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32 SUMMARY:
33  The P19 mouse embryonic carcinoma cell line (P19 cell line) is widely used for studying the
34  molecular mechanism of neurogenesis with great simplification compared to in vivo analysis.
35 Here, we present a protocol for retinoic acid-induced neurogenesis in the P19 cell line.
36
37  ABSTRACT:
38  The P19 cell line derived from a mouse embryo-derived teratocarcinoma has the ability to
39 differentiate into the three germ layers. In the presence of retinoic acid (RA), the suspension
40  cultured P19 cell line is induced to differentiate into neurons. This phenomenon is extensively
41  investigated as a neurogenesis model in vitro. Therefore, the P19 cell line is very useful for
42  molecular and cellular studies associated with neurogenesis. However, protocols for neuronal
43  differentiation of P19 cell line described in the literature are very complex. The method
44  developed in this study are simple and will play a part in elucidating the molecular
45  mechanisms in neurodevelopmental abnormalities and neurodegenerative diseases.
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During embryonal development, a single cell layer is transformed into three separate germ
layers'3. To increase the research possibilities of phenomena occurring in vivo, generation of
three-dimensional aggregates (embryonic bodies) have been developed as a convenient
model. Cellular aggregates formed in this way can be exposed to various conditions causing
cell differentiation, which reflect development of the embryo*®. The P19 murine embryonic
carcinoma cell line (P19 cell line) is commonly used as a cellular model for neurogenesis
studies in vitro®®. The P19 cell line exhibits typical pluripotent stem cell features and can
differentiate into neurons in the presence of retinoic acid (RA) during cell aggregation
followed by neurite outgrowth under adherent conditions. Moreover, the undifferentiated
P19 cell line is also capable of forming muscle- and cardiomyocyte-like cells under the
influence of dimethyl sulfoxide (DMSQ)°-12.

Many methods'31® have been reported for neuronal differentiation, but the methodology is
sometimes complicated and not easy to grasp by only reading the descriptions. For example,
protocols sometimes require a combination of Dulbecco's Modified Eagle Medium (DMEM)
medium supplemented with a mixture of calf serum (CS) and fetal bovine serum (FBS)3.
Moreover, media used for neuronal development are often composed of Neurobasal and B27
supplements®e, As such, existing methods contain complexity in their preparation and our
goal here is to simplify the protocols. In this study, we demonstrated that DMEM with FBS
can be utilized for maintaining the P19 cell line (DMEM + 10% FBS) as well as for neuronal
development (DMEM + 5% FBS + RA). This simplified method for neurogenesis using the P19
cell line allows us to study the molecular mechanism of how neurons are developed.
Moreover, research on neurodegenerative diseases such as Alzheimer's disease is also
conducted using P19 cell line!”18, and we believe that the method developed in this study will
play a part in elucidating the molecular mechanisms in neurodevelopmental abnormalities
and neurodegenerative diseases.

PROTOCOL:

1. Culture Maintenance

1.1. Culture the P19 cell line in Maintenance Medium (Dulbecco's modified Eagle's medium
with 4,500 mg/L of glucose supplemented with 10% FBS, 100 units/mL penicillin and 100
ug/mL streptomycin). Incubate at 37 °C and 5% CO,.

2.  Sub-culturing Cells

2.1. When cells reach approximately 80% confluence, remove the spent medium from the
cell culture flasks (surface area 25 cm?).

2.2. Wash the cells with 2 mL of phosphate buffered saline (PBS) free of calcium and
magnesium.

2.3. Add 1 mL of 0.25% trypsin-EDTA (ethylenediaminetetraacetic acid) onto the cell
monolayer.

2.4. Put the flask in the CO; incubator (37 °C and 5% CO;) for 5 min.
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2.5. Assess the cell attachment to the flask surface. Ensure that all of the cells are detached
and floating in the medium.

2.6. Add 9 mL of Maintenance Medium to inactivate the enzymatic activity of trypsin.
2.7. Resuspend the cells in Maintenance Medium.

2.8. Transfer cells to a 15 mL tube and centrifuge for 5 min at 200 x g and room temperature
(RT).

2.9. Discard the supernatant and add 10 mL of fresh Maintenance Medium into the 15 mL
tube.

2.10. Use the cell suspension to determine the cell number using a cell counter according to
manufacturer’s instructions.

2.11. Seed cells at 2 x 10* cells/cm? in a new 25 cm?flask.

2.12. Add the Maintenance Medium up to 10 mL.

2.13. Put the flask with cells in the CO; incubator (37 °C and 5% CO;) for 2-3 days.
3. Trypsin Digestion

3.1. Aspirate Maintenance Medium from the cell flask. Wash the cells once with 5 mL of
calcium and magnesium-free PBS.

3.2. Add 1 mL of 0.25% trypsin-EDTA.

3.3. Put the flask with cells into the CO; incubator at 37 °C for 2-3 min.

3.4. Use 1 mL pipette to dissociate the cells by pipetting cells ten times.

3.5. Neutralize trypsin by adding 8 mL of Differentiation Medium (Dulbecco's modified
Eagle's medium with high glucose level supplemented with 5% FBS, 100 units/mL penicillin
and 100 ug/mL streptomycin) without RA to the cells.

3.6. Transfer cells to a 15 mL tube and centrifuge for 5 min at 200 x g and RT.

3.7. Discard the supernatant and add 1 mL of Differentiation Medium without retinoic acid
(RA). Resuspend the cell pellet.

3.8. Use the cell suspension to determine the cell number using a cell counter according to
manufacturer’s instruction.

4. Aggregate Generation
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4.1. Add5 pL of RA (1 mM stock dissolved in 99.8% ethanol, stored at -20 °C) to the 10 mL
of Differentiation Medium and mix well (final concentration of 0.5 UM RA).

NOTE: RA is light sensitive and the low concentration of EtOH does not affect cell
differentiation?®-21,

4.2. Add 10 mL of Differentiation Medium (with RA) to the 100 mm non-treated culture dish
(dedicated to suspension culture).

4.3. Seed the 1 x 10° cells in the 100 mm dish (Dish surface area 56.5 cm?).

4.4. Put the flask with cells into the incubator at 37 °C and 5% CO; for 2 days in order to
promote aggregates formation.

4.5. After 2 days, exchange the Differentiation Medium. Aspirate medium containing
aggregates using a 10 mL pipette and transfer to a 15 mL tube at RT.

4.6. Allow the aggregates to settle by gravity for 1.5 min at RT.
4.7. Discard the supernatant.

4.8. Add a fresh 10 mL of Differentiation Medium with 0.5 uM RA using a 10 mL serological
pipette.

CAUTION: Do not pipette the cell aggregates up and down.

4.9. Seed the aggregates into new 100 mm non-treated culture dish (dedicated to
suspension culture).

4.10. Place the plate in the incubator (at 37 °C and 5% CO,) for 2 days.
5. Aggregates Dissociation
5.1. Aspirate the cell aggregates using a 10 mL pipette.

5.2. Transfer the aggregates to a 15 mL tube. Allow the cell aggregates to settle by gravity
for 1.5 min.

5.3. Remove the supernatant.
5.4. Wash the aggregates with DMEM alone (serum- and antibiotic- free).
5.5. Allow the cell aggregates to settle by gravity sedimentation for 1.5 minutes at RT.

5.6. Aspirate the supernatant and add 2 mL of trypsin-EDTA (0.25%).
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5.7. Place the cell aggregates into a water bath (37 °C) for 10 min. Agitate the aggregates
gently every 2 min by tapping with a hand.

5.8. Stop the trypsinization process by adding 4 mL of Maintenance Medium.

5.9. Pipette aggregates up and down 20 times using 1 mL pipette.

5.10. Centrifuge cells for 5 minutes at 200 x g and RT.

5.11. Remove the supernatant and resuspend the cell pellet in 5 mL of Maintenance Medium.
5.12. Determine the cell number with a cell counter.

6. Plating Cells

6.1. Add 3 mL per well of Maintenance Medium to a 6-well plate.

6.2. Seed cells in the 6-well culture plate at a density of 0.5 x 10%/well.

6.3. Incubate at 37 °C with 5% CO; concentration.

6.4. Seed the cells on cover glass in 6 well culture plate and perform immunostaining with
anti-MAP2 antibody (20% confluence). Use 6-well plate to isolate RNA and perform RT-PCR
for Map2, NeuN, Oct4, Nanog, and Gapdh (20% confluence).

REPRESENTATIVE RESULTS

The simplified scheme of protocol for neurogenesis induction in P19 cell line is presented in
Figure 1. In order to define the character of the P19 cell line in an undifferentiated state and
during neurogenesis, the RT-PCR (reverse transcription-polymerase chain reaction) method
was used. The undifferentiated P19 cell line expressed the pluripotency genes such as organic
cation/carnitine transporter4 (Oct4) and Nanog homeobox (Nanog). Neurogenesis induced by
cells aggregation in suspension culture in the presence of RA led to a rapid decrease of Oct4
and Nanog expression. In contrary, expression of neuron markers: microtubule-associated
protein 2 (Map2), NeuN (also known as RNA binding protein, fox-1 homolog 3 (Rbfox3))
increased after triggered neurogenesis (Figure 2)%141>22 The primers used for each gene are
indicated along with nucleotide sequences and the size of the product in Table 1. A
microscopic image of the undifferentiated P19 cell line presented a round-shaped
morphology (Figure 3A). After induction of neurogenesis, the neuronal structure of the cells
was clearly visible 4 days after plating (Figure 3B). Additionally, Figure 4 represents the
fluorescence image of MAP2 expression in the differentiated P19 cell line (4 days after plating
cells)?3,

Figure 1. Protocol schematic for induction of neurogenesis in P19 embryonal carcinoma
cells. Neurogenesis is induced by culturing the P19 cell line in a 100 mm non-treated culture
dish with 5% of FBS and 0.5 uM RA. After 4 days, the cell aggregates are dissociated with
trypsin and seeded on adherent cell culture plate for following next 4 days.
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Figure 2. Changes of gene expression in P19 cell line. The band graph represents gene
expression for undifferentiated P19 cell line (Oct4, Nanog) and during neurogenesis (Map2,
NeuN). Glyceraldehyde-3-phosphate dehydrogenase (Gapdh) was used as the reference gene.
Samples are loaded in the agarose gel (1.5%) in double replications. Abbreviations:
Undifferentiated represents the undifferentiated P19 cell line without RA treatment; Day 1-4
represents subsequent days after cell plating- following 4 days after RA treatment and cell
aggregation stage.

Figure 3. Representative images of analysis of P19 cell line. (A) Light microscopic images of
undifferentiated P19 cell line. (B) Light microscopic images of P19 cell line after 4 days of
neurogenesis- following 4 days after RA treatment and cell aggregation stage. Scale bar = 100
um.

Figure 4. Representative immunofluorescence image of differentiated P19 cell line. Merged
immunofluorescence image of P19 cell line stained with anti-MAP2 and DAPI at 4 days after
plating. Scale bar = 100 um.

Table 1: Primers used for RT-PCR.

DISCUSSION:

Here, we describe a simple protocol for neurogenesis using the P19 cell line. Although many
reports have been published in this regard, a detailed methodology for neurogenesis
induction using P19 cell line remains unclear. Moreover, we utilized a simple high glucose
DMEM medium with 10% FBS for the entire experiment. This allowed us to perform the
neurogenic experiment in a user-friendly manner and expand the usage of this method for
the future.

The most critical points within this protocol are the RA concentration as well as the generation
of cell aggregates in the suspension culture. The stimulation of neurogenesis in the P19 cell
line can be carried out without the formation of aggregates, but the number of neuronal cells
produced will be reduced by two-thirds in the cell culture?’. Monzo et al. have shown
neurogenesis induction in P19 cell line by culturing them in monolayer!®. Although their
method is quite convenient as we can eliminate suspension culture process, further studies
are required to compare their method with other well-described methods. The RA
concentration of 0.5 uM in the medium produced a high number of cell aggregates as well as
neurons after plating as compared to 1 uM of RA. It is also important to note that we could
not observe an efficient neurogenesis when most of the aggregates are attached to the
bottom of the suspension culture dish during RA treatment. The optimal number of the P19
cell line to be used at the beginning of the procedure is 1 x 10° for every 10 mL of
Differentiation Medium. During the induction of neurogenesis, the P19 cell line forms varying
sized aggregates and even single cells are found in the culture. To overcome this problem, we
collected the cell aggregates after 1.5 minutes of free fall in a 15 mL tube. We found that this
approach allows the exclusion of contamination of single cells. It is also recommended to
perform neuronal enrichment with the cell culture using anti-mitotic drugs (e.g., cytosine
arabinoside) for long term culture to inhibit extensive proliferation of glial cells?*.
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Neurons derived from the P19 cell line express ionotropic glutamate receptors of both N-
methyl-D-aspartate (NMDA) and alpha-amino-3-hydroxy-5-methyl-4-isoxazole propionate
(AMPA)/kainite (KA) types?®, as well as functional y-aminobutyric acid (GABA) receptors?®.
Therefore, the P19 cell line is widely used in the studies on molecular mechanisms
governing neuronal differentiation?’-2°, More importantly, the tumor development was not
observed after cell transplantation3%-32,

To this end, research on neurodegenerative diseases such as Alzheimer's disease!’*® is also
conducted using P19 cell line, and we believe that the method developed in this study will
thus play a part in elucidating the molecular mechanisms in neurodevelopmental
abnormalities and neurodegenerative diseases.

ACKNOWLEDGEMENTS

The study was financially supported by National Science Centre, Poland (grant no. UMO-
2017/25/N/NZ3/01886) and KNOW (Leading National Research Centre) Scientific Consortium
"Healthy Animal - Safe Food", decision of Ministry of Science and Higher Education No. 05-
1/KNOW2/2015

DISCLOSURES
The authors have nothing to disclose.

REFERENCES

1 Ramkumar, N., Anderson, K. V. SnapShot: mouse primitive streak. Cell. 146 (3), 488-
488.e2 (2011).

2 Solnica-Krezel, L., Sepich, D. S. Gastrulation: making and shaping germ layers. Annual
Review of Cell and Developmental Biology. 28, 687-717 (2012).

3 Tam, P. P. L., Gad, J. M. Chapter 16: Gastrulation in the Mouse Embryo. Gastrulation:
From Cells to Embryo. Stern, C. D. Cold Spring Harbor Laboratory Press, Cold Spring Harbor.
New York. 233-262 (2004).

4 Sajini, A. A., Greder, L. V., Dutton, J. R,, Slack, J. M. W. Loss of Oct4 expression during
the development of murine embryoid bodies. Developmental Biology.371 (2), 170-179
(2012).

5 ten Berge, D. et al. Wnt Signaling Mediates Self-Organization and Axis Formation in
Embryoid Bodies. Cell Stem Cell. 3 (5), 508-518 (2008).

6 Bain, G., Ray, W.J,, Yao, M. & Gottlieb, D. I. From embryonal carcinoma cells to neurons:
the P19 pathway. Bioessays. 16 (5), 343-348 (1994).

7 Lin, Y. T. et al. YAP regulates neuronal differentiation through Sonic hedgehog signaling
pathway. Experimental Cell Research. 318 (15), 1877-1888 (2012).

8 Neo, W. H. et al. MicroRNA miR-124 controls the choice between neuronal and
astrocyte differentiation by fine-tuning Ezh2 expression. Journal of Biological Chemistry. 289
(30), 20788-20801 (2014).

9 Jones-Villeneuve, E., McBurney, M. W., Rogers, K. A. & Kalnins, V. |. Retinoic acid induces
embryonal carcinoma cells to differentiate into neurons and glial cells. The Journal of Cell
Biology. 94 (2), 253-262 (1982).

10 McBurney, M. W. & Rogers, B. J. Isolation of male embryonal carcinoma cells and their
chromosome replication patterns. Developmental Biology. 89 (2), 503-508 (1982).


http://www.ncbi.nlm.nih.gov/pubmed/?term=%28%22SnapShot%3A+mouse+primitive+streak%22%5BTitle%5D%29%2BAND%2B%22Ramkumar%22%5BAuthor%5D%2BAND%2B%22Cell%22%5BJournal%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Gastrulation%3A+making+and+shaping+germ+layers
http://scholar.google.com/scholar?hl=en&safe=off&q=author%3aTam%2C+PPL+%22Gastrulation%3A+From+Cells+to+Embryo%22
http://scholar.google.com/scholar?hl=en&safe=off&q=author%3aTam%2C+PPL+%22Gastrulation%3A+From+Cells+to+Embryo%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Loss+of+Oct4+expression+during+the+development+of+murine+embryoid+bodies
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Loss+of+Oct4+expression+during+the+development+of+murine+embryoid+bodies
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Wnt+Signaling+Mediates+Self-Organization+and+Axis+Formation+in+Embryoid+Bodies
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Wnt+Signaling+Mediates+Self-Organization+and+Axis+Formation+in+Embryoid+Bodies

328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373

11 Jones-Villeneuve, E., Rudnicki, M. A., Harris, J. F. & McBurney, M. Retinoic acid-induced
neural differentiation of embryonal carcinoma cells. Molecular and Cellular Biology. 3 (12),
2271-2279 (1983).

12 Jasmin, Spray, D. C., Campos de Carvalho, A. C. & Mendez-Otero, R. Chemical induction
of cardiac differentiation in P19 embryonal carcinoma stem cells. Stem Cells and
Development. 19 (3), 403-412 (2010).

13 Solari, M., Paquin, J., Ducharme, P. & Boily, M. P19 neuronal differentiation and retinoic
acid metabolism as criteria to investigate atrazine, nitrite, and nitrate developmental toxicity.
Toxicological Sciences. 113 (1), 116-126 (2010).

14 Babuska, V. et al. Characterization of P19 cells during retinoic acid induced
differentiation. Prague Medical Report. 111 (4), 289-299 (2010).

15 Monzo, H. J. et al. A method for generating high-yield enriched neuronal cultures from
P19 embryonal carcinoma cells. Journal of Neuroscience Methods. 204 (1), 87-103 (2012).

16  Popova, D., Karlsson, J. & Jacobsson, S. O. P. Comparison of neurons derived from
mouse P19, rat PC12 and human SH-SY5Y cells in the assessment of chemical- and toxin-
induced neurotoxicity. BMC Pharmacology and Toxicology. 18 (1), 42 (2017).

17 Woodgate, A., MacGibbon, G., Walton, M. & Dragunow, M. The toxicity of 6-
hydroxydopamine on PC12 and P19 cells. Molecular Brain Research. 69 (1), 84-92 (1999).

18 Tsukane, M. & Yamauchi, T. Ca2+/calmodulin-dependent protein kinase Il mediates
apoptosis of P19 cells expressing human tau during neural differentiation with retinoic acid
treatment. Journal of Enzyme Inhibition and Medicinal Chemistry. 24 (2), 365-371 (2009).

19 Adler, S, Pellizzer, C., Paparella, M., Hartung, T. & Bremer, S. The effects of solvents on
embryonic stem cell differentiation. Toxicology in Vitro. 20 (3), 265-271, doi:S0887-
2333(05)00144-X [pii] (2006).

20 Jones-Villeneuve, E.M., McBurney, M.W., Rogers, K.A. & Kalnins, V.I. Retinoic acid
induces embryonal carcinoma cells to differentiate into neurons and glial cells. The Journal of
Cell Biology. 94 (2), 253-262 (1982).

21 Roy, B, Taneja, R. & Chambon, P. Synergistic activation of retinoic acid (RA)-responsive
genes and induction of embryonal carcinoma cell differentiation by an RA receptor alpha (RAR
alpha)-, RAR beta-, or RAR gamma-selective ligand in combination with a retinoid X receptor-
specific ligand. Molecular and Cellular Biology. 15 (12), 6481-6487 (1995).

22 Hamada-Kanazawa, M. et al. Sox6 overexpression causes cellular aggregation and the
neuronal differentiation of P19 embryonic carcinoma cells in the absence of retinoic acid.
FEBS Letters. 560 (1-3), 192-198 (2004).

23 Dai, W. et al. A post-transcriptional mechanism pacing expression of neural genes with
precursor cell differentiation status. Nature Communications. 6 7576 (2015).

24 Tangsaengvit N, Kitphati W, Tadtong S, Bunyapraphatsara N, Nukoolkarn V. Neurite
Outgrowth and Neuroprotective Effects of Quercetin from Caesalpinia mimosoides Lamk. on
Cultured P19-Derived Neurons. Evidence-Based Complementary and Alternative Medicine.
2013: 838051 (2013)

25 Magnuson, D. S., Morassutti, D. J., McBurney, M. W. & Marshall, K. C. Neurons derived
from P19 embryonal carcinoma cells develop responses to excitatory and inhibitory
neurotransmitters. Developmental Brain Research. 90 (1-2), 141-150 (1995).

26 MacPherson, P., Jones, S., Pawson, P., Marshall, K. & McBurney, M. P19 cells
differentiate into glutamatergic and glutamate-responsive neurons in vitro. Neuroscience. 80
(2), 487-499 (1997).



374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390

27 Hong, S. et al. Methyltransferase-inhibition interferes with neuronal differentiation of
P19 embryonal carcinoma cells. Biochemical and Biophysical Research Communications. 377
(3), 935-940 (2008).

28 Wenzel, M. et al. Identification of a classic nuclear localization signal at the N terminus
that regulates the subcellular localization of Rbfox2 isoforms during differentiation of
NMuMG and P19 cells. FEBS Letters. 590 (24), 4453-4460 (2016).

29 Harada, Y. et al. Overexpression of Cathepsin E Interferes with Neuronal Differentiation
of P19 Embryonal Teratocarcinoma Cells by Degradation of N-cadherin. Cellular and
Molecular Neurobiology. 37 (3), 437-443 (2017).

30 Morassutti, D. J., Staines, W. A., Magnuson, D. S., Marshall, K. C. & McBurney, M. W.
Murine embryonal carcinoma-derived neurons survive and mature following transplantation
into adult rat striatum. Neuroscience. 58 (4), 753-763 (1994).

31 Magnuson, D. S., Morassutti, D. J., Staines, W. A., McBurney, M. W. & Marshall, K. C. In
vivo electrophysiological maturation of neurons derived from a multipotent precursor
(embryonal carcinoma) cell line. Developmental Brain Research. 84 (1), 130-141 (1995).



Figure1 Click here to access/download;Figure;FIGURE 1.pdf =

Figure 1

g6 6% oF 0, 0 0 g ¢ % 8% gf .85 ¢ 63
Seed the 1 x 106 cells in 100 mm of non- Add 5 puL RA (1 mM stock solution) to the After 2 days, replace the culture media
treated culture dish Differentiation Medium. Final RA concentration: 5 with the new Differentiation Medium
M. Final volume of medium: 10 mL with RA. Final volume of medium: 10
mL

— @@

@

§¢ 0P g%, % ¢ 0@ LO O

)

Transfer cell aggregates to the new 100 mm After 2 days, resuspend cell aggregates in 2 Seed cells in 6-well culture plate at the
of non-treated culture dish mL of trypsin for 10 min. density of 0.5 x 106/well and culture 1-4

days


http://www.editorialmanager.com/jove/download.aspx?id=916876&guid=55b7256d-aa13-4c3d-bced-579d24a93fa1&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=916876&guid=55b7256d-aa13-4c3d-bced-579d24a93fa1&scheme=1

Figure2 Click here to access/download;Figure;FIGURE 2.pdf =

Figure 2
x| '&6
& K
& &€
O O
SO O° Dayl Dayl Day2 Day2 Day3 Day3 Day4 Day4
Map2
NeuN
Oct4
Nanog

Gapdh



http://www.editorialmanager.com/jove/download.aspx?id=916877&guid=d451cf26-2131-45f6-831f-3e7b4b3e5d7b&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=916877&guid=d451cf26-2131-45f6-831f-3e7b4b3e5d7b&scheme=1

Click here to access/download;Figure;FIGURE 3.pdf %

©
Q
o
©
o
c
Q
o
£
©
c
=



http://www.editorialmanager.com/jove/download.aspx?id=916878&guid=95cb74af-23bc-4112-b6f0-ee60b07207f0&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=916878&guid=95cb74af-23bc-4112-b6f0-ee60b07207f0&scheme=1

Figure4 Click here to access/download;Figure;FIGURE 4rev.pdf =

Figure 4



http://www.editorialmanager.com/jove/download.aspx?id=916879&guid=c40e8925-8b98-4a28-9d8a-cf0750e1b327&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=916879&guid=c40e8925-8b98-4a28-9d8a-cf0750e1b327&scheme=1

Table1 Click here to access/download;Table;Table 1 (Primers).xIsx z

Primer Primer sequence P'roduct
size (bp)
Gapdh |F: TGACCTCAACTACATGGTCTACA 85
R: CTTCCCATTCTCGGCCTTG
Map2 |F: GCTGAGATCATCACACAGTC 211
R: TCCTGCCAAGAGCTCATGCC
Oct4 |F: GGCGTTCTCTTTGGAAAGGTGTTC 313
R: CTCGAACCACATCCTTCTCT
NeuN |F: GGCAAATGTTCGGGCAATTCG 160
R: TCAATTTTCCGTCCCTCTACGAT
Nanog |F: AAAGGATGAAGTGCAAGCGGTGG 520
R: CTGGCTTTGCCCTGACTTTAAGC
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Name of Reagent/ Equipment Company | Catalog Number | Comments/Description

DMEM high glucose (4.5 g/I) with

, Lonza BE12-604Q
L-glutamine

Trypsin 0.25% - EDTA in HBSS,

LM-
ithout Ca2+, Mg2+,with Phenol| bi
without Ca2+, Mg2+,wi enol| biosera T1720/500
Red
Fetal Bovine Serum (FBS) EURX E5050-03

Penicillin/Streptomycin 10K/10K | Lonza DE17-602E

CHEM*61396

o
Ethanol 99.8% Chempur 4902

Phosphate Buffered Saline (PBS),
1x concentrated without Ca2+, Lonza BE17-517Q
Mg2+

dissolved in 99.8%
R2625-50MG |ethanol; store in -20
°C up to 6 months

Sigma-

Retinoi :
etinoic acid Aldrich
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Thermo

MAP2 antibody Fisher PA517646 Dilution 1:100
Scientific
Secondary Antibody (Alexa Fluor Thermo
Y Y Fisher | A11034 Dilution 1:500
488) g
Scientific
S , Working
D ' 6-D -2/ -
AP,I (4,6 -|am|d|ne , S|gma 10236276001 | concentration: 1
phenylindole dihydrochloride) | Aldrich
pg/mL
cDNA synthesis kit EURX E0801-02
PCR reaction kit EURX EO411-03
Sigma-
A A9539
garose Aldrich
. . Sigma-
Sk 1% 1153630500
mm Aldrich
Triton-X 100 SIBMa- | o227 100ML

Aldrich




Thermo

TBE Buffer Fisher B52
Scientific
6X DNA Loading Dye EURX E0260-01
Cell Culture Plastics
Cell culture flasks, surface area | Sigma- | CLS430639-
25 cm?2 Aldrich 200EA
100 mm dlsh dedicated for Corning 351029
suspension culture
6-well plate Corning CLS3516
. Sigma- | CLS430791-
15 mL f
5 mL centrifuge tubes Aldrich 00EA
1 mL Serological Pipettes profilab 515.01
5 mL Serological Pipettes profilab 515.05
10 mL Serological Pipettes profilab 515.10
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Neurogenesis using P19 Embryonal Carcinoma Cells

Author(s):

Pawet Leszczynski, Magdalena Smiech, Aamir S Teeli, Aleksandra Zotociriska, Anna Stysz,
Zygmunt Pojda, Mariusz Pierzchata, Hiroaki Taniguchi

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:
Standard Access

Item 2: Please select one of the following items:

D Open Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name: ] i i i
Hiroaki Taniguchi
Department: . .
NanoBio Science Centre
Institution: . . .
Doshisha Univeristy
Title: Neurogenesis using P19 Embryonal Carcinoma Cells
Signature: )<Lj: Date: | 19 Oct 2018

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Oct20, 2018

Dear Dr. Vineeta Bajaj

Please find the attached revised manuscript entitled “Neurogenesis using P19 Embryonal
Carcinoma Cells”, which we would like you to consider for publishing in Journal of Visualized
Experiments. We have substantially revised the manuscript to address all concerns and suggestions
of the editor and the three reviewers and submitted the revised version for your kind perusal and
consideration. We hope that the current version will now meet publication requirements in Journal
of Visualized Experiments. We have confirmed that the revised manuscript fulfills the criteria
suggested by you.

We thank you for extending the deadline for resubmission and should you have any queries,
please feel free to ask me.

Best regards,

Hiroaki Taniguchi

Assistant Professor,

Institute of Genetics and Animal Breeding of
the Polish Academy of Sciences,

05-552 Jastrzebiec, Poland
h.taniguchi@ighz.pl

+48-22-736-7095
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Editorial comments:

Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues. The JOVE editor will not copy-edit your manuscript and any errors in
the submitted revision may be present in the published version.

Thank you for your constructive comment. We have checked the manuscript again.

2. Figure 2: Please include a space between the number and the units of the scale bar.

Thank you for your constructive comment. We have modified Figure 2 as suggested.

3. Please rephrase the Summary to clearly describe the protocol and its applications in complete
sentences between 10-50 words: “Here, we present a protocol to ...”

Thank you for your constructive comment. We have modified the summary as suggested.

4. Please revise the Introduction to include all of the following:

a) A clear statement of the overall goal of this method

b) The rationale behind the development and/or use of this technique

c) The advantages over alternative techniques with applicable references to previous studies
d) A description of the context of the technique in the wider body of literature

e) Information to help readers to determine whether the method is appropriate for their
application

Thank you for your constructive comment. We have newly added the information regarding e)
Information to help readers to determine whether the method is appropriate for their
application. We have checked the Introduction again and confirmed that our manuscript fulfills
the criteria.

5. Please define all abbreviations before use (PBS, etc.).

Thank you for your constructive comment. We have defined all the abbreviations.
6. Please include a space between all numbers and their corresponding units: 15 mL, 37 °C, 60 s;
etc.

Thank you for your constructive comment. We have modified the descriptions as suggested.

7. 1.2: Please describe how cell passage is done.



Thank you for your constructive comment. We have described the process in the revised
manuscript as suggested.

8. 2.3: Please specify the incubation temperature.

Thank you for your constructive comment. We have modified the description as suggested.

9. References: Please do not abbreviate journal titles.

Thank you for your constructive comment. We have modified the journal titles as suggested.

Reviewers' comments:

Reviewer #1:

JOVES58225: A simple method for inducing neurogenesis in P19 embryonal carcinoma cells

This manuscript by Pawel Leszczynski et al, focuses on the description of a protocol for inducing
neurogenesis from P19 embryonal carcinoma cells.

protocol concerns:

*In our experience, culturing P19 cells in 10% FCS might provide a fraction of neuronal
autodifferentiated cells due to the presence of traces of retinoid analogs, reason why 5%FCS +
5%FCS delipidated are used for decreasing such autodifferentiation potential. Do the authors
observed potential autodifferentiation events during their culture maintenance? In Figure 2 we
can observe some filamentous-like structures which on our experience could suggest the
presence of an autodifferentiation potential. Furthermore in Figure 1 authors evaluates the level
of expression of a certain number of markers to illustrate the gain in neuronal markers as well as
the loss of stemness, or early responding markers during neurogenesis (e.g. Ascll, Tal2 as
illustrated by Kobayashi et al; SciRep. 2014) are missing, mainly to evaluate the presence of
potential autodifferentiation.



P19 cells Thank you for your constructive comment.
Mash1. capah During P19 cell culture maintenance we did
not observe autodifferentiation of P19 cells.

Undif. P19 cells ndifferentatedControl We also verified the expression of Mashl
b1 P15 colls 1 doy afterce plaing. (Ascll) in undifferentiated P19 cells
(Undiff.) and D1 (1 day after cell plating-5

l days after induction of neurogenesis during

cell aggregation with the retinoic acid).

Since we did not observe the expression of
Mashl in undifferentiated P19 cells
whereas the expression was found in D1, it
is concluded that P19 cells are not

After 4 days of suspension culturing in the
presence of 0.5uM of Retionic Acid

autodifferentiated in our culture system.

*While the protocol seems to generate neurons, the performance over other methods is not
evaluated. Notably there are two major aspects that is not discussed/evaluated in this protocol: (i)
the performance of cell aggregates versus the monolayer strategy described by Monzo et al (J.
Neurosci Methods; 2012); (ii) the use of RA concentrations higher than previously described.
This last point is of major relevance in the context of other strategies, namely those aiming to
avoid the use of retinoic acid during neuro-ectodermal inuction for avoiding induction of Hox-
related patterning. Overall, while I do agree that the procedure described on this manuscript
allows to induce neurogenesis, none of the provided figures allows to judge about the yield of the
procedure (fraction of neuronal cells induced after 2 +4 days of culture), neither to evaluate its
efficacy relative to other well described methods.

Thank you for your constructive comment. From what we have tested regarding the points you
raised, we think making aggregates in the suspension culture is one of the most important points
in our protocol. On the other hand, Monzo et al. has clearly demonstrated that neurogenesis can
be introduced by the monolayer strategy. We appreciate their technique to introduce
neurogenesis. However, their technique requires a matrigel coating plate for their neuronal
differentiation. Moreover, it takes 14Days after 1uM RA treatment to observe neuronal-like cells
in large numbers. On the other hand, our method allows us to observe similar cell morphology
8Days after 0.5uM RA treatment. Therefore, it is concluded that our method can still be useful in
the field of neuroscience. More importantly, we use similar concentration of RA as previously
reported studies including Monzo et al. Nevertheless, further studies are required for an
optimization of RA concentration to avoid its side effect, and for comparison of our protocol and
other methods using functional assays . To clarify this point, we have added the following
sentence in the Discussion. “Monzo et al. have clearly demonstrated that neurogenesis is
introduced by the monolayer culture method using P19 cells. Although their method is quite
convenient as we can eliminate suspension culture process, further studies are required to
compare their method with other well-described methods. . Thank you very much for your very




important suggestions.

Reviewer #2:

Manuscript Summary:

The manuscript entitled A simple method for inducing neurogenesis in P19 embryonal
carcinoma cells" presents a simple, easy and cheap method to differentiate P19 cell line into
neurons.

Major Concerns:

Some improvement is necessary to clarify the described methods. Please consider the following
comments and suggestions:

1) In the Abstract and Introduction please change P19 cells for P19 cell line, to clearly state it is
a cell line;

Thank you for your constructive comment. The description of P19 cells in the manuscript was
changed from “P19 cells” to “P19 cell line (P19 cells)” and the same modifications were
performed wherever appropriate.

2) A scheme containing timings for each procedure/step should be included for easily and rapidly
assessing the whole procedure

Thank you for constructive comment. We have newly added a scheme containing timings for
each procedure/step

3) Is it necessary to have a final step of neuronal enrichment with cell culture using anti-mitotic
drugs? Discuss it

Thank you for your constructive comment. During first days after cell plating mostly indicated
cells display neuronal markers. Our protocol was designed to finish cell culture after 4 days of
cell culture where number on neuron-like cells is high. We agree that anti-mitotic agent should
be added to cell culture but only in situation when researcher is aiming to prolong his studies.

Therefore, we have added the following sentence in the Discussion.

“Itis also recommended to perform neuronal enrichment with cell culture using anti-mitotic drugs
(e.q. Cytosine arabinoside) for long term culture to inhibit extensive proliferation of glial cells.

4) Which is the final neuronal production yield? It should be included an average number of
neuronal production whenever starting the process with 1x106 cells, for instance. Is the final
yield an advantage?

We assume that the final production yield can be evaluated by Map2 staining (neuronal marker)
and therefore we have newly added Figure 4 to clarify this point. Our staining result shows that
almost all the cells possess neuronal character.



5) In figure 1 clarify whether the days are counted during aggregate-based differentiation process

Thank you for your constructive comment. In the revised version of the manuscript we added the
missing information. In our protocol we started counting days from the time P19 cell were replated
on culture plates (after 4 days of RA treatment). We have added the following sentences to clarify
this point. “Neurogenesis is induced by culturing P19 cells in 100 mm of non-treated culture dish
with 5% of FBS and 0.5 uM RA (The cells form aggregates). After 4 days, the cell aggregates are
dissociated with trypsin and seeded on adherent cell culture plate for following next 4 days.”

6) In Figure 4B: does "day4" mean 4 days after plating being 8 days after starting neuronal
differentiation process? Clearly state it

Thank you for your constructive comment. In the revised version of manuscript we clarified that
Day 4 represents 8 days after the induction of neurogenesis (RA treatment).

Minor Concerns:
General comments about the protocol:
1.2 - about 90% of confluency?

Thank you for your constructive comment. We have added the description (70-90% of
confluency) in the manuscript.

3.1 - please state temperature of RA storage

Thank you for your constructive comment. We stored RA at -20 and we have added the
description in the manuscript.

3.2 - Clearly mention that differentiation medium is with RA. Better define what is dish
dedicated to suspension culture. Please define the surface area for this dish.

Thank you for your constructive comment. We have clearly mentioned that differentiation
medium is with RA and described catalog number of suspension culture dish in the materials
section.

3.3 it is mentioned dish and in 3.4 it is mention flask; please maintain the same name for
avoiding misunderstandings

Thank you for your constructive comment. We have changed from “flask” to “plate” in 3.4 of
the manuscript.



5.1 - 3 mL per well - clearly state

Thank you for your constructive comment. We have added “3 ml per well’’ to 5.1 of the
manuscript.

Reviewer #3:

The manuscript entitled: "A simple method for inducing neurogénesis in P19 embryonal
carcinoma cells.” Introduce a simple method to differentiate the P19 cells into neuronal cells,
employing accessible reagents and describing the process step by step to successfully fulfill the
protocol. | believe that the protocol described will benefit the scientific community, however
some steps should be further clarified to make it more clear and accessible for researchers not
used to work with P19 cells.

Minor and Major Concerns:

-In the introduction, authors state that "DMEM with 10% FBS for maintaining P19 cells as well
as for neuronal development can be utilized", however in the protocol it is described
Differentiation medium, (DMEM with 5% FBS) and subsequent Retinoic acid is required for the
differentiation into neurons. This is somehow confusing and should be clarified.

Thank you for your constructive comments and we are sorry that our description was confusing.
We meant that we only use FBS and RA for our neurogenesis which is relatively convenient
compared with the method in which we should use FCS and FBS. Therefore, we have changed the
description as follows: “In this study, we demonstrated that DMEM with FBS can be utilized for
maintaining P19 cells (DMEM+10%FBS) as well as for neuronal development
(DMEM+5%FBS+RA)”

PROTOCOL.:
Step 1.2- How is the cell passage performed? In which kind of plate are the cells maintained?,
flask? Which size? Is there any coating needed?

Thank you for your constructive comments and we have described catalog number of our culture
flask in the material section. We have also added the detailed method how we maintain the cells
in sections 1-2.

Step 2.9- and 4.12- It is possible to add an alternative method for cell counting?

Thank you for this comment. We have changed this description to “cell counter” instead of
hemocytometer.

Step 3.3 and 5.2- It is any specific coating required for seeding the cells? Are the aggregates
free-floating or they are attached to the plate surface? Please specify



Thank you for this comment. We do not need specific coating for plating the cells and the
aggregates are floating in the suspension culture plate.

Step 3.6 and 4.5- Is this step performed at RT or 37°C?

Thank you for this comment. We have added the missing information about the temperature. We
have added “room temperature” in our revised manuscript.

Step 5.3- After this step it is to be assumed that the cells are already neurons ? Could the authors
specify this on the protocol? If so, should step 5.3 correspond then to the Day 1 depicted in
figure 1?

Thank you for this comment. It normally takes 4-6days after plating the cells to a 6 well plate
and we have clarified this in the result section.

Figure 2B would strongly benefit with an additional picture of an immunocytochemistry staining
with neuronal markers, to support the statements of neuronal differentiation and to discard a
potential heterogeneity in the cell culture (comprising both differentiated and undifferentiated
cells)

Thank you for this comment. We have performed an immunofluorescent staining for Map2
(neuronal cell marker)(shown in Figure 4).



