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Supplementary Tables:

Supplementary Table 1: Human induced pluripotent stem cell lines used in this study. PMID: PubMed ID.
HC-2b was used to generate MNs; microglia were derived from all other lines.

iPSC line abbreviation sex age mutation PMID

OX3-06 HC-1 male 49 - 29604226
SFC856-03-04 HC-2a female 78 - 28827786
SFC840-03-03 HC-2b female 67 - 26905200
SFC841-03-01 HC-3 male 36 - 27097283

C9-01-07 male C9orf72 (~970 G4C; repeats) 32330447

C9-02-02 female C9orf72 (~1000 G4C; repeats) 27097283

C9-04-12 male C9orf72 (>500 G4C; repeats) 32330447

59-2 AC9-2 female 58 isogenic control (2 G4C; repeats) 32504093

Supplementary Table 2: Primary antibodies used for immunofluorescent staining in this study.

target species dilution catalog number company
ChAT goat 1:100 abl44P Sigma-Aldrich
cleaved caspase 3 rabbit 1:400 96615 Cell Signaling
DPP4 rabbit 1:200 67138 (Clone: D6D8K) Cell Signaling
IBAI rabbit 1:500 019-19741 FUJIFILM Wako
IBAI goat 1:500 ab5076 Abcam
synaptophysin guineapig 1:500 101004 Synaptic Systems

60019-2-1g (Clone:

TDP-43 mouse 1:500 6HEEI2) Proteintech
TMEMI 19 rabbit 1:100 ab185337 Abcam
TUJI mouse 1:1000 801201 (Clone: TUJI) Biolegend
Supplementary Table 3: Primers used for RT-qPCR in this study.
Target gene Forward primer sequence Reverse primer sequence
C9orf72 (all) CCCACTTCATAGAGTGTGTGTTG TTCCATTCTCTCTGTGCCTTC
C9orf72 V1 (short) GAAATCACACAGTGTTCCTGAAGAA ATCTGCTTCATCCAGCTTTTATGA
C90rf72 V2+3 (long) CATGGCTCAGGATACGATCA GGAAGGCTTTCACTAGAGTGTCTC
CcXcLio GTGGCATTCAAGGAGTACCTC TGATGGCCTTCGATTCTGGATT
MMP9 GGGACGCAGACATCGTCATC TCGTCATCGTCGAAATGGGC
P2RY[2 AAGAGCACTCAAGACTTTAC GGGTTTGAATGTATCCAGTAAG
TBP GAGAGTTCTGGGATTGTACCG ATCCTCATGATTACCGCAGC



TMEMI 19 AGTCCTGTACGCCAAGGAAC GCAGCAACAGAAGGATGAGG

Supplementary Table 4: Primary antibodies used for Western blot in this study.

target species dilution catalog number company
b-actin mouse 1:5000 AM4302 f(sl)lone: AC- ThermoFisher
GTX634482 (Clone:
C9orf72 mouse 1:500 GTI553) GeneTex
. GTX632041 ((Clone:
C9orf72 mouse 1:1000 GT779) GeneTex
ChAT goat 1:1000 ab144P Sigma-Aldrich
GAPDH mouse 1:1000 Nb300221 (Clone: 1D4) Novus Biologicals
IBAI rabbit 1:1000 019-19741 FUJIFILM Wako
MMP9 rabbit 1:1000 ab76003 (Clone: Abcam

EP1254)

Supplementary Table 5: Cytokine release into the culture supernatant measured using the Proteome Profiler
Human XL Cytokine Array Kit on pooled supernatant samples from unstimulated and LPS-treated (100 ng/mL,
48 h) C9orf72-2 (C9-2) and isogenic control (IC) microglia in monoculture (pMGL) (pooled samples from n=1
line per condition with n=3 differentiations each). Data represent the mean of two technical replicates per
condition. Values correspond to the signal intensity value expressed as arbitrary units. Chemokines/cytokines of
particular interest and plotted in Supp. Fig. 5 are highlighted in bold.

released factor IC -LPS IC +LPS C9-2 -LPS C9-2 +LPS
Adiponectin 750.7241 467.6934 270.3868 563.1321
Apolipoprotein A-| 4561.724 3674.443 2447.887 3074.632
Angiogenin 5934.224 5141.193 2150.887 3614.132
Angiopoietin-| 407.7241 575.6934 245.3868 331.1321
Angiopoietin-2 1576.724 1919.693 827.3868 1881.132
BAFF 859.2241 861.6934 287.3868 786.1321
BDNF 7607.724 5765.193 3975.387 8191.132
C5/C5a 461.2241 651.6934 150.3868 1085.632
CDI4 3619.224 3824.443 2428.387 3882.132
CD30 157.7241 356.1934 68.38679 61.63208
CDA40 ligand 569.2241 569.4434 0 459.6321
Chitinase 3-like | 23569.22 17324.19 15554.14 18127.63
Complement Factor D 2150.224 1786.193 438.8868 1342.382
C-Reactive Protein 869.7241 981.6934 334.3868 1240.132
Cripto-| 166.7241 457.1934 240.3868 360.1321
Cystatin C 875.7241 450.1934 197.3868 563.1321
Dkk-1 7836.224 5875.693 4757.887 3987.132
DPPIV 11540.22 12829.69 9391.887 18334.13
EGF 293.2241 408.1934 0 0
Emmprin 1326.224 1263.693 828.8868 1671.132
ENA-78 19426.22 18231.69 7041.387 19742.63
Endoglin 1980.724 1521.193 1011.387 1359.632
Fas Ligand 456.7241 635.6934 303.8868 476.1321
FGF basic 553.2241 841.6934 266.8868 1168.632
FGF-7 200.2241 370.6934 18.88679 398.6321
FGF-19 3574.724 3664.693 1641.887 3876.132
Flt-3 Ligand 554.224| 516.6934 258.3868 213.1321
G-CSF 601.7241 1667.693 146.3868 950.6321
GDF-15 733.2241 864.1934 3364.887 4368.632
GM-CSF 725.2241 1503.693 350.8868 1212.132
GRO«a 9068.474 8211.693 5615.887 10101.13
Growth Hormone 165.2241 116.1934 0 6.632075
HGF 1022.224 1235.693 487.3868 1213.632
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Supplementary Figures and Figure Legends:
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Supp. Fig. 1: Complementary assessment of microglial marker expression and cell
morphology in C9orf72 mutant microglia. a) Exemplar images of healthy control (HC),
isogenic (IC), and C9orf72 mutant (C9) microglia in monoculture (pMGL) showing branched
microglial morphology and expression of the microglial markers IBA1 and TMEM119. Scale
bars: 25 um. b/¢) Quantification of the percentage of cells expressing the microglial markers
IBA1 (b) and TMEM119 (¢) after differentiation of microglia from each line used in this study
(n=3 differentiations per line). d) Left: Exemplar Western blot against the microglial marker
IBA1 in unstimulated and LPS-treated (100 ng/mL, 48 h) HC, IC, and C9 pMGL. Right:
Quantification showing equal IBA1 expression in the C9-HC pMGL (n=3 lines per condition,
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n=3 differentiations each) and IC-C9-2 pMGL comparisons (n=1 line per condition, n=3
differentiations each) normalized to the housekeeping gene b-actin. e/f) RT-qPCR for P2RY12
and TMEMI119 expression in unstimulated and LPS-treated pMGL normalized to the
housekeeping gene TBP shows reduced P2RY12 expression in C9 pMGL versus controls, while
TMEM119 expression is equal (n=3 lines per condition in the C9-HC pMGL comparison; n=1
line per condition in IC-C9-2 pMGL comparison; n=3 differentiations per line). g) Exemplar
images showing phagocytic uptake of pHrodo zymosan particles in HC microglia, which is
abolished by Cytochalasin D (phagocytosis blocker) and Bafilomycin Al (blocker of
lysosomal degradation). Scale bars: 50 um. h) Quantification showing phagocytic uptake of
pHrodo zymosan particles in microglia differentiated from all lines in this study. 48h pre-
treatment with LPS significantly increases phagocytic uptake (n=7 lines per condition, n=1
differentiation per line). i) Left: Exemplar images of unstimulated and LPS-treated HC, IC, and
C9 pMGL. Right: Quantification of different cell morphology parameters using 3DMorph
shows no differences between C9 and HC pMGL (n=3 lines per condition, n=3 differentiations
each). In the IC-C9-2 pMGL comparison, cell volume and average branch length are
significantly reduced in LPS-stimulated C9-2 pMGL (n=1 line per condition, n=3
differentiations each). Datapoints are single cells. Scale bars: 25 um. Single data points and
means + SEM. Two-tailed paired t-test (h). One-way ANOVA with Tukey’s post-hoc test (b-
f, i). Source data are provided as a Source Data file.
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Supp. Fig. 2: Complementary assessment of C90rf72 variants and pathological hallmarks
associated with the HRE in C9rf72 in C90rf72 mutant iPSC microglia. a) Quantification
of relative cell viability using an MTS assay showing no significant difference between
C9orf72 mutant (C9) and healthy control (HC) microglia in monoculture (pMGL) (n=2 lines
per condition, n=4 differentiations each). b) RT-qPCR for variant 1 (v1, encoding the short
isoform) and variants 2/3 (v2-3, encoding the long isoform) of C90rf72 in unstimulated and
LPS-stimulated pMGL normalized to the housekeeping gene 7BP. Both are significantly
upregulated after LPS treatment, but there is no significant difference between C9 and HC
pMGL (n=3 lines per condition, n=1 differentiation per line). d) Analysis of Poly(GA)
expression in pMGL after 48 h and 6 d of LPS treatment (100 ng/mL) by MSD ELISA shows
no changes in response to treatment (n=3 lines per condition n=1-2 differentiations per line).
e) Quantification of the number of RNA foci per foci-positive cell showing no significant
difference between sense and anti-sense foci (n=3 line per condition, n=1 differentiation each).
f) Left: Exemplar images showing TDP-43 distribution in unstimulated and LPS-stimulated
HC and C9 pMGL. Right: Quantification showing no difference in the cytoplasmic/nuclear
TDP-43 ratio comparing HC and C9 pMGL. Data points are individual cells from n=3
differentiations for n=3 lines per condition. Scale bars: 20 pm. Single data points and means +
SEM. Two-tailed unpaired t-test (a/e/f). One-way ANOVA with Tukey’s post-hoc test (b-d).
Source data are provided as a Source Data file.
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Supp. Fig. 3: Complementary analysis of RNA sequencing of C9orf72 mutant iPSC
microglia. a) Box plots of normalized counts from RNA seq analysis confirming the
expression of the microglial markers TMEM119, P2RY12, TREM?2, MERTK, C1QA, PROSI,
GAS6, and GPR34 in unstimulated and LPS-treated (100 ng/mL, 48 h) healthy control (HC)
and C9orf72 mutant (C9) microglia in monoculture (pMGL) (n=3 lines per condition). b) PCA
plot based on the top 500 most variable genes with biggest variance in unstimulated versus
LPS-treated pMGL (n=3 lines per condition and genotype, n=3 differentiations each). ¢) Bar
plot confirming enrichment of immune cell activation pathways in LPS-treated pMGL. x-axis
showing normalized enrichment score (NES) based on gene set enrichment analysis (GSEA)
using the whole transcriptome ranked by logofc (n=3 lines per condition and genotype, n=3
differentiations each). The Benjamini-Hochberg corrected p-values for pathway enrichment for
each term is indicated by the color of the bars. d) Venn diagrams showing overlap of



downregulated and upregulated DEGs in unstimulated and LPS-primed C9 versus HC pMGL
(n=3 lines per condition). e) Scatter plot showing log>fc in unstimulated and LPS-primed C9
versus HC pMGL (n=3 lines per condition, positive = enriched in C9 pMGL). DEGs are
highlighted in different colors — red: DEGs overlapping between unstimulated and LPS-
stimulated C9 pMGL compared with HC pMGL ; blue: DEGs downregulated in unstimulated
C9 pMGL; green: DEGs upregulated in unstimulated C9 pMGL; orange: DEGs downregulated
in LPS-stimulated C9 pMGL; violet: DEGs upregulated in LPS-stimulated C9 pMGL. f/g)
Volcano plot showing DEGs in unstimulated (f) and LPS-stimulated (g) C9 pMGL vs HC (n=3
lines per condition).
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Supp. Fig. 4: Complementary analysis of RNA sequencing of C9orf72 mutant iPSC
microglia. a/b) Bar plots showing top 10 significantly different GO biological process (a) and
cellular component (b) terms for unstimulated C9 pMGL (n=3 lines per condition) versus HC
pMGL based on gene set enrichment analysis (GSEA) using the whole transcriptome ranked
by log>fc. x-axis showing normalized enrichment score (NES). The Benjamini-Hochberg
corrected p-values for pathway enrichment for each term is indicated by the color of the bars.
c¢/d) Bar plots showing top 10 significantly different GO molecular function (¢) and top 25
cellular component (d) terms for LPS-stimulated C9 pMGL (n=3 lines per condition) versus
HC pMGL based on gene set enrichment analysis (GSEA) using the whole transcriptome
ranked by logofc. x-axis showing normalized enrichment score (NES). The Benjamini-
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Hochberg corrected p-values for pathway enrichment for each term is indicated by the color of
the bars. e/f) Volcano plot showing DEGs in unstimulated (e) and LPS-stimulated (f) C9 vs
HC pMGL with n=3 different differentiations for each line (n=3) used as different datapoints.
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Supp. Fig. 5: Complementary analysis of the cytokine expression and supernatant profile
in C90rf72 mutant iPSC microglia. a) Relative fold change in supernatant content for MMP9,
CXCL10, and GDF-15 using a Cytokine Array on unstimulated and LPS-treated (100 ng/mL,
48 h) C9orf72-2 mutant (C9-2) and isogenic (IC) microglia in monoculture (pMGL) (pooled
from n=3 differentiations each). Full list of chemokines/cytokines provided in Supplementary
Table 5. b) Box plots of normalized counts from RNA seq analysis for MMP9, CXCL10, and
GDF-15 (n=3 lines per condition). ¢) RT-qPCR for CXCLI0 normalized to TBP as
housekeeping gene (n=3 lines per condition for C9-healthy control (HC) pMGL and n=1 line
per condition for IC-C9-2 pMGL comparison, n=3 differentiations each). d) ELISA for
CXCL10 release into the culture supernatant (n=3 lines per condition for C9-HC pMGL and
n=1 line per condition for IC-C9-2 pMGL comparison, n=3 differentiations each). e) ELISA
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quantification showing no MMP9 release from C9 MNs (n=3 lines, n=1 differentiation each).
f) ELISA quantification of MMP9 in supernatants after 48h-stimulation with TNF (50 ng/mL)
and IL1B (20 ng/mL) (n=3 lines per condition, n=3-5 differentiations each for C9-HC
comparison; n=1 line per condition, n=5 differentiations each for IC-C9-2 pMGL comparison).
g) Left: Exemplar Western blot against pro- and active MMP9 normalized to the housekeeping
gene b-actin after 48h-stimulation with TNF/IL1B. Right: Quantification showing significantly
increased active MMP9 in C9 vs HC pMGL (n=3 lines per condition for C9-HC comparison,
n=1 line for the IC-C9-2 comparison, n=4 differentiations each). h) Relative fold change for
selected targets using a Protease Array on pMGL supernatant samples (pooled from n=3 lines
per condition with n=2-3 differentiations each). i) Box plots of normalized counts from pMGL
RNA-seq analysis for CTSL, MMP1, MMP2, MMP7, and MMPS8 (n=3 lines per condition). j)
Relative fold change for selected targets using a Protease Inhibitor Array on pMGL supernatant
samples (pooled from n=3 lines per condition with n=2-3 differentiations each). k) Box plots
of normalized counts from pMGL RNA-seq analysis for AGT (Serpin A8), SERPINE1, TIMP]I,
and (n=3 lines per condition). Single data points and means = SEM or box plots. One-way
ANOVA with Tukey’s post-hoc test (¢/d). Two-tailed unpaired t-test (f/g). Source data are
provided as a Source Data file.
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Supp. Fig. 6: Complementary analysis of unstimulated co-cultures of C9orf72 mutant and
healthy iPSC microglia and healthy iPSC motor neurons. a/b) Quantification shows equal
numbers of unstimulated healthy control (HC), isogenic control (IC), and C9orf72 mutant (C9)
microglia (MG, a) in co-culture with healthy motor neurons (MNs, b) (n=3 microglial lines
(C9-HC comparison) and n=1 line (IC-C9-2 comparison), n=3 differentiations each). ¢) Left:
exemplar images showing expression of the MN marker ChAT in MNs in co-culture with HC
and C9 MG. Right: Quantification showing equal ChAT expression in MNs in co-culture with
HC and C9 MG (n=3 microglial lines, n=1-2 differentiations). Scale bars: 25 pm. d) Exemplar
Western blot against IBA1, ChAT, and MMP9 in co-cultures of HC MNs with unstimulated
HC, IC, and C9 microglia. e) Quantification of Western blot (in d) normalized to the
housekeeping gene b-actin shows equal expression of the microglia marker IBA1 and the MN
marker ChAT in co-cultures with unstimulated C9 and control MG (n=3 microglial lines for
C9 and HC MG and n=1 microglial line for IC-C9-2 comparison, n=3 differentiations each). f)
Quantification of microglial morphology using 3DMorph shows similar ramification index and
number of branch points in C9 and control MG in co-culture with healthy MNs (n=3 microglial
lines (C9-HC comparison) and n=1 microglial line (IC-C9-2 comparison), n=3
differentiations). g) Quantification of Western blot (in d) normalized to the housekeeping gene
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b-actin shows significantly increased pro-MMP9 in the C9-HC comparison and a numeric
increase in the IC-C9-2 comparison, while active MMP9 levels are unchanged (n=3 microglial
lines for C9 and HC MG and n=1 microglial line for C9-2-1C comparison, n=3 differentiations
each). Single data points and means + SEM. Two-tailed unpaired t-test (a-c, e-g). Source data
are provided as a Source Data file.
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Supp. Fig. 7: Complementary analysis of unstimulated co-cultures of C9orf72 mutant and
healthy iPSC microglia and healthy iPSC motor neurons. a) Left: Exemplar potassium and
sodium currents in healthy control (HC) motor neurons (MNs) in co-culture with C9orf72
mutant (C9) and HC microglia (MG) using patch clamping. Right: Quantification shows no
difference between HC MNs in co-culture with C9 and HC MG (co-cultures with n=3
microglial lines per condition with n=1 differentiations per line). b) Left: Exemplar induced
action potentials (APs) in HC MNs in co-culture with C9 and HC MG using patch clamping.
Right: Quantification of different AP parameters shows a trend to increased excitability but no
statistical difference between HC MNs in co-culture with C9 and HC MG (single cells from
co-cultures with n=3 microglial lines per condition with n=1 differentiations per line). c)
Quantification of neurofilament light chain (NfL) release into the culture supernatant by MSD
ELISA shows no difference between co-cultures with C9 and HC MG (co-cultures with n=3
microglial lines with n=2 differentiations each). d) Quantification of the area of synaptophysin
particles shows no difference between co-cultures with C9 and control MG (n=3 microglial
lines (C9-HC comparison) and n=1 microglial line (IC-C9-2 comparison), n=3 differentiations
each). e) ELISA quantification shows no statistical difference in DPP4 content in culture
supernatants from unstimulated and LPS-treated (100 ng/mL, 48 h) HC, IC, and C9 microglia
in monoculture (pMGL) (n=3 lines per condition for C9-HC pMGL and n=1 line per condition
for IC-C9-2 pMGL comparison, n=4-5 differentiations each). f) ELISA quantification shows
DPP4 is barely released from C9 MNs in monoculture (n=3 lines, n=1 differentiation each). g)
Exemplar immunofluorescent staining showing DPP4 expression co-localizes with IBA1-
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positive cells, suggesting DPP4 is released by microglia in co-culture. Scale bars: 25 pm. Single
data points and means = SEM. Two-way ANOVA with Sidak’s post-hoc test (a). Two-tailed
unpaired t-test (b-d). One-way ANOVA with Tukey’s post-hoc test (e). Source data are
provided as a Source Data file.
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Supp. Fig. 8: Complementary analysis of LPS-stimulated co-cultures of C90orf72 mutant
and healthy iPSC microglia with healthy iPSC motor neurons. a/b) Quantification showing
equal numbers of healthy control (HC), isogenic control (IC), and C9orf72 mutant (C9)
microglia (MG, a) in LPS-treated co-cultures with HC motor neurons (MNs, b) (co-cultures
with n=3 microglial lines (C9-HC comparison) with n=3-4 differentiations each; n=1
microglial line (IC-C9-2 comparison) with n=5 differentiations each). ¢/d) Quantification of
Western blot shown in Fig. 5S¢ normalized to the housekeeping gene b-actin shows equal
expression of the microglia marker IBA1 in LPS-treated co-cultures with C9 and control MG.
The MN marker ChAT shows a mild but significant decrease in co-cultures with C9 compared
with HC but not IC MG (co-cultures with n=2-3 microglial lines for C9 and HC MG and n=1
line for IC-C9-2 comparison, n=1-3 differentiations each). e) Left: exemplar images showing
expression of the MN marker ChAT in MNs in LPS-treated co-cultures with HC and C9 MG.
Right: Quantification showing equal ChAT expression in MNs in co-culture with HC and C9
MG (co-cultures with n=3 microglial lines, n=1 differentiation). Scale bars: 25 ym. f) MTS
assay showing reduced MN viability in LPS-treated transwell co-cultures with C9 MG
compared with HC MG (co-cultures with n=2 microglial lines, n=3 differentiations). Single
data points and means + SEM. One-way ANOVA with Tukey’s post-hoc test (a/b) and two-
tailed unpaired t-test (¢-f). Source data are provided as a Source Data file.
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Supp. Fig. 9: Complementary analysis of LPS-stimulated co-cultures of C90orf72 mutant
iPSC microglia with healthy iPSC motor neurons. a) Multi-electrode array analysis of
healthy MNs in LPS-treated co-cultures with healthy control (HC), isogenic control (IC), and
C9orf72 mutant (C9) microglia (MG) shows no differences in the mean firing rate (n=3 wells
per differentiation for co-cultures with n=3 microglial lines (C9-HC comparison) and n=1
microglial line (IC-C9-2 comparison), n=2 differentiations each). b) Top: exemplar images of
synaptophysin (sy-physin) staining in LPS-treated co-cultures with HC, IC, and C9 MG.
Bottom: Quantification of the area and number of synaptophysin particles showing no
difference between co-cultures with C9 and control MG (co-cultures with n=3 microglial lines
(C9-HC comparison) and n=1 microglial line (IC-C9-2 comparison), n=2-3 differentiations
each). Scale bars: 25 pm. ¢) Quantification of neurofilament light chain (NfL) release into the
culture supernatant by MSD ELISA showing no difference between co-cultures with C9 and
control MG (co-cultures with n=2 microglial lines (C9-HC comparison) and n=1 microglial
line (IC-C9-2 comparison), n=2-5 differentiations each). d) Left: exemplar images of TUJ1-
positive neurites in LPS-treated co-cultures with HC, IC, and C9 MG. Right: Quantification of
neurite outgrowth showing no difference between co-cultures with C9 and control MG (co-
cultures with n=3 microglial lines (C9-HC comparison) and n=1 microglial line (IC-C9-2
comparison), n=2-3 differentiations). Scale bars: 25 um. e¢) MTS assay showing reduced
viability of HC MNs after treatment with recombinant human MMP9 (thMMP9, 30 ng/mL),
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which is rescued by concomitant treatment with MMP9 inhibitor I (MMP9i, 3 uM) (n=3 lines,
n=4 differentiations each). f) Same images as in Fig. 6¢ additionally showing the IBA1 staining
in co-cultures of HC MNs with HC and C9 MG after pro-longed LPS treatment. Scale bars:
100 pm. Single data points and means + SEM. Two-way ANOVA with Tukey’s post-hoc test
(a), two-tailed unpaired t-test (b-d), and one-way ANOVA with Tukey’s post-hoc test (e).
Source data are provided as a Source Data file.
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