
Supplemental Materials and Methods 

3D cerebral organoid generation from iPSCs 

The protocol we used for the generation of cerebral organoids was developed by 

Lancaster et al. [1]. Briefly, we generated organoids from iPSCs by use of chemically 

defined medium and plating strategies (Fig. 1) as we and other described previously [1-

3]. Briefly, during the passaging process, 12,000 singularized iPSCs were re-suspended 

in mTeSR1 medium (150 μl cell suspension) and added to each well of the 96-well ultra-

low attachment U-bottom plate. Embryoid bodies (EBs) formed in the ultra-low 

attachment plates for 6 days, maintained in normoxic conditions (21% O2) at 37°C, and 

mTeSR1 was added every other day.  On day 6, EBs were transferred to 24-well low 

attachment plates, and cells were cultured in neuroepithelial induction media 

(DMEM/F12, 1% N2 Supplement, 1% glutamine, 1% nonessential amino acids (Thermo 

Fisher Scientific) and 1 μg/ml Heparin 50 (Sigma-Aldrich, St. Louis, MO, USA) for 5 

days.  On day 11, neuroepithelial tissues were embedded in Matrigel™ droplets and 

plated on 100 mm plates in 12 ml cerebral organoid differentiation media (DMEM/F12, 

Neurobasal media, 0.5% N2 Supplement, 1% Glutamine, 0.5% nonessential amino 

acids, 1% penicillin/streptomycin, 1% B27 without vitamin A (Thermo Fisher Scientific), 

0.025% insulin (Sigma-Aldrich), and 0.035% mercaptoethanol (Sigma-Aldrich) for 5 

days.  Plates were transferred to a spinner on day 16, and cultured long-term in 12 ml 

cerebral organoid differentiation media supplemented with vitamin A (DMEM/F12, 

Neurobasal media, 0.5% N2 Supplement, 1% glutamine, 0.5% nonessential amino 

acids, 1% penicillin/streptomycin, 1% B27 with vitamin A (Thermo Fisher Scientific), 

0.025% insulin, and 0.035% mercaptoethanol (Sigma-Aldrich). Cerebral organoids were 

cultured up until 2 months, with a subset of iPSCs and 1-month-old cerebral organoids 

collected for imaging. iPSC colonies, embryoid bodies, neuroepithelial tissues, and 

cerebral organoids were examined daily under the microscope and imaged under bright 

field by an EVOS FL Auto microscope (Thermo Fisher Scientific).  



Immunostaining analysis of iPSC, neural progenitor cells, brain cell-specific 
marker expression, and apoptosis on cerebral orgnaoids 

iPSC cultured on the Matrigel™-coated coverslips were sequentially fixed with 4% 

paraformaldehyde (Electron Microscopy Sciences, Hatfield, PA, USA) for 15 min at 

room temperature, permeabilized with 0.5% Triton X-100 (Sigma-Aldrich) in phosphate-

buffered saline (PBS) (Thermo Fisher Scientific) for 15 min, and blocked with 10% 

donkey serum (Millipore, Billerica, MC, USA) for 20 min at room temperature as 

described previously [4]. The cells were then stained with the following primary 

antibodies at 4 °C overnight: mouse anti-stage-specific embryonic antigen 4 (SSEA4: a 

pluripotent stem cell marker, Abcam ab16287, Cambridge, MA, USA and rabbit anti-

octamer-binding transcription factor 4 (OCT4: a pluripotent stem cell marker, Abcam 

ab18976). After washing with PBS twice, the cells were incubated in the dark for one 

hour at 37 °C with a secondary antibody; Alexa Fluor 594 goat anti-rabbit 

immunoglobulin G (IgG) (Thermo Fisher Scientific) and Alexa Fluor 594 goat anti-

mouse IgG (Thermo Fisher Scientific). Hoechst 33342 (Thermo Fisher Scientific) was 

used to stain cell nuclei. The coverslips were placed on glass slides with mounting 

medium (Thermo Fisher Scientific) and sealed with nail polish at the conclusion of 

immunostaining. Samples were imaged by laser-scanning confocal microscopy (Nikon 

Eclipse TE2000-U, Nikon, Minato, Tokyo, Japan). 

Cerebral organoids were fixed in 10% zinc formalin 100 (Sigma-Aldrich), embedded 

in paraffin, and slices of 4 µm thickness were attached to glass slides. Tissues were 

deparaffinized by sequential washing in xylenes, hydrated in graded ethanol, and 

incubated in antigen retrieval solution (Dako, Glostrup Denmark) at 95°C. Following 

0.5% Triton X-100-PBS washing, 10% donkey serum was used as a blocker, and the 

following primary antibodies were used: paired box protein 6 (PAX6, a neural stem cell 

marker [5, 6]; rabbit anti, Biolegend 901301, San Diego, CA, USA), microtubule-

associated protein 2 (MAP2, a neuron-specific marker; mouse anti, Abcam ab11267), 

synapsin1 (a synapse marker; rabbit anti,  Cell signaling #5297,  Danvers, MA, USA), 

S100 calcium-binding protein β (S100β, an astrocyte marker; rabbit anti, Abcam 

ab52642), doublecortin (an immature and migrating neuron marker [7, 8]; rabbit anti, 

Abcam ab18723), SRY-Box Transcription Factor 2 (SOX2, a neural stem cell marker 



[9]; mouse anti, Sigma MAB4343), SOX2 (rabbit anti, abcam ab97959), Forkhead box 

G1 (FOXG1, a forebrain marker [6, 10-12]; rabbit anti, Abcam ab18259), prealbumin 

(also called TTR, a choroid plexus marker [6, 13]; sheep anti, Abcam ab9015),  COUP-

TF-interacting protein 2 (CTIP2, a V/VI cortical layer migrating neuron marker [6, 11, 

12]; rabbit anti, Atlas Antibodies HPA049117, Bromma, Sweden), and FOXP2 (a VI 

cortical layer neurons marker [14, 15]; goat anti, Thermo Fisher Scientific PA5-18615),  

and cleaved (or activated) caspase 3 (an apoptosis marker; rabbit anti, Cell Signaling 

9664L). The corresponding secondary antibodies were Alexa Fluor-488 or Alexa Fluor-

594 nanometer conjugated IgG (Thermo Fisher Scientific). Hoechst 33342 (Thermo 

Fisher Scientific) was used to stain cell nuclei. Coverslips and mounting medium 

(Thermo Fisher Scientific) were placed over the tissues and sealed with nail polish at 

the conclusion of immunostaining. Slides were imaged by Olympus slide scanners 

(Olympus, Shinjuku City, Tokyo, Japan). 

Immunostaining and terminal deoxynucleotidyl transferase-mediated 
deoxyuridine triphosphate in situ nick end labeling (TUNEL)  analysis of 
vulnerability of neurons and astrocytes to ethanol treatemnt  

Cerebral organoid tissue sections were deparaffinized and incubated in antigen 

retrieval solution, and blocked with 10% donkey serum as described above. In order to 

identify which types of brain cells undergo apoptosis following ethanol exposure, the 

sections received TUNEL staining following immunofluorescence staining procedure. 

The primary antibodies [neuronal nuclear antigen (NeuN, a neuron marker; mouse anti, 

Millipore MAB377, Billerica, MA, US) or S100β (an astrocyte marker; rabbit anti, Abcam 

ab52642), and the corresponding secondary antibodies (Alexa Fluor 488-conjugated 

mouse or rabbit IgG (Thermo Fisher Scientific) were used in immunofluorescence 

staining. To assess cell death in the organoids, an in situ Cell Death kit, TMR red 
(Roche Applied Bio Sciences, Indianapolis, IN) was used following instructions provided 

by the manufacturer as we previously described [16, 17]. This kit utilizes a process 

known as TUNEL to label the free 3′-OH termini of single and double stranded DNA 

breaks. The polymerase, terminal deoxynucleotidyl transferase (TdT) adds modified 

nucleotides to the free 3′-OH termini which are secondarily labeled with a fluorescent 

https://www.google.com/search?sxsrf=ALeKk01pAWNcLCX40cbe5b8_W-UAmgyHRA:1590711865496&q=Shinjuku&stick=H4sIAAAAAAAAAONgVuLUz9U3MDSqyDJ6xGjCLfDyxz1hKe1Ja05eY1Tl4grOyC93zSvJLKkUEudig7J4pbi5ELp4FrFyBGdk5mWVZpcCAJM3vFRPAAAA&sxsrf=ALeKk01pAWNcLCX40cbe5b8_W-UAmgyHRA:1590711865496


marker. This allows for the visualization of TUNEL-positive apoptotic cells on a 

fluorescent microscope. The organoid sections were stained for 30 minutes with 

Hoechst 33342 to label the cell nuclei. Coverslips and mounting medium were placed 

over the tissues and sealed with nail polish at the conclusion of immunostaining. Slides 

were imaged by Olympus slide scanners. 
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