure S2E���9�&K3����
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Supplemental Figure S3. ChP Sod3 expression, Related to Figure 3.�

�A��W�61(�RI�Sod3�H[SUHVVLRQ�LQ�(�����&K3�FHOO�W\SHV��'DQL�HW�DO���&HOO���������B��W�61(�VKRZLQJ�

Sod3�H[SUHVVLRQ�LQ�/9���9��DQG��9�&K3�DW�(������'DQL�HW�DO���&HOO���������
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Supplemental Figure S4. Metabolic effect of exogenous SOD3 expression in ChP following 

MTX treatment and preconditioning oxidative stress of the CSF by the AAV-GFP 

overexpression system, Related to Figure 4.��A��5HSUHVHQWDWLYH�/9�&K3�ZKROH�PRXQW�UHYHDOLQJ�

ORFDWLRQ�RI�VXVWDLQHG�*)3�H[SUHVVLRQ��UHVXOWLQJ�IURP�$$9�*)3�WUDQVGXFWLRQ��QHDU�IUHH�PDUJLQ�RI�

ODUJHU�GRPDLQ�DW���ZHHNV�DQG��B����PRQWKV���C��6FKHPDWLF�RI�/9�&K3�ZKROH�PRXQW�GHSLFWLQJ�

ORFDWLRQ�RI�PRVW�SURPLQHQW�DQG�ORQJ�ODVWLQJ�WUDQVGXFWLRQ�RI�&K3�HSLWKHOLDO�FHOOV�LQ�RXU�SDUDGLJP�

�VHH�DOVR�Figure 4B����D��K62'��H[SUHVVLRQ�PHDVXUHG�E\�T57�3&5�LQ�WKH�/9�&K3�DQG��9�&K3�

RI�PLFH�WUDQVGXFHG�ZLWK�$$9�K62'��DQG�WUHDWHG�ZLWK�HLWKHU�YHKLFOH�RU����PJ�NJ�07;�IRU����K��

Qௗ ௗ��SHU�JURXS��16��QRW�VLJQLILFDQW��8QSDLUHG�t�WHVW��'DWD�UHSUHVHQW�PHDQ���6(0���E��0HWDEROLWH�

SURILOLQJ�RI�&6)�VDPSOHV�IURP�PLFH�WUDQVGXFHG�ZLWK�$$9�*)3�RU�VKDP�FRQWUROV�DQG�WUHDWHG�ZLWK�

07;�DV�LQGLFDWHG��+HDWPDS�RI� WRS����FKDQJHG�PHWDEROLWHV�LQ� WKH�&6)� LV�VKRZQ��7KH�KHDWPDS�

UHSUHVHQWV� ORJ�WUDQVIRUPHG�� 3DUHWR�VFDOHG� OHYHOV� RI� HDFK� RI� WKH� OLVWHG� PHWDEROLWHV� LQ� WKH� IRXU�

FRQGLWLRQV���F��$V�LQ��(��EXW�3/6'$�ORDGLQJ�SORW�DQG�DVVRFLDWHG�IHDWXUHV�GULYLQJ�JURXS�VHSDUDWLRQ�

E\�LQGLFDWHG�FRPSRQHQWV�DUH�VKRZQ���G��5HODWLYH�OHYHOV�RI�O\VLQH��LVROHXFLQH��DQG�ODFWLF�DFLG�IRU�

LQGLFDWHG�FRQGLWLRQV�XSRQ�07;�WUHDWPHQW��16��QRW�VLJQLILFDQW� 'DWD�UHSUHVHQW�PHDQ���6(0��
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Supplemental Figure S5. Behavior analyses and evaluation of inflammation in MTX-treated 

mice, Related to Figure 5.��A-C��$$9�*)3�DQG�$$9�62'��WUHDWHG�PLFH�VKRZHG�QR�GLIIHUHQFHV�

LQ��$��JULS�VWUHQJWK��Q� ���>PDOH� ����IHPDOH� ��@�$$9�*)3��Q� ����>PDOH� ����IHPDOH� ��@�$$9�

K62'���16��QRW�VLJQLILFDQW��XQSDLUHG�t�WHVW��GDWD�UHSUHVHQW�PHDQ���6(0����B��ODWHQF\�WR�IDOO�RQ�WKH�

DFFHOHUDWLQJ�URWDURG��Q� ���>PDOH� ����IHPDOH� ��@�$$9�*)3��Q� ����>PDOH� ����IHPDOH� ��@�$$9�

K62'���16��QRW�VLJQLILFDQW��XQSDLUHG�t�WHVW��GDWD�UHSUHVHQW�PHDQ���6(0���RU��C��WLPH�H[SORULQJ�

GXULQJ�WKH�RSHQ�ILHOG�WHVW��Q� ���>PDOH� ����IHPDOH� ��@�*)3���YHKLFOH��Q� ���>PDOH� ����IHPDOH� �

�@�*)3���07;��Q� ����>PDOH� ����IHPDOH� ��@�62'����YHKLFOH��Q� ����>PDOH� ����IHPDOH� ��@�

62'����07;��16��QRW�VLJQLILFDQW��RQH�ZD\�$129$�ZLWK�7XNH\
V�SRVW�KRF�WHVW��GDWD�UHSUHVHQW�

PHDQ���6(0����D-E��1R�GLIIHUHQFHV�ZHUH�REVHUYHG�LQ�WKH�QRYHO�REMHFW�UHFRJQLWLRQ�WHVW�LQ�PLFH�

SURSK\ODFWLFDOO\�WUHDWHG�ZLWK�$$9�*)3�RU�$$9�62'��GXULQJ�WKH�WUDLQLQJ�SKDVH��D��RU�WHVWLQJ�

SKDVH��E���Q� ���>PDOH� ����IHPDOH� ��@�*)3���YHKLFOH��Q� ���>PDOH� ����IHPDOH� ��@�*)3���07;��

Q� ����>PDOH� ����IHPDOH� ��@�62'����YHKLFOH��Q� ����>PDOH� ����IHPDOH� ��@�62'����07;��P�

����������16��QRW�VLJQLILFDQW��WZR�ZD\�$129$�ZLWK�%RQIHUURQL
V�SRVW�KRF�WHVW��GDWD�UHSUHVHQW�

PHDQ���6(0����F��1R�GLIIHUHQFHV�ZHUH�REVHUYHG�LQ�WLPH�VSHQW�LQ�WKH�RSHQ�DUP�RI�WKH�HOHYDWHG�SOXV�

PD]H�LQ�PLFH�SURSK\ODFWLFDOO\�WUHDWHG�ZLWK�$$9�*)3�RU�$$9�62'��DQG�VXEVHTXHQWO\�H[SRVHG�

WR�07;��Q� ���>PDOH� ����IHPDOH� ��@�*)3���YHKLFOH��Q� ���>PDOH� ����IHPDOH� ��@�*)3���07;��

Q� ���>PDOH� ����IHPDOH� ��@�62'����YHKLFOH��Q� ���>PDOH� ����IHPDOH� ��@�62'����07;��16��QRW�

VLJQLILFDQW��RQH�ZD\�$129$�ZLWK�%RQIHUURQL
V�SRVW�KRF�WHVW��GDWD�UHSUHVHQW�PHDQ���6(0����G��

([SHULPHQWDO� RYHUYLHZ� IRU� HYDOXDWLQJ� &K3� LQIODPPDWLRQ� LQ� WKH� FKURQLF� 07;� SDUDGLJP�� �H��

5HSUHVHQWDWLYH�LPDJHV�RI�/9�&K3�IURP�Cx3cr1-GFP+/-�PLFH�VWDLQHG�ZLWK�DQWL�*)3��PDFURSKDJHV��

JUHHQ��DQG�&'����DFWLYDWHG�PDFURSKDJHV��UHG��DQWLERGLHV�DQG�FRXQWHUVWDLQHG�ZLWK�+RHFKVW��QXFOHL��

EOXH����I��4XDQWLILFDWLRQ�RI�PDFURSKDJHV�LGHQWLILHG�LQ��H��SHU�PP�&K3��VDOLQH� ����������������
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PDFURSKDJHV�SHU�PP�&K3��Q� ����07;� ����������������PDFURSKDJHV�SHU�PP�&K3��Q� ���SHU�

JURXS��16��QRW�VLJQLILFDQW� 8QSDLUHG�t�WHVW��'DWD�UHSUHVHQW�PHDQ���6(0��

�
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Supplemental Figure S6. Human cortical neurons respond to MTX, Related to Figure 6.��

�A��5HSUHVHQWDWLYH�LPDJH�RI�LQGXFHG�KXPDQ�FRUWLFDO�QHXURQ�FXOWXUHV���B��5HSUHVHQWDWLYH�&HOO52;�

VSRW�LQWHQVLW\�LPDJHV�RI�FXOWXUHV�SUHSDUHG�DV�LQ��$���WUHDWHG�ZLWK�07;�����P0��RU�YHKLFOH�IRU����

K��DQG�TXDQWLILHG�LQ�PDLQ�Figure 6A��6FDOH�EDU������ȝP��

�
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Table S2. Clinical information of disease-free controls, Related to STAR Methods. 

Case ID Diagnosis CSF collection Date 

N1 Headache 2011-09-13 

N2 Facial numbness 2011-05-17 

N3 Headache 2012-01-20 

N4 Headache 2013-02-07 

N5 Migraine 2015-03-24 

N6 Headache 2018-10-02 

N7 Pseudotumor cerebri 2018-10-19 

N8 Degenerative spine disease 2019-04-17 

N9 Progressive supranuclear palsy 2019-05-03 

N10 Dementia 2020-12-02 

N11 Bone cyst 2004-11-24 

N12 Attention deficit 2008-01-10 

 


