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Supplementary Figures and Tables 
 

 
Fig. S1. Main experimental design of the study. To deplete microglia selectively and transiently from the 

prefrontal cortex during a defined window of adolescence, 6-week-old C57BL6/N male mice received a 

single, bilateral stereotaxic injection of clodronate disodium salt (CDS) into the prefrontal cortex (PFC). 

Control mice received a bilateral stereotaxic injection of phosphate-buffered saline (PBS). An additional 

group of mice receiving sham surgery, which involved the same surgical procedures but no stereotaxic 

injections, was included as a negative control group as well (not depicted in the figure). The magnitude and 

specificity of microglia depletion was ascertained by post-mortem immunohistochemistry in the PFC (1), 

secondary motor cortex (2), primary motor cortex (3), primary somatosensory cortex (4), and forceps minor 

of the corpus callosum (5) along the anterior (bregma +2.2. mm) to posterior (bregma +1.4 mm) axis, which 

was conducted at successive time points (1, 5, 10, and 20 days post-injection [dpi]) after CDS or PBS 

injection or sham surgery. To test the effects of adolescent PFC microglia depletion on adult behavioral and 

synaptic functions, 6-week-old C57BL6/N male mice received a single, bilateral stereotaxic injection of 

CDS or PBS into PFC and were then allowed to recover and mature into adulthood. Adult testing 

commenced at 12 weeks of age.  

 
 
 
 
 
 
 
 
 
 
 



 
 

 
 

 
 
Fig. S2. Basal Expression of microglia-defining and complement component genes in the PFC of mice 

across preadolescence to adulthood. Basal expression of microglia-defining genes (Csf1r and Cx3cr1) 

and complement component 3 (C3) was assessed in PFC samples obtained from preadolescent (4-week-

old), adolescent (6-week-old) and adult (12-week-old) male C57BL6/N mice using quantitative real-time 

polymerase chain reaction (qRT-PCR). *p < 0.05 and **p < 0.01, based on Tukey’s multiple comparison 

post-hoc test following ANOVA (Csf1r: F(2,12) = 11.6, p < 0.01; Cx3cr1: F(2,12) = 8.3, p < 0.01; C3: F(2,12) = 

4.7, p < 0.05); N = 5 mice per postnatal week.  

 
 
 
 
 
 
 

 
  



 
 

 
 

 

Fig. S3. CDS-induced microglia depletion in brain areas bordering the PFC of adolescent mice.            

(A) Post-mortem immunohistochemistry was used to assess CDS-induced microglia depletion in the brain 

areas bordering the PFC of adolescent mice. As illustrated in the schematic coronal sections, the bordering 

areas included primary motor cortex (M1), secondary motor cortex (M2), primary somatosensory cortex 

(S1), and forceps minor of the corpus callosum (fmi) along the anterior (bregma +2.2. mm) to posterior 

(bregma +1.4 mm) axis. (B) The bar plots show the number of Iba1+ microglia in M1, M2, S1 and fmi 

regions of sham control mice, PBS control mice and CDS mice at 5 dpi, which corresponds to the peak of 

microglia depletion in the PFC of adolescent males injected with CDS (see Figure 1 in main text). *p < 

0.05, based on post-hoc test following ANOVA (F(2,12) = 7.6, p < 0.01). (C) The bar plots depict the number 

of Iba1+ microglia in M1, M2, S1 and fmi regions of sham control mice, PBS control mice and CDS mice 

at 20 dpi, which corresponds to a post-injection interval when microglia density is fully restored in the PFC 

of adolescent males injected with CDS (see Figure 1 in main text). All data are means ± SEM with 

individual values overlaid; N = 5 mice per group and dpi. 



 
 

 
 

 
Fig. S4. Density of neurons and astrocytes in the PFC after sham, PBS or CDS treatment in adolescent 

mice. Post-mortem immunohistochemistry was used to assess whether bilateral stereotaxic injection of 

CDS into the PFC of adolescent mice alters the density of neurons and astrocytes, which were stained using 

anti-NeuN and anti-S100β antibody, respectively. (A) The photomicrograph shows a representative NeuN 

immunofluorescent stain in the PFC region. The bar plots depict the number of NeuN+ neurons in the PFC 

of sham control mice, PBS control mice and CDS mice at different days post-injection (dpi). There were 

no group differences with regards to the density of NeuN+ neurons at any dpi. (B) The photomicrograph 

shows a representative S100β immunofluorescent stain in the PFC region. The bar plots depict the number 

of S100β+ astrocytes in the PFC of sham control mice, PBS control mice and CDS mice at different dpi 

intervals. There were no group differences with regards to the density of S100β+ astrocytes at any dpi. All 

data are means ± SEM with individual values overlaid; N = 5 mice per group and dpi. 

 

 

 

 

 

 

 

 



 
 

 
 

 
Fig. S5. Number of peripheral immune cells in the PFC of adolescent mice during the peak of 

microglia depletion relative to controls. To examine whether the stereotaxic surgery causes an infiltration 

of peripheral immune cells into the PFC, single cell suspensions of prefrontal tissue were prepared at the 

peak of CDS-induced microglia depletion (i.e., 5 days post-injection; see Figure 1 in main text) and the 

numbers of peripheral immune cells in the PFC were quantified using flow cytometry. (A) Representative 

flow cytometry plots of CD4+ and CD8+ T cells (pre-gated on CD45hiMHCII-CD11b-), neutrophils 

(CD45hiCD11b+Ly6G+) and Ly6Chi monocytes (Mo) (CD45hiCD11b+Ly6Ghi) in sham controls, PBS 

controls and CDS mice. (B) Number of CD4+ and CD8+ T cells (pre-gated on CD45hiMHCII-CD11b-), 

neutrophils (CD45hiCD11b+Ly6G+) and Ly6Chi monocytes (Mo) (CD45hiCD11b+Ly6Ghi) in sham controls, 

PBS controls and CDS mice. N = 5 per group; ns, not significant. The following antibodies were used: anti-

mouse MHCII (clone M5/114.15.2), BB700, BD Biosciences, Cat# 746197, RRID:AB_2743544; anti-

mouse CD11b (M1/70), BV605,  Biolegend, Cat# 101257, RRID:AB_2738811; anti-mouse CD11c 

(N418), PE-Cy5.5, Thermo Fisher, Cat# 35-0114-82, RRID:AB_10900261; anti-mouse CD45 (30-F11), 

PE-Cy5,BD Biosciences, Cat# 553082, RRID:AB_2651134; anti-mouse Ly6C (HK1.4), BV711, 

Biolegend, Cat# 128037, RRID: AB_2562630; anti-mouse Ly6G (1A8), BV650, Biolegend, Cat#127641, 

RRID:AB_2739334; anti -mouse CD4 (GK1.5), APC, Biolegend, Cat# 100412, RRID:AB_312697; and 

anti-mouse CD8 (53-6.7), PE-Dazzle, BD Biosciences, Cat# 562283, RRID:AB_11152075.   

  



 
 

 
 

 
Fig. S6. Differential gene expression in the PFC after PBS or CDS treatment in adolescent mice. The 

volcano plot depicts the statical significance (-log [q-value]) versus the magnitude of gene expression 

changes (log2 fold change, Log2FC) in the PFC of CDS mice (N = 5 males) relative to PBS mice (N = 5 

males) subjected to next-generation RNA sequencing (RNAseq) at 5 days post-injection (5 dpi). Using a 

false-discovery rate (FDR) threshold of q < 0.05 (indicated by the dashed blue line), 647 genes (green dots) 

and 560 genes (red dots) were down- and upregulated, respectively, in CDS mice relative to PBS mice. 

Microglia-defining genes, including Slc2a5, P2ry13, P2ry12, Selplg, Siglech, Crybb1, Csf1r, Cx3cr1, and 

Cd11b, were amongst the most strongly downregulated genes in CDS-injected mice. On the other hand, 

genes pertaining to extracellular matrix remodeling, including Lama1, Lamc3c, Col13a1, and Col15a1, 

were amongst the most strongly upregulated genes in CDS-injected mice. 

 

 

 

 

 

 

 



 
 

 
 

Microglia-defining genes 

Gene symbol Gene ID Log2 FC q-value 
Cd11b ENSMUSG00000030786 -1.9155 1.37E-15 * 
Csf1r ENSMUSG00000024621 -1.4916 5.87E-20 * 
Cx3cr1 ENSMUSG00000052336 -1.5871 3.69E-18 * 
Fcrls ENSMUSG00000015852 -1.2086 1.41E-08 * 
P2ry12 ENSMUSG00000036353 -2.6962 1.23E-43 * 
P2ry13 ENSMUSG00000036362 -2.4465 1.09E-50 * 
Pu.1 ENSMUSG00000002111 -0.4048 3.04E-01 
Selplg ENSMUSG00000048163 -2.1769 9.89E-41 * 
Tmem119 ENSMUSG00000054675 -1.2490 6.67E-12 * 
Trem2 ENSMUSG00000023992 -1.3231 1.96E-06 * 
Astrocyte-defining genes 

Gene symbol Gene ID Log2 FC q-value 
Acsbg1 ENSMUSG00000032281 -0.0983 6.98E-01 
Aldh1l1 ENSMUSG00000030088  0.2103 2.43E-01 
Aldoc ENSMUSG00000017390 -0.0287 9.24E-01 
Aqp4 ENSMUSG00000024411  0.1973 3.99E-01 
Atp1a2 ENSMUSG00000007097  0.0028 9.90E-01 
Papss2 ENSMUSG00000024899 -0.2122 3.88E-01 
S100b ENSMUSG00000033208  0.0053 9.94E-01 
Slc1a3 ENSMUSG00000005360  0.0029 9.92E-01 
Slc25a18 ENSMUSG00000004902 -0.1586 5.64E-01 
Tmem166 ENSMUSG00000035104 -0.0486 9.10E-01 
Neuron-defining genes 

Gene symbol Gene ID Log2 FC q-value 
Calb1 ENSMUSG00000028222 -0.1359 5.83E-01 
Dlx1 ENSMUSG00000041911 -0.1448 7.43E-01 
Htr2c ENSMUSG00000041380 -0.0793 8.58E-01 
Neurod6 ENSMUSG00000037984  0.0771 7.03E-01 
Npas4 ENSMUSG00000045903  0.0443 9.57E-01 
Pvalb ENSMUSG00000005716  0.0697 8.88E-01 
Slc12a5 ENSMUSG00000017740  0.0802 7.98E-01 
Slc17a6 ENSMUSG00000030500  0.0115 9.72E-01 
Snap25 ENSMUSG00000027273  0.1553 4.84E-01 
Sstr2 ENSMUSG00000047904  0.2177 1.67E-01 
Oligodendrocyte-defining genes 

Gene symbol Gene ID Log2 FC q-value 
Cldn11 ENSMUSG00000037625  0.7387 6.60E-02 
Mag ENSMUSG00000036634  0.6517 1.28E-01 
Mal ENSMUSG00000027375  0.5754 5.17E-01 



 
 

 
 

Mbp ENSMUSG00000041607  0.6600 5.77E-02 
Mog ENSMUSG00000076439  0.4572 3.57E-01 
Opalin ENSMUSG00000050121  0.6548 1.74E-01 
Sgk2 ENSMUSG00000017868  0.2978 6.83E-01 
Trf ENSMUSG00000032554  0.2935 5.77E-01 
Tspan2 ENSMUSG00000027858  0.4254 1.34E-01 
Ugt8a ENSMUSG00000032854  0.3135 5.35E-01 
Endothelial cell-defining genes 

Gene symbol Gene ID Log2 FC q-value 
Abcb1a ENSMUSG00000040584  0.0004 9.86E-01 
Abcb1b ENSMUSG00000028970 -0.0416 9.20E-01 
Apold1 ENSMUSG00000090698  0.0516 9.55E-01 
Bsg ENSMUSG00000023175  0.0782 7.07E-01 
Cd34 ENSMUSG00000016494 -0.0504 9.06E-01 
Ftl1 ENSMUSG00000050708  0.1848 3.96E-01 
Ifitm1 ENSMUSG00000025491  0.0966 8.54E-01 
Itm2a ENSMUSG00000031239  0.1736 3.76E-01 
Rgs5 ENSMUSG00000026678  0.0634 7.89E-01 
Vwf ENSMUSG00000001930  0.4147 1.43E-01 

 

Table S1. Summary of gene expression changes characterizing distinct cell populations during the 

acute phase of prefrontal microglia depletion in adolescence. For each cell population of interest, the 

table summarizes the magnitude of gene expression changes (log2 fold change, log2FC) in the PFC of CDS 

mice (N = 5) relative to PBS mice (N = 5) subjected to next-generation RNA sequencing (RNAseq) at 5 

days post-injection. The genes defining microglia, astrocytes, neurons, oligodendrocytes, and vascular 

endothelial cells were selected based on existing RNAseq databases (66,68-70). For each gene of interest, 

the table also specifies the gene ID and the statistical significance (q-value). Genes that passed a false 

discovery rate (FDR) correction set at a 5% threshold (q < 0.05) were considered as significant and are 

marked by the symbol (*). 

 

 

 



 
 

 
 

 

Fig. S7. Transcriptional module (tmod) analysis showing multivariate enrichment results for gene 

sets revealed by next-generation RNA sequencing after PBS or CDS treatment in adolescent mice. 

The panel plot depicts gene sets derived from clustering expression profiles that were downregulated (red) 

and upregulated (blue), respectively, in the PFC of CDS mice (N = 5) relative to PBS mice (N = 5) at the 

peak of microglia depletion (i.e. at the 5-days post-injection interval; see figure S6). The plot was generated 

in R and represents the gene sets in terms of p-values and effect sizes.  

 
 

 

 

 

 

 

 

 



 
 

 
 

Upregulated genes in CDS versus PBS mice at 12 weeks of age 

Gene symbol Gene ID Log2 FC q-value 
Abca8a ENSMUSG00000041828 0.5731 3.47E-04 
Acot11 ENSMUSG00000034853 0.2071 2.41E-02 
Col13a1 ENSMUSG00000058806 1.3141 6.20E-09 
Col15a1 ENSMUSG00000028339 1.6108 1.65E-24 
Col4a6 ENSMUSG00000031273 0.8284 2.67E-02 
Cybb ENSMUSG00000015340 1.4682 3.41E-03 
Edn3 ENSMUSG00000027524 0.9567 1.78E-07 
Enpp1 ENSMUSG00000037370 0.7824 3.86E-03 
Fbln2 ENSMUSG00000064080 0.6448 5.20E-03 
Ggt1 ENSMUSG00000006345 0.7254 1.11E-02 
H2-Ab1 ENSMUSG00000073421 0.9350 3.43E-02 
Itih5 ENSMUSG00000025780 0.5876 2.55E-06 
Kif5a ENSMUSG00000074657 0.2695 3.12E-03 
Lama1 ENSMUSG00000032796 0.6873 1.26E-06 
Lamc3 ENSMUSG00000026840 0.4983 4.47E-03 
Lum ENSMUSG00000036446 1.3308 1.13E-04 
Postn ENSMUSG00000027750 1.1762 2.11E-02 
Spp1 ENSMUSG00000029304 1.6083 3.47E-04 
Tbx18 ENSMUSG00000032419 0.7387 1.52E-04 
Downregulated genes in CDS versus PBS mice at 12 weeks of age 

Gene symbol Gene ID Log2 FC q-value 

Aldh1a3 ENSMUSG00000015134 -0.9903 1.72E-06 
C1ql1 ENSMUSG00000045532 -1.4117 6.67E-17 
Cd163 ENSMUSG00000008845 -2.4181 3.15E-20 
Cd209b ENSMUSG00000065987 -2.9444 2.11E-02 
Cd209f ENSMUSG00000051906 -2.5933 4.52E-04 
Cspg4 ENSMUSG00000032911 -0.6756 3.47E-04 
Gpr17 ENSMUSG00000052229 -0.9199 1.51E-02 
Gucy2f ENSMUSG00000042282 -1.1100 1.37E-03 
Inava ENSMUSG00000041605 -1.0548 1.30E-02 
Lad1 ENSMUSG00000041782 -2.1031 6.20E-09 
Lhfpl3 ENSMUSG00000106379 -0.4454 4.57E-02 
Matn4 ENSMUSG00000016995 -1.4446 1.84E-16 
Neu4 ENSMUSG00000034000 -1.5554 1.39E-16 
Nrarp ENSMUSG00000078202 -0.4547 1.71E-02 
Olig2 ENSMUSG00000039830 -0.4977 3.86E-03 
Pdgfra ENSMUSG00000029231 -0.8382 5.61E-10 
Shc4 ENSMUSG00000035109 -0.5868 2.63E-03 
Slc2a5 ENSMUSG00000028976 -0.5609 5.92E-03 
Snx22 ENSMUSG00000039452 -1.1169 5.57E-07 
Vcan ENSMUSG00000021614 -0.6023 3.27E-02 



 
 

 
 

Table S2 (previous page). Differential gene expression in the adult PFC after PBS or CDS treatment 

in adolescence. The table summarizes the differentially expressed genes (DEG) in the PFC of adult (12-

week-old) mice treated with CDS in adolescence (6 weeks of age; see fig. S1) relative to adult mice treated 

with PBS in adolescence (N = 5 per group). Differential gene expression of next-generation RNA 

sequencing (RNAseq) data was obtained using a false-discovery rate (FDR) threshold of q < 0.05. Using 

this FDR, 20 and 19 genes were down- and upregulated, respectively, in CDS mice relative to PBS mice. 

For each DEG, the table specifies the gene symbol, gene ID, magnitude of gene expression changes (log2 

fold change, log2FC), and statical significance (q-value). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

Microglia-defining genes 

Gene symbol Gene ID Log2 FC q-value 
Cd11b ENSMUSG00000030786 -0.3419 1.00E+00 
Csf1r ENSMUSG00000024621 -0.4581 4.96E-01 
Cx3cr1 ENSMUSG00000052336 -0.4740 6.84E-01 
Fcrls ENSMUSG00000015852  0.0127 1.00E+00 
P2ry12 ENSMUSG00000036353 -0.3971 1.00E+00 
P2ry13 ENSMUSG00000036362 -0.4439 5.53E-01 
Pu.1 ENSMUSG00000002111 -0.3632 1.00E+00 
Selplg ENSMUSG00000048163 -0.5252 2.02E-01 
Tmem119 ENSMUSG00000054675 -0.3365 1.00E+00 
Trem2 ENSMUSG00000023992 -0.2495 1.00E+00 
Astrocyte-defining genes 

Gene symbol Gene ID Log2 FC q-value 
Acsbg1 ENSMUSG00000032281  0.1326 1.00E+00 
Aldh1l1 ENSMUSG00000030088  0.1468 1.00E+00 
Aldoc ENSMUSG00000017390  0.1084 1.00E+00 
Aqp4 ENSMUSG00000024411  0.0318 1.00E+00 
Atp1a2 ENSMUSG00000007097  0.1041 1.00E+00 
Papss2 ENSMUSG00000024899 -0.1927 1.00E+00 
S100b ENSMUSG00000033208  0.1169 1.00E+00 
Slc1a3 ENSMUSG00000005360  0.0119 1.00E+00 
Slc25a18 ENSMUSG00000004902  0.1332 1.00E+00 
Tmem166 ENSMUSG00000035104  0.0346 1.00E+00 
Neuron-defining genes 

Gene symbol Gene ID Log2 FC q-value 
Calb1 ENSMUSG00000028222 -0.0388 1.00E+00 
Dlx1 ENSMUSG00000041911  0.1288 1.00E+00 
Htr2c ENSMUSG00000041380 -0.1752 1.00E+00 
Neurod6 ENSMUSG00000037984 -0.0228 1.00E+00 
Npas4 ENSMUSG00000045903 -0.3065 1.00E+00 
Pvalb ENSMUSG00000005716  0.3024 1.00E+00 
Slc12a5 ENSMUSG00000017740 -0.0157 1.00E+00 
Slc17a6 ENSMUSG00000030500 -0.1401 1.00E+00 
Snap25 ENSMUSG00000027273  0.0014 1.00E+00 
Sstr2 ENSMUSG00000047904  0.0220 1.00E+00 
Oligodendrocyte-defining genes 

Gene symbol Gene ID Log2 FC q-value 
Cldn11 ENSMUSG00000037625  0.4467 1.00E+00 
Mag ENSMUSG00000036634  0.4207 1.00E+00 
Mal ENSMUSG00000027375  0.5283 1.00E+00 



 
 

 
 

Mbp ENSMUSG00000041607  0.4952 1.00E+00 
Mog ENSMUSG00000076439  0.4297 1.00E+00 
Opalin ENSMUSG00000050121  0.3610 1.00E+00 
Sgk2 ENSMUSG00000017868  0.0533 1.00E+00 
Trf ENSMUSG00000032554  0.6431 9.24E-01 
Tspan2 ENSMUSG00000027858  0.1863 1.00E+00 
Ugt8a ENSMUSG00000032854  0.4391 1.00E+00 
Endothelial cell-defining genes 

Gene symbol Gene ID Log2 FC q-value 
Abcb1a ENSMUSG00000040584  0.0540 1.00E+00 
Abcb1b ENSMUSG00000028970  0.0571 1.00E+00 
Apold1 ENSMUSG00000090698  0.3277 1.00E+00 
Bsg ENSMUSG00000023175  0.0618 1.00E+00 
Cd34 ENSMUSG00000016494  0.1422 1.00E+00 
Ftl1 ENSMUSG00000050708  0.0898 1.00E+00 
Ifitm1 ENSMUSG00000025491 -0.3135 1.00E+00 
Itm2a ENSMUSG00000031239 -0.0804 1.00E+00 
Rgs5 ENSMUSG00000026678  0.1239 1.00E+00 
Vwf ENSMUSG00000001930  0.0205 1.00E+00 

 

Table S3. Summary of gene expression characterizing distinct cell populations in the adult PFC after 

PBS or CDS treatment in adolescence. For each cell population of interest, the table summarizes the 

magnitude of gene expression (log2 fold change, log2FC) in the PFC of adult (12-week-old) mice treated 

with CDS in adolescence (6 weeks of age; see fig. S1) relative to adult mice treated with PBS in adolescence. 

Differential gene expression of next-generation RNA sequencing (RNAseq) data was obtained using a 

false-discovery rate (FDR) threshold of q < 0.05. The genes defining microglia, astrocytes, neurons, 

oligodendrocytes, and vascular endothelial cells were selected based on existing RNAseq databases (66,68-

70). For each gene of interest, the table also specifies the gene ID and the statistical significance (q-value). 

Genes that passed a false discovery rate (FDR) correction set at a 5% threshold (q < 0.05) were considered 

as significant.  

 

 

 
 
 
 
 



 
 

 
 

 

Fig. S8. Quantification of microglia-defining genes in microglia isolated from the PFC of adult mice 

subjected to sham, PBS or CDS treatment in adolescence. Microglia-defining genes were analyzed in 

microglia isolated from the PFC of adult (12 weeks of age) male mice that received an intracerebral CDS 

or PBS injection into the PFC or were sham-operated during adolescence (see figure S1). (A) Principal 

experimental design used to isolate microglia from the PFC using magnetic-activated cell sorting (MACS). 

Single-cell suspensions generated from PFC samples were incubated with anti-CD11b magnetic 

microbeads to obtain a microglial cell fraction through positive magnetic selection. The microglial cell 

fraction was then used to quantify the expression of microglia-defining genes by means of quantitative real-

time polymerase chain reaction (qRT-PCR). (B) The bar plots show mRNA levels of Csf1r, Cx3cr1, Iba1 

(= Aif1), P2ry12, P2ry6, Pu.1 (= Spi1) and Trem2 in prefrontal microglia of adult sham, PBS and CDS 

mice. Each data point corresponds to pooled PFC samples from 3 male mice, with independent 4 replicates 

per group. All data are means ± SEM with individual values overlaid.      

 

 

 

 

 

   



 
 

 
 

 
Fig. S9. Basal locomotor activity and anxiety-related behavior in adult mice subjected to PBS or CDS 

treatment in adolescence. Male mice that received either a CDS or PBS injection during adolescence (see 

figure S1) and were subjected to behavioral testing once they reached adulthood (12 weeks onwards). (A) 

Total distance moved, distance moved in the center zone (CZ) and number of CZ visits in PBS and CDS 

mice during the open field test. (B) Distance moved and time spent in the light compartment (LC) in PBS 

and CDS mice during the light-dark box test, which measures the animals’ exploration of the LC relative 

to the dark compartment (DC). All data are means ± SEM with individual values overlaid; N = 10 mice per 

group and test.  

  

  



 
 

 
 

 
 

Fig. S10. Behavioral and cognitive performance of adult mice subjected to sham operation or 

intracerebral PBS injection in adolescence. Male mice receiving no stereotaxic injection (sham control 

mice) were compared to mice receiving a bilateral stereotaxic injection of PBS in adolescence (see figure 

S1) using a battery of behavioral and cognitive tests in adulthood. (A) Total distance moved, distance moved 

in the center zone (CZ) and number of CZ visits during the open field test. (B) Distance moved and time 

spent in the light compartment (LC) during the light-dark box test, which measures the animals’ exploration 

of the LC relative to the dark compartment (DC). (C) Phase 1 (D = dummy object, M = unfamiliar mouse) 

and phase 2 (F = familiar mouse; N = novel mouse) of the social interaction test. The bar plots show the 



 
 

 
 

social preference index in phase 1 (values > 0 represent a preference towards M) and social memory index 

in phase 2 (values > 0 represent a preference towards N), whereas the line plots depict absolute exploration 

times in either phase. §p < 0.001, reflecting the overall main effect of object in phase 1 (F(1,18) = 36.7) and 

phase 2 (F(1,18) = 22.3) (D) The percentage bar plots depict the relative amount of time (%) exploring the 

left (L) or right (R) object in sample phase 1 and 2 of the temporal order memory test. The bar plot shows 

the temporal order memory index during the test phase (values > 0 represent a preference towards the 

temporally more remote object presented in sample phase 1). (E) Acquisition, expression and extinction of 

contextual fear. The line plots show percent time freezing during the habituation, acquisition and expression 

phases, as well as the extinction rate (% change from freezing levels measured during the expression phase). 

The arrows indicate the presentation of a mild electric foot shock. All data are means ± SEM with individual 

values overlaid; N(sham) = 10 mice, N(PBS) = 10 mice for each test. 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 

 
 

Fig. S11. Graphical representation of differentially expressed genes annotated with the functional 

network “phagocytosis” during the acute phase of adolescent microglia depletion. Ingenuity pathway 

analysis (IPA) was used for functional network prediction of genes that were found to be differentially 

expressed in the PFC of mice subjected to CDS (N = 5) or PBS (N= 5) treatment in adolescence (6 weeks 

of age; see figure S1). Next-generation RNA sequencing (RNAseq) was conducted during the acute phase 

of CDS-induced microglia depletion (i.e., at 5 days post-injection) and analyzed using a false discovery rate 

(FDR) correction set at a 5% threshold (q < 0.05; see figure S6). IPA identified the functional network 

“phagocytosis” to be dysregulated during the acute phase of adolescent microglia depletion. Genes that 

were upregulated in CDS relative to PBS mice are shown in red; genes that were downregulated in CDS 

relative to PBS mice are shown in green. 

 



 
 

 
 

 
Fig. S12. Graphical representation of differentially expressed genes annotated with the functional 

networks “axonal remodeling”, “neurite remodeling” and “dendritic spine morphogenesis” during 

the acute phase of adolescent microglia depletion. Ingenuity pathway analysis (IPA) was used for 

functional network prediction of genes that were found to be differentially expressed in the PFC of mice 

subjected to CDS (N = 5) or PBS (N= 5) treatment in adolescence (6 weeks of age; see figure S1). Next-

generation RNA sequencing (RNAseq) was conducted during the acute phase of CDS-induced microglia 

depletion (i.e., at 5 days post-injection) and analyzed using a false discovery rate (FDR) correction set at a 

5% threshold (q < 0.05; see figure S6). IPA identified the functional networks “axonal remodeling”, “neurite 

remodeling” and “dendritic spine morphogenesis” to be dysregulated during the acute phase of adolescent 

microglia depletion. Genes that were upregulated in CDS relative to PBS mice are shown in red; genes that 

were downregulated in CDS relative to PBS mice are shown in green. 

 

 

  



 
 

 
 

 
 

Fig. S13. Graphical representation of differentially expressed genes annotated with the functional 

networks “extracellular matrix organization and functions”, “abnormal morphology of nervous 

system”, “abnormal morphology of neurons”, and “remodeling of neurites” in the PFC of adult mice 

subjected to PBS or CDS treatment in adolescence. Ingenuity pathway analysis (IPA) was used for 

functional network prediction of genes that were found to be differentially expressed in the PFC of adult 

mice subjected to CDS (N = 5) relative to PBS (N= 5) treatment in adolescence (6 weeks of age; see figure 

S1). Next-generation RNA sequencing (RNAseq) was conducted when the animals reached 12 weeks of 

age and was analyzed using a false discovery rate (FDR) correction set at a 5% threshold (q < 0.05; see 

Table S2). Genes that were upregulated in CDS relative to PBS mice are shown in red; genes that were 

downregulated in CDS relative to PBS mice are shown in green. (A) Differentially expressed genes 

annotated with the functional network “extracellular matrix organization and functions”. (B) Differentially 

expressed genes annotated with the functional networks abnormal morphology of nervous system” and 

“abnormal morphology of neurons”, and “remodeling of neurites”. 

 



 
 

 
 

 

Fig. S14. Transient microglia depletion in the adolescent PFC does not alter main biophysical 

properties of prefrontal pyramidal neurons in adulthood. To test the effects of adolescent microglia 

depletion on main biophysical properties of prefrontal pyramidal neurons in adulthood, 6-week-old 

C57BL6/N male mice received a single, bilateral stereotaxic injection of CDS or PBS into the PFC and 

were then allowed to recover and mature into adulthood (see figure S1). Electrophysiological recordings 

were conducted when the animals reached 12 weeks of age. (A) The scatter plots show measures of passive 

biophysical properties (resting membrane potential, input resistance and capacitance) in PBS and CDS 

mice. (B) The scatter plots depict measures of action potential (AP)-related properties (AP firing threshold 

and maximal AP frequency, AP half-width) in PBS and CDS mice. For all data, dots represent individual 

cells (n = 51 for PBS, n = 53 for CDS), whereas filled circles reflect cell averages per animal (N = 7 per 

group). 

 

 
 
 
 
 
 
 
 
 



 
 

 
 

 
Fig. S15. Selective alterations in GABAergic receptor expression in the adult PFC after transient 

prefrontal microglia depletion in adolescence. To test the effects of transient prefrontal microglia 

depletion in adolescence on the expression of GABAergic receptor subunits in the adult PFC, 6-week-old 

C57BL6/N male mice received a single, bilateral stereotaxic injection of CDS or PBS into the PFC and 

were then allowed to recover and mature into adulthood (see figure S1). (A) Quantitative real-time 

polymerase chain reaction (qRT-PCR) analyses of Gabra1, Gabra2, Gabra3, and Gabra5 mRNA levels in 

the PFC of adult PBS and CDS mice. *p < 0.05, t(10) = 2.40; N = 6 per group. (B) Integrated density (arbitrary 

units, AU) of Gabra1 protein assessed in the adult PFC of PBS and CDS mice by immunohistochemistry. 

**p < 0.01, t(10) = 3.70; N = 6 per group. The photomicrographs depict color-coded immunofluorescence 

stains of Gabra1 immunoreactivity in layers I-IV of the PFC from adult PBS and CDS mice. Strong staining 

intensities (color-coded integrated densities, ID) appear in orange/yellow.  

 

 

 

 

 

 



 
 

 
 

 
Fig. S16. Relationship between cognitive and subregion-specific synaptic deficits in adult mice after 

prefrontal microglia deficiency in adolescence. (A) A temporal order memory test was used to confirm 

the presence of cognitive deficits in an independent cohort of adult mice subjected to transient prefrontal 

microglia deficiency in adolescence. The scatter plot shows the temporal order memory index for PBS and 

CDS mice during the test phase. **p < 0.01 (t(16) = 3.40). N = 9 mice per group. (B) The scatter plots display 

the density (number/mm2) of VGLUT1+/PSD-95+ excitatory synapses in infralimbic (IL), prelimbic (PL) 

and anterior cingulate (AC) subregions of the PFC from PBS and CDS mice that were subjected to the 

temporal order memory test previously. **p < 0.01, t(16) = 3.41. N = 9 mice per group. (C) The scatter plots 

show the density (number/mm2) of VGAT+/Gephyrin+ inhibitory synapses in IL, PL and AC subregions of 

the PFC from PBS and CDS mice that were subjected to the temporal order memory test previously. *p < 

0.05 (t(16) = 2.68) and  *p < 0.01 (t(16) = 3.44); N = 9 mice per group. (D) Group-wise Pearson product-

moment correlations between the temporal order memory index and the density of excitatory 

(VGLUT1+/PSD-95+) or inhibitory (VGAT+/Gephyrin+) synapses in different subregions of the PFC from 

PBS and CDS mice. Positive and negative correlations are represented in orange turquoise color, 



 
 

 
 

respectively. Significant correlations are denoted with the symbol (*) and were corrected for multiple 

comparisons (significance threshold: p < 0.0084; N = 9 mice per group). Group-spanning correlations are 

provided in fig. S17.  

 

 

 

 
 

Fig. S17. Group-spanning Pearson product-moment correlations between the temporal order 

memory index and the density of excitatory (VGLUT1+/PSD-95+) or inhibitory (VGAT+/Gephyrin+) 

synapses in different subregions of the PFC from PBS and CDS mice. The scatter plots show group-

spanning correlations for infralimbic (IL), prelimbic (PL) and anterior cingulate (AC) subregions of the 

PFC and provide the p-values and Pearson correlation coefficient (r) for each correlation. (A) Correlations 

between the temporal order memory index and the density of excitatory (VGLUT1+/PSD-95+) synapses in 

different subregions of the PFC. (B) Correlations between the temporal order memory index and the density 

of inhibitory (VGAT+/Gephyrin+) synapses in different subregions of the PFC. N = 18 (9 PBS and 9 CDS) 

mice; n.s., not significant. Group-wise correlations Pearson product-moment correlations are provided in 

Figure 5 of the main document.  

 

 



 
 

 
 

 

Fig. S18. Experimental design used to investigate the effects of transient microglia depletion in 

adulthood. To deplete microglia selectively and transiently from the prefrontal cortex in adulthood, 12-

week-old C57BL6/N male mice received a single, bilateral stereotaxic injection of CDS into the PFC. 

Control mice received a bilateral stereotaxic injection of PBS. The magnitude and specificity of microglia 

depletion was ascertained by post-mortem immunohistochemistry in the PFC (as highlighted by the gray 

area in the schematic coronal sections) at 5 and 20 days post-injection (dpi) along the anterior (bregma 

+2.2. mm) to posterior (bregma +1.4 mm) axis. The 5 dpi interval was selected to capture the peak of CDS-

induced microglia depletion, whereas the 20 dpi interval was chosen to ascertain the fully restored density 

of prefrontal microglia after transient depletion in adulthood. To examine possible effects of adult microglia 

depletion on behavioral and cognitive functions, 12-week-old C57BL6/N male mice were injected with 

either CDS or PBS and were allowed to recover for 6 weeks. A recovery period of 6 weeks was chosen to 

match the recovery and maturation period used in experiments, in which microglia were transiently depleted 

from the PFC of adolescent mice (see figure S1). Hence, in the experimental setting of adult microglia 

depletion, behavioral and cognitive testing commenced at 18 weeks of age. 

 

 



 
 

 
 

 

Fig. S19. Density of microglia, neurons and astrocytes in the PFC after PBS or CDS treatment in 

adulthood. Post-mortem immunohistochemistry was used to assess whether bilateral stereotaxic injection 

of CDS into the PFC of adult mice alters the density of microglia, neurons and astrocytes at 5 and 20 days 

post-injection (dpi). (A) Number of Iba1+ microglia in the PFC of adult PBS and CDS mice at 5 and 20 dpi. 

***p < 0.001 (t(8) = 14.2). (B) Number of S100β+ astrocytes in the PFC of adult PBS and CDS mice at 5 

and 20 dpi. (C) Number of NeuN + neurons in the PFC of adult PBS and CDS mice at 5 and 20 dpi. All data 

are means ± SEM with individual values overlaid; N = 5 mice per group and dpi. 

 

 

 



 
 

 
 

 

Fig. S20. Transient microglia depletion in the adult PFC does not cause long-term behavioral and 

cognitive changes. To examine possible effects of prefrontal microglia depletion in adulthood on 

behavioral and cognitive functions, 12-weeks-old C57BL6/N mice were injected with either CDS or PBS 

and were allowed to recover for 6 weeks. Behavioral and cognitive testing commenced when the animals 

reached 18 weeks of age (see figure S18). (A) Total distance moved, distance moved in the center zone 

(CZ) and number of CZ visits during the open field test. (B) Distance moved and time spent in the light 

compartment (LC) during the light-dark box test, which measures the animals’ exploration of the LC 

relative to the dark compartment (DC). (C) Phase 1 (D = dummy object, M = unfamiliar mouse) and phase 

2 (F = familiar mouse; N = novel mouse) of the social interaction test. The bar plots show the social 



 
 

 
 

preference index in phase 1 (values > 0 represent a preference towards M) and social memory index in 

phase 2 (values > 0 represent a preference towards N), whereas the line plots depict absolute exploration 

times in either phase. §p < 0.001, reflecting the overall main effect of object in phase 1 (F(1,17) = 108.8) and 

phase 2 (F(1,17) = 22.7) (D) The percentage bar plots depict the relative amount of time (%) exploring the 

left (L) or right (R) object in sample phase 1 and 2 of the temporal order memory test. The bar plot shows 

the temporal order memory index during the test phase (values > 0 represent a preference towards the 

temporally more remote object presented in sample phase 1). (E) Acquisition, expression and extinction of 

contextual fear. The line plots show percent time freezing during the habituation, acquisition and expression 

phases, as well as the extinction rate (% change from freezing levels measured during the expression phase). 

The arrows indicate the presentation of a mild electric foot shock. All data are means ± SEM with individual 

values overlaid; N(PBS) = 10 mice, N(CDS) = 9 mice for each test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

 

Fig. S21. Electrophysiological parameters of prefrontal pyramidal neurons after transient prefrontal 

microglia depletion in adulthood. To examine possible effects of transient prefrontal microglia depletion 

in adulthood on electrophysiological parameters of pyramidal neurons in adulthood, 12-week-old 

C57BL6/N male mice received a single, bilateral stereotaxic injection of CDS or PBS into the PFC and 

were then allowed to recover for 6 weeks (see figure S18). Electrophysiological recordings were conducted 

when the animals reached 18 weeks of age. (A) Passive biophysical properties (resting membrane potential, 

input resistance and capacitance) in PBS and CDS mice. Dots represent individual cells (n[PBS]= 69 cells 

and n[CDS]= 73 cells; from N = 8 mice in each group), whereas filled circles reflect cell averages per 

animal. (B) Action potential (AP)-related properties (AP firing threshold and maximal AP frequency, AP 

half-width) in PBS and CDS mice. Dots represent individual cells n[PBS]= 69 cells and n[CDS]= 73 cells; 

from N = 8 mice in each group), whereas filled circles reflect cell averages per animal. (C) sEPSC frequency 

and peak amplitude of pyramidal neurons in the PFC of PBS and CDS mice. Dots represent individual cells 

(n[PBS]= 29 cells and n[CDS]= 28 cells; from N = 8 mice in each group), whereas filled circles reflect cell 

averages per animal. (D) sIPSC frequency and peak amplitude of pyramidal neurons in the PFC of PBS and 

CDS mice. Dots represent individual cells (n[PBS]= 26 cells and n[CDS]= 20 cells; from N = 7 mice in 

each group), whereas filled circles reflect cell averages per animal.  



 
 

 
 

 

Fig. S22. Microglia depletion in the adult PFC does not cause behavioral and cognitive changes 

during the acute phase of depletion. (A) Experimental design used to test whether CDS-induced microglia 

depletion in the adult PFC induces behavioral and cognitive changes during the acute phase of depletion. 

12-week-old male C57BL6/N mice received a single, bilateral stereotaxic injection of CDS into the PFC. 

Control mice received a bilateral stereotaxic injection of PBS. To assess possible changes in behavior and 

cognition during the acute phase of prefrontal microglia depletion, PBS and CDS mice were tested at 4  

days post-injection (4 dpi; open field test), 5 dpi (social interaction test) and 6 dpi (temporal order memory 

test). These dpi intervals were selected because they correspond to the peak of microglia depletion after 

intra-PFC injection of CDS (see Fig. 1 in main document and fig. S19A in Supplement). (B) Total distance 

moved and number of center zone (CZ) visits in PBS and CDS mice during the open field test. (C) Phase 1 

(D = dummy object, M = unfamiliar mouse) and phase 2 (F = familiar mouse; N = novel mouse) of the 

social interaction test. The bar plots show the social preference index in phase 1 (values > 0 represent a 

preference towards M) and social memory index in phase 2 (values > 0 represent a preference towards N), 

whereas the line plots depict absolute exploration times in either phase. §p < 0.001, reflecting the overall 

main effect of object in phase 1 (F(1,14) = 29.8); #p < 0.05, reflecting the overall main effect of object in 

phase 2 (F(1,14) = 5.9). (D) The percentage bar plots depict the relative amount of time (%) exploring the left 



 
 

 
 

(L) or right (R) object in sample phase 1 and 2 of the temporal order memory test. The bar plot shows the 

temporal order memory index during the test phase (values > 0 represent a preference towards the 

temporally more remote object presented in sample phase 1). All data are means ± SEM with individual 

values overlaid; N = 8 mice per group and test. 

 

 

 

Fig. S23. Experimental design used to investigate the effects of transient microglia depletion in 

preadolescence. To deplete microglia selectively and transiently from the preadolescent prefrontal cortex, 

4-week-old C57BL6/N male mice received a single, bilateral stereotaxic injection of CDS into the PFC. 

Control mice received a bilateral stereotaxic injection of PBS. The magnitude and specificity of microglia 

depletion was ascertained by post-mortem immunohistochemistry in the PFC (as highlighted by the gray 

area in the schematic coronal sections) at 1, 5 10 and 20 days post-injection (dpi) along the anterior (bregma 

+2.2. mm) to posterior (bregma +1.4 mm) axis. To test the effects of preadolescent microglia depletion on 

adult behavioral and cognitive functions, 4-week-old C57BL6/N male mice received a single, bilateral 

stereotaxic injection of CDS or PBS into PFC and were then allowed to recover for 6 weeks. A recovery 

period of 6 weeks was chosen to match the recovery and maturation period used in experiments, in which 

microglia were transiently depleted from the PFC of adolescent (see figure S1) or adult (see figure S18) 

mice. Hence, in the experimental setting of preadolescent microglia depletion, behavioral and cognitive 

testing commenced at 10 weeks of age. 



 
 

 
 

 

Fig. S24. Density of microglia, neurons and astrocytes in the PFC after PBS or CDS treatment in 

preadolescence. Post-mortem immunohistochemistry was used to assess whether bilateral, stereotaxic 

injection of CDS into the PFC of preadolescent male mice alters the density of microglia, neurons and 

astrocytes at 1, 5, 10 and 20 days post-injection (dpi). (A) Number of Iba1+ microglia in the PFC of 

preadolescent PBS and CDS mice at the selected dpi. 1 dpi: **p < 0.01 (t(8) = 4.2); 5 dpi: ***p < 0.001 (t(8) 

= 15.1). (B) Number of NeuN+ neurons in the PFC of preadolescent PBS and CDS mice at the selected dpi. 

(C) Number of S100β+ astrocytes in the PFC of preadolescent PBS and CDS mice at the selected dpi. All 

data are means ± SEM with individual values overlaid; N = 5 mice per group and dpi. 

 

 

 



 
 

 
 

 
Fig. S25. Basal locomotor activity and anxiety-related behavior in adult mice subjected to PBS or 

CDS treatment in preadolescence. Male mice that received either a CDS or PBS injection during 

preadolescence were subjected to behavioral testing once they reached adulthood (see figure S23). (A) Total 

distance moved, distance moved in the center zone (CZ) and number of CZ visits in PBS and CDS mice 

during the open field test. (B) Distance moved and time spent in the light compartment (LC) in PBS and 

CDS mice during the light-dark box test, which measures the animals’ exploration of the LC relative to the 

dark compartment (DC). All data are means ± SEM with individual values overlaid; N = 18 mice in each 

group and test. 

 
 
  



 
 

 
 

 
 
Fig. S26. Electrophysiological parameters of prefrontal pyramidal neurons after transient prefrontal 

microglia depletion in preadolescence. To test the effects of preadolescent microglia depletion on 

electrophysiological parameters of prefrontal pyramidal neurons in adulthood, 4-week-old C57BL6/N male 

mice received a single, bilateral stereotaxic injection of CDS or PBS into the PFC and were then allowed 

to recover and mature into adulthood (see figure S23). Electrophysiological recordings were conducted 

when the animals reached 10 weeks of age. (A) sIPSC frequency and peak amplitude of pyramidal neurons 

in the adult PFC of PBS and CDS mice. Dots represent individual cells (n = 33 cells from N = 8 mice per 

group), whereas filled circles reflect cell averages per animal. The picture shows representative sIPSC 

traces for PBS and CDS mice. (B) sEPSC frequency and peak amplitude of pyramidal neurons in the adult 

PFC of PBS and CDS mice. Dots represent individual cells (n = 28 for PBS, n = 29 for CDS; N = 8 mice 

per group), whereas filled circles reflect cell averages per animal. The picture shows representative sEPSC 

traces for PBS and CDS mice. (C) The scatter plots show measures of passive biophysical properties 

(resting membrane potential, input resistance and capacitance) in PBS and CDS mice. (D) The scatter plots 

depict measures of action potential (AP)-related properties (AP firing threshold and maximal AP frequency, 

AP half-width) in PBS and CDS mice. For all data, dots represent individual cells (n = 68 for PBS, n = 69 

for CDS), whereas filled circles reflect cell averages per animal (N = 8 per group). 
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