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Figure S1. Morris water maze analysis, Related to Figure 1. (A) Start positions using distal 

locations for which the target (platform) was located in the North-West (NW) quadrant. (B and 

C) 7-month-old WT (n=5M/4F), CD33-/- (n=4M/4F),  TREM2-/- (n=4M/4F), CD33-/-;TREM2-/- 

(n=4M/4F),  5xFAD (n=5M/4F), 5xFAD;CD33-/- (n=4M/4F), 5xFAD;TREM2-/- (n=4M/4F) and 

5xFAD;CD33-/-;TREM2-/- (n=5M/5F) mice were evaluated in the Morris water maze test. 

Latency to reach the target quadrant where the platform is supposed to be (B) and time spent by 

the mice in the target quadrant (C) were recorded during the probe test (day 8). No significant 

differences were found among the mouse groups in the latency to the target quadrant (Kruskal-

Wallis ANOVA, Dunn’s test) or time spent in the target quadrant (one-way ANOVA, Tukey’s 

test). Data are represented as mean ± SEM. 
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Figure S2. TREM2 knock-out does not impact Aβ pathology in 5xFAD mice at 6 months of 

age, Related to Figure 2. (A–D) ELISA analysis of Aβ40 (A and C) and Aβ42 (B and D) in 

TBS-soluble (A and B) and formic acid (FA)-soluble (C and D) fractions isolated from the 

cortex of 6-month-old 5xFAD (n=6M/6F), 5xFAD;TREM2+/- (n=6M/6F) and 5xFAD;TREM2-/- 

(n=4M/4F) mice. No differences in TBS- and FA-soluble Aβ40 and Aβ42 levels were found in 

5xFAD;TREM2+/- and 5xFAD;TREM2-/- mice in comparison to 5xFAD (one-way ANOVA, 

Tukey’s test). (E) Brain sections were labeled with the 3D6 antibody directed against Aβ. 

Representative images of cortex and hippocampus from of 8-month-old control: WT, CD33-/-, 

TREM2-/- and CD33-/-;TREM2-/- mice. The 3D6 antibody did not label control brains. Scale bar 

represents 100 µm. (F) Photomicrographs of cortical and hippocampal fields from brains stained 

with the 3D6 antibody to detect compact and diffuse Aβ plaques in 6-month-old 5xFAD, 

5xFAD;TREM2+/- and 5xFAD;TREM2-/- mice. Scale bar represents 100 µm. (G and H) 

Quantification of Aβ plaque burden in the cortex (G) and hippocampus (H) of 6-month-old 

5xFAD (n=6M/6F), 5xFAD;TREM2+/- (n=6M/6F) and 5xFAD;TREM2-/- (n=4M/4F) mice. There 

was no significant difference in Aβ plaque load in 5xFAD;TREM2+/- and 5xFAD;TREM2-/- mice 

compared to 5xFAD (one-way ANOVA, Tukey’s test). Data are represented as mean ± SEM. 
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Figure S3. TREM2 knock-out leads to reduced neuronal cell density in 5xFAD mice, which 

is not rescued by additional knock-out of CD33, Related to Figure 3. (A) Representative 

pictures of the CA1 region from brains of 8-month-old mice of indicated genotypes, stained with 

hematoxylin and eosin. Scale bar represents 50 µm. (B) Quantification of CA1 neuron numbers 

in 8-month-old WT (n=6M/6F), CD33-/- (n=4M/4F), TREM2-/- (n=4M/4F), CD33-/-;TREM2-/- 

(n=4M/4F), 5xFAD (n=5M/6F), 5xFAD;CD33-/- (n=4M/4F), 5xFAD;TREM2-/- (n=4M/4F) and 

5xFAD;CD33-/-;TREM2-/- (n=5M/6F) mice. 5xFAD;TREM2-/- and 5xFAD;CD33-/-;TREM2-/- mice 

showed reduced CA1 neuronal cell density in comparison to 5xFAD and 5xFAD;CD33-/- mice 

(***p<0.001, ****p<0.0001, one-way ANOVA, Tukey’s test). (C) Representative images from 

the cortex of 8-month-old mice of indicated genotypes, labeled with a NeuN-specific antibody. 

Scale bar represents 100 µm. (D) Quantification of NeuN+ cells in the cortical layer 5 of 8-

month-old WT (n=4M/4F), CD33-/- (n=4M/4F), TREM2-/- (n=4M/4F), CD33-/-;TREM2-/- 

(n=4M/4F), 5xFAD (n=7M/7F), 5xFAD;CD33-/- (n=7M/7F), 5xFAD;TREM2-/- (n=4M/4F) and 

5xFAD;CD33-/-;TREM2-/- (n=5M/6F) mice. Numbers of cortical layer 5 NeuN+ cells were 

significantly increased in 5xFAD;CD33-/- mice compared to 5xFAD, 5xFAD;TREM2-/-  and 

5xFAD;CD33-/-;TREM2-/- mice (*p<0.05, ***p<0.001, ****p<0.0001, one-way ANOVA, 

Tukey’s test). Data are represented as mean ± SEM. 
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Figure S4. CD33 and/or TREM2 knock-out do not impact Iba1+ cell body area in WT mice, 

Related to Figure 4. (A) Representative images from the cortex and hippocampus of 8-month-

old WT, CD33-/-, TREM2-/- and CD33-/-;TREM2-/- mice, labeled with an Iba1-specific antibody. 

Scale bar represents 50 µm. (B and C) Quantification of 3D6+ area of Aβ plaques in the cortex 

(B) and hippocampus (C) of 5xFAD (n=7M/7F), 5xFAD;CD33-/- (n=7M/7F), 5xFAD;TREM2-/- 

(n=4M/4F) and 5xFAD;CD33-/-;TREM2-/- (n=5M/6F) mice at 8 months of age. Amyloid plaques 

that were selected for the analysis of clustering of Iba1+ cells around plaques were of similar size 

across mouse genotypes (one-way ANOVA, Tukey’s test). (D and E) Quantification of Iba1+ cell 

body area in the cortex (D) and hippocampus (E) of 8-month-old WT (n=4M/4F), CD33-/- 

(n=4M/4F), TREM2-/- (n=4M/4F) and CD33-/-;TREM2-/- (n=4M/4F) mice is summarized. All 

controls exhibited comparable Iba1+ cell body area in cortex and hippocampus (one-way 

ANOVA, Tukey’s test). (F and G) Plaque-associated Iba1+ cells were analyzed for cell body area 

in the cortex (F) and hippocampus (G) of 8-month-old 5xFAD (n=7M/7F), 5xFAD;CD33-/- 

(n=7M/7F), 5xFAD;TREM2-/- (n=4M/4F) and 5xFAD;CD33-/-;TREM2-/- (n=5M/6F) mice. 

5xFAD;TREM2-/- and 5xFAD;CD33-/-;TREM2-/- mice exhibited reduced Iba1+ cell body area 

compared to 5xFAD and 5xFAD;CD33-/- (*p<0.05, **p<0.01, one-way ANOVA, Tukey’s test). 

(H) Representative images from the hippocampus of 8-month-old 5xFAD, 5xFAD;CD33-/-, 

5xFAD;TREM2-/- and 5xFAD;CD33-/-;TREM2-/- mice, stained with P2ry12 (red) and Iba1-

specific antibody (green). Scale bar represents 50 µm. (I) Representative images of cortical fields 

from brains of 5xFAD and 5xFAD;CD33-/- mice, stained with an anti-TREM2 antibody and 

Congo red. Scale bar represents 50 µm. (J and K) The number of TREM2+ cells around plaques 

was increased in the cortex (J) but not hippocampus (K) of 8-month-old 5xFAD;CD33-/- 

(n=7M/7F) versus 5xFAD (n=7M/7F) mice (*p<0.05, unpaired t-test with Welch’s correction). 

Data are represented as mean ± SEM.  
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Figure S5. CD33 and TREM2 knock-out do not significantly impact each other’s expression 

levels in 5xFAD mice, while TREM2 knock-out has a small effect on Tyrobp levels, Related 

to Figure 6. (A) Upregulated and downregulated genes (2-fold, FDR<0.05) in 4-month-old 

5xFAD;CD33-/- versus 5xFAD and 5xFAD;CD33-/-;TREM2-/- relative to 5xFAD;TREM2-/- (left), 

as well as in 5xFAD;TREM2-/- compared to 5xFAD and 5xFAD;CD33-/-;TREM2-/- versus 

5xFAD;CD33-/- microglia (right), displayed as Venn diagrams. 5xFAD (n=14M/14F), 
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5xFAD;CD33-/- (n=6M/6F), 5xFAD;TREM2-/- (n=11M/11F) and 5xFAD;CD33-/-;TREM2-/- 

(n=5M/5F) mice. (B-E) Expression levels of Trem2, Cd33, and Tyrobp were summarized as 

log2FC of RNA-seq carried out with microglia that were isolated from 4 and 8-month-old mice. 

FDR values are shown on the figure. (B and C) There was no significant change in Trem2 or 

Tyrobp expression levels in CD33-/- versus WT (B) and 5xFAD;CD33-/- versus 5xFAD (C) 

datasets at 4 and 8 months. (D) Cd33 and Tyrobp expression levels did not change in TREM2-/- 

versus WT microglia. (E) While there was no change in Cd33 expression levels at 4 months, 

there was a slight increase (Log2FC=0.35) at 8 months in the 5xFAD;TREM2-/- versus 5xFAD 

dataset. Tyrobp levels were moderately decreased at 4 months (Log2FC=-0.47) and 8 months 

(Log2FC=-0.73) in 5xFAD;TREM2-/- versus 5xFAD microglia. See also Table S3. 
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Figure S6. Downregulation of anti-inflammatory, pro-inflammatory and inflammasome-

associated genes in 5xFAD;TREM2-/- microglia is not reversed by additional knock-out of 

CD33, Related to Figure 6. (A-E) Expression levels of inflammation-related genes were 

summarized as log2FC of RNA-seq carried out with microglia from 4-month-old WT 

(n=13M/14F), 5xFAD (n=14M/14F), 5xFAD;CD33-/- (n=6M/6F), 5xFAD;TREM2-/- 

(n=11M/11F) and 5xFAD;CD33-/-;TREM2-/- (n=5M/5F) mice. FDR values are shown on the 

figure. (A) Anti-inflammatory, pro-inflammatory and inflammasome-related genes were 

concomitantly upregulated in 5xFAD microglia compared to WT. While pink bars in (A) overlap 

with (C-E), purple bars and borders overlap with (B) and (E). (B) Anti-inflammatory and 

inflammasome-associated genes were significantly increased in 5xFAD;CD33-/- microglia versus 

5xFAD. Purple bars in (B) overlap with (A) and (E). (C) 5xFAD;TREM2-/- microglia exhibited 

reduced expression levels of anti-inflammatory, pro-inflammatory and inflammasome-associated 

genes relative to 5xFAD. Pink bars in (C) overlap with (A), (D) and (E). (D) Inflammation-

related transcripts were significantly decreased in 5xFAD;CD33-/-;TREM2-/- microglia compared 

to 5xFAD. Pink columns in (D) overlap with (A), (C) and (E). (E) Anti-inflammatory, pro-

inflammatory and inflammasome-related genes were downregulated in 5xFAD;CD33-/-;TREM2-/- 

microglia versus 5xFAD;CD33-/-. While pink columns in (E) overlap with (A), (C) and (D), 

purple bars overlap with (A) and (B). See also Table S4. 
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Figure S7. CD33 and/or TREM2 knock-out lead to greater differential gene expression in 

5xFAD mice versus WT, Related to Figure 7. (A) Upregulated (top) and downregulated 

(bottom, 2-fold, FDR<0.05) genes in 5xFAD;CD33-/- microglia compared to 5xFAD (left) and 

5xFAD;TREM2-/- relative to 5xFAD (right) at each time point, displayed as Venn diagrams. 

5xFAD: n=14M/14F, 5xFAD;CD33-/-: n=6M/6F at 4 months; and 5xFAD: n=12M/12F, 

5xFAD;CD33-/-: n=13M/13F mice at 8 months. 5xFAD: n=14M/14F, 5xFAD;TREM2-/-: 

n=11M/11F at 4 months; and 5xFAD: n=10M/9F, 5xFAD;TREM2-/-: n=9M/8F mice at 8 months. 

(B) Analysis of RNA-seq data revealed 9, 22 and 23 DE genes (2-fold, FDR<0.05) in CD33-/-, 

TREM2-/- and CD33-/-;TREM2-/- microglia compared to WT, respectively, at 4 months. 299, 134 

and 209 genes were enriched in 5xFAD;CD33-/-, 5xFAD;TREM2-/- and 5xFAD;CD33-/-;TREM2-/- 

microglia relative to 5xFAD, respectively. Venn diagrams showed that 5 upregulated (top) and 2 

downregulated (bottom) genes overlapped between CD33-/- microglia versus WT and 

5xFAD;CD33-/- versus 5xFAD (left). 7 upregulated and 8 downregulated genes overlapped 

between TREM2-/- microglia versus WT and 5xFAD;TREM2-/- compared to 5xFAD (center). 10 

upregulated and 6 downregulated genes overlapped between CD33-/-;TREM2-/- microglia versus 

WT and 5xFAD;CD33-/-;TREM2-/- versus 5xFAD (right). (C) At 8 months of age, 22 and 9 genes 

were enriched in CD33-/- and TREM2-/- microglia relative to WT, respectively, and 282 and 214 

DE genes in 5xFAD;CD33-/- and 5xFAD;TREM2-/- microglia compared to 5xFAD, respectively. 

Venn diagrams showed that 6 upregulated (top) and 2 downregulated (bottom) genes overlapped 

between CD33-/- microglia versus WT and 5xFAD;CD33-/- relative to 5xFAD (left). 2 

upregulated and 5 downregulated genes overlapped between TREM2-/- microglia versus WT and 

5xFAD;TREM2-/- versus 5xFAD (right). See also Table S6. 

 

 

 

 

 

 



14 
 

 

 



15 
 

 

Figure S8. IL-1β and IL-1RN are central in overlapping inflammation pathways in 

5xFAD;CD33-/- and 5xFAD;TREM2-/- microglia, Related to Figure 7. (A and B) Venn 

diagram of pie charts showing the overlap of 6 genes (A) and 2 genes (B) that were upregulated 

in 5xFAD;CD33-/- microglia and downregulated in 5xFAD;TREM2-/- (versus 5xFAD) at 4 months 

(A) and 8 months (B). STRING networks showed protein-protein interactions of DE genes 

associated with inflammation pathways that overlapped between 5xFAD;CD33-/- and 

5xFAD;TREM2-/- microglia (compared to 5xFAD) at 4 months (A) and 8 months (B). Proteins 

are presented as nodes, which are connected by lines whose thickness represents the confidence 

level in protein interaction. While red arrows represent proteins upregulated in 5xFAD;CD33-/-, 

blue arrows mark proteins downregulated in 5xFAD;TREM2-/- microglia. Stars highlight 16 

nodes/proteins that are enriched in either genotype and overlap at 4 and 8 months, with IL-1β 

and IL-1RN at the center of inflammation pathways in 5xFAD;CD33-/- and 5xFAD;TREM2-/- 

microglia. (C-F) Validation by qPCR of top DE genes obtained with RNAseq. The qPCR 

analysis was performed by using microglia that were isolated from 4-month-old 5xFAD, 

5xFAD;CD33-/- and 5xFAD;TREM2-/- mice. The qPCR analysis of transcripts including Il1b (C), 

Il1rn (D), Gpnmb (E) and Vegfa (F) showed that mRNA levels of these transcripts were 

increased in 5xFAD;CD33-/- and decreased in 5xFAD;TREM2-/- microglia versus 5xFAD 

(*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, one-way ANOVA, Tukey’s test). Il1b, Il1rn, 

Gpnmb and Vegfa mRNA levels were normalized to Gapdh mRNA levels. Data are represented 

as mean ± SEM.  
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Table S2. Effects of aging and knock-out of CD33 and/or TREM2 on biological pathways in 

5xFAD microglia, Related to Figures 5, 6 and 7. Early (4 months of age) and late (8 months of 

age) downregulated and upregulated gene data sets (2-fold difference, FDR<0.05) were analyzed 

by Ingenuity Pathway Analysis (IPA). IPA revealed upregulation and activation of most 

pathways in 4-month-old 5xFAD microglia compared to WT and in 5xFAD;CD33-/- versus 

5xFAD. Most pathways were downregulated and inhibited in 5xFAD;TREM2-/- microglia relative 

to 5xFAD, 5xFAD;CD33-/-;TREM2-/- compared to 5xFAD and 5xFAD;CD33-/-;TREM2-/- versus 

5xFAD;CD33-/- at 4 months of age. IPA analysis also showed that most pathways were 

upregulated and activated in 8-month-old 5xFAD microglia relative to WT. While CD33 knock-

out led to upregulation and activation of pathways, TREM2 knock-out resulted in downregulation 

and inhibition of pathways in 5xFAD microglia at 8 months of age. Activation Z-scores were 

generated by IPA; Z-score<-2, pathway inhibited; Z-score>2, pathway activated; p-value<0.05. 

N/A: not applicable. See also Tables S1, S3 and S5. 

 

 


