Supplemental Methods

LysoTracker staining 
H4 cells were plated in 35 mm dishes (In vitro Scientific). Two days later, cells were treated with vehicle (ultrapure Milli-Q® water), bafilomycin A1 (50 nM), or trehalose (50 mM or 100 mM) in DMEM for 20 hours. After treatment, the media was removed and the cells were washed 3× with PBS. LysoTracker Red (Life Technologies) was dissolved in DMEM media to a final concentration of 50 nM and incubated with the cells for 15 min at 37°C. After incubation, the media was removed and the cells were washed 3× in PBS and fresh DMEM was added to the cells. LysoTracker staining was immediately imaged using an EVOS FL Cell Imaging System.

Cell viability 
H4 cells were plated at approximately 5.0 × 104 cells in a 12-well plate. Two days after plating, cells were treated with trehalose for the indicated times and concentrations in triplicate. After treatment, the cells were collected and transferred to a 1.5-mL microcentrifuge tube. A 1:1 aliquot of TC10 trypan blue dye (Bio-Rad) and cells were pipetted up and down 10 times and 10 µL of cells were applied to a TC10 counting slide (Bio-Rad) and counted on a TC10 automated Cell Counter (Bio-Rad). Counts were performed in duplicate and the % of viable cells (live/dead) was recorded. 

Autophagic flux assay 
H4 cells were plated at approximately 5.0 × 104 cells in a 12-well plate. Two days after plating, cells were treated with trehalose or vehicle for 20 hours followed by co-treatment with or without bafilomycin A1 (100 nM) for an additional 4 hours to block autophagic flux. The concentration of BafA1 used was found to be saturating for LC3-II formation in H4 cells in previous experiments (data not shown).



Supplemental Table
Table. S1 List of top compounds identified from the autophagy-lysosome library that increase GRN reporter activity. *, S.D. = standard deviation; **, Z-score = (compound normalized activity – average normalized activity)/population S.D.
	Compound
	Fold Change
	S.D.*
	Z-score**
	Target or Pathway
	Reference

	Torin 1
	2.18
	0.12
	6.63
	mTOR
	[1]

	Trehalose
	2.00
	0.03
	5.34
	Unknown; mTOR-independent
	[2]

	SAHA
	1.80
	0.62
	3.95
	HDAC; mTOR
	[3-5]

	Imiquimod
	1.72
	0.76
	3.38
	TLR7
	[6]

	STF-62247
	1.57
	0.40
	2.31
	Golgi?
	[7]

	PI-103
	1.50
	0.03
	1.84
	PI3K/mTOR
	[8]

	Capsaicin
	1.48
	0.28
	1.65
	TRPV1; Ca(2+); PI3K/AKT/mTOR
	[9-11]

	Curcumin
	1.46
	0.01
	1.54
	AKT/mTOR
	[12, 13]

	Deoxycholate·Na
	1.46
	0.19
	1.50
	Unknown
	[14]

	SB202190
	1.44
	0.04
	1.39
	p38 MAPK; mTOR
	[15]

	Trifluoperazine·2HCl
	1.43
	0.05
	1.32
	Calmodulin; mTOR
	[16, 17]

	Rapamycin
	1.40
	0.03
	1.12
	mTORC1
	[18, 19]
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Fig. S1 Validation of mTOR inhibitors on PGRN expression in cultured cells. a Dose-response of mTOR inhibitors in H4 neuroglioma cells. Cells were treated for 24 hours and whole cell lysates were analyzed for PGRN expression as well as autophagy induction (p62 and LC3-II). P-S6 and P-4EBP1 were used to monitor mTOR inhibition. Results are representative of two independent experiments.
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Fig. S2 Trehalose treatment increases autophagic flux without affecting lysosomal acidification or cell viability. a Immunoblot of cell lysates from H4 cells showing increased autophagic flux with trehalose treatment. b Quantification of autophagic flux data in a, (n = 3 independent experiments). **P < 0.01, ***P < 0.001, **** P < 0.0001 using one-way ANOVA followed by Tukey’s comparison post-hoc test. c LysoTracker red staining of live H4 cells after 24-hour treatment with vehicle (DMSO), bafilomycin A1 (50 nM), or trehalose (50 mM and 100 mM). Scale bar, 100 µM. Images are representative of two independent experiments. d Dose- and time-dependent cell viability after trehalose treatment in H4 cells using trypan-blue exclusion assay, (n = 3 independent experiments measured in duplicate). Statistical differences were calculated by one-way ANOVA followed by Dunnet’s comparison post-hoc test. No significant differences were found for individual treatment groups compared to untreated control. In all graphs, the bars represent the mean ± SEM.
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Fig. S3 Trehalose treatment increases PGRN expression in neuroblastoma cell lines in a dose- and time-dependent manner. a Immunoblot of cell lysates from human SH-SY5Y neuroblastoma cells treated with increasing concentrations of trehalose for 24 hours. b Immunoblot of cell lysates from human SH-SY5Y cells treated with 100 mM trehalose for increasing times. c Imunoblot of cell lysates from murine N2a neuroblastoma cells treated with increasing concentrations of trehalose for 24 hours. d GRN mRNA levels in SH-SY5Y cells after treatment with 100 mM trehalose for 18 hours. **P < 0.01 using unpaired two-tailed Student’s t-test. Results are representative of two independent experiments. In all graphs, the bars represent the mean ± SEM.
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Fig. S4 Characterization of iPSC-derived neurons from primary human fibroblast cultures. a iPSC-derived neurons from a GRN patient express PGRN (green) in cell bodies (arrow) and processes (arrowheads) and neuronal specific marker TUJ1 (magenta). Nuclei (blue) are stained with DAPI. Scale bar, 10 µm. b iPSC-derived neurons from a GRN patient treated with trehalose (100 mM) for 24 hours show intense LC3-labeled puncta (arrows), indicating autophagosome formation, compared to vehicle treated GRN neurons. MAP2 (magenta) was used as a neuronal marker. Nuclei (blue) were labeled with DAPI. Scale bar, 10 µm.
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[bookmark: _GoBack]Fig. S5 Oral trehalose treatment does not affect total water consumption, weight change, or plasma PGRN levels in Grn+/- mice. a Average daily water consumption in milliliters (ml) for mice in each treatment group. ****P < 0.0001. b Body weight in grams (g) over time for each treatment group. c Quantification of change in body weight (g) for each treatment group over the duration of the study. d Plasma PGRN levels as determined by Adipogen ELISA. In all graphs, the bars represent the mean ± SEM. Statistical differences of trehalose or sucrose groups relative to vehicle group were calculated by one-way ANOVA followed by Tukey’s comparison post-hoc test.
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