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Supplemental Figure 1. Upregulation of Gal3 in patients of tauopathy, related to
Figure 1. (A) Immunofluorescence staining of Gal3 (green), AT8 (gray) and microglia
(Ibal, red) in the cortexes of frontotemporal lobar dementia (FTLD) patients, Alzheimer’s
disease (AD) patients and controls (Con), n = 4 for Con and AD, n = 6 for FTLD. For the
sake of simplicity, only a portion of microglia with Gal3 expression are marked with
orange arrows, and a portion of AT8 signals are marked with blue arrows. (B) Immunoblot
detection of Gal3 in the hippocampus of FTLD patients, AD patients and controls, n = 4
for Con and AD, n = 6 for FTLD. Data were analyzed with two-tailed unpaired t test, and
violin plots show medians with 25th and 75th percentiles, **P < 0.01, ***P < 0.001. Scale
bar, 10 um.



Supplemental Figure 2. Expression of microglial markers on human iMGL, related to Figure 1.
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Supplemental Figure 2. Expression of microglial markers on human iMGL, related to
Figure 1. Immunofluorescence staining and quantification of 3 independent lines of iIMGL
(c-iPBMC-3, icFB50 and c-iPBMC-C1) that express microglial markers after 44 days of
differentiation (Ibal, CD11b, TMEM119, CD45, TREM2 and P2RY12). Scale bar, 10 um.



Supplemental Figure 3. Characterization of tau and hyperphosphorylated tau, related to Figure 1.
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Supplemental Figure 3. Characterization
of recombinant tau and recombinant
hyperphosphorylated tau  produced
through expression of tau (pMK1013-
tau(1N4R)) and co-expression of tau with
GSK3p (pMK1013-GSK-tau(1N4R)) in
Escherichia coli, related to Figure 1. (A)
Detection of the size of recombinant tau and
pTau by using TOOL Start Blue Staining
Reagent. (B-C) Immunoblot detection of
recombinant tau (Tau5), which recognizes
total tau protein, and of phosphorylated tau
using ATS, which recognizes
phosphorylated tau (pTau) at Ser202 and
Thr205. (D) Detection of potential
endotoxins that might be present in purified
recombinant Tau and pTau by using the Pro-
Q ® Emerald 300 Lipopolysaccharide Gel
Stain Kit. LPS (3-100 ng) was included as
positive control for endotoxin detection.
The orange box indicates the area of interest
in the gel that contains endotoxin staining.
No endotoxins were detected in the
recombinant Tau and pTau proteins tested.



Supplemental Figure 4. RNA-seq analysis of iMGL with pTau treatment and Gal3 inhibition, related to
Figure 2.
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Supplemental Figure 4. RNA-seq analysis of iMGL with pTau treatment and Gal3
inhibition, related to Figure 2. (A) Comparison of the canonical pathways of upregulated
DEGs in IMGL treated with pTau for 6 hours that matched online AD datasets. (B) IPA
prediction of upstream transcriptional regulators of upregulated DEGs in iMGL treated with
pTau that matched online AD datasets. (C) GO analysis of downregulated DEGs in iMGL
cells treated with pTau. (D-E) Kyoto Encyclopedia of Genes and Genomes (KEGG)
analysis of the pathway enrichment of upregulated and downregulated DEGs in pTau vs.
Con IMGL. (F) KEGG analysis of the pathway enrichment of downregulated DEGs in pTau
plus TD139 vs. pTau iIMGL. (G) Venn diagrams show the numbers of normalized genes in
each group. (H) Venn diagrams show the comparison of DEGs in pTau vs Con and in DAM
genes. (1) Venn diagrams show the comparison of DEGs in pTau vs Con and in MGnD
genes. (J-K) gPCR analysis of APOE and TREM2 in each iMGL group, n = 3 iMGL lines.
Data were analyzed with two-way ANOVA, and violin plots show medians with 25th and
75th percentiles, *P < 0.05, ****P < 0.0001. (L) Volcano plots show the DEGs identified in
the TD139 vs. Con. Red and blue dots indicate upregulated and downregulated DEGs,
respectively. Cutoff of significance, |Log2 FC| > 0.55 and P < 0.05. (M) Principal
component analysis of IMGL RNA-seq.



Supplemental Figure 5. Gal3-associated microglial-early responsive (Gal3-ER) genes, related to Figure 2.
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Supplemental Figure 5. Gal3-associated microglial-early responsive (Gal3-ER) genes,
related to Figure 2. Heatmap shows the comparison of 758 Gal3-ER genes (i.e., DEGs

identified between pTau+TD139 vs. pTau iIMGL) to those identified between pTau vs. Con
iIMGL.



Supplemental Figure 6. Effects of Gal3 inhibition by TD139 at different timepoints, related to Figure 2.
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Supplemental Figure 6. Effects of Gal3 inhibition by TD139 at different timepoints,
related to Figure 2. (A-B) gPCR analysis of AQP9, MMP1, MMP13, TNFSF15,
ADGRE1, SLC1A3, CCL8 and TNFSF11B in the iMGL from the indicated treatment
groups at 6, 24, 48 and 72 hours. The expression level of TNFSF11B is below detection
sensitivity at 72 hours. Data were analyzed with two-way ANOVA, and violin plots show
medians with 25th and 75th percentiles, *P < 0.05, **P < 0.01, ***P < 0.001 ****P <
0.0001.



Supplemental Figure 7. Microglia and Gal3 increase the amount misfolded tau in SY5Y-tau cells, related to

Figure 3.
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Supplemental Figure 7. Microglia and Gal3 increase the amount misfolded tau in
SY5Y-tau cells, related to Figure 2. Immunofluorescence staining of MAPT (A) and BIII-
tubulin (B) in SY5Y-tau cells, GFP representing the endogenous signal without staining.
(C-D), Immunoblot analysis and quantification of pGSK-3B-Y216 in SY5Y-tau cells
treated with iMCM collected from each group, n = 6. (E-F) Immunoblot analysis and
quantification of MC1 in SY5Y-tau cells treated with fresh iMGL medium with or without
pTau and TD139 but without iMGL, n = 6. (G-H) Immunoblot analysis and quantification
of pGSK-3B-Y216 following coincubation with pTau iMCM and anti-Gal3 neutralizing
antibody, n = 6. (I-J) Immunofluorescence staining of MC1 (gray, recolored to green) and
labeling of A®565rGal3 (red) in SY5Y-tau cells, n = 3, 3-4 fields per coverslip. (K)
Orthogonal view of the data in J to illustrate the colocalization of MC1 with At°565rGal3.
(L) Inclusion of GFP signals (green, recolor to gray) to highlight the cells. Scale bar, 10
um. Data in D, F, H were analyzed by two-way ANOVA with Tukey’s test, | was analyzed
with the two-tailed unpaired t test and violin plots show medians with 25th and 75th
percentiles, *P < 0.05, **P < 0.01, ****P < 0.0001.



Supplemental Figure 8. Analysis of EVs produced by microglia in the presence of pTau and Gal3 inhibition,
related to Figure 3.
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Supplemental Figure 8. Analysis of EVs produced by microglia in the presence of
pTau and Gal3 inhibition, related to Figure 3. (A-C) Immunoblot analysis and
quantification of Alix and Tsgl101 in EVs, n = 6, 3 IMGL lines from 2 independent
differentiations. (D-F) Immunoblot analysis and quantification of MC1 and Gal3 in EVs
with or without Proteinase K treatments, n = 3 iMGL lines. (G-H) Immunoblot analysis
and quantification of the levels of Gal3 in the secreted/Non-EV form and in the EV form,
n= 3 IMGL lines. Data in B-F were analyzed by two-way ANOVA with Tukey’s test, H
were analyzed by two-way ANOVA with Newman-Keuls’s test, and violin plots show
medians with 25th and 75th percentiles, and dot plots show mean with standard error of
mean (SEM), *P < 0.05, **P < 0.01, ****P < 0.0001.
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Supplemental Figure 9. Aggregation assays of pTau with ThS in the presence of various compounds, related
to Figure 3.
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Supplemental Figure 9. Aggregation assays of pTau with ThS in the presence of
various compounds, related to Figure 3. (A) pTau aggregation assay conducted with
different forms of Gal3, including the C-terminus (CRD), N-terminus (NTD) and a mutant
form with the replacement of aromatic residues (WY/G), from tryptophans and tyrosines
to glycines, resulting in the loss of LLPS activity. Quantification of A in (B) endpoint and
(C) lag phase of pTau. (D-F) pTau aggregation assay conducted using lactose (Lac) that
binds to Gal3, and sucrose (Suc) as a non-binding control. Quantification of D in (E)
endpoint and (F) lag phase of pTau. Data were analyzed by one-way ANOVA with Tukey’s
test and presented as mean with SEM, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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Supplemental Figure 10. Detection of endogenous Gal3 in the microglia near to AT100-positive
neurons and labeling of rGal3 in the hippocampus of Tau22 mice and, related to Figure 4.
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Supplemental Figure 10. Detection of endogenous Gal3 in the microglia near to
AT100-positive neurons and labeling of rGal3 in the hippocampus of Tau22 mice,
related to Figure 4. (A) Immunohistochemical staining of microglia and Gal3 close to the
CA1 region with aggregated tau (AT100) in Tau22 mice and the corresponding brain
region in WT mice. (B) Immunohistochemical staining of microglia and MCL1 and labeling
of rGal3 in Tau22 and WT mice, n = 6 mice, 3 fields per animal. Scale bar, 10 um. Data
were analyzed with the two-tailed unpaired t test. Violin plots show medians with 25th and
75th percentiles, ***P < 0.001.



Supplemental Figure 11. Quality control metrics of SCRNA-seq data, cell proportion and pseudotime

of microglia, related to Figure 4.
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Supplemental Figure 11. Quality control metrics of sScRNA-seq data, cell proportions
and pseudotime of microglia, related to Figure 4. (A) Violin plots show the UMI counts
for Tau22 and WT samples. (B) Violin plots show the total number of genes for each
sample. (C) Violin plots show the percentage of mitochondrial genes per cell for each
sample. (D) Scatter plot showing the correlation between the total number of genes and the
total number of UMI counts, with a Pearson correlation of 0.95. (E) Scatterplot showing
principal component analysis (PCA) PC1 and PC2. (F) Elbow plot showing the standard
deviation of the first 30 principal components obtained from PCA. Principle components 1
to 30 were used as the input for subsequent UMAP analysis. (G) Percentage of microglial
cell proportion difference in Tau22 and WT mice. (H) Pseudotime trajectory analysis of

microglia.
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Supplemental Figure 12. Heatmap shows marker genes identified from each microglial cluster, related to

Figure 4.
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Supplemental Figure 12. Heatmap shows marker genes identified from each
microglial cluster, related to Figure 4. Top 10 marker genes identified by Seurat from
each microglial cluster. The property of the cluster was determined by the top biological
processes identified by DAVID.
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Mlcroglla 1

Microglia 2

Supplemental Figure 13. Expression levels of microglial marker genes from each cluster, related to Figure 4.
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Supplemental Figure 13. Expression levels of microglial marker genes from each
cluster, related to Figure 4. Violin plots show the top 3 marker genes in each microglial
cluster. Blue asterisks (*) indicate the marker genes in respective clusters.
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Supplemental Figure 14. Alluvial plot of the top five GO terms per cluster, related to Figure 4.
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Supplemental Figure 14. Alluvial plot of the top five GO terms per cluster, related
to Figure 4. Alluvial plot of twelve microglial clusters depicting the top five GO terms
per cluster. The thickness of the ribbon reflects the number of genes associated with
each GO term.



Supplemental Figure 15. Enrichments of microglial clusters with the cellular component related to
exosomes, multivesicular bodies and endosomes, and the hierarchical clustering of DAM and MGnD genes,
related to Figure 4.
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Supplemental Figure 15. Enrichment of microglial clusters with the cellular
component related to exosomes, multivesicular bodies and endosomes, and the
hierarchical clustering of DAM and MGnD genes, related to Figure 4. (A) Alluvial
plot depicting the enrichment of microglial clusters in the cellular components of
exosomes, multivesicular bodies and endosomes. (B) Dot plot presenting the expression
levels of CD63 and CD9 in each microglial cluster. Hierarchical clustering to demonstrate
the similarity between microglial cluster and (C) DAM genes and (D) MGnD genes.



Supplemental Figure 16. GAM vs non-GAM and cellular component related to exosomes, MVBs and

endosomes , related to Figure 4.
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Supplemental Figure 16.
GAM vs non-GAM and
cellular component
related to exosomes,
MVBs and endosomes,
related to Figure 4. (A)
Ridge plot shows the
isolation of microglia with
average Lgals3 expression
higher than or equal to one
from all clusters in Tau22
mice. (B) Enrichment map
of cellular components by
GAM. Blue asterisks (*)
indicate the components of
exosomes, MVBs and
endosomes. (C) Alluvial
plot depicting the
enrichment of GAM and
non-GAM in the cellular
components of exosomes,
multivesicular bodies and
endosomes.
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Supplemental Figure 17. GAM and DAM genes, related to Figure 4.
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Supplemental Figure 17. GAM and DAM genes, related to Figure 4. (A) Venn diagram
shows the comparison of GAM genes and AD DAM genes. Volcano plots showing (B)
common genes in GAM and DAM and (C) genes in GAM but not in DAM. (D) GO
analysis of common upregulated genes in GAM and DAM. GO analysis of (E) upregulated
genes and (F) downregulated genes in GAM but not in DAM.
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Supplemental Figure 18. Comparison of the in vitro pTau induced iMGL response with the
microglia in Tau22 mice and Gal3-dependent signatures, related to Figure 2 and 4.
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Supplemental Figure 18. Comparison of the in vitro pTau induced iMGL response
with the microglia in Tau22 mice and Gal3-dependent signatures, related to Figure 2
and 4. (A) IPA analysis revealing the conservation of canonical pathways among GAM,
pTau-activated pathways, and those suppressed by Gal3 inhibition (TD139) in iMGL. (B)
Top 5 conserved canonical pathways along with their corresponding gene expression
levels.
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Supplemental Figure 19. Staining of AT8 in Tau22 and Tau22/Lgals3”- mice, related to Figure 5.
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Supplemental Figure 19. Staining of AT8 in Tau22/Lgals3”-and Tau22/Lgals3** mice,
related to Figure 5. (A-B) Immunohistochemical staining and quantification of AT8 in the
CAL1 region of Tau22/Lgals3”- and Tau22/Lgals3** mice, n=8 mice. Scale bar, 100 pm.
Data were analyzed with the two-tailed unpaired t test and violin plots show medians with
25th and 75th percentiles, **P < 0.01.
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Supplemental Figure 20. Synaptic puncta analysis in the hippocampus, related to Figure 5.
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Supplemental Figure 20. Synaptic puncta analysis in Tau22/Lgals3** and
Tau22/Lgals3”- mice and control mice, related to Figure 5. (A) Immunohistochemical
staining of the synapse assembly (i.e., colocalization of Homer 1 and VGLUT1 puncta) in
the CAL region of Tau22/Lgals3”-and control mice. (B), Quantification of the staining in
A, n = 8 mice, 3 fields per animal. Scale bars, 2 um. Data were analyzed by two-way
ANOVA with Tukey’s test and all violin plots show the median with the 25th and 75th
percentiles. *P < 0.05, ****P < 0.0001.
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Supplemental Figure 21. RNA-seq analysis of Tau22/Lgals3-/- and control mice, related to Figure 6.
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Supplemental Figure 21. RNA-seq analysis of Tau22/Lgals3”- and control mice,
related to Figure 6. (A-B) Wolcano plots show DEGs identified in Tau22/Lgals3** vs. WT
and Tau22/Lgals3” vs. Tau22/Lgals3** mice. Red and blue dots indicate upregulated and
downregulated DEGs, respectively, and green dots indicate the overlay of GAM genes
identified from scRNA-seq. (C) Workflow for the RNA-seq analysis of bulk tissue
samples with central nervous system cell type-specific annotation. (D) Percentage of
DEGs in each brain cell type in Tau22/Lgals3** vs. WT and Tau22/Lgals3” vs.
Tau22/Lgals3** mice. (E) Venn diagram shows the overlapping of DEGs in the indicated
group. (F) GO enrichment analysis of downregulated DEGs in Tau22/Lgals3** vs. WT
mice. gPCR analysis of the levels of (G) Apoe and (H) Trem2 in the indicated genotypes.
()  Venn diagrams show the comparison of DEGs in Microglia_ 9 and DEGs
Tau22/Lgals3” mice. (J) Heatmap shows the levels of microglial specific DEGs in
Tau22/Lgals3”- mice and in Microglia_9. Data in G and H were analyzed by two-way
ANOVA with Tukey’s test and all violin plots show the median with the 25th and 75th
percentiles. *P < 0.05, **P < 0.01.



Supplemental Figure 22. Knockout of Gal3 reduces astrogliosis in Tau22 mice, related to Figure 5/6.
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