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Fig. S1. Body weight, cecal weight, neuronal thickness, volume of entorhinal/piriform 
(Ent/Piri) cortex, and microbiota diversity comparison (related to Fig.1). 
(A,B) Body and cecal weights at 40 weeks of age. (C) Representative image of granule cell layer 
of the dentate gyrus (DG-GCL) stained with cresyl violet. Scale bar, 30µm. (D) Thickness of the 
DG-GCL (left) and pyramidal cell layer of the CA1 region (right, CA1-PL) in male (top) and 
female (bottom) mice. (E) Representative images brain sections from 12-week-old conventionally-
raised (Conv-R) and germ-free (GF) mice, stained with Sudan black. Scale bar, 1mm. (F) 
Quantification of the average volume of the hippocampus (left, Hipp), lateral ventricles (middle, 
LV), entorhinal/piriform cortex (right, Ent/Piri) in 12-week old TE4 animals. (G) Quantification 
of the average volume of the entorhinal/piriform (Ent/Piri) cortex in male (top) and female 
(bottom) mice at 40 weeks of age (related to Fig. 1D). (H) Alpha diversity (richness; observed 
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ASVs) in microbiota collected from 40 week-old Conv-R and Ex-GF male (left) and female (right) 
mice. (I) Beta diversity metric (weighted UniFrac) grouped by treatments (Conv-R vs. Ex-GF) in 
male (left) and female (right) at 40 weeks of age. (J) Linear Discriminant Analysis (LDA) scores 
for Conv-R and Ex-GF mice. Horizontal bars represent the LDA scores for each genus-level taxon 
in male (left) and female (right) mice. Pink and cyan bars represent taxon features with 
significantly higher representation in mice belonging to the Conv-R versus Ex-GF groups, 
respectively (LDA scores > 2). (K) Representative images of AT8 staining in the hippocampus 
from male Conv-R and GF mice at 12 weeks of age. Scale bar, 250µm. (L) Quantification of the 
percentage of area covered by AT8 staining of hippocampal sections. E4 represents human APOE4 
knock-in mice in the absence of P301S tau transgene. Data are presented as mean values ± SEM 
(n=12-14/group for panels A-D and G; n=11-12/group for panels F,L) and statistical significance 
defined by one-way ANOVA with Tukey’s post-hoc test for panels A-D and G, t-tests for panels 
F,H, and L, and PERMANOVA for panel I. n.s., not significant, *, p < 0.05, **, p < 0.01, ***, p 
< 0.001. (See Table S1 for results of full statistical results). 
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Fig. S2. Germ-free TE4 mice exhibit altered glial morphology (related to Fig.2). 
(A) Representative high-magnification images of Conv-R, GF, Ex-GF mouse brain sections 
stained GFAP/DAPI (left). Representative traces of GFAP expression from Simple Neurite Tracer 
for each condition (right). (B) Representative image of Iba1+ reconstruction based on Imaris. Scale 
bar 10µm. (C) Morphometric analysis of astrocyte process length, number of process branches, 
end radius (based on Sholl analysis), total number of process intersections (based on Sholl 
analysis), and size of GFAP+ astrocytes (based on Convex Hull analysis). (D) Microglial 
morphometry data including number of branches, process length, and process volume, as 
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quantified by Imaris-based automatic reconstruction image of Iba1+ microglia in the dentate gyrus. 
Mean values ± SEM are shown. (n=12-14/group). Statistical significance was defined by one-way 
ANOVA with Tukey’s post-hoc test. *, p < 0.05 (See Table S1 for full statistical results).
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Fig. S3. Absence of microbiota altered glial morphology and gene expression at twelve weeks 
of age (related to Fig. S1E,F,K,L). 
(A) Representative traces of GFAP+ astrocyte from Simple Neurite Tracer from male 12-week-
old TE4 mice that were conventionally-raised (Conv-R; left) or maintained germ-free (GF; right). 
Scale bar 10µm. (B) Morphometric analysis of astrocyte process length, number of process 
branches, end radius (based on Sholl analysis), total number of process intersections (based on 
Sholl analysis), and size of GFAP+ astrocytes (based on Convex Hull analysis), in the dentate 
gyrus, corresponding to (A). (C) Representative image of Iba1+ reconstruction based on Imaris 
from male 12-week-old Conv-R (left) or GF (right). Scale bar 10µm. (D) Microglial morphometry 
data including number of process branches, process length, and process volume, as quantified by 
Imaris-based automatic reconstruction image of Iba1+ microglia in the dentate gyrus, 
corresponding to (C). (E) Glia-related gene expression was measured by qPCR using hippocampal 
tissues from male 12-week-old Conv-R or GF mice. Y-axis represents relative quantification of 
gene expression (RQ;2-ΔΔϹt) calibrating to Conv-R. Marker genes were categorized as reactive 
astrocyte, reactive microglia, and homeostatic microglia. The categorization of reactive astrocyte 
and microglia is also corresponding to the cluster 1 of glial marker genes in Fig. 4 and Fig. S9A,B. 
Numbers above bars indicate the p-values that were close to statistical significance. Data are 
presented as mean values ± SEM (n=11-12/group for panels A-H; n=8/group for panel E) and 
statistical significance defined by t-test. *, p < 0.05, **, p < 0.01, ***, p < 0.001. (See Table S1 
for results of full statistical results).  
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Fig. S4. Absence of the microbiota impacts the glial transcriptomic profile (related to Fig.1). 
(A) Volcano plot showing statistical significance (Padj) vs. fold-difference for genes differentially 
expressed as a result of (i) the presence versus absence of the tau transgene (left; Conv-R:TE4 
versus Conv-R E4; see Data S1 for full gene list), germ-free versus conventionally-raised state 
(middle; GF versus Conv-R; see Data S2 for full gene list), and colonization of formerly germ-
free animals (right; Conv-R versus Ex-GF; Data S3 for full gene list) (n=7 for Conv-R, GF, and 
Ex-GF. n=3 for Non-Tau). Red and blue symbols denote up-regulated and down-regulated genes 
respectively with adjusted significance of p < 0.01. (B) WGCNA dendrogram group genes 
measured in the hippocampus of Conv-R, GF and Ex-GF mice into distinct modules, defined by 
dendrogram branch clustering. (C) Module-trait analysis between gene modules defined by 
WGCNA and housing conditions or hippocampus size (Hipp). Data are shown as correlation 
coefficients (p value). (D) Heatmap of relative expression of Turquoise and Grey module genes. 
(E) Gene Ontology (GO) Biological Process terms associated with Grey (left) and Turquoise 
(right) modules, ranked by p-value with top 5 processes listed. (F) Total human APOE 
concentration measured by ELISA in RAB fraction from the cortex of 40-week-old mice (n=12-
14/group) (G) Eigengene analysis for Grey module by GF vs. Conv-R conditions. (H) Correlation 
analysis between hippocampal size and Grey module eigenvalue of each individual. (I) Eigengene 
analysis for Turquoise module by GF vs. Conv-R conditions. (J) Correlation analysis between 
hippocampal size and Turquois module eigenvalue of each individual mouse. Statistical 
significance was defined by one-way ANOVA with Tukey’s post-hoc test. **, p < 0.01, ***, p < 
0.001. (See Table S1 for full statistical results and Data S1-S4 for the full list of genes). 
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Fig. S5. Monitoring the effect of ABX treatment on gut bacterial viability, body weight, cecal 
weight, neuronal thickness, volume of Ent/Piri cortex (related to Fig. 3). 
(A) Experimental scheme.  (B,C) Reduction in viable fecal bacteria after seven days of ABX 
treatment of E3 mice. Panel B shows results obtained after 24 h growth on Brucella medium. (D) 
Quantification of the cecal weights on different time points after treatment with H2O/ABX. (E) 
Body weights (left) and cecal weights (right) in male (top) and female (bottom) mice at 40 weeks 
of age, related to Fig. 3 (n=18-21 mice/group). (F) Quantification of the average volume of the 
entorhinal/piriform (Ent/Piri) cortex in male (top) and female (bottom) mice, related to Fig. 3C. 
Tau (-) represents APOE3 (blue) or APOE4 (red) knock-in mice that lack the P301S tau transgene.  
(G) Thickness of the granule cell layer of the dentate gyrus (left; DG-GCL) and pyramidal cell 
layer of the CA1 (right, CA1-PL) in 40-week-old male (top) and female (bottom) mice. (H) 
Representative images of brain sections, stained with Sudan black, from 12-week-old male TE3 
mice treated with H2O/ABX. Scale bar, 1mm. (I) Quantification of the volumes of the 
hippocampus (left, Hipp), lateral ventricles (middle, LV), entorhinal/piriform cortex (right, 
Ent/Piri) (n=14-17/group) (J) Representative images of AT8 staining in the hippocampus from 12-
week-old male TE3 mice treated with ABX or H20. Scale bar, 250µm. (K) Percentage of area 
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covered by AT8 staining in the hippocampus. Data are presented as mean values ± SEM. Statistical 
significance was tested with two-way ANOVA with Tukey’s post-hoc test for panels D-G and t-
test for panels C,I and K. **, p < 0.01, ***, p < 0.001. Statistical significances of the main effects 
of treatments (H2O vs. ABX) were indicated as #, p < 0.05, ##, p < 0.01, ###, p < 0.001. (See 
Table S1 for full statistical results). 
  



 
 

 11 

 
 
Fig. S6. ABX treatment is associated with reduced levels of detergent soluble and insoluble 
p-Tau, and insoluble human Tau, but with not soluble ApoE.  
(A) Concentrations of p-tau and human total tau in RAB, RIPA, and FA fractions, respectively, 
from the cerebral cortex. (B) Total human APOE concentration in RAB fraction from the cortex. 
Data are presented as mean values ± SEM (n=18-21/group). Statistical significance was defined 
by two-way ANOVA. The main effects of treatments (H2O vs. ABX) were indicated as #, p < 
0.05, ###, p < 0.001.  (See Table S1 for full statistical results). 
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Fig. S7. ABX treatment protects against impaired nest building behavior.  
Nest building behavior testing was performed 3-4 days before euthanizing animals that were 40 
weeks of age. (A) Representative images of nests built by each mouse and the corresponding score: 
no nest, 1, to completed nest, 5. (B) Quantification of the nest building test scores. Fisher's exact 
test was to define the statistical significance of differences observed between treatments. (C) The 
remaining nestlets were weighed for each mouse and averaged per treatment group. Statistical 
significance defined by two-way ANOVA with Tukey’s post-hoc test. (D) Correlation plot 
between hippocampal volume (Hipp. Vol.) and nest building scores. All data are expressed as 
mean values ± SEM (n=18-21/group). *, p < 0.05, **, p < 0.01, ***, p < 0.001. ‘ab’ in panel C 
indicates statistical significance compared to TE3-H2O and TE4-H2O groups, respectively (p < 
0.001). (See Table S1 for full statistical results).  
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Fig. S8. snRNA-seq reveals cell type-specific transcriptional responses associated with 
antibiotic-induced gut microbiota perturbations, related to Fig. 3.  
(A) Uniform manifold approximation and projection (UMAP) plot for all cell populations split by 
experimental groups. UMAP plot showing 20 distinguishable clusters, with corresponding cell 
types identified by using known cell markers. Abbreviations: Exc, excitatory neuron; Inh, 
inhibitory neuron; Astro, astrocyte; Micro, microglia; Oligo, oligodendrocyte; OPC, 
oligodendrocyte progenitor cells; cpe, choroid plexus epithelial cell; Reln+, reelin+; Vlmc, 
vascular and leptomeningeal cell.  (B) Relative frequency of cell clusters in each experimental 
group. (C) GO Biological Process terms associated with each module, related to Fig. 3A, ranked 
by p-value (log10P) with top 3 GO biological processes listed. (D) GO terms associated with each 
module in Fig. 3H, ranked by p-value (log10P) with top 3 GO biological processes listed. (See 
Data S5,6 for a complete list of genes). (E) APOE gene expression levels by cell-type. The y-axis 
represents the normalized, natural log-transformed APOE gene count. OPC, oligodendrocyte 
progenitor cells. 
 
 
 
  



 
 

 15 

 
 
Fig. S9. ABX treatment altered glial gene expression. Validation of sn-RNA seq results, 
related to Fig. 3. 
(A) Marker genes from astrocyte cluster 1 verified by qPCR using hippocampal tissue recovered 
from male mice (n=8/group) (related to Fig. 4A,B). Y-axis represents the relative quantification 
of gene expression (RQ;2-ΔΔϹt) calibrated to TE3-H2O. (B) Marker genes from microglia cluster 1 
verified by qPCR using hippocampal tissues harvested from male mice (n=8/group) (related to 
Fig. 4H,I). (C) The marker genes were also measured using hippocampal tissue obtained from 
male 12-week-TE3 mice (n=8/group). Numbers above bars indicate p-values that were close to 
statistical significance. Data are presented as mean values ± SEM; Statistical significance 
determined by two-way ANOVA with Tukey’s post-hoc test for panels A and B and t-test for panel 
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C. *, p < 0.05, **, p < 0.01. Statistical significances of the main effects of treatments (H2O vs. 
ABX) were indicated as #, p < 0.05, ##, p < 0.01, ###, p < 0.001. Note that ‘a’ indicates that the 
interaction of genotype x treatment was close to significant (p = 0.053). (see Table S1 for full 
statistical results).
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Fig. S10. ABX treatment modulates differential glial responses in a sex and ApoE isoform 
dependent manner, related to Fig. 3. 
(A) Percentage of area in sections of hippocampus of male 40-week-old TE3, TE4, and TEKO 
mice covered by GFAP (left), Iba-1 (middle), CD68 (right) staining. (B) Process volume for male 
TE3, TE4, and TEKO mice (related to Fig. 3J). (C) Representative traces of GFAP+ astrocytes 
from Simple Neurite Tracer from 40-week-old female TE3 mice treated with H2O (left) or ABX 
(right). (D) Morphometry data of astrocyte process lengths, the number of branches, the end radius, 
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and total number of process intersections from Sholl analysis. The size of GFAP+ astrocytes, 
defined by Convex Hull analysis in 40-week-old female TE3 mice. (E) Imaris microglia 
reconstruction image of conventionally-raised 40-week-old female TE3 mice treated with H2O 
(left) or ABX (right). (F) Morphometry data of process length (left), number of branches (middle), 
process volume of Iba1+ microglial cells from 40-week-old female TE3 mice. (G) Imaris-based 
automatic reconstruction image of Iba1+ microglia in the hippocampus of a 40-week-old male 
mouse lacking the tau transgene (related to Fig. 3J-L). (H) Representative traces of GFAP+ 
astrocyte from Simple Neurite Tracer from male 12-week-old male TE3 mice treated with H2O 
(left) or ABX (right). (I) Morphometry data of astrocyte process lengths, the number of branches, 
the end radius, and total number of process intersections from Sholl analysis. The size of GFAP+ 
astrocytes, defined by Convex Hull analysis in male 12-week-old male TE3 mice. (J) Imaris 
microglia reconstruction image of male 12-week-old male TE3 mice treated with H2O (left) or 
ABX (right). (K) Morphometry data of process length (left), number of branches (middle), process 
volume of Iba1+ microglial cells from male 12-week-old male TE3 mice. Data are presented as 
mean values ± SEM; Statistical significance determined by two-way ANOVA with Tukey’s post 
hoc for panel A-B and t-test for panel D-K. *, p < 0.05, **, p < 0.01. Statistical significance values 
of the main effects of treatments (H2O vs. ABX) were indicated as #, p < 0.05, ##, p < 0.01, ###, 
p < 0.001. Note that ‘a’ (in panel B) indicates statistical significance compared to TEKO-H2O and 
TEKO-ABX animals (p < 0.05). (see Table S1 for full statistical results)
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Fig. S11. Composition of the gut microbiota is altered in ABX-treated mice.  
(A,B) Alpha diversity metric (richness; observed ASVs) over time in male (A) and female (B) 
TE3, TE4, and TEKO mice after being treated with H2O or ABX from postnatal days 16 to 22. 
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Restricted Maximum Likelihood (REML). (C) Beta diversity metric (weighted UniFrac) grouped 
by treatments (H2O vs. ABX) in male (top) and female (bottom) TE3 (left), TE4 (middle), and 
TEKO (right) mice. PERMANOVA at 40 weeks of age. (D) Phylum-level analysis of fecal 
microbiota composition as a function of treatments (H2O Vs. ABX) in male and female TE3, TE4, 
and TEKO mice over time (16, 32, 40 weeks of age). (E) Genera represented in the fecal 
microbiota in ABX or H2O-treated male and female TE3, TE4, and TEKO mice sampled at 16, 
32, 40 weeks of age. Data are presented as mean values ± SEM; **, p < 0.01, ***, p < 0.001. (See 
Table S1 for full statistical results). 
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Fig. S12. ABX reshapes the bacterial composition of microbial communities.  
(A-C) Relative abundance of bacterial genera in the fecal microbiota of TE3 (A), TE4 (B), TEKO 
(C) mice, selected from Fig. 5A based on LDA scores. Statistical significance defined by t-test. 
(D) Comparison of relative abundance of taxa between treatments (H2O vs. ABX) in male 40-
week-old TE3 (top), TE4 (middle), and TEKO (bottom) animals. Data are related to Fig. 5A and 
represented by log2-fold differences. (E) Heatmap summarizing the relative abundances of genera, 
based on LDA scores comparing control H2O versus ABX in each APOE isoform, related to Fig. 
5A,B. The color scale represents LDA score. Gray color indicates that there was not a significant 
difference in LDA (LDA scores < 2).
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Fig. S13. Cecal levels of SCFAs in male TE3 associated with the interaction of GM and TN. 
Cecal levels of SCFAs in female TE3 mice are not significantly affected by ABX. 
(A) Correlations between cecal levels of SCFAs (blue), the 8 genera identified as differentially 
abundant in male TE3-H2O, compared to TE3-ABX mice at 40 weeks of age, and biomarkers of 
tauopathy (bold) [hippocampus size (Hipp.S; smaller value reflecting greater neurodegeneration), 
coverage of AT8 staining, process length of astrocytes (astrocyte_PL), and process length of 
microglial cells (microglia_PL)] tested by Spearman's correlation. *, p < 0.05, **, p < 0.01, ***, 
p < 0.001. Related to Fig. 5E. Note that the correlation results between the 8 genera and biomarkers 
of tauopathy are different from Fig. 5E because the SCFA measurement was performed using a 
subset of animals selected based on the mean values of hippocampal volumes (n=14/group). (B-
C) Comparison of relative abundance of taxa in TE3 versus TE4 mice at 40 weeks of age for 
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animals treated with H2O (B) or ABX (C). Log2 fold differences are shown. (D) Comparison of 
relative abundance of taxa between treatments (H2O vs. ABX) in female 40-week-old TE3. Data 
are related to Fig. 5B and represented by log2 fold differences. (E) Targeted GC-MS analysis of 
cecal short chain fatty acids in the ceca of 40-week-old female TE3 mice (n=14/group; t-test, p 
>0.05 for all metabolites). 
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Fig. S14. Brain border innate and peripheral immune cells in mice with tau pathology are 
altered by germ free conditions and with ABX-induced gut microbiota perturbation.  
(A) Flow cytometry plots showing the gating strategy used to identify different subsets of 
circulating immune cells in meninges (top) and spleen (bottom). (B) Frequency of meningeal NK 
cells (top), γδ T-cells (middle), pDC cells (bottom) in Conv-R, GF, and Ex-GF mice at 40 weeks 
of age. n=8-12/group, tested by one-way ANOVA and Tukey post-hoc test, *, p < 0.05. (C) 
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Frequency of meningeal NK (top), γδ T (middle), pDC (bottom) cells in male 40-week-old TE3 
mice treated with H2O or ABX. n=6-7/group, tested by t-test, *, p < 0.05. (D) Additional snRNA-
seq analysis using hippocampus tissue, related to Fig. S8, reveals that the populations of brain 
border and peripheral immune cells are reduced by ABX-induced gut microbiota perturbations. 
The UMAP plot shows the re-clustered population identified three distinguishable clusters, with 
corresponding cell types identified by using known cell markers. Abbreviations: T, T cells; Prolif., 
proliferating cells; BAM, border associated macrophage. 
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Fig. S15. ABX-induced gut microbiota perturbation is associated with the circulating 
inflammatory mediator profile. 
(A) Heatmap and hierarchical clustering analysis of plasma cytokine and chemokine levels in 40-
week-old male TE3, TE4, and TEKO treated with H2O or ABX. (B) Absolute levels of eight 
selected cytokine/chemokine in plasma samples obtained from male 40-week-old TE3, TE4, and 
TEKO mice treated with H2O or ABX (n=8-9/group). Statistical significance determined using 
two-way ANOVA., The main effects of treatments (H2O vs. ABX) were indicated as ##, p < 0.01. 
(C) Heatmap represents normalized plasma cytokine and chemokine levels in male 12-week-old 
TE3 mice treated with H2O or ABX. (D) Absolute levels of IFNa (top) IL-22 (bottom) in plasma 
samples obtained from male 12-week-old TE3 mice treated with H2O or ABX (n=12/group). 
Statistical significance determined using one-way ANOVA and Tukey post-hoc test for panel B 
and t-test for panel D. ***, p < 0.001. Statistically significant effects of treatments (H2O vs. ABX) 
are indicated as #, p < 0.05, ##, p < 0.01, ###, p < 0.001. In panel B, ‘a’ indicates there was 
statistical significance for the interaction of genotype and treatment, but did not detect differences 
in post-hoc, ‘b’ indicates that levels in TE3-ABX were significantly lower compared to TE3-H2O 
and TE4-ABX animals (p <0.05, with LSD post-hoc), ‘c’ indicates that levels in TE4-ABX mice 
were significantly higher than TE3-ABX and TE4-H2O animals (p<0.05, LSD post-hoc), ‘d’ 
indicates that values for TE3-H2O mice were significantly higher than the TE4-H2O treatment 
group, and e indicates that TE4-ABX was significantly higher than TE3-ABX and TE4-H2O 
groups. (see Table S1 for full statistical results).



 
 

 28 

 
 
Fig. S16. ABX-induced gut microbiota perturbation altered peripheral macrophage 
transcriptomic signature.   
(A-C) Summary of the RNA-seq results using isolated alveolar macrophages. (A) Flow cytometry 
plots showing the gating strategy used to identify alveolar macrophages, related to Fig. S16-17. 
(B) Volcano plots demonstrating the number of differentially expressed genes (DEG). Red points 
mark the genes with significantly increased/decreased expression (ABX versus H2O; adjusted 
p<0.05) in male 24-week-TE3 mice. (C) Cluster analysis of the DEGs in panel B. Each column 
represents one sample (n=3/group) and each row represents one differentially expressed gene. 
Boxes on the right side represent Gene Ontology (GO) Biological Process terms associated with 
Cluster 1 (top) and Cluster 2 (bottom) modules, ranked by p-value (log10P) with top 5 GO 
biological processes listed (See Data S7 for a complete list of genes).  
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Fig. S17. SCFA supplementation alters peripheral macrophage transcriptomic signature in 
GF TE4 mice.   
(A-D) Summary of the RNA-seq results using isolated alveolar macrophage samples from TE4 
germ-free mice treated with either SCFA or H2O. SCFAs (all Sigma Aldrich, St. Louis, MO) were 
supplemented in the drinking water (sodium propionate, 25.9 mM; sodium butyrate, 40 mM; 
sodium acetate, 67.5 mM) and changed every 3 days for 5 weeks for 10-week-GF mice ('young' 
group) and 4 weeks for 31-week-GF mice ('old' group). (A) and (C), Volcano plots demonstrate 
the number of differentially expressed genes (DEG) in the alveolar macrophage samples. Green 
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points mark the genes with significantly increased/decreased expression based on unadjusted p-
value (SCFA versus H2O; p<0.05) in male 15-week-GF mice (A) and 35-week-GF mice (C). 
Vertical lines represent the fold change cut-off (log2FC) at -0.5 and 0.5. (B) and (D), Cluster 
analysis of the DEGs in panels A (young) and C (old). Each column represents one sample (n=4-
5/group), and each row represents one differentially expressed gene. Boxes on the right side 
represent Gene Ontology (GO) Biological Process terms associated with Cluster 1 (top) and 
Cluster 2 (bottom) modules, ranked by p-value (log10P) with top 5 GO biological processes listed 
(See Data S8 for a complete list of genes).  
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Fig. S18. SCFA supplementation promotes gliosis and tau pathology in GF TE4 mice (related 
to Fig. S17). 
(A) Representative image of the hippocampus stained with either GFAP (top) or IBA1 (bottom), 
using brain samples collected from 'old' germ-free mice treated with H2O (left) or SCFA (right), 
scale bar, 100µm. (B) Percentage of the area covered by GFAP (top) and Iba-1 (bottom) in the 
hippocampus of 'young' (15-week-old) and 'old' (35-week-old) germ-free mice treated with either 
H2O or SCFA. (C) Heatmap represents normalized reactive glial gene expression measured by 
qPCR hippocampal tissues of 'young' and 'old' germ-free mice treated with either H2O or SCFA. 
The color scale represents normalized gene expression (RQ;2-ΔΔϹt) calibrating to the 'young-H2O' 
group. (D) Representative images of AT8 staining in the hippocampus from 'young' (top) and 'old' 
(bottom) germ-free mice treated with H2O (left) or SCFA (right), scale bar, 200µm. (E) 
Quantification of the percentage of area covered by AT8 staining of hippocampal sections. Data 
are presented as mean values ± SEM; Statistical significance determined by two-way ANOVA 
with Tukey’s post-hoc test for panels B,C and t-test for panel E. *, p < 0.05. (see Table S1 for full 
statistical results).




