
Supplementary Methods 

 

Tissue collection and preparation  

All experiments were performed in hippocampi. Mice were deeply anesthetized with a lethal 

dose of isoflurane. Then, they were perfused transcardially with PBS (1 ml/g) followed by 4% 

PFA where indicated (i.e., sections for immunohistochemistry). Brains were carefully 

removed and the hippocampi were dissected. Dissected hippocampi were either snap-frozen 

in liquid nitrogen and kept at -80oC for RNA extraction or cytokine quantification or 

remained in PBS on ice and used immediately for flow cytometry experiments or BBB 

permeability assays.   

 

Behavioral assays 1  

Novel object recognition/location (NOR/NOL) 

NOR and NOL tasks2 were used to assess recognition and spatial memory. The tests were 

performed in a Plexiglas chamber (40×40×35 cm) covered with white cardboard paper. The 

floor was covered with clean bedding material and extra bedding material from each animal’s 

home cage was added on top before the animal’s testing. Each task was conducted over four 

consecutive days. Day 1 consisted of two 10 min habituation trials per animal. During each 

trial, the animal was habituated to the open field arena without objects present. The inter-trial 

interval was 60 min, during which time the animal remained in its home cage. Distance 

traveled (cm) and time spent in the center of the arena were measured. These data were used 

to assess changes in locomotor activity over trials. Day 2 consisted of two 10 min object 

familiarization trials per animal. During each trial, the animal was placed in the center of the 

open field arena facing the opposite wall to the objects. During both trials, the animal was 

exposed to two identical odourless objects located at a specified distance from each other (10 

cm from each adjacent wall) and allowed to freely explore. Days 3 and 4 consisted of a first 

trial (pre-test) where the animal was exposed to the two identical odourless objects following 

a 60 min inter-trial interval for assessment of short-term memory, the second trial (test). Time 

spent sniffing each object (sec), defined as time spent with the head oriented towards and 

within 2 cm of the object, was analyzed for the first trial, in order to ensure that there was not 

a side preference bias for either of the two object positions, or a tendency for neophobia (<20 

sec exploration time of objects). In the second trial (test), the animal was returned to the arena 

and exposed to two objects. In the NOR task (day 3), the one object was the same as the one 

used in the training trial (familiar object), while the other object was replaced with an 
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odourless novel one (novel object) of similar size. In the NOL task, the two objects were 

identical to those presented in the pre-test with the position of one object being changed. The 

positions of the familiar and novel/displaced objects were counterbalanced between animals. 

Time spent sniffing each object was analyzed and the discrimination index (DI) was 

calculated for each animal [DI= 100 x (time spent sniffing novel/displaced object - time spent 

sniffing familiar object) / (time spent sniffing novel/displaced object + time spent sniffing 

familiar object). All parameters were analyzed with Ethovision XT 9.0 and exploration times 

were scored manually. 

Elevated plus maze  

A plus-shaped maze with two open and two closed arms (arms length: 65 cm; arms width: 

65 cm) with an elevation of 50 cm above the floor was used in the EPM test. Briefly, each 

mouse was kept into the central region of the apparatus before the initiation of experiment. 

The total time spent in the open/closed arms and the number of entries to both open and 

closed arms were measured for the subsequent 5 min. % open arm time [Time spent on open 

arms/(Time spent on open arms + time spent on closed arms)] was calculated to interpret the 

data. 

Rotarod  

The animals were assessed for motor coordination and balance on an accelerating Rotarod 

(UGO BASILE)3. Mice were placed on the rotating rod with a diameter of 7 cm and they 

were trained to maintain a forward walking pace in order not to fall from the rod. Each animal 

was given a habituation session and three trials to complete the test. During the 1 min 

habituation session, the animals were accustomed to walking on the rotating rod at a constant 

speed of 4 rpm (revolutions per minute). If the animal fell off during this session, it was 

placed back on the rod. Following the habituation session, the animals were given three 5 min 

trials with 45 min intervals between them. During each trial, the rotational speed of the rod 

progressively accelerated from 4 rpm to a maximum of 40 rpm across the 5 minutes. Latency 

to fall was measured. The latency value from all three trials is averaged for each animal.   

Tail suspension test (TST) 

TST was performed by hanging the mice at 40 cm above the floor with the help of adhesive 

tape on a tail tip for 360 sec. First 60 sec was considered as an acclimatization period and for 

the subsequent 300 sec, immobility time was recorded for each mouse4.  

Prepulse inhibition  

Sensorimotor gating was assessed with prepulse inhibition- a cross-species phenomenon in 

which the startle response is reduced when the startling stimulus is preceded by a low-
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intensity prepulse (Tsoupri)5. On the first day, acoustic startle was measured to obviate 

possible phenotypic confounds. Each animal was placed in a plexiglass restrainer and 

habituated to a startle chamber for 5 min with white noise (Startle and Fear Interface LE118-

8, Panlab, Harvard Apparatus). The test consisted of a series of pseudorandom presentations 

of sound pulses of varying amplitude (70, 80, 90, 100, 110, 120 dB; 1 s, 20s ITI; 5 times 

each) and average startle response of the 5 trials was recorded (acoustic startle response). The 

following day, a PPI protocol was administered consisting of 5 min habituation (background 

white noise), 10 repeat pulse (115 dB) alone trials, prepulse (80 dB)-pulse trials, presented 10 

times in a pseudorandom order (1s apart; 20s ITI) and 10 no stimulus (white noise) trials. % 

Prepulse inhibition was calculated as a percentage score: %PPI = [100-(prepulse-

pulse)/pulse*100].  

 

Sociability (Social Novelty and Social Preference) 

The sociability test was performed in a three chambered apparatus, as previously described 6. 

The apparatus consisted of a wooden box with partitions separating it into three chambers 

with dimensions (length/width/height in cm) 60/30/20, being X cm length to the central 

chamber and X cm each side. Time spent in each chamber and the time spent exploring the 

stranger mouse or an object in the chamber, was measured. The object was an empty identical 

cage used to enclose the stranger mouse. Animals used as “strangers” were B67BL/6J females 

11-15 months-old and no previous contact with the test mice. Stranger were individually 

acclimated for 5 min 3 times daily for 3 consecutive days into the cage before the experiment. 

The sociability test was designed to be concluded in three phases with no resting period 

among them. Firstly, mice were allowed to explore the three chambers for 10 min along with 

2 objects (empty cages) in the side champers. In phase 2, a stranger mouse (stranger 1) was 

randomly placed in one of the two cages (object). The mouse was then allowed to explore the 

three champers for 10 min. In phase 3, the original stranger mouse (stranger 1) remained in its 

wire cage on one side of the apparatus and a new unfamiliar mouse (stranger 2) was placed in 

the wire cage on the opposite side, which was previously empty during the sociability test. 

Subsequenlty, the mouse was allowed to explore the three chambers for 10 min. The score 

was evaluated by the time spent in each chamber and by the time spent sniffing each wire 

cage. 

Sucrose preference test 

The SPT protocol was designed to be concluded in 6 days as previously described. In total, 13 

female NZB/W and 14 female B57BL/6J mice were used in these experiments. Due to animal 

facility regulations, a maximum of 9 mice were used on each session, requiring for 3 back-to-
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back runs of the SPT protocol. Therefore, the whole experiment took place over 18 

consecutive days. Initially, all mice of the same strain were placed in the same cage for 48 

hours with chow diet and 2 identical bottles, with one containing drinking water and one with 

1% sucrose solution (habituation phase). The mice were then separated into single cages and 

remained in similar conditions for 24 hours. After that period, the food was removed for 12 

hours and after that time the first measurement was taken (water consumption for each bottle). 

After this step, the food was placed in the cages for 12 hours. Then, both food and water were 

removed for 24 hours. Finally, the two bottles were placed for 12 hours without food. At the 

end of the 12-hour period, the final measurement (water consumption) was recorded.  

Bottle/food removal and replacement were performed at 8:00 and 20:00. 

Immunohistochemistry 

Sections & staining  

Following transcardial perfusion with 4% PFA (1 ml/g), brains were post-fixed in 4% PFA 

for 4-hours at 4oC and then cryoprotected in 30% sucrose for 2 days, frozen, and cut in 20 

μm-thick sagittal sections on a cryostat. Sections were incubated overnight at 4oC with the 

primary antibody diluted in blocking solution of 5% bovine serum albumin (ITW Reagents, 

Cat#A1391,0050), 0.3% Triton X-100 in PBS. Sections were washed 3 times in PBS and 

incubated at room temperature for 90 min with the secondary antibodies in blocking solution2. 

For visualization of the nuclei DAPI was used. Finally, sections were mounted with 

ProLong™ Diamond Antifade Mountant (Cat.P36961,TFS). When indicated, antigen retrieval 

was used (eBioscience, Cat#00-4955-58) according to manufacturer’s instructions.  

Image analysis and Quantification  

Stereological analysis of the number of the cells was performed with inverted confocal 

imaging system Leica SP5. Confocal image z-stacks were obtained through the entire slice 

thickness at 1.5μm (20xlens)7.  For quantification of DCX, SOX2, GFAP and IBA1, every 6th 

brain section of all series were stained (~80 sections/subject) and positive cells were counted 

throughout the rostro-caudal extent of the granule cell layer as previously described2. 

Morphological criteria were applied to distinguish the horizontal astrocytes from radial glia-

like cells (GFAP+ cells) as previously described8. Morphological criteria were applied to 

distinguish early from late neuronal progenitors. More specifically, DCX+ cells without axons 

were labeled as early progenitors, while DCX+ with axons were labeled as late neuronal 

progenitors. Quantification was performed on confocal images using ImageJ software. The 

final estimated number of positive cells for indicated marker was obtained by multiplying the 

resulting number by 6 as previously described2,7.  
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RNA-sequencing analysis  

Total RNA from bulk hippocampal tissue was isolated as described by manufacturer 

(NucleoSpin®RNA). RNA purity and concentration were measured with Nanodrop 

(IMPLEN) and RNA integrity was assessed on a Bioanalyzer (Agilent). 200 ng total RNA 

(RNA Integrity Number≥8) was used for library preparation using the TruSeq RNA Sample 

Preparation Kit (Illumina) following the manufacturer’s protocol. Single-end 75-bp or 100-bp 

mRNA sequencing was performed on IlluminaNextSeq 500 at the Greek Genome Centre, 

BRFAA, Greece.  

Quality of raw sequencing data was assessed using FastQC9. Raw reads were trimmed for low 

quality bases (Q<30) and adapter sequences using cutadapt v.3.3 10. Alignment was 

performed using the STAR 2.6 algorithm11 against the human reference genome (hg38 

version) and gene quantification was performed using HTSeq using Gencode annotation file 

version M1912. Differential expression analysis was conducted using DESeq213. Genes with a 

p-value≤0.05 and an absolute fold change of >=1.5 were considered statistically significantly 

deregulated. Heatmaps were created using ggplot2 R package. Pathway and gene ontology 

(GO) enrichment and network analyses were performed using gProfiler14. Gene Set 

Enrichment Analysis (GSEA) was applied in order to reveal enriched signatures in our gene 

sets15. As a reference gene set we used the Molecular Signatures Database (MSigDBv7.5). All 

expressed genes were ranked by descending value of the product of –log10(P-value) and FC. 

Highly upregulated genes were at the top and highly downregulated genes were at the bottom 

of the ranked list. GSEA pre-ranked analysis was then performed using the default settings. 

Enrichment was considered significant when FDR (q-value)<0.25. 

RNA-seq data have been deposited to GEO (GSE217939). 

Quantitative PCR Analysis (real-time RT-qPCR) 

Cells were lysed in RA1 Buffer (Macherey-Nagel). RNA was extracted using a 

NucleoSpin®RNA-XS isolation kit as described by manufacturer. First-strand cDNA 

synthesis was performed using PrimeScript™ RT-PCR Kit (Cat.RR037A, Takara). QPCR 

was carried out using the Kapa Sybr Fast Universal kit (Cat. KK4602,Kapa Biosystems)16. 

Relative expression of target genes was calculated by comparing them to the expression of the 

housekeeping genes hprt. Primers that were used for real-time RT-qPCR are presented in the 

ST2.  

Measurement of Cytokines  

Cytokines were measured with LEGENDplex™ Mouse Macrophage/Microglia Panel (13-

plex). Snap-frozen hippocampi were diluted in a concentration of 50 mg of tissue/min 1 ml of 
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sterile HBSS containing protease inhibitors (Sigma-Aldrich) following homogenization. The 

homogenates were centrifuged at 400 g for 15 min at 4°C and the supernatants were collected 

and used for cytokine quantification with LEGENDplex™ according to the manufacturer’s 

instructions.  
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