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Supplemental Methods 

Arterial blood oxygen saturation measurements. The oxygen saturation measurements were 

conducted at P14 and at 12-14-months of age. Adult mice had undergone behavioral testing (see 

behavioral methods) at 7 months of age. Both age groups were tested at rest; however, adult mice 

were also assessed immediately following treadmill exercise (see treadmill methods). Mice were 

anesthetized with isoflurane and the Mouse Ox Plus® oximeter sensor (Starr Life Sciences Corp.) 

was placed over the shaved, right thigh of each mouse to detect blood oxygen saturation of the 

femoral artery. Arterial blood oxygen saturation, heart rate (beats per minute), and respiratory rate 

(breaths per minute) were recorded for a minimum of 25 seconds using the Mouse Ox Plus® basic 

software.  

Lung histopathology and image acquisition. Lungs were intratracheally inflation fixed with 10% 

buffered formalin, under 20 cm H2O pressure, for 5 minutes. Lungs were immersion fixed in 10% 

buffered formalin for 48 hours at room temperature and immersed in 70% ethanol for 24 hours at 

room temperature. Lungs were then paraffin-embedded, cut into 4 µm sections, and stained with 

hematoxylin and eosin at the University of Ottawa Histology Core Facility. To visualize lung 

structure, images (x20 magnification) were acquired on an Aperio CS2 slide scanner (Leica) using 

the Aperio eSlide Manager (Leica). 

Metabolic treadmill test. The treadmill speed increased as follows: 0 cm/s for 5 minutes, 8cm/s for 

5 min, 15cm/s for 5 min, 20 cm/s for 5 min, 25 cm/s for 5 min, then increased by 3 cm/s every 2 

minutes. Mice remained on the treadmill until exhaustion, as determined by the mouse remaining 

on the shock bar (~0.5mA) for 10 seconds, the mouse being unable to run, or if the respiratory 

exchange ratio became greater than or equal to 1 or dramatically increased within 4-6 minutes and 

then reached a plateau. Oxygen consumption and carbon dioxide release were measured every 30 
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seconds using the Oxymax®/ comprehensive lab animal monitoring system (CLAMS) and 

software (Columbus Instruments).  

MRI. Mice were 14 months of age at time of testing and had previously been assessed for behavior 

at 12 months of age (see behavior methods). MRI was conducted using a 7 Tesla General 

Electric/Agilent MR901 machine. Coronal, 2D fast spin echo T2-weighted brain images were 

acquired (TE = 25 ms, TR = 6000 ms, ETL = 8, bandwidth = 15.6 KHz, FOV = 2.5 cm, slice 

thickness = 0.5 mm, matrix = 265 x 256, scan time = 7 min). The size of the whole brain, lateral 

ventricles, and hippocampal regions were measured using Fiji. The total area of anatomically 

comparable sections was measured using the polygon tool and was multiplied by the thickness of 

each MRI slice. 

Laser doppler flowmetry and analysis. The same cohorts of animals were tested at P14 and 10 

months of age. Briefly, once the animal was mounted in the stereotactic equipment and the skull 

was exposed, the flowmeter (BLF22, single-channel tissue perfusion monitor, Transonic Systems 

Inc.) was placed above the left somatosensory cortex. Baseline CBF measurements were 

recorded. To assess neurovascular coupling, whiskers on the right side of the animal were 

stimulated for 20 second intervals a minimum of 3 times. An average of three stimuli was used 

for the baseline and whisker stimulated CBF values for each animal.   

Systolic blood pressure. Systolic blood pressure was measured 5 times, to ensure consistency, 

followed by 10 trials which were recorded. Training occurred over 5 consecutive days. After a 2-

day interval, systolic blood pressure was measured on the acclimatized mice over 5 consecutive 

days, following the same procedure as during the training sessions. Only consistent measurements 

of at least 8 of the 10 trials, per day, were used in the analysis. The average systolic blood pressure 

of approximately 50 trials per mouse was calculated. 
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NPC niche region image analysis. All image analysis was conducted while blinded to the 

experimental groups. 3D modelling of z-stack images was conducted using the surfaces module of 

Imaris 9.3 to measure the volume of i) the SVZ and ii) the SGZ (for NPC quantification) or DG 

(for newborn neuron quantification) of sections. For P14 mice, a total sum of 2 sections per region, 

per animal was used in the analysis. For 12-month-old mice, a total sum of 3 sections per region, 

per animal was used in the analysis. For NPC quantification, computational analysis of the SGZ 

was conducted with Imaris 9.3 (Bitplane Inc.) using the spots module to quantify NPCs (Sox2+, 

nestin+) and confirmed with manual inspection. For the SVZ, images were manually quantified 

using the cell counter module of Fiji. The contact points of CD31+ ECs with nestin processes of 

NPCs in the DG was quantified manually using the cell counter module of Fiji. Newborn neurons 

(DCX+) were manually quantified in the SVZ and DG using the cell counter module of Fiji. Images 

were processed in Fiji (adjustments applied equally to all images within a comparison) and are 

displayed as maximum intensity Z-projections. 

FISH analysis. Mouse brains were fixed overnight at 4°C in 4% paraformaldehyde. Brains were 

rinsed in PBS and cryopreserved in 20% sucrose. Samples were then collected as 15 µm thick 

coronal sections and stored at -80°C until further processing. Brain sections were prepared for 

RNAScope assay following the manufacturer’s instructions (Advanced Cell Diagnostics, 320535 

Rev A). Briefly, antigen retrieval was conducted at 100°C for 5 minutes in Target Retrieval 

solution (Advanced Cell Diagnostics, 322000). Sections were then incubated in Protease III 

digestion solution (Advanced Cell Diagnostics, 322340) for 30 minutes at 40°C. Labeling of target 

RNA, Mm-Ctla2a, was conducted by following the manufacturer’s instructions (Advanced Cell 

Diagnostics, document number 320293). The probe was constructed by the manufacturer and 
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provided in the RNAscope® Fluorescent Multiplex Detection Reagents Kit (Advanced Cell 

Diagnostics, 320851). After labeling and amplification, the slides were washed four times, for 5 

minutes, in Wash Buffer (Advanced Cell Diagnostics, 310091). Slides were then rinsed in distilled 

water and mounted with Fluoromount-G or ProLongGold with DAPI. Sections were imaged as 8 

μm z-stacks and were acquired (x20 magnification) on a Zeiss Axio Imager.M2 with an 

ApoTome.2 system. Images were manually quantified using the cell counter module of Fiji. 

Images were processed in Fiji (adjustments applied equally to all images within a comparison) and 

are displayed as a maximum intensity Z-projection. A total sum of two sections per region per 

animal was used in the analysis. A minimum of 200 cells/ section from 3 fields of view were 

counted. The cells expressing 2 or more identifiers of the RNA of interest, Ctla2a, were counted 

as positive. A percentage of Ctla2a positive cells was calculated from the total cells counted. 

NPC subpopulation image analysis. Images were manually quantified using the cell counter 

module of Fiji. The area of each counted region was measured using the polygon tool of Fiji. 

Images were processed in Fiji (adjustments applied equally to all images within a comparison) and 

are displayed as a maximum intensity Z-projection. 

Neurosphere assays with murine-derived NPCs. Adult mice had previously been assessed for 

behavior at 12 months of age (see behavior methods). Briefly, the subependyma of the lateral 

ventricles was removed, digested with papain (Worthington, PAPL LS003118), and mechanically 

dissociated. Cells were filtered through a 40 µm mesh (Corning, 352340) and plated for a primary 

neurosphere assay at a cell density of 10 cells/ µL in Dulbecco's Modified Eagle Medium/Nutrient 

Mixture F-12 (DMEM/F-12) media (Thermo Fisher Scientific, 11330057) containing 20 ng/mL 

fibroblast growth factor-2 (FGF) (Sigma, F0291), 20ng/mL epidermal growth factor (EGF) 

(Sigma, E1257), 2 µg/mL heparin (Sigma, H3149), 2% B-27 (Life Technologies, 10889-038), and 



5 
 

1% antibiotic-antimycotic (Thermo Fisher Scientific, 15240-062). Primary neurospheres were 

counted and imaged 7-8 days after plating. Neurospheres were then dissociated with TrypLE™ 

Express Enzyme (Thermo Fisher Scientific, 12605-028), washed in DMEM/F-12, and plated in 

media (described above) at a density of 2 cells/µL. Secondary neurospheres were counted and 

imaged 7-8 days after plating. Images were acquired (x20 magnification) on a Nikon Eclipse 

TE2000-E brightfield microscope using NIS-Elements AR 3.0 (Nikon) and all images were 

processed in Fiji (adjustments applied equally to all images within a comparison).  

Behavioral experiments. Adult mice at 7 months and 12 months of age were handled for 2 days 

before the experiments commenced and the person conducting the testing was blinded to the 

treatment groups. All testing was conducted during the dark cycle and in red light, with the mice 

being habituated to the red-light testing room for ~30-60 minutes prior to testing, unless otherwise 

indicated.  

Rotarod. Mice had four trials (10-minute inter-trial interval (ITI)) over a period of 2 consecutive 

days on an accelerating rotarod (IITC Life Science Inc.). For each trial, the rod was set to accelerate 

from 4 to 45 rpm in 300 seconds, followed by 300 seconds at 45 rpm.  

DigiGait™. Mouse gait was recorded for a minimum of 3 seconds on the transparent DigiGait™ 

treadmill (Mouse Specifics, Inc.) that was set to a speed of 18 cm/sec, and an incline of 8 degrees. 

Videos were blindly analyzed using DigiGait™ Analysis software (Mouse Specifics, Inc.).   

Home cage locomotor activity. Mice were placed individually into clean housing cages which were 

then placed for 4 hours into the Home Cage Locomotor Activity Infrared Beam Break frames that 

were paired with the Fusion software (Omnitech Electronics, Inc.). 

Morris water maze. Each mouse was habituated to the testing room in 140 lux light for 30 minutes. 

A single black X (2.8 cm thick, 15cm long x 13.5cm wide) was placed on the back wall of the 
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room as a cue. Each mouse was placed in a circular pool, measuring 132 cm in diameter, filled 

with water colored white with tempera paint maintained at 23°C. The pool contained a hidden 

platform (10 cm in diameter) in one of its 4 quadrants. Each mouse was trained to find the platform 

for four trials each day (ITI of 30 minutes) for nine days total. During each trial, the mouse had 1 

minute to find the platform. On the 10th day, the platform was removed, and the mouse was given 

one minute to search for the platform. Each trial was tracked and analyzed using Ethovision 

software (Noldus). If the mouse did not find the platform within 1 minute, the program 

automatically stopped.   

Fear conditioning. Mice were not habituated to the testing room prior to the experiment and the 

experiment was performed using the PhenoTyper® boxes (Noldus) with grid shock floors (Med 

Associates). The overhead room lights were on and no lights were projected by the boxes. On the 

training day, mice were placed into the box. The mice remained in the box for 2 minutes, after 

which a 30 second 80 dB tone played, followed by a 2 second 0.45mA foot shock. This tone-shock 

pairing was repeated two times with a 1-minute interval. The final tone-shock pair was followed 

by a 30-second interval. The mice were then returned to their home cages. On day 2, to assess 

contextual memory, mice were placed in the same box for the same duration as training with no 

tone or shock. On day 3, to assess cued memory, mice were placed in a different Phenotyper® box 

from the one used for training and the contextual memory test. This box was altered through the 

addition of a plastic floor, triangular plastic walls, and a vanilla scent. The room was lit with red 

light and the boxes were lit with both white and yellow light simultaneously. The mice were in the 

modified box for six minutes with the 80 dB tone playing during the last three minutes, in the 

absence of any shock. All trials were recorded and freezing behavior was scored using Ethovision 

software (Noldus). Mice that froze less than 10 seconds were not included in the analysis. 
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Electroretinography. Animals were anesthetized with an intraperitoneal injection of ketamine 

hydrochloride (50 mg kg−1; Narketan®) and medetomidine hydrochloride (1 mg kg−1; Cepetor®). 

Anesthesia was maintained throughout the test and the medetomidine was reversed after 1 hour 

using atipamezole hydrochloride (1 mg kg−1; Antisedan®).  Eyes were dilated for 10 minutes prior 

to ERG testing with one drop each of 1% tropicamide (Mydriacyl, Alcon) and 2.5% 

phenylephrine hydrochloride (Mydfrin, Alcon). A topical anesthetic (0.5% proparacaine 

hydrochloride; Alcain, Alcon) was applied to each eye. 1 mL of saline was administered 

subcutaneously, prior to testing. Ag/AgCl contact stimulators were placed on both corneas in 

combination with Optixcare Veterinary Eye Lube (Aventix) to ensure stimulator contact and 

corneal hydration. A gold loop reference electrode was placed on the tongue, a needle electrode 

was placed sub-dermally in the head, and a grounding needle electrode was placed subcutaneously 

in the tail. Retinal function was assessed with the following 3 protocols. The simultaneous ERG 

and visually evoked potentials (VEP) protocol stimulates the retina with a blue and green coloured 

flash at an intensity of 0.05 candela seconds (cd.s)/m2 and a frequency of 1 Hz. The c-wave 

protocol stimulates the retina with a white-6500K flash at an intensity of 150 cd.s/m2 and a 

frequency of 1 Hz. The photopic negative response (PhNR)  protocol stimulates the retina with a 

white-6500K flash at an intensity of 20 cd.s/m2 and a frequency of 2 Hz.  

Fundus photography. Mice were anesthetized, dilated, and maintained as described in the ERG 

protocol above. Fundus imaging was acquired using Streampix 3 (Norpix) on a Micron III 

microscope (Phoenix Technology Group) to inspect retinal morphology. 
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Supplemental Data 

A   

   
B   

   

  
 

 
Supplemental Figure 1. Early life hyperoxia does not influence arterial oxygen saturation, 
oxygen consumption, or carbon dioxide production in adulthood. (A) Three outcome measures 
were assessed for 12-14-month-old mice at rest. From left to right: blood oxygen saturation of the 
femoral artery; heart rate (beats per minute, bpm); and respiratory rate (breaths per minute, brpm) 
(normoxia, n=20; hyperoxia, n=17; two-way ANOVA with Sidak post hoc test for group 
comparisons). (B) Volume of oxygen consumption, volume of carbon dioxide release, and the 
respiratory exchange ratio (VCO2 / VO2) for the total duration of  metabolic treadmill testing (top) 
and at maximum capacity (bottom) (normoxia, n=20; hyperoxia, n=17; two-way ANOVA with 
Sidak post hoc test for multiple comparisons and unpaired Student’s t test, respectively). Mice 
were tested at 12-14 months of age. Data are expressed as mean ± SEM. 
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A                                                            P14 pups 
Normoxia Hyperoxia 

   

  

Adults (12-14 months) 
Normoxia Hyperoxia 

  
 

  

B                 Lateral ventricles Hippocampi 
Normoxia Hyperoxia Normoxia Hyperoxia 

    
    

    
    

C             
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Supplemental Figure 2. Delayed brain growth after early developmental hyperoxia exposure. 
(A) Representative images (left) of brains from normoxia and hyperoxia-exposed mice at P14 and 
12 months, scale bar, 3mm. Body weight (g), brain weight (g), and brain weight as a percentage 
of body weight (right) for P14 (top, normoxia, n= 38, hyperoxia, n=48) and 12-14-month-old mice 
(bottom, normoxia, n= 18, hyperoxia, n=11); *P < 0.05, ***P < 0.001; unpaired Student’s t test. 
(B) Representative MRI images of the ventricular (left) and hippocampal (right) regions of a 
normoxia and hyperoxia-exposed mouse. Scale bar, 1500 µm. (C) Quantification of the total brain 
volume (normoxia, n=5; hyperoxia, n=6; **P < 0.01; unpaired Student’s t test). (D) Quantification 
of the volume of the lateral ventricles (normoxia, n=5; hyperoxia, n=6; unpaired Student’s t test). 
(E) Quantification of the volume of the hippocampal regions (normoxia, n=5; hyperoxia, n=6; **P 
< 0.01; unpaired Student’s t test). Data are expressed as mean ± SEM. 
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P14 pups Adults (10 months) 
  

A                                   Primary somatosensory cortex 
 

  
B                                                       SVZ 

 

  
 

C                                                Hippocampus 
 

  
 
Supplemental Figure 3. Brain regions of hyperoxia-exposed mice show trend of becoming 
progressively hyperoxic during aging. (A) Oxygen concentration (µmol/L) of the primary 
somatosensory cortex in anesthetized P14 (left) and 10-month-old (right) mice (P14, normoxia, 
n=8; hyperoxia, n=9; 10-month-old, normoxia, n=12; hyperoxia, n=11). Two-way ANOVA with 
Sidak post hoc test for multiple comparisons. (B) Oxygen concentration (µmol/L) of the 
subventricular zone (SVZ) region in anesthetized P14 (left) and 10-month-old (right) mice (P14, 
normoxia, n=6; hyperoxia, n=9; 10-month-old, normoxia, n=10; hyperoxia, n=11). Two-way 
ANOVA with Sidak post hoc test for multiple comparisons. (C) Oxygen concentration (µmol/L) 
of the hippocampal region in anesthetized P14 (left) and 10-month-old (right) mice (P14, 
normoxia, n=9; hyperoxia, n=8; 10-month-old, normoxia, n=11; hyperoxia, n=10). Two-way 
ANOVA with Sidak post hoc test for multiple comparisons. Data are expressed as mean ± SEM. 
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     P14 pups        Adults (14-16 months) 

 
 

II/ 
III 

    
 

 
IV
V 

   
  

 
 
V 

  
 
Supplemental Figure 4. Vascular remodelling in multiple neocortical layers after early life 
hyperoxia exposure. Vessel length and number of branching points in neocortical layers II/III, 
IV, and V for P14 and 14-16-month-old mice (P14 mice, normoxia, n=8, hyperoxia, n=8; adult 
mice, normoxia, n=8, hyperoxia, n=3; *P < 0.05, **P < 0.01; unpaired Student’s t test). Data are 
expressed as mean ± SEM. 
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Normoxia Hyperoxia 

 
 

 

Supplemental Figure 5. Hyperoxia exposure in early life leads to a significant reduction in 
the proliferating neural stem cell population. (A) Quantification of type B neural stem cells 
(Sox2+Tbr2-Ki67-), proliferating type B neural stem cells (Sox2+Tbr2-Ki67+), immature type C 
NPCs (Sox2+Tbr2+Ki67-), proliferating immature type C NPCs (Sox2+Tbr2+Ki67+), mature type 
C NPCs (Sox2-Tbr2+Ki67-), and proliferating mature type C NPCs (Sox2-Tbr2+Ki67+) in the SVZ 
of P14 mice (normoxia, n=6; hyperoxia n=5; *P < 0.05; unpaired Student’s t test). (B) 
Representative images of the SVZ region of normoxia vs. hyperoxia-exposed mice. Scale bar, 20 
µm. Data are expressed as mean ± SEM. LV, lateral ventricle. 
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P14 Adult (14 months) 

A                    
               

             Primary 

B   Normoxia C 
 

            Primary 

D   Normoxia 

  

Hyperoxia Hyperoxia 

  
    
E  
 

             Secondary 

 

F   Normoxia G 
 

              Secondary 

 

H   Normoxia 

  

Hyperoxia      Hyperoxia 

  

 
Supplemental Figure 6. NPCs from mice exposed to hyperoxia form neurospheres of similar 
size compared to those from normoxia mice. (A and B) Quantification (A) and representative 
images (B) of the average primary neurosphere diameter formed by NPCs from P14 mice. (C and 
D) Quantification (C) and representative images (D) of the average primary neurosphere diameter 
formed by NPCs from 14-month-old mice. (E and F) Quantification (E) and representative images 
(F) of the average secondary neurosphere diameter formed by NPCs from P14 mice. (G and H) 
Quantification (G) and representative images (H) of the average secondary neurosphere diameter 
formed by NPCs from 14-month-old mice. Normoxia, n=5; hyperoxia, n=5; unpaired Student’s t 
test. Data are expressed as mean ± SEM. Scale bar, 100 µm. 
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Home-cage assessment of movement 
  

7 Months  12 Months 
A B 

  
Supplemental Figure 7. Hyperoxia exposed mice show a trend of less movement at 12 months 
of age compared to normoxia exposed mice. (A and B) Distance travelled (cm) during the home-
cage assessment of movement for 7-month-old mice (A, normoxia, n=28; hyperoxia, n=24) and 
12-month-old mice (B, normoxia, n=19; hyperoxia, n=12). Two-way ANOVA with Sidak post 
hoc test for group comparisons. Data are expressed as mean ± SEM. 
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Morris water maze 
 

                       7 Months                     12 Months 
A B 
                       Training  

 

                      Training 

 
 

C D 
                         Probe 

 

                        Probe 
 

 
Supplemental Figure 8. Hyperoxia-exposed mice perform poorly on the Morris Water Maze 
(MWM) learning and memory assessment. (A and B) Amount of time for mice to reach the 
platform (s) during MWM training at 7 months (A, normoxia, n=28; hyperoxia, n=25) and 12 
months (B, normoxia, n=19; hyperoxia, n=12). Two-way ANOVA with Sidak post hoc test for 
multiple comparisons. (C and D) Percent time that mice spent in the correct quadrant on the MWM 
test (probe) day at 7 months (C, normoxia, n=28; hyperoxia, n=25) and 12 months (D, normoxia, 
n=19; hyperoxia, n=12). *P < 0.05; ** P <0.01; ***P < 0.001; #P < 0.001; ^P < 0.0001. Data are 
expressed as mean ± SEM. 
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A                         Normoxia Hyperoxia 

       ERG 

 

     VEP 

 

        OPs 

 

       ERG 

 

       VEP 

 

      OPs 

 

        c-Wave 

 

         PhNR 

 

        c-Wave 

 

        PhNR 

 

B             Left Eye 

 

 No major issues 

 

Vascular deficit 

 

Right Eye 

 

Neovascularization 

 

Cataract 

 

Supplemental Figure 9. Hyperoxia exposure causes major ocular damage to the retinal 
vasculature, leading to blindness. (A) Representative electrophysiological traces of retinas from 
normoxia (left) vs. hyperoxia (right)-exposed mice. ERG, electroretinography; VEP, visually 
evoked potentials; OPs, oscillatory potentials; PhNR, photopic negative response; P, positive; N, 
negative. Each wave represents the excitation of specific retinal cells: a-wave, cones and rods; b-
wave, muller glia, bipolar cells; c-wave, retinal pigmented epithelium; VEPs, visually evoked 
signal in the visual cortex; OPs, amacrine cells; PhNR, retinal ganglion cells. (B) Quantification 
(%) of the number of mice with no major ocular issues, vascular deficits, neovascularization, and 
cataracts (left) of mice at 6, 9, and 15-17 months of age (normoxia, n=40; hyperoxia, n=45). 
Representative fundus images of retinas (right).  
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Supplemental Table 1. Antibody Information. 

Antibody Vendor Catalogue Number Dilution 
Rat anti-CD31 BD Pharmingen 553370 1:200 

Goat anti-
Doublecortin 

Santa Cruz sc-8066 1:500 

Rat anti-Ki67 Thermo Fisher 
Scientific 

14-5698-82 1:500 

Goat anti-Nestin R&D Systems AF2736 1:500 
Rabbit anti-Sox2 Abcam ab97959 1:500 
Goat anti-Sox2 Novus Biologicals AF2018 1:400 

Rabbit anti-Tbr2 Abcam ab23345 1:200 
Rabbit anti-DNP MilliporeSigma  S7150 (Included in 

OxyBlot Kit) 
1:150 

Donkey α-Rat IgG 
(H+L) Highly Cross-
Adsorbed Secondary 

Antibody, Alexa 
Fluor 488 

Invitrogen A-21208 1:300 

Donkey anti-Rabbit 
IgG (H+L) Highly 
Cross-Adsorbed 

Secondary Antibody, 
Alexa Fluor Plus 555 

Invitrogen A-32794 1:1000 

Donkey anti-Goat 
IgG (H+L) Highly 
Cross-Adsorbed 

Secondary Antibody, 
Alexa Fluor Plus 647 

Invitrogen A-32849 1:1000 

HRP goat anti-rabbit MilliporeSigma  S7150 (Included in 
OxyBlot Kit) 

1:300 
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Supplemental Table 2. P14 SVZ characterized differentially expressed genes (DEGs) with 
associated neural functions.  

DEG Expression 
Change 

(hyperoxia vs. 
normoxia) 

Function  Study 

Ctla2a Increase Inhibitor of angiogenesis Maruyama et al., 2021 
(1) 

Mrgprb2 Decrease Receptor specific to mast cells, 
activation leads to increase in pro-
inflammatory cytokines and 
recruitment of immune cells 

Green et al., 2019 (2) 

Cd93 Increase Negative regulator of astrogenesis 
for neural stem cells (NSCs); role in 
the regulation of inflammation; 
associated with phagocytotic activity 
of microglia  

Liang et al., 2020 (3); 
Griffiths et al., 2018 
(4); Maas et al., 2020 
(5) 

Nr4a3 Increase Transcriptional target of p53; 
inhibits proliferation; induces 
apoptosis 

Fedorova et al., 2019 
(6) 

Cplx3 Decrease Helps facilitate synaptic release of 
neurotransmitters  

Vaithianathan et al. 
2015 (7)  

 

Supplemental Table 3. P14 hippocampal characterized DEGs with associated neural 
functions. 

DEG Expression 
Change 

(hyperoxia vs. 
normoxia) 

Function  Study 

Cd93 Increase Negative regulator of astrogenesis 
for NSCs; role in the regulation of 
inflammation; associated with 
phagocytotic activity of microglia  

Liang et al., 2020 (3); 
Griffiths et al., 2018 
(4); Maas et al., 2020 
(5) 

Ctla2a Increase Inhibitor of angiogenesis Maruyama et al., 2021 
(1) 

Lcn2 Increase Activates inflammasome and 
weakens tight junctions of the blood 
brain barrier  

Mondal et al., 2020 
(8) 

Adm Increase Vasodilator; contributor in memory 
loss with aging 

López et al., 2002 (9); 
Larrayoz et al., 2017 
(10) 

Ifitm3 Increase Increased in pro-inflammatory 
microenvironments. Leads to 
increase in γ-secretase, which leads 

Hur J-Y et al., 2020 
(11) 
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to increase in amyloid-β (a key 
contributor to Alzheimer’s disease) 

Prnd Increase Dpl (protein coded by Prnd) at high 
levels can be neurotoxic (leading to 
neurodegeneration and ataxia) 

Moore et al., 2001 
(12) 

Mgp Increase Inhibits bone morphogenetic protein Yao et al., 2013 (13) 
Igfbp2 Increase Important for early brain 

development, synaptic transmission, 
and cognition  

Khan et al., 2019 (14) 

Gadl1 Increase Decreases expression of genes that 
play a role in cell migration 

Wu et al., 2019 (15) 

Kl Increase Neuroprotective (antioxidant) effect 
on neurons of the hippocampus  

Zeldich et al., 2014 
(16) 

Rbm47 Increase Increased levels prevent cancer 
progression in brain tissue, while 
loss increases proliferation of 
cancerous cells 

Vanharanta et al., 
2014 (17)   

Tlr1 Increase Increased expression in the brain 
during inflammation  

Mishra et al., 2006 
(18) 

Cdh4 Decrease Important for vascular development 
in the brain  

Krishna et al., 2009 
(19) 

Folr1 Increase Deficiency leads to 
neurodegeneration  

Steinfeld et al., 2009 
(20) 

Kcnj13 Increase Encodes for a potassium channel 
(not activated by depolarization, i.e., 
inwardly rectifying); may play a role 
in homeostasis of neurons and glial 
cells. 

Papanikolaou et al., 
2019 (21) 

 

Supplemental Table 4. 12-month SVZ characterized DEGs with associated neural 
functions. 

DEG Expression 
Change 

(hyperoxia vs. 
normoxia) 

Function  Study 

Tnfaip6 Increase Upregulated under pro-
inflammatory microenvironments; 
anti-inflammatory effects  

Li et al., 2018 (22) 

Crtac1 Decrease Acts as an antagonist to axon 
growth inhibitors 

Sato et al., 2011 (23) 

Dusp16 Increase Deficiency leads to an expansion of 
the NPC population and an increase 
in neurogenesis 

Zega et al., 2017 (24) 
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Ptgs2 (COX-
2) 

Decrease Main prostaglandin released during 
sensory stimulation to cause 
vasodilation of vessels  

Lacroix et al., 2015 
(25) 

Igfbp6 Decrease Specifically binds and inhibits 
IGF2, inhibiting glioma cell 
proliferation  

Oliva et al., 2018 (26) 

Pdzrn3 Decrease Crucial for vessel formation  Sewduth et al., 2014 
(27) 

Nmbr Decrease May play a role in thermal 
sensitivity  

Mishra et al., 2012 
(28) 

Pvalb Increase Pvalb interneurons are inhibitory 
for synaptic transmission; Decrease 
in these neurons is associated with 
neurological disorders 

Ruden et al., 2021 
(29) 

Nr2f2 Increase Important temporal cue for NPC 
differentiation; decrease will result 
in neurogenesis 

Naka et al., 2008 (30) 

Nr4a2 Decrease Critical for long-term memory of 
recognizing objects and locating 
their position  

McNulty et al., 2012 
(31) 

Cabp1 Decrease Inhibits synaptic transmission by 
regulating calcium channels 

Li et al., 2013 (32) 

Fam81a Decrease Potential function in synaptic 
transmission  

Dosemeci et al., 2019 
(33) 

Hapln4 Increase Important for extracellular matrix 
structures around neurons 

Edamatsu et al., 2018 
(34) 

Prkca Decrease Increased activity has been 
associated with Alzheimer’s disease 

Callender et al., 2017 
(35) 

Glra1 Increase Disruption of activity can lead to 
motor function problems 

Schaefer et al., 2012 
(36) 

Tfap2d Decrease Decreases retinal ganglion cell 
number and projections to the brain 

Li et al., 2016 (37) 

Igf1 Increase Disruption of signalling can protect 
against Alzheimer’s disease 
phenotype 

Gontier et al., 2015 
(38) 

Vamp1 Increase Association between an increase in 
expression and Alzheimer’s disease 
risk 

Sevlever et al., 2015 
(39) 

Frzb Decrease Can decrease axon growth Rich et al., 2018 (40) 
Slc30a3 Decrease Critical for zinc allocation to 

synaptic vesicles  
Cole et al., 1999 (41) 

Fhl2 Decrease Decrease in activity may lead to 
NSC shift from neurogenesis to 
gliogenesis  

Kim et al., 2019 (42) 



21 
 

Neurod2 Decrease Decreased activity leads to a 
decrease in “excitability” of 
pyramidal neurons 

Chen et al., 2016 (43) 

Slc17a7  Decrease Gene that encodes for vesicular 
glutamate transporter 1; crucial for 
excitatory (glutamatergic) 
neurotransmission 

Wojcik et al., 2004 
(44) 

Lef1 Increase May play an important role in 
neuronal differentiation 

Armenteros et al., 
2018 (45) 

Cox6a2 Increase Part of cytochrome c oxidase (final 
enzyme in electron transport chain); 
deletion leads to oxidative stress in 
neurons  

Sanz-Morello et al., 
2020 (46) 

Cbln1 Increase Plays an important role in synapses 
for aging mice  

Seigneur et al., 2018 
(47) 

Adra1b Increase May play a role in memory 
formation 

Perez et al., 2020 (48) 

Ndnf Decrease Increases neuronal migration and 
growth of neuronal processes 

Kuang et al., 2010 
(49) 

C1ql3 Decrease Plays an important role in 
excitatory synapses  

Martinelli et al., 2016 
(50) 

Kcnh1 Decrease Encodes for a potassium voltage-
gated channel; important for brain 
activity 

Kessi et al., 2020 (51) 

Fam19a1 Decrease Deficiency leads to impaired 
behavior (motor, memory, & fear 
acquisition) 

Yong et al., 2020 (52) 

Rora Increase Encodes for a receptor that 
regulates transcription; decreased 
levels associated with autism 
spectrum disorder 

Devanna et al., 2014 
(53) 

Ramp3 Increase Promotes signalling that increases 
migration of endothelial cells 

Mackie et al., 2019 
(54) 

Tnc Increase Depending on microenvironment, 
may play a role pro-inflammatory 
signalling cascades & blood-brain   
disruption 

Okada et al., 2021 
(55) 

Napepld Increase May play an important role in 
synaptic transmission 

Egertová et al., 2008 
(56) 

Grm1 Increase Encodes for mGluR1; Important for 
long-term depression of synaptic 
transmission 

Lüscher et al., 2010 
(57) 

Agt Increase Part of the renin-angiotensin system 
(RAS); increased activation can 
lead to vasoconstriction  

Nakagawa et al., 2017 
(58) 
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Plekhg1 Increase Plays a role in reorienting vascular 
endothelial cells; may lead to 
increased white matter  

Traylor et al., 2019 
(59) 

Kcng1 Decrease Encodes for a potassium channel Cioli et al., 2014 (60) 
Kcnc2 Increase  Encodes for potassium channel; 

increase could lead to 
hyperexcitability of neurons 

Stern et al., 2020 (61) 

Htr5b  Increase Serotonin receptor; Increase 
associated with symptoms 
reminiscent of Rhett syndrome in 
mice  

Vogelgesang et al., 
2017 (62) 

Prkcd Increase Role in pro-inflammatory response 
and blood-brain barrier increased 
permeability 

Tang et al., 2018 (63) 

Styx1a Decrease High levels associated with 
increased glioma growth 

Tomar et al., 2019 
(64) 

Kcnv1 Decrease Encodes for a component of a 
potassium channel 

Hugnot et al., 1996 
(65) 

Basp1 Decrease NSC marker  Manganas et al., 2021 
(66) 

Bmp3 Decrease May play a role in blood-brain 
barrier integrity 

Morita et al., 2021 
(67) 

Chrnb3 Increase Nicotinic-acetylcholine receptor; 
depleted in Parkinson’s disease 

Bar-Shira et al., 2014 
(68) 

Syt17 Decrease Important for growth of neuronal 
processes and synaptic transmission  

Ruhl et al., 2019 (69) 

Syt9 Increase Important for neurotrophin release Wang et al., 2016 
(70) 

Gprin1 Decrease Important for the growth of 
neuronal processes  

Chen et al., 1999 (71) 

Cacna1g Increase Encodes for a voltage gated 
calcium channel; associated with 
encephalopathy 

Berecki et al., 2020 
(72) 

Mas1 Decrease Angiotensin receptor; activation 
leads to vasodilation; may play a 
role in angiogenesis 

Foulquier et al., 2019 
(73) 

Fhdc1 Increase May be important for microtubule 
function  

Galbraith et al., 2019 
(74) 

Chrnb4 Increase Nicotinic-acetylcholine receptor; 
Decreased expression associated 
with social amnesia 

Salas et al., 2013 (75) 

Tac2 Increase Upregulation associated with 
increased aggression and antisocial 
behavior  

Zelikowsky et al., 
2018 (76) 

Gjc 
(Connexin45) 

Increase Increases MASH1+ progenitor cell 
proliferation  

Khodosevich et al., 
2012 (77) 
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Prox1 Increase Important for differentiation and 
migration of oligodendrocytes to 
corpus callosum 

Bunk et al., 2016 (78) 

Cdkn1a (p21) Decrease Cell cycle inhibitor; reduces 
proliferation of NSCs 

Kippin et al., 2005 
(79) 

Ntng1 Increase  Important signal to recruit 
microglia to neuronal axons 

Fujita et al., 2020 (80) 

Tcf7l2 Increase Plays an important role in NSC 
maintenance during development, 
unclear role in adult tissue 

Bem et al., 2019 (81) 

Shox2 Increase  Decreased expression leads to 
impairment in inferior colliculus 
and cerebellum, ultimately causing 
motor coordination issues 

Rosin et al., 2015 (82) 

Grid2ip Increase  Encodes for Delphilin; actin 
nucleator in Purkinje neurons 

Silkworth et al., 2018 
(83) 

Htr2a Decrease Serotonin receptor; decreased 
expression due to epigenetic 
changes is associated with early 
onset schizophrenia and bipolar 
disorder 

Abdolmaleky et al., 
2011 (84) 

Tbr1 Decrease Critical transcription factor for the 
transition of neural progenitors to 
postmitotic cortical neurons 

Bedogni et al., 2010 
(85) 

Fmod Decrease Promotes glioma cell migration  Mondal et al., 2017 
(86) 

Kcnj4 Decrease Potassium channel (not activated by 
depolarization, i.e., inwardly 
rectifying); may be important for 
synaptic transmission  

Inanobe et al., 2002 
(87) 

Eomes (Tbr2) Decrease Intermediate neural progenitor 
marker; increases neurogenesis   

Lv et al., 2019 (88) 

Slc17a6 Increase  Gene that encodes for vesicular 
glutamate transporter 2; crucial for 
excitatory (glutamatergic) 
neurotransmission 

Birgner et al., 2010 
(89) 
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Supplemental Table 5. 12-month hippocampal characterized DEGs with associated neural 
functions.  

DEG Expression 
Change 

(hyperoxia vs. 
normoxia) 

Function  Study 

Cdr2 Decrease Downregulates c-Myc in Purkinje 
neurons; c-Myc can lead to 
proliferation or apoptosis 

Okano et al., 1999 
(90) 

Hrh2 Decrease Encodes for a histamine receptor; 
deficit impairs object recognition 
and leads to increased anxiety  

Schneider et al., 2014 
(91) 

Sgms2 Decrease Important for the cell membrane/ 
cell membrane proteins (particularly 
drug transporters) 

Zhang et al., 2011 
(92) 

Otx2 Decrease Decreased expression decreases 
adult neurogenesis  

Planques et al., 2019 
(93) 

Prlr Decrease Promotes excitation of neurons Patil et al., 2014 (94) 
Elovl7 Decrease Enzyme that contributes to the 

elongation of fatty acids; Mutation 
associated with Parkinson’s disease 

Deák et al., 2019 (95) 

Kcne2 Decrease Encodes for a voltage-gated 
potassium channel; reduced 
expression can decrease neuron 
excitability 

Ying et al., 2012 (96) 

Sulf1 Decrease May be involved in inhibiting the 
growth of neuronal processes  

Joy et al., 2015 (97) 

Ttr Decrease May have a neuroprotective role 
against the accumulation of amyloid 
beta, a main phenotype of 
Alzheimer’s disease  

Li et al., 2011 (98) 

A2m Decrease Increased level associated with 
Alzheimer’s disease  

Varma et al., 2017 
(99) 

Fosb Decrease Decreased expression leads to 
impaired neurogenesis and epilepsy 

Yutsudo et al., 2013 
(100) 

Epn3 Decrease Increased expression promotes 
migration of glioblastoma cells  

Wang et al., 2018 
(101) 

Rdh5 Decrease Mutations associated with blindness  Sergouniotis et al., 
2011 (102) 

Aqp1 Decrease Primarily a water channel, but also 
permeable to oxygen, carbon 
dioxide, and nitric oxide 

Badaut et al., 2014 
(103) 

Clic6 Decrease Intracellular chloride channel; may 
play a role in dopamine signalling 

Griffon et al., 2003 
(104) 
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Folr1 Decrease Plays an important role in folate 
function (transferring methyl group 
to molecules, e.g., amino acids); 
decrease associated with 
neurological problems 

Grapp et al., 2012 
(105) 

Kl Decrease Depletion is associated with aging; 
may inhibit macrophage activation  

Zhu et al., 2018 (106) 

Ace Decrease Part of the renin-angiotensin system 
(RAS); increased activation may 
lead to increased blood pressure  

Nakagawa et al., 2017 
(58)  

Cldn2 Decrease Encodes for a water and cation 
channel 

Steinemann et al., 
2016 (107) 

Steap1 Decrease Overexpressed by glioblastoma cells  Moreaux et al., 2012 
(108) 

Cdkn1a Decrease Cell cycle inhibitor; reduces 
proliferation of NSCs 

Kippin et al., 2005 
(79) 

Enpp2 Decrease Potential function in 
oligodendrocyte precursor cells; 
increased expression following 
traumatic brain injury  

Savaskan et al., 2007 
(109) 

Trpv4 Decrease Critical for calcium signalling from 
initiated from an endothelial cell 
factor that activates vascular smooth 
muscle cells to vasodilate 

Earley et al., 2005 
(110) 

Kcnj13 Decrease Encodes for a potassium channel 
(not activated by depolarization, i.e., 
inwardly rectifying); may play a role 
in homeostasis of neurons and glial 
cells. 

Papanikolaou et al., 
2019 (21) 

F5 Decrease Encodes for coagulation factor V; 
critical for blood clotting  

De Luca et al., 2017 
(111) 

Rgs6 Decrease Important for gamma-aminobutyric 
acid B signalling  

Maity et al., 2012 
(112) 
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