
Material and methods 

Animals 

All mice used were generated and maintained in the animal house of the Institut de Biologie Valrose, 

Nice, France. All mouse lines were kept in the 129/Sv background. Only males were used in this study 

to avoid having effects due to sexual dimorphism. Otx2CreERT2/+ and Otx2flox/flox mice were generated as 

described previously(Fossat, Chatelain et al. 2006). The Ngn1CreERT2/+;Ai14/Ai14 line was kindly 

provided by Lisa V. Goodrich (Koundakjian, Appler et al. 2007). The Ai14 allele was used as the 

reporter of Ngn1CreERT2/+ expression. Adult mice were used for viral injection of DREADDs. Behavioral 

tests were done during the day cycle of the 12h day/night cycle. Postnatal deletion Otx2 was achieved 

injecting intraperitoneally 15-30µl of tamoxifen in neonates at P0 at a concentration of 2,5mg/ml with 

300µl insulin syringes. Care and handling of the animals prior or during the experimental procedures 

followed European Union rules and were approved by the French Animal Care and local ethic 

Committees. 

 

DREADDs microinjections 

Animals were anesthetized by intraperitoneal injection (IP injection) with a mix of Tiletamine-

Buprenorphine-Zolazepam-Xylazine (TBZX) (60 mg/kg). Xylocaïne gel was applied on the skull prior 

to the incision and in the ear to lessen the pain perception. After disinfection of the area of incision, each 

mouse was successively placed and maintained on the stereotaxic apparatus. The eyes were protected 

from drying with ocry-gel. The cannula was implanted unilaterally from the bregma based on Paxinos 

et Franklin (2004). The implantation was successively made on the left and then on the right side, in the 

MHb according to these coordinates : A/P= -1,5 ; D/V= -2,75 ; lateral= +/- 0,2. 500 nl of the activating 

Gq- coupled DREADDs hM3D receptor (pAAV9-hSyn-DIO-hM3D(Gq)-mCherry, 100 µL from titer ≥ 

1×10¹³ vg/mL) (Cat No. 44361-AAV9; Addgene, USA) were injected at a speed of 100 nl/min in 

Otx2CreERT2/+ or Otx2flox/flox and Otx2+/+ control mice bilaterally. At the end of the injection, the cannula 

was left in place for infusion for 5 min at the site of injection before withdrawal. At the end of the 

surgery, an anti-inflammatory (Metacam; ,5 mg/ml) was administered intraperitoneally. The anti-

inflammatory treatment was repeated for 3 days post-surgery. Ten days after the transduction, tamoxifen 

(Sigma-Aldrich) diluted in corn oil at a concentration of 10mg/ml was IP injected at 5 μl/g of body 

weight to induce the translocation into the nucleus of CreERT2 and, thus, the excision of the STOP-

cassette that was preventing the expression of hM3D in the neurons of the MHb. Ten days after the 

tamoxifen injection, Clozapine N-oxide hydrochloride (CNO) (SML2304, Sigma-Aldrich) diluted in 

DMSO was IP injected at a concentration of 0,3 mg/kg to activate hM3D signaling pathway and thus 

depolarization of the neurons. The mice were left undisturbed, for 7h, to let Egr1 expression return to 

baseline, as it is induced by the stress of the injection, and then they were rapidly sacrificed. 

 

Stress protocol 

Mice were placed in pierced syringes suited for their size at each stage studied, to restrain their 

movements as much as possible. The restraint was used acutely (one unique 2h-restraint) or chronically 

(2h/day for 7 days). For the analysis related to the study of neuronal activity at the different 

developmental stages, the mice were immediately sacrificed at the end of the acute stress or at the end 

of the last chronic stress. The control mice that did not undergo any protocol of stress were quickly 

sacrificed at the proper age. At the end of the behavioral analysis, mice for each condition were divided 



into two groups: a group of mice that underwent a last restraint stress before the collection of the brains, 

and a group that was immediately sacrificed. 

 

Chronic sucrose consumption 

Food pellet containing 40% sucrose was given every day for 6 days. Mice were sacrificed the last day, 

2 hours after consumption of the pellet. 

 

Behavioral tests 

The open field test and the elevated plus maze test were used to assess anxiety level during the Behavior 

1 and Behavior 2 steps. We also assessed the curiosity level at both steps. Depression level was assessed 

using the forced swim test. 

Mice were acclimated in the behavioral room 1h prior to the beginning of the tests. Videos were acquired 

and analyzed with the EthoVision XT software. For all the tests, the arena was cleaned with 70% ethanol 

and dried at the end of each trial. 

 

Open field test 

The open field test was used to measure the anxiety levels and the ambulatory behaviors of the mice. 

The test was recorded in an arena in which the walls and the floor are made of black PVC. The box 

dimension is (40 W x 40 L x 30 H cm) and was divided into the border area (50% of the total arena) and 

into the center area. The field was moderately illuminated at 60 lux. Mice were individually placed in a 

corner of the arena and the behavior was recorded for 5 min. The time spent, the latency to enter, the 

number of entries, the mean speed and the total distance travelled in the center, which is an anxiogenic 

area for the mice, were measured. 

 

Elevated plus maze test 

The Elevated Plus Maze test (EPM test) was used to assess the anxiety level. This apparatus is 50 cm 

elevated from the ground and composed of the open arms (50 x 5 cm) which are anxiogenic for the mice, 

and two closed arms (50 W x 5 L x 16 H cm) which spread from the central platform (5 x 5 cm). Mice 

were placed at the center of the platform, head toward a closed arm and the video was recorded for 5 

min. The latency to explore the open arms and the time spent in the open arms were measured.  

 

Curosity test 

This test allows the measurement of curiosity level of the mice, an aspect of anxiety. An exploratory 

zone, containing a transparent cylinder with holes, was designed in the middle of one side of the wall of 

the open field. Mice were placed facing that side and the video was recorded for 5 min (Habituation 

phase). Following the habituation phase, an object was placed inside the cylinder and the mouse was 

relocated at the opposite side of the object and the video was recorded for 5 more min (Exploration of 

the object phase). The percentage of time spent in the exploratory zone, during the exploration of the 

object phase, is calculated and the statistics were made on the values obtained. We also used these values 



to divide the mice into subgroups: mice that spent a percentage of time ≤ 40% in the exploratory zone 

are classified as anxious, those that spend a percentage of time ≥ 60% are classified as curious, the mice 

in between are classified as indifferent. 

 

Forced swim test 

The forced swim test was used to measure the depression level of mice. Mice were placed individually 

in a transparent cylinder (12 cm diameter; 30 cm of height) high enough to avoid escaping or touching 

the bottom filled at 25cm from the bottom with water (23-25°C) for 6 min. The time of immobility 

during the last 4 min was measured on the EthoVision software. The immobility was defined as the lack 

of movement, except those necessary to sustain the head outside of the water. The water was changed 

at each trial. 

 

Immunohistochemistry and histological analysis 

Mice used to identify critical periods of development were directly sacrificed at the end of the acute 

stress or at the end of the last stress in the two-hit stress paradigm. Brains were dissected and directly 

frozen in Tissue-Tek OCT compound at -80°C (Fisher Scientific, Waltham, MA, USA). In order to 

preserve endogenous fluorescence of the reporter, mice transduced with the DREADDs were subjected 

to intra-cardiac perfusion using PBS, then 4% paraformaldehyde (PFA). The same treatment was done 

to Otx2+/+;Ngn1CreERT2/+;Ai14/Ai14, Otx2flox/flox;Ngn1CreERT2/+;Ai14/Ai14 and Otx2flox/flox Ai14/Ai14 mice 

used to study the anatomical effect of Otx2 deletion in the MHb, the neuronal activity in response to 

stress between P30-36 and to mice that underwent the behavioral analysis. Brains were post-fixed 

overnight in 4% PFA at 4°C and cryoprotected in 30% PBS sucrose before freezing in Tissue-Tek OCT 

compound at -80°C. Eyes were collected from dislocated mice and placed in cold PBS. A small hole 

was done at the level of the ora serrata. The eyes were fixed in 4% PFA for 2h at room temperature, 

cryoprotected in 20% PBS sucrose overnight, then frozen in OCT and stored at -80°C. 

Brains were cut in 16µm coronal sections using a Microm HM550 cryostat and sections were mounted 

on SuperFrost+ slides (Fisher Scientific). Eyes were cut in 14 µm sections collected on SuperFrost+ 

slides. The sections directly frozen were post-fixed in fresh 4% PFA. Before the blocking step, sections 

from perfused Otx2+/+;Ngn1CreERT2/+;Ai14/Ai14, Otx2flox/flox;Ngn1CreERT2/+;Ai14/Ai14 and Otx2flox/flox 

Ai14/Ai14 mice were subjected to an unmasking step to better reveal the Otx2 signal that is weaker in 

perfused brains. In this step, the slides were incubated in Citrate Buffer, pH 6, for 8 min at 95°C. A 

second treatment was performed with PBS-Glycine (100 mM glycine) to limit background noise. The 

rest of the steps were similar for all the samples. Briefly, the slides were incubated in a blocking solution 

(PBS with 0,2% dTriton 10% FBS) for 1h. The primary antibodies were incubated overnight at 4°C in 

a solution of PBS (0,1% Triton-10%FBS). The sections were incubated 10 min in DAPI (1µg/ml).  

The primary antibodies used were:  mouse anti-Brn3a (Merck/Millipore, 1:250), rabbit anti-Er81 (kind 

donation of Silvia Arber, 1:1000), goat anti-Otx (R&D Systems, 1 :500), rabbit anti c-fos (SySy 1 

:2000), rabbit anti-egr1 (cell signaling 1 :500). 

The secondary antibodies used (Jackson ImmunoResearch, 1:500) were: anti-rabbit Alexa Fluor™ 488, 

anti-rabbit Alexa Fluor™ 647, anti-goat Cy3, anti-mouse Alexa Fluor™ 647.  

 

Microscopy and immunoreactivity measures 



Images of the retina were acquired on a confocal microscope Zeiss 780 (Zeiss, Oberkochen, Germany). 

All other images were acquired on the wide-field microscope AxioObserver - Zeiss (2011) with the 

sCMOS ANDOR Neo camera and the stereomicroscope coupled with the digital camera (Zeiss 

axioplan2). Images were processed with the ImageJ software and figures were mounted on Adobe 

Photoshop. For Egr1 immunoreactivity measurements, the mouse brain atlas, fourth edition was 

used to delineate the different regions. For the medial habenula, 8 sections of 16 µm thick per 

animal were selected every 5 sections that covered bregma -1,22 to -1,94 mm. Both sides were 

analyzed and averaged. For the caudal IPN, 3 sections of 16 µm thick per animal were selected 

every 5 sections that covered bregma -3,4 to -3,88 mm, covering the entire Otx2+ area of the 

IPN. The area of Otx2+ neurons was specifically delineated for the analysis of Egr1 

immunoreactivity in Otx2+ neurons. All medial habenula sections at all the stages and for all 

conditions were analyzed together and the same was done for all the interpeduncular nucleus 

sections considered. Analysis was made using imageJ plugins “Analyze particles” with a 

thresholding that was identical for all conditions. 

 

Statistical analysis 

To study the interaction between anxiety phenotype with genotype, rankings were made by grouping 

the animals with the same genotype (stressed and non-stressed mice). A rank was attributed to the mice 

according to the value of the variable (time spent in the open arms of the EPM), ordered increasingly. 

Statistical analyses were made using the R software. Results are presented as the mean ± SEM. The 

comparison of the mean of two groups was done by using the Student t-test when the variance was equal 

and with a Welch correction when it was not. Anova were calculated using the ANOVA function of the 

package “car” and corrected for the type III error for unbalanced datasets. Comparison of three groups 

were made with a one-way ANOVA. The interaction effects between the chronic stress and the Otx2 

deletion were revealed by using a two-way ANOVA. Statistical details can be found in figure legends 

and in supplemental materials (Supplemental table S1).  

 

  


