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Figure S1. APOE4 increases neurodegeneration, Tau pathology, myelin deficits, and gliosis
relative to APOE3 in a mouse model of tauopathy.

(A) Representative images of the ventral hippocampus after staining with Sudan Black (scale bar, 1
mm).

(B and C) Quantification of hippocampal volume (B) and posterior lateral ventricle volume (C).



(D) Representative images of p-Tau staining with AT8 monoclonal antibody in the hippocampus (scale
bar, 500 pm).

(E) Quantification of the percent p-Tau (AT8") coverage area in the hippocampus.

(F) Representative images of myelin basic protein (MBP) immunostaining with anti-MBP in the stratum
radiatum of the hippocampus underneath the pyramidal cell layer of CA1 (scale bar, 100 uym).

(G) Quantification of the percent MBP coverage area in the stratum radiatum of the hippocampus.

(H) Representative images of microglia immunostaining with anti-lba1 in the hippocampus (scale bar,
500 pm).

(I) Quantification of the percent Iba1 coverage area in the hippocampus.

(J) Representative images of astrocyte immunostaining with anti-GFAP in the hippocampus (scale bar,
500 pm).

(K) Quantification of the percent GFAP coverage area in the hippocampus.

(L) Correlation between the percent Iba1 coverage area and hippocampal volume in PS19-E4 mice.
(M) Correlation between the percent GFAP coverage area and hippocampal volume of PS19-E4 mice.

For all representative images and quantified data, mice were 10-months-old and belonged to either the
PS19-E4 or PS19-E3 group. Quantified data in B,C,E,|,K (PS19-E4, n=12; PS19-E3, n=14) and G
(PS19-E4, n=8, PS19-E3, n=11) are represented as mean+SEM, unpaired two-sided t test. Data in L,M
(PS19-E4, n=12) are Pearson’s correlation analysis (two-sided).
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Figure S2. APOE4 increases p-Tau levels as well as the coverage area of activated microglia and
activated astrocytes relative to APOE3 in a mouse model of tauopathy.

(A and B) Representative images of anti-p-Tau (AT8, green) and anti-TUJ1 (red) western blots in RAB

(A) and RIPA (B) fractions of hippocampal tissue lysates.

(C and D) Quantification of AT8-positive p-Tau levels relative to TUJ1 measured by western blot
analysis in RAB (C) and RIPA (D) fractions of the hippocampal lysates.



E) Representative images of activated microglia immunostaining with anti-CD68 in the hippocampus
scale bar, 500 ym).

F) Quantification of the percent CD68 coverage area in the hippocampus.

(
(
(
(G) Representative images of activated astrocyte immunostaining with anti-S1008 in the hippocampus
(scale bar, 500 pm).

(H) Quantification of the percent S1008 coverage area in the hippocampus.

(I) Correlation between the percent CD68 coverage area and hippocampal volume.

(J) Correlation between the percent S100p coverage area and hippocampal volume.

For all representative images and quantified data, mice were 10-months-old and belonged to either the
PS19-E4 or PS19-E3 group. Quantified data in C,D (PS19-E4, n=12; PS19-E3, n=14) are represented
as meanzSEM, unpaired two-sided t test. Data in |,J (PS19-E4, n=12) are Pearson’s correlation
analysis (two-sided).
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Figure S3. APOE4 does not induce the nucleo-cytoplasmic translocation of HMGB1 in
hippocampal neurons in mice without tauopathy, Related to Figure 1.

(A) Representative images of immunostaining with anti-HMGB1 and DAPI in the dentate gyrus (scale
bar, 40 uym).

(B) Representative high magnification images of immunostaining with anti-HMGB1 and DAPI in the
dentate gyrus (scale bar, 10 um).

(C) Quantification of nuclear integrated density of HMGB1 immunostaining in hippocampal neurons.

(D) Quantification of extranuclear integrated density of HMGB1 immunostaining in hippocampal
neurons.

(E) Representative images of the ventral hippocampus after staining with Sudan Black (scale bar, 1
mm).

(F) Quantification of hippocampal volume



(G) Representative images of p-Tau staining with AT8 monoclonal antibody in the hippocampus (scale
bar, 500 pm).
(H) Quantification of the percent p-Tau (AT8") coverage area in the hippocampus.

(I) Representative images of myelin basic protein (MBP) immunostaining with anti-MBP in the stratum
radiatum of the hippocampus underneath the pyramidal cell layer of CA1 (scale bar, 100 uym).

(J) Quantification of the percent MBP coverage area in the stratum radiatum of the hippocampus.

(K) Representative images of microglia immunostaining with anti-lba1 in the hippocampus (scale bar,
500 pm).

(L) Quantification of the percent Iba1 coverage area in the hippocampus.

(M) Representative images of astrocyte immunostaining with anti-GFAP in the hippocampus (scale bar,
500 pm).

(N) Quantification of the percent GFAP coverage area in the hippocampus.

For all representative images and quantified data, mice were 10-months-old and belonged to either the
APOE4-KI (E4) or APOE3-KI (E3) group, which do not carry P301S mutant Tau. Quantified data in
C,D,E,F,H,J,L,N,P (E4, n=11; E3, n=8) are represented as mean+SEM, unpaired two-sided t test.
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Figure S4. No difference in HMGB1 intracellular translocation in young PS19-E4 and PS19-E3

of astrocytes in old PS19-E4 mice, Related to Figure 1.

(A) Representative images of immunostaining with anti-HMGB1 and DAPI in the dentate gyrus of 6-

month-old PS19-E mice (scale bar, 40 um).

(B) Quantification of nuclear integrated density of HMGB1 immunostaining in hippocampal neurons of

6-month-old PS19-E mice.

mice and the relative amounts of extranuclear HMGB1 does not correlate with the coverage area



(C) Quantification of extranuclear integrated density of HMGB1 immunostaining in hippocampal
neurons of 6-month-old PS19-E mice.

(D) Representative images of microglia immunostaining with anti-lba1 and astrocyte immunostaining
with anti-GFAP in the hippocampus of 6-month-old PS19-E mice (scale bar, 500 ym).

(E) Quantification of the percent Iba1 coverage area in the hippocampus of 6-month-old PS19-E mice.
(F) Quantification of the percent GFAP coverage area in the hippocampus of 6-month-old PS19-E mice.

(G) Multiple variables correlation between extranuclear HMGB1 integrated density, percent Iba1
coverage area, and age in PS19-E4 mice.

(H) Multiple variables correlation between extranuclear HMGB1 integrated density, percent GFAP
coverage area, and age in PS19-E4 mice.

() Multiple variables correlation between extranuclear HMGB1 integrated density, percent Iba1
coverage area, and age in PS19-E3 mice.

(J) Multiple variables correlation between extranuclear HMGB1 integrated density, percent GFAP
coverage area, and age in PS19-E3 mice.

(K and L) Correlations between the relative amounts of HMGB1 extranuclear density and percent of
GFAP coverage area (K), percent of S1003 coverage area (L) in 10-month-old PS19-E4 mice.

(M-Q) Correlations between the relative amounts of HMGB1 extranuclear density and percent of Iba1
coverage area (M), percent of CD68 coverage area (N), percent of GFAP coverage area (O), and
percent of S100B3 coverage area (P), hippocampal volume (Q) in 10-month-old PS19-E3 mice.

Quantified data in B,C,E,F (E4, n=10; E3, n=9) are represented as meantSEM, unpaired two-sided t
test. Data in G,H,l,d, (6-month-old PS19-E4, n=10; 10-month-old PS19-E4, n=12; 6-month-old PS19-
E3, n=9; 10-month-old PS19-E3, n=14) are analyzed by multiple linear regression analysis. Data in K,L
(PS19-E4, n=12) and M,N,O,P,Q (PS19-E3, n=14) are Pearson’s correlation analysis (two-sided).
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Figure S5. HMGB1 intracellular translocation also occurs in astrocytes, but not microglia, in
aged PS19-E4 mice and removal of neuronal APOE4 reduces astrocytic HMGB1 translocation,
Related to Figures 1 and 3.

(A) Representative images of immunostaining with anti-HMGB1, anti-GFAP, and DAPI in the dentate
gyrus of the hippocampus (scale bar, 5 um).



(B) Quantification of the nuclear integrated density of HMGB1 immunostaining in hippocampal
astrocytes.

(C) Quantification of the extranuclear integrated density of HMGB1 immunostaining in hippocampal
astrocytes.

(D) Representative images of immunostaining with anti-HMGB1, anti-lba1, and DAPI in the dentate
gyrus of the hippocampus (scale bar, 5 um).

(E) Quantification of the nuclear integrated density of HMGB1 immunostaining in hippocampal
microglia.

(F) Quantification of the extranuclear integrated density of HMGB1 immunostaining in hippocampal
microglia.

(G) Correlation between the relative amounts of HMGB1 extranuclear density in astrocytes and
hippocampal volume.

(H) Correlation between the relative amounts of HMGB1 extranuclear density in microglia and
hippocampal volume.

(I) Quantification of the ratio of extranuclear:nuclear integrated density of HMGB1 immunostaining in
hippocampal neurons, astrocytes, and microglia.

(J) Representative images of immunostaining with anti-HMGB1, anti-GFAP, and DAPI in the dentate
gyrus of the hippocampus (scale bar, 5 um).

(K) Quantification of the nuclear integrated density of HMGB1 immunostaining in hippocampal
astrocytes.

(L) Quantification of the extranuclear integrated density of HMGB1 immunostaining in hippocampal
astrocytes.

(M) Representative images of immunostaining with anti-HMGB1, anti-Iba1, and DAPI in the dentate
gyrus of the hippocampus (scale bar, 5 um).

(N) Quantification of the nuclear integrated density of HMGB1 immunostaining in hippocampal
microglia.

(O) Quantification of the extranuclear integrated density of HMGB1 immunostaining in hippocampal
microglia.

For all representative images and quantified data, mice were 10-months-old and belonged to either the
PS19-E4, PS19-E3, or PS19-E4/Syn1-Cre groups as indicated. Quantified data in B,C,E,F,l (PS19-E4,
n=12; PS19-E3, n=14) and K,L,N,O (PS19-E4, n=6; PS19-E4/Syn1-Cre, n=6) are represented as
mean+SEM, unpaired two-sided t test. Data in G,H (PS19-E4, n=12) are Pearson’s correlation analysis
(two-sided).
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Figure S6. Treatment of PS19-E4 mice with HMGB1 inhibitors does not lead to significant
alterations in the levels of other inflammatory cytokines in the ISF, Related to Figure 4.

(A and B) Cytokine protein levels measured by multiplex cytokine assay in the hippocampal interstitial
fluid (ISF) of untreated or treated PS19-E4 mice.

(C) Correlation between the amount of secreted IL-12p70 and the percent coverage area of Iba1
microglia in untreated PS19-E4 mice.

(D) Correlation between the amount of secreted IL-12p70 and the percent coverage area of GFAP
astrocytes in untreated PS19-E4 mice.

(E) Correlation between the amount of secreted IL-12p70 and the percent coverage area of Iba1
microglia in treated PS19-E4 mice.

(F) Correlation between the amount of secreted IL-12p70 and the percent coverage area of GFAP
astrocytes in treated PS19-E4 mice.

All data were from 9.7-month-old PS19-E4 mice. Quantified data in A,B (PS19-E4 untreated, n=6;

PS19-E4 HMGB1-In, n=5) are represented as meantSEM, unpaired two-sided t test. Data in C,D
(untreated PS19-E4, n=4; treated PS19-E4, n=5) are Pearson’s correlation analysis (two-sided).
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Figure S7. Quality control measures in snRNA-seq analysis of PS19-E4 and PS19-E3 mice
without or with long-term HMGB1 inhibitor treatment, Related to Figure 7.

(A) Schematic of the single-nucleus RNA-sequencing workflow.

(B) Dot-plot illustrating the normalized average expression of selected marker genes for all 37
hippocampal cell clusters.

(C) Cell cluster identity of all 37 identified cell types.
(D) Number of cells per hippocampal cell cluster.
(E) Average genes per cell in each hippocampal cell cluster (x SEM).



(F) Average nUMI per cell in each hippocampal cell cluster (+ SEM).

(G) Average percent mitochondrial genes per cell in each hippocampal cell cluster (x SEM).

(H) Feature plot illustrating the relative levels of normalized human APOE gene expression across all
hippocampal cell clusters for each mouse genotype group and condition.

() UMAP plot of all cell clusters, highlighting the genotype and treatment groups with different colors.
(J) Genotype and treatment split UMAP plot highlighting all hippocampal cell clusters.

(K) Boxplot of the proportion of cells from each sample in cell clusters 9, 21, and 24. The log odds ratios
are the mean * standard error estimates of log odds ratio for clusters 79, 21, and 24, which represents
the change in the log odds of cells per sample from HMGB1 inhibitor-treated PS19-E4 mice or saline-
treated PS19-E3 mice belonging to the respective clusters compared to the log odds of cells per sample
from saline-treated PS19-E4 mice.

(L) Dot-plot of normalized average expression of APOE and Sirt1 in excitatory neurons cell cluster 21
comparing HMGB1 inhibitor-treated or saline-treated PS19-E4 mice.

For details, also see Tables S2 and S3.
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Figure S8. Long-term treatment of PS19-E4 mice with HMGB1 inhibitors diminishes disease-
associated and enriches disease-protective subpopulations of microglia, Related to Figure 7.

(A) Feature plot illustrating the relative levels of normalized human APOE gene expression across all
microglial cell subclusters for each mouse genotype group and condition.

(B) Volcano plots of the differentially expressed (DE) genes in microglial subcluster 2 versus other
microglial subclusters.

(C) Volcano plot of the DE genes in microglial subcluster 2 in HMGB1 inhibitor-treated PS19-E4 mice
versus saline-treated PS19-E4 mice.

(D) Volcano plots of the DE genes in microglial subcluster 7 versus other microglial subclusters.

(E) Volcano plot of the DE genes in microglial subcluster 7 in HMGB1 inhibitor-treated PS19-E4 mice
versus saline-treated PS19-E4 mice.

(F) Dot-plot of normalized average expression of marker genes for selected microglial subclusters.

(G) Dot-plot of normalized average expression of marker genes for selected microglial subclusters,
highlighting genes that are specifically upregulated in microglial subclusters 1, 2, 7, and 13 relative to
other microglial subclusters in saline-treated versus HMGB1 inhibitor-treated PS19-E4 mice.



(H) Dot-plot of normalized average expression of HMGB1 receptor genes in microglial subclusters 1, 2,
7,and 13.

(I) Dot-plot of normalized average expression of genes related to NF-kB, TLR, and AGE-RAGE
pathways in microglial subclusters 1, 2, 7, and 13.

For volcano plots in B-E, the dashed lines represent log2-fold-change threshold of 0.4 and p-value
threshold of 0.05. Gene names highlighted in red text indicate they are selected marker genes of this
microglial subcluster.

For details, also see Tables S4 and S5.



A Genotype-Split APOE Feature Plot (Astrocyte Subclusters) B Astrocyte Subcluster 5 Astrocyte Subcluster 17
PS19-E3 PS19-E3 PS19-E4 PS19-E4 ° °
Saline HMGB1i Saline HMGB1i 3 5
\ g g o
104 - 7 7 4 B »n i
4 :  ; F & 010 g : E
- %] 1%} B
N ] f L 25 2 T 001 I;I
& LR S b ow | O A | 2.0 o o .
s " [ 13 P ‘ " " 1.5 5 005 5
5, .ﬁg “10 & % P 0w b w01 (‘)-g § o3 S oot
% p 1 . £ £ 1
sk 0 o S % ] 0.0 g g
0% 651 2 [ o 3
-5 3 g & _1;: [N . o
E b > . 00001
i PSlo PSI9 PS1o PSIo PS19  PS19 PS19  PS19
B3 B4
o 1 O ey O o Saline HMGB1i Saline HMGBIi Saiine HMGB1i Saiine HNGB1i

m

DE Genes of Astrocyte Subcluster 6
versus Other Astrocytes versus Other Astrocytes

DE Genes in Astrocyte Subcluster 13 Dotplots of Marker Genes for Selected Astrocyte Subclusters

17{0@0 - @@e0000@: o 0. . oo 00@-20¢+---00000 Qoo - éwage
Xpression
NS @ LogFC  © pvalue @ p-valueandlogs FC NS ©LogFC @ p-value @ p-valueand log, FC g‘ P
gm............ ........... 0000@:-:0: - - - 0:@-0o-0-00 B
Total = 1 | ! k=] 1
150 otal 093“"3?55 | —Tsix s, | Total =722 variables | Tr—" T 1{0@0 @ec0000@0c @0 -0 00@cc00. - -00000:0-0 °
5 5]
| | Xist ‘ 8 0
17}
| | Gore 2 000 - 000000OO:- - > - -+ - - - - - e@c @ - - cece . @
| ‘TSPaW /wam ‘ ‘ c o
Csmd‘ Ptprd! Grin2a 'qa =
1001 Tonms.| Nain2 | " \ 01 e\ |7 S 5{00¢ - @@ccc0 @ttt R c0000000 Forcent
Gpes 3 Expressed

°
2
] [}
z ||\ S Piprt g Tenm2
r
L y } M'\;rzi?hg\VGrma i sngi \Epms\ 2]le@e -@@c0000@® - - - - .- . ... ..c.00 @ @ - -0c0ce-0-0 .
> Sictad .
& s0fKonipd Fos9 capgs ké,p(n S o5 :;szlo - ‘ Ptgds ETTEPTISFIIITIIFIRIEIIRIIURIT S G GRS IRAY IS .25
Ephas e L_/ LB S SR BT S LS B S EE SO &S,
! \ J/\’D[:,p:o {7 R,\i;:aps § o \ Syn \ Pipt SN o e e R te” *S;\o”’o%o\ et CPC:QN\“%“ PRSI B0 o : %
/f *‘Z’ gs20 Nrg3 ,j”i777 @ 100
Ftper 0Cninap- aln e Homeostatic Astrocyte Habib et. al., 2020, Astrocyte

: Delki Luzp2 ;
F""d‘ Galntl | Luzp2 Rbfoxt” Nnxn3 meu D“'? | i Astrocyte Subcluster 6 Disease-Associated Subcluster 5

- 1 -2 Marker Up-Regulated Astrocyte (DAA) Up-Regulated
Log, F°|d Change Log, F°|d Change Genes Genes Marker Genes Genes
F Dotplots of Disease-Associated Astrocyte (DAA) Marker Genes G Dotplots of HMGB1 Receptor Genes
in PS19-E4-Saline and PS19-E4-HMGB1-Inhibitor Treated Mice Percent in Astrocyte Subclusters 5, 6, 13, and 17 Percent
Expressed Expressed
AS 17 Saline{ ¢« =+ e - - e + - . o o o © © @ ° o O - - - + @ o O o -0
AS_17_HMGB1 Inhibitors N .o . e - 6@ «- + - - e e @ 2 =" ® o0 - s -0 - ¢ ® 5
® 50 = ® 10
AS13Saine{ + + ¢+ -« « - . . s @ 6 ®@ O @ - o O + - - - 0 + @ @75 g 18 . ® s
AS_13_HMGB1 Inhibitors{ ¢ - - e . e . . . e - e o @ - - e . @ @0 ]
= 6 [ ] o . . . . Average
AS 5 Saline{ « ¢ ¢ + + + . . . .« .« e o @ o . e e  Average < Expression
° Expression O 5 . .
AS_5_HMGB1 Inhibitors{ ° e e v - - e . @ . A
——— T T 1
S FD Ao & IS NS 1 > A © N S >
& ¥ S F < & £ ‘?9 O\\"’ & o & cP «0 Q\@ & @"' S I o PSRN\ NP & & V@Q@ﬁm & »\«@ U@* °
Disease-Associated Astrocyte (DAA) Marker Genes HMGB1 Receptor Genes
Dotplots of Genes in NF-kB, TLR, and AGE-RAGE Pathways in Astrocyte Subclusters 5, 6, 13, and 17
Percent
17 © ¢ o + @ + ® @ e + + + @ ® ® + e e s+ + e e + e e e 6 e e O @ ° ¢ @ [} ° Expressed
2z 2O
2 * 25
€1 e e e e e e e e e e e e e e e e e e e . @ - . P
ke} ®s
T 6 e . - e @
O
Average
5 ° o o - @ - - @ - e Expression
T T — — —— T —— 2
& \’0 - o %" \o‘ @ \‘7/ ° S Q?’ & & D o 2P O 00 @ (7/ > 85 b“‘ & '5 F &P <<'5 1
L \& % v* o & %\\* \'Posf \& & R o* & A cﬁQ & Q@\@* & @@g&&&& v“‘,@v & Q& b° & & \@%@fo S ¢S Q«w & .
< 1
NF-kB Pathway Genes TLR Pathway Genes AGE-RAGE Pathway Genes

Figure S9. Long-term treatment of PS19-E4 mice with HMGB1 inhibitors diminishes disease-
associated and enriches disease-protective subpopulations of astrocytes, Related to Figure 7.

(A) Feature plot illustrating the relative levels of normalized human APOE gene expression across all
astrocyte cell subclusters for each mouse genotype group and condition.

(B) Boxplot of the proportion of cells from each sample in astrocyte subclusters 5 and 17. The log odds
ratios are the mean + standard error estimates of log odds ratio for clusters 5 and 17, which represents
the change in the log odds of cells per sample from HMGB1 inhibitor-treated PS19-E4 mice or saline-
treated PS19-E3 mice belonging to the respective clusters compared to the log odds of cells per sample
from saline-treated PS19-E4 mice.

(C) Volcano plots of the differentially expressed (DE) genes in astrocyte subcluster 6 versus other
astrocyte subclusters.

(D) Volcano plots of the DE genes in astrocyte subcluster 13 versus other astrocyte subclusters.
(E) Dot-plot of normalized average expression of marker genes for selected astrocyte subclusters.



(F) Dot-plot of normalized average expression of marker genes for selected astrocyte subclusters,
highlighting genes that are specifically upregulated in astrocyte subclusters 5, 13, and 17 relative to
other astrocyte subclusters in saline-treated versus HMGB1 inhibitor-treated PS19-E4 mice.

(G) Dot-plot of normalized average expression of HMGB1 receptor genes in astrocyte subclusters 5, 6,
13 and 17.

(H) Dot-plot of normalized average expression of genes related to NF-kB, TLR, and AGE-RAGE
pathways in astrocyte subclusters 5, 6, 13, and 17.

For volcano plots in C,D, the dashed lines represent log2-fold-change threshold of 0.4 and p-value
threshold of 0.05.

For details, also see Tables S6 and S7.



Table S1. Demographic information of samples used in Figure 11-1K, Related to Figure 1.

Sample ID Study APOE Genotype | Cogdx Age at Death Msex Ceradsc
840 ROS 4/4 4 82.7 0 1
866 ROS 4/4 4 83.6 0 1
705 ROS 4/4 4 83.5 1 1
033 ROS 4/4 4 88.5 1 2
327 ROS 3/3 4 89.7 1 1
206 ROS 3/3 4 80.2 1 4
554 ROS 3/3 4 92.0 0 2
901 ROS 3/3 4 92.7 0 2

The demographic and basic pathological information of the 8 sample from the ROSMAP cohort.
Ceradsc, cerad score; Cogdx, cognitive diagnosis; Msex, male sex.



