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30
31 ABSTRACT:
32  Asthe development of physical plasma technology, cold atmospheric plasmas (CAPs) have been
33  widely investigated in decontamination, cancer treatment, wound healing, root canal treatment,
34  etc., forming a new research field named plasma medicine. Being a mixture of electrical,
35 chemical, and biological reactive species, CAPs have shown their abilities to enhance nerve stem
36 cells differentiation both in vitro and in vivo and are becoming a promising way for neurological
37 disease treatment in the future. The much more exciting news is that using CAPs may realize one-
38 step, and safely directed, differentiation of neural stem cells (NSCs) for tissue transportation. We
39 demonstrate here the detailed experimental protocol of using a self-made CAP jet device to
40 enhance NSC differentiation in C17.2-NSCs and primary rat neural stem cells, as well as observing
41  the cell fate by inverted and fluorescence microscopy. With the help of immunofluorescence
42  staining technology, we found both the NSCs showed an accelerated differential rate than the
43  untreated group, and ~75% of the NSCs selectively differentiated into neurons, which are mainly
44  mature, cholinergic, and motor neurons.
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INTRODUCTION:

The directed differentiation of NSCs into a certain lineage for tissue transportation is considered
one of the most promising therapies for neurodegenerative and neurotraumatic diseases?. For
example, catecholaminergic dopaminergic neurons are especially desired in Parkinson's disease
(PD) treatment. However, traditional methods to prepare the desired cells for transportation
have many drawbacks, such as chemical toxicity, scar formation, or others, which largely hampers
the applications of NSCs in regenerative medicine?. Therefore, it is very necessary to find a novel
and safe way for NSC differentiation.

Plasma is the fourth state of matters, following solid, liquid, and gas, and it constitutes more than
95% of matters in the whole universe. Plasma is electrically neutral with unbound
positive/negative and neutral particles and is usually generated by a high-voltage discharge in
the lab. In the last two decades, the application of plasma in biomedicine has attracted huge
attention worldwide as the development of cold atmospheric pressure plasma technology.
Thanks to this technic, stable low-temperature plasma can be generated in the surrounding air
at atmosphere without arc formation and consists of various reactive species, such as reactive
nitrogen species (RNS), reactive oxygen species (ROS), ultraviolet (UV) radiation, electrons, ions,
and electrical field®. CAPs have unique advantages for micro-organism inactivation, cancer
therapy, wound healing, treatment of skin diseases, cell proliferation, and cell differentiation®”.
In previous work, we demonstrated that cold atmospheric plasma jet can enhance the
differentiation of NSCs in both murine neural stem cell C17.2 (C17.2-NSCs) and primary rat neural
stem cells, exhibiting a great potential to become a powerful tool for the directed differentiation
of NSCs®. Although the mechanism of CAP enhancement of NSC differentiation is not fully
understood yet, NO generated by CAPs has been proved to be a key factor in the process. In this
work, we aim to provide a detailed experimental protocol of using an atmospheric pressure
helium/oxygen plasma jet for the treatment of NSCs in vitro, cell preparation and pretreatment,
morphology observation by inverted microscope, and fluorescence microscopy observation of
immunofluorescence staining.

PROTOCOL:

1. Cell Cultures and Predifferentiation

1.1. Neural stem cell culture and predifferentiation

1.1.1. Prepare poly-D-lysine-coated coverslips. Put a sterile coverslip (20 mm in diameter) into a
12-well plate. Coat the cover glass with poly-D-lysine, 0.1% w/v, in water (Table of Materials) for
better cell adhesion on the coverslips by following the next steps.

Note: Optimal conditions must be determined for each cell line and application.

1.1.1.1. Aseptically coat the surface of the coverslip with poly-D-lysine, 0.1% w/v, in water. Rock
gently to ensure an even coating of the coverslip surface.
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1.1.1.2. After culturing overnight (~12 h) at 37 °C, remove the poly-D-lysine solution and rinse
the surface 3x with 1 mL of sterile water.

1.1.1.3. Dry the cells at least 30 min before seeding them.

1.2. Murine neural stem cell C17.2 (C17.2-NSC) culture and predifferentiation

1.2.1. Incubate C17.2-NSCs in a 25 cm? flask in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (FBS), 5% horse serum (HS), and 1%
penicillin/streptomycin at 37 °C and 5% CO; for ~2 - 3 d.

1.2.2. When the cells reach 85% confluence, remove the medium, wash the cells with 1 mL of
PBS and add 1 mL of fresh trypsin (0.25%) into the flask. Leave it for 1 min; then, add 1 mL of
culture medium to the flask and pipette up and down several times to ensure a single cell

suspension.

1.2.3. Count the density of the cells in the suspension using a hemocytometer. Calculate the
required volume of cell suspension to give a final cell concentration of 2 x 10 cells/mL.

1.2.4. Seed the C17.2-NSCs on the coated coverslips in the 12-well plate with the density of ~2 x
10* cells per well. Check the cell density under a microscope.

Note: For a better result, the optimal cell density must be determined before the
immunofluorescence experiment.

1.2.5. Incubate the cells at 37 °C in a cell incubator for 12 h to allow for attachment.

1.2.6. After attachment, wash the cells 2x with 1 mL of PBS and cultivate the cells with
differentiation medium consisting of DMEM/F12 with 1% N2 supplement for 48 h before the
plasma treatment.

1.3. Primary rat neural stem cell culture and predifferentiation

1.3.1. Culture the primary rat NSC suspension in rat NSC growth medium in uncoated T25 flasks
at a density of 5 x 10° cells.

Note: The primary rat NSCs were isolated following the protocol of Xie et al.’.

1.3.2. Check the formation of neurospheres under an inverted microscope. Make sure the
morphology of the neurospheres exhibits spherical and transparent multicellular complexes.

1.3.3. When the neurospheres reach a diameter of 3 mm or larger, transfer the neurosphere
suspension to a 15 mL sterile centrifuge tube and let the neurospheres settle by gravity.
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1.3.4. Remove the supernatant carefully to leave the neurospheres in a minimal volume of
medium.

1.3.5. Rinse the neurospheres 1x with 5 mL of PBS and let the neurospheres settle by gravity.
Remove the supernatant to leave a minimal volume of PBS.

1.3.6. Add a suitable volume of differentiation medium to adjust the cell density to ~12 - 15
neurospheres per milliliter. The differentiation medium for primary rat NSCs consists of
DMEM/F12, 2% B27, and 1% FBS.

1.3.7. Seed 1 mL of neurosphere suspension onto each coated coverslip in the 12-well plate.

Note: Shake the plate gently to ensure that the neurospheres are evenly distributed. This step is
critical for a better immunofluorescence result.

1.3.8. Place the plate into the incubator and allow it to predifferentiate for 24 h before the
plasma treatment.

2. Preparation of the Plasma Jets

2.1. Choose a half-open quartz tube with an internal diameter of 2 mm and an external diameter
of 4 mm. Insert a high-voltage wire with a diameter of 2 mm into the tube.

2.2. Insert the quartz tube with the high-voltage wire into a 5 mL syringe and use a holder to
mount it inside the center of the syringe. Set the distance between the sealed end of the quartz
tube and the syringe tip at 1 cm.

2.3. Connect a 1 m silicone rubber pipe (with an inner diameter of 12 mm) to the open end of
the syringe and, then, connect it to the flowmeter and gas valve in sequence.

3. Acquisition of the Jets

3.1. Connect the circuit as shown in Figure 1. Connect the output wire of the power supply to the
plasma jet device and, then, connect the tip of the high-voltage probe with the output wire to
detect the voltage. Connect the other end of the high-voltage probe to the oscilloscope to record
the information of the output voltage. Check the whole circuit and make sure the power supply,
the oscilloscope, and the high-voltage probe are all grounded.

3.2. Check the gas line. Make sure the gas tube has been connected to the plasma jet device;
then, open the gas valve of the helium (volume fraction, 99.999%) and oxygen (volume fraction,

99.999%) and set the gas flow to 1 L:0.01 L/min (He:023).

Note: Let the gas flow for several minutes before turning on the power supply for the first time.
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3.3. Set the pulse amplitude, frequency, and pulse width as 8 kV, 8 kHz, and 1600 ns, respectively.
Check the circuit again and, then, turn on the output button to create a plasma jet.

CAUTION: Do not touch the high-voltage wire at any time.
4. Plasma Treatment of Neural Stem Cell
4.1. Set the distance between the nozzle of the syringe and the cell well hole to 15 mm.

Note: The distance is measured from the bottom of the platform where the 12-well plate is
placed.

4.2. Take the 12-well plate out of the incubator and change the medium of the predifferentiated
cells to 800 L of fresh differentiation medium.

4.3. Divide the cells into three groups: an untreated control group, a 60 s He-and-O; (1%) gas flow
treatment group, and a 60 s plasma treatment group.

Note: There is no obvious liquid loss under the treatment condition.

4.4, Place the 12-well plate under the plasma jets, make sure the syringe nozzle is fixed in the
center of each hole, and give the relevant treatment to the different groups mentioned in step
4.3.

Note: The untreated controls were kept in differentiation medium at room temperature during
the experimental procedure to ensure uniform treatment conditions. The He-and-0; (1%) gas
flow treatment group was treated with only a He and O, (1%) gas flow, without plasma
generation. All the treatments should be performed in triplicate.

5. Neural Stem Cell Differentiation

5.1. After treatment, remove the original culture and add 1 mL of new differentiation medium to
each well.

5.2. Incubate the cells in the incubator at 37 °C and 5% CO: for 6 d. Change the medium every
other day.

5.3. Check the differentiation status of the different groups daily under an inverted phase-
contrast light microscope. Randomly select at least 12 fields and take photos to record the

morphological changes.

6. Immunofluorescence Staining
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6.1. Rinsing

6.1.1. Take the samples out of the cell incubator and remove the medium by aspiration. Rinse
the cells 1x with 1 mL of PBS.

Note: After the differentiation, the cells are easily detached. It is necessary to add the PBS from
the side of the culture wells to avoid washing off the cells.

6.2. Fixation

6.2.1. Fix the cells with 500 uL of 4% paraformaldehyde for 20 min at room temperature. After
the fixation, gently rinse the cells 3x with 1 mL of PBS, 5 min each, to remove the residual 4%
paraformaldehyde.

Note: The optimal time point for cell fixation must be determined according to the cell types.
After the fixation, add 1 mL of PBS from the side of the culture wells and leave the sample on the
table for 5 min. Do not use a lab shaker, to ensure a minimal loss of cells.

6.3. Permeabilization

6.3.1. Permeabilize the samples with 0.2% TritonX-100 in PBS for 10 min at room temperature.
After permeabilization, rinse the cells gently with 1 mL PBS for three times, 5 min each.

Note: The optimal time point for cell permeabilization must be determined according to cell
types. After permeabilization, add 1 mL PBS from the side of the culture wells, leave the sample
on the table for 5 min. Do not use a lab shaker to ensure the minimal loss of cells.

6.4. Blocking

6.4.1. Add 1 mL of 10% goat serum in PBS to each sample and leave the sample on the table for
1 h to block any nonspecific interactions.

Note: Do not use a lab shaker, to prevent the cells from detaching from the slide. A rinse is not
necessary in this step.

6.5. Incubation with primary antibody
6.5.1. Dilute the primary antibody using primary antibody dilution buffer.

Note: For optimal results, the final dilution ratio of the primary antibody must be determined by
pretest. The dilution ratios of anti-Nestin (for undifferentiated stem cell), anti-B-Tubulin IlI (for
neuron), anti-O4 (for oligodendrocyte), anti-NF200 (for mature neurons), anti-ChAT (for
cholinergic neurons), anti-LHX3 (for motor neurons), anti-GABA (for GABAergic neurons), anti-
serotonin (for serotonergic neurons), and anti-TH (for dopaminergic neurons) are 1:80, 1:200,
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1:100, 1:100, 1:100, 1:200, 1:100, 1:200, and 1:100, respectively.
6.5.2. Apply 300 pL of diluted primary antibodies to different samples.
6.5.3. Incubate the cell samples overnight at 4 °C.

Note: It is recommended to incubate primary antibodies at 4 °C to reduce the background and
nonspecific staining.

6.5.4. Remove the primary antibodies and gently rinse the cells 3x with 1 mL of PBS.
6.6. Incubation with secondary antibody

6.6.1. Dilute the Cy3-conjugated or Alexa Fluor 488-conjugated secondary antibodies using 3%
goat serum in PBS.

Note: For optimal results, the final dilution ratio of the secondary antibody must be determined
by pretest.

6.6.2. Apply 300 pL of relevant secondary antibodies to detect each primary antibody.

Note: All the subsequent steps need to be performed in the dark to prevent fluorescence
guenching.

6.6.3. Incubate the cell sample in the dark for 2 h at room temperature.

6.6.4. Remove the secondary antibodies and rinse the cells gently with 1 mL of PBS for 10 min at
room temperature.

6.7. Nuclear staining

6.7.1. Apply 500 pL of Hoechst 33258 working solution to immerse the cell sample.

6.7.2. Incubate the cell sample in the dark for 8 min at room temperature to label the nuclei.
6.7.3. Gently rinse the cells 3x with 1 mL of PBS, 10 min each, protected from light.

Note: For a minimal loss of cells, the optimal washing condition must be determined empirically.
6.8. Mounting

6.8.1. Place one drop of mounting medium in the center of the microslide.

6.8.2. Take out of the coverslips (with samples) using tweezers and carefully position the sample
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on top of the mounting medium. Avoid air bubbles.
6.8.3. Remove any excess mounting medium with absorbent paper.
6.9. Fluorescence microscopy observation

6.9.1. Observe the samples under the fluorescence microscopy equipped with filters for Hoechst
33258, Alexa Fluor 488, and Cy3. For each sample, randomly select at least 8 - 12 fields and record
images with a camera.

REPRESENTATIVE RESULTS:

Cell morphology was observed under the inverted microscope every day after the CAP treatment.
Figure 2 shows the ordinary inverted phase-contrast light microscope images of the cell
differentiation in both cell lines. The plasma-treated group exhibits an accelerated differentiation
rate and a high differentiation ratio compared to the control and gas flow group.

The immunofluorescent results of C17.2-NSCs and primary rat NSCs cultured for 6 d after the
treatment are shown in Figures 3 and 4, respectively. Nestin (+, green) decreased, B-Tubulin Il
(+, red) significantly increased, and 04 (+, green) slightly increased in both cell lines compared to
the control group. CAP treatments of 60 s effectively enhanced the C17.2-NSCs into neuronal
lineage compared to the control group and the gas flow treatment group. Pure gas flow had no
visible effect on the NSC differentiation.

Figure 5 shows the neuronal fate specification in the 60 s plasma treatment group. Strong
expressions of NF200 (for mature neuron), ChAT (for cholinergic neuron), and LHX3 (for motor
neuron) were observed. GABAergic and serotonergic neurons were rarely seen, while no
dopaminergic neurons were detected.

FIGURE LEGENDS:

Figure 1: Schematic of the experimental set-up. The plasma jet device is connected to the output
wire of the high-voltage power supply. The high-voltage probe with oscilloscope is used to detect
the output voltage. When the working gases are flowing through the syringe and the high voltage
is on, the plasma jet will be generated and propagate into the open air.

Figure 2: Ordinary inverted phase-contrast light microscope images for C17.2-NSCs and primary
rat NSCs. This figure is adapted from Xiong et al.® with permission.

Figure 3: Immunofluorescence detection of untreated C17.2-NSCs (left), 60 s gas flow-treated
C17.2-NSCs (middle), and 60 s plasma-treated C17.2-NCSs (right) for 6 d of culture. Nestin (+,
green)/Hoechst; B-Tubulin Ill (+, red)/Hoechst; O4 (+, green)/Hoechst. The nuclear is stained with
Hoechst 33258. This figure is adapted from Xiong et al.® with permission.

Figure 4: Immunofluorescence detection of untreated primary rat NSCs (left), 60 s gas flow-



353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396

treated primary rat NSCs (middle), and 60 s plasma-treated primary rat NSCs (right) for 6 d of
culture. Nestin (+, green)/Hoechst; B-Tubulin Ill (+, red)/Hoechst; 04 (+, green)/Hoechst. The
nuclear is stained with Hoechst 33258. This figure is adapted from Xiong et al.® with permission.

Figure 5: Neuronal fate specification studied by immunofluorescence in the 60 s plasma
treatment group. NF200 (+, red)/Hoechst; ChAT (+, red)/Hoechst; LHX3 (+, red)/Hoechst; GABA
(+, red)/Hoechst; Serotonin (+, red)/Hoechst; TH (+, red)/Hoechst. The nuclear is stained with
Hoechst 33258. This figure is adapted from Xiong et al.® with permission.

DISCUSSION:

C17.2-NSCs is a kind of immortalized neural stem cell line from neonatal mouse cerebellar
granular layer cells, developed by Snyder and others!®!!, C17.2-NSCs can differentiate into
neurons, astrocytes, and oligodendrocytes and are widely used in neuroscience®?. In our previous
study, CAPs could enhance the differentiation of C17.2-NSCs into neurons. A proof-of-principle
study was also carried out using primary rat NSCs, and the effect of the plasma exposure on the
primary rat NSCs was qualitatively similar to that of the C17.2-NSCs, with a stronger
differentiation of neurons. CAPs, a novel physicochemical technology, may represent a promising
tool for neurological disease therapy, such as Alzheimer's disease, PD, spinal cord injury, and
others.

CAP treatment offers a one-step way to enhance both C17.2 NSC and primary rat NSC
differentiation in vitro with a short treatment time and little cell damage. Moreover, the results
showed a ~75% directed differentiation into neurons, which made plasma treatment a promising
method for future tissue transplantations in the clinic. However, the current protocol only
recruited one type of CAP devices for NSC differentiation. The limitation of using this
microplasma is the nonuniformity when the plasma plume treats the 12-well plate. Future work
will consider using a large-volume plasma device or plasma-activated medium for uniform
treatment.

There are several critical steps within the protocol. First, each washing step must be carefully
performed, for the cells are easily detached after the differentiation. The procedures of fixation
and permeabilization are other critical steps in immunostaining. The fixation is necessary to
preserve the morphology and antigenicity of the cells!3. Permeabilization allows antibodies to
bind to the intracellular and nuclear antigens!4. The optimal time point for fixation and
permeabilization must be determined through pretest. Immunofluorescence blocking and
antibody incubation are as important as gentle washing steps. It is recommended to use animal
serum from the same source as the secondary antibody to cover the endogenous nonspecific
binding proteins. For optimal results, the final dilution ratio of the antibody must be determined
by pretest. As for the plasma treatment, the plasma dosage must be applied very carefully; long-
time and intense plasma treatment will induce cell apoptosis or necrosis. Therefore, the
treatment time and distance must be pretested.

In summary, this manuscript provides a step-by-step protocol for inducing NSC differentiation by
using an atmospheric plasma jet and highlights critical issues during the whole process. CAPs can



397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440

enhance the differentiation of NSCs into neurons and will clearly be beneficial for the treatment
of neurological diseases. It is also worthwhile to note that the current protocol only focuses on
the in vitro effect of CAPs on NSCs. It is necessary for future studies to evaluate the effect of
plasma in vivo using mouse models of nerve injury.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: | Observation of nerve stem cells (NSCs) differentiation by one-step cold atmospheric
plasma (CAP) treatment in vitro

Author(s):

Zilan Xiong, Shasha Zhao, Xu Yan

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 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:
Zilan xiong
Department: State Key Laboratory of Advanced Electromagnetic Engineering and Technology
Institution: Huazhong University of Science and Technology
Title: Professor
Signature: Ztlon Xm\’\&) Date: | 2018-06-24

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. Faxthe document to +1.866.381.2236

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

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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Authors’ Response

We sincerely appreciate the time and careful reading by the editor. We addressed all the comments
listed and have made corresponding changes to our revised manuscript. Details of our replies to the
comments are the following:

To editor:

Thank you.

2. There is a 2.75 page limit for filmable content. Please highlight 2.75 pages or less of the

Protocol steps (including headings and spacing) in yellow that identifies the essential steps of
the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story
of the Protocol.

We have already highlighted in yellow.

3. Step 1.1.1: How to coat? Please add more details.

The detailed procedure of coating is described in 1.1.1~1.1.3.

4.1.2.1: How long are the cells incubated?

The incubation time is 2~3 days. We have added in the manuscript.

5. Please provide a short description for Figure 1 in the Figure Legend.

We have added a proper description for Figure 1 in the Figure Legend.

6. Please ensure that the references appear as the following:

Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. S ource. Volume (Issue), FirstPage
— LastPage, (YEAR).
For more than 6 authors, list only the first author then et al.

We have modified the reference information under the instruction. Thank you!
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Rebuttal Letter_58663_R0 Click here to access/download;Rebuttal Letter;Response to
the editor and reviewers.docx

Authors’ Response

We sincerely appreciate the time and careful reading by the editor and reviewers. We addressed all
the comments listed and have made corresponding changes to our revised manuscript. Details of
our replies to the comments are the following:

To editor:

Thank you. We have made changes to 1-7, 22 according to your kind reminder.

8. 1.1.2: What is the temperature for culturing?

The culturing temperature is 37 ‘C. We have added to the manuscript.

- 9.1.2.2: What volume of PBS is used to wash? What is the concentration of trypsin used?

The volume of PBS is 1mL. The concentration of trypsin is 0.25%. We have added to the
manuscript.

- 10. 1.2.3: How to count the density of cells?

We used hemocytometer to count the cell density. Added.

- 11.1.25,1.3.4: What is the incubation temperature? Please specify throughout.

The incubation temperature is 37 °C. We have already specified throughout.

- 12.1.3.1: Unclear sentence. Please revise.

We have revised into ‘Culture the primary rat NSCs suspension in Rat NSCs Growth Medium
on uncoated T25- flasks at a density of 5x105 cells.’

- 13. 2.2: Please specify the size of the syringe.

The size of the syringe is 5SmL. We have added to the manuscript.
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- 14. 2.3: Please specify the length, dimeter, and type of the soft pipe.

The length of the silicon rubber pipe is ~1m, and the inner diameter is 12mm.

- 15.6.1: What volume of PBS is used to wash? Please specify through out.

The volume of PBS is 1mL. We have already specified throughout.

- For 16~19, we have changed the format and made the proper highlights.

- Discussion: Please also discuss any limitations of the technique.

We have added some discussion about the limitations in the discussion.

- References: Please do not abbreviate journal titles. Please include volume and issue numbers

for all references.

We have modified the reference information.

To reviewer 1:

Thank you for your comments.

Major Concerns:

- This study demonstrated that plasma can promote the transition process from NSCs to neurons,

but did not show the type of neurons. Thus, it is still far from being clinically applicable for
directional neuronal differentiation to achieve tissue transportation.

In fact, in our previous study, we did specify the neuronal fate. And we added this in Fig.5.
After plasma treatment, large numbers of mature neurons, cholinergic and motor neurons appear

in the plasma-treated group. And yes, for clinical transportation, it is still a long way to go.

Minor Concerns:



- The authors should set the conventional methods of inducing NSC differentiation as another

control besides the gas flow group.

Thank you for your construction suggest. Set conventional methods as another controls are
necessary for the scientific study and it is within in our next step.

To reviewer 2:

Thank you!

To reviewer 3:

Thank you for your comments.

Minor concerns:

- Line 47: "invited " has to be changed to “inverted"

Thanks. We already made a change.

- Line 55: Please, explain abbreviation "DA".

DA is short for ‘dopaminergic’.

- Lines 61-62: one more sentence should be added explaining what physical plasma is.

We have added and changed the explanation of plasma in page 2, paragraph 4.

- Lines 62-63: Itis not clear what this sentence means. ("'In the last two decades, plasm a medicine

has attracted huge attention worldwide as 63 the development of cold atmospheric pressure
plasma (CAP) technology.")

‘Plasma medicine’ is a term for plasma application in biomedicine. We have changed the
sentence.



Line 90 and following chapter 1.2: Please, give some more information about the cell line.

The information of C17.2 NSCs is given in the discussion part, page 7, paragraph 2.

Line 105 and following chapter 1.3: Please, give some basic information how to obtain the

primary rat neural stem cells.

The obtain of the primary rat neural stem cells is following reference 8. We have added in the
protocol.

Line 124 and following chapters 2. and 3.: If you give such detailed information how to

construct such kind of self-made CAP jet, you have to give some more information about the
power supply, because it is known that the power supply device can be critical for plasma
generation. The same is true for any specific requirements for the oscilloscope. Otherwise, you
should give a more basic information how CAP jets are to be used in this experimental setup
independent on the individual kind of jet applied.

The information of the power supply, the oscilloscope and the high voltage probe is listed in
‘materials’ supplementary. And the general preparation of the whole system has been modified
in chapter 3.

Line 142 and following chapter 142: You should give some information if there is any liquid

loss by evaporation that can be intensified by the gas flow of the CAP jet. This and possible
drying effects are known to be very critical if plasma jets are used for cell treatment.

I agree with you that drying effects are very critical in the plasma jet treatment. However, in
order to avoid this, we had pretest the effect of gas flow rate, the treatment time and the distance
to make sure there is no obvious liquid loss. We have added in the protocol.

To reviewer 4:

Thank you for your comments.

Major concerns:

1. How do they determine the parameters of CAPs, including the distance between the nozzle

of the quartz tube and the platform, the treatment time, etc.?

We did pretest to make sure the plasma dose is proper for the NSCs differentiation. Large



plasma dose and intense plasma treatment will induce cell apoptosis and necrosis. We tested the
cell survival and differentiation rate as a function of treatment time, distance to find a proper
condition and also gas flow rate to avoid liquid loss.

- 2.Inthe "DISCUSSION" p art, authors should discuss the advantages of CAP application for

NSCs differentiation over alternative techniques, rather than detailed "Immunofluorescence
staining" and "Good photography technique".

Thanks for the suggestion. We have made some changes. Add plasma advantages and also the
limitations.

- 3. Line 94: Concentration of trypsin? Trypsin incubation time? What is "relevant medium"?

The concentration of trypsin is 0.25%, incubation time is 1min. "relevant medium" is the
mentioned culture medium.

To reviewer 5:

Thank you for your comments.

Major Concerns:

- line 225, Fig3 an d Fig4 have no statistics data or graph, they should add it. In the abstract, 75%

NSCs selectively differentiated into neurons, no data supported it, and no prove said that these
are mature, cholinergic and motor neurons. should change the saying or add more prove.

We have added statistics data to Fig.3 and Fig.4. And we also added a new figure 5 to show the
neuronal fate specification.

- Minor Concerns:

- more details should be mentioned in plasma jet treatment. How did the plasma jet cover the

whole 12 well plate. did you rotate the 12 well plate when treating with plasma jet or just fixed
in the center of the plate? what about the evaporation of medium during plasma treatment?

We just fixed in the center of the plate. There is no obvious evaporation of medium during the
treatment. We have already added this in the manuscript.
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