Deficiency of the frontotemporal dementia gene GRN results in gangliosidosis
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Supplementary Figure 1 | Global lipid analysis of mouse and human brains. a,
Quantification of phospholipids (PE, PC, PS), neutral lipids (DAG, TAG, SE), glycosphingolipids
(LCB, Cer, SM, HexCer, LacCer), and gangliosides (GM2, GM1, GD3, GD1) isolated from

brains of Grn ** (grey) (n=6), Grn "R*3X (blue) (n=5), and Grn R¥¥R4S3X (purple) (n=4).
Quantification of GluCer and GalCer isolated from brains of Grn

+/+

(grey, diagonal stripes)

(n=5), Grn *R*3X (blue, diagonal stripes) (n=4), and Grn R493¥R493X (purple, diagonal stripes)
(n=4). b, Quantification of gangliosides (GM1, GD1, GT1) isolated from kideneys of Grn **
(grey) (n=5), Grn "R43X (blue) (n=4), and Grn "¥¥R4E3X (pyrple) (n=5). ¢, Quantification of

phospholipids (PE, PC, PS, PI, PA, CL), neutral lipids (DAG, TAG, Chol, SE), glyco-
sphingolipids (Cer, HexCer, SM), and gangliosides (GM1, GD3, GD2, GD1, GT3, GT1) isolated




from the frontal and occipital lobes of control (pink) (n=3), FTD-TDP43-A (sporadic-non-GRN)
(green) (n=6), and FTD-TDP43-A(GRN) (blue) (n=11 frontal, n=12 occipital) human brains. Box
plots display mean * the minimum and maximum number in the data set. One-way ANOVA,
followed by multigroup comparison (Dunn’s) test, was performed. *p<0.05, **p<0.01, or
***n<0.001. PE, phosphatidylthanolamine; PC, phosphatidylcholine; PS, phosphatidylserine; Pl
= phosphatidylinositol; PA, phosphatidic acid; CL, cardiolipin; DAG, diacylglycerol; TAG,
triacylglycerol; Chol, cholesterol; SE, sterol-esters; Cer, ceramide; SM, sphingomyelin, HexCer,
hexosylceramide; LacCer, lactosylceramide.
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Supplementary Figure 2 | Loss of progranulin leads to GM2 accumulation in lysosomes.
a, Representative confocal images of fixed GRN** and GRN" + PGRN-addback HeLa cells
stained with anti-GRN antibody (green), anti-HA (lysosome) antibody (magenta) and Hoechst



(blue). Scale bar, 50 um. b, Quantification of glycosphingolipids (LCB, Cer, HexCer, LacCer)
isolated from GRN** (green) (n=7), GRN” (orange) (n=7), and GRN”" + PGRN-addback (blue)
(n=7) HelLa cell lines. ¢, Quantification of free cholesterol (FC) and cholesterol esters (CE)
isolated from GRN** (green) (n=7), GRN” (orange) (n=7), and GRN”" + PGRN-addback (blue)
(n=7), NPC17 (white) (n=3), and NPC2” (black) (n=3) HeLa cell lines.
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Supplementary Figure 3 | Quantitative TMT-proteomics, in vitro assays, and lysosomal
functional assays of HeLa cell and mouse brains show no strong perturbations upon
PGRN depletion. a, Heat-map representation of the relative abundance of lysosomal proteins



from HelLa whole-cell or lysosomes purified by Lyso-IP using the genotypes, GRN"*, GRN”, and
GRN' + PGRN-addback. b, Heat-map and volcano plot representation of the relative abundance
of lysosomal proteins and glycosphingolipid metabolic enzymes from mouse brains of the
following genotypes: Grn **, Grn ", Grn *", Grn *R*93X and Grn R*93¥R43X For the volcano plots,
log> fold-change (ratio of relative abundance) is on the x-axis and -log1o p-value on the y-axis. All
proteins (grey) and lysosomal proteins (black) quantified are shown. A corrected p-value<0.05
(Welch’s test, two-sided) was used to calculate significant differences between genotypes. c,
HEXA and GCase activities were assessed in Grn **, Grn *f*¥ and Grn R*3¥R493X mouse brain
lysates (left) and in the frontal and occipital lobes of control (pink), FTD-TDP43-A(sporadic-non-
GRN) (green), and FTD-TDP43-A(GRN) (blue) of human brain lysates as indicated using artificial
substrates (n=3 with three technical replicates each, +SD). One-way ANOVA, followed by
multigroup comparison (Dunn’s) test, was performed. *p<0.05, **p<0.01, or ***p<0.001. d and e,
Western blotting analysis of phosphorylation of MiT/TFE family proteins (as measured by gel-shift
assay of TFEB, TFE3), mTOR pathway activity (as measured by the phosphorylation of mMTOR
kinase and its substrates ULK1, p70S6K), and autophagic flux (as measured by lipidation of
MAP1LC3B, GABARAP and levels of autophagy receptors SQSTM1, CALCOCO?2) in Hela

whole-cell extracts (GRN**, GRN”", GRN” + PGRN-addback) and mouse brains (Grn™*, G,
Grn+/-, Grn+/R493X, GrnR493X/R493X).
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Supplementary Figure 4 | Loss of progranulin leads to reduced levels of BMP in cells,
mouse brains, and human brains. a, Quantification of PG and BMP levels and individual BMP
species from Grn ** (grey) (n = 9), Grn *f*¥ (blue) (n = 8), Grn R¥93¥R493X (purple) (n = 8), Grn **
(white) (n = 4), and Grn ** (orange) (n = 4) mouse brains. b, Quantification of PG and BMP levels
and individual BMP species from the occipital lobes of control (pink) (n = 3), FTD-TDP43-A
(sporadic-non-GRN) (green) (n = 6), and FTD-TDP43-A (GRN) (blue) (n = 12) human brains. Box
plots display mean + the minimum and maximum number in the data sets. One-way ANOVA,
followed by multigroup comparison (Dunn’s) test, was performed. *p<0.05, **p<0.01, or
***p<0.001. ¢, Representative immunofluorescent confocal image of fixed HelLa cell genotypes
stained with anti-GM2 antibody (magenta), anti-HA (lysosome) antibody (green) and Hoechst
(blue). Scale bar, 50 um. d, Bar graphs display number of GM2 puncta per cell. One-way ANOVA,
followed by multigroup comparison (Dunn’s) test, was performed. ***p<0.001. e, Pull-down
experiment of full-length PGRN using BMP-coated, LPA-coated, or control beads at pH 7.4 or pH
5.2 from GRN"*, GRN”, and GRN” + PGRN-addback cell lysates. Western blotting analysis
reveals binding of full-length endogenous and overexpressed PGRN to BMP-coated beads, in
particular at pH 5.2.



