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Cover Letter

Dear Dr. Lyndsay

I am very honored to be invited to publish paper on JOVE. | enclose a manuscript entitled
"Construction of multilayered stem cell sheet with a 3D dynamic culture system", which |
submit for possible publication in the JOVE. All of the authors agree to the submission of this
paper.

In the past decade, cell sheet techniques have been rapidly developed, and exhibit advantages in
cell therapy. However, an insufficient nutrition supply remains a major problem in maintaining
stem cell viabilities in vitro. Considering that stem cell bioactivities are sensitive to the
microenvironment, they will exhibit different behaviors according to varying cell sheet
construction methods.

On the one hand, confluent cell sheets only consisted of high-density stem cells and natural
extracellular matrices could be acquired by stacking monolayered cell sheets or using magnetic
tissue engineering techniques. On the other hand, researchers developed different scaffolds to
provide adequate mechanical strength and support cell growth, which allow low stem cell seeding
density to ensure nutrition supply. However, despite these approaches, the low efficient nutrition
supply within the multilayered cell sheet structure remains a major concern during the in vitro
construction. Therefore, an efficient and feasible cell sheet construction system is urgently
required.

The paper reports an efficient method for constructing a multilayered stem cell sheet. This cell
sheet exhibits optimal mechanical strength, high cell seeding density, and favorable stem cell
bioactivity. Using BMSCs as an example, the 3D cell structure is quickly constructed with
RAD16-1 peptide hydrogel. After being cultured in the dynamic perfusion system, the BMSCs
multilayered cell sheet is successfully obtained and the BMSCs maintain high expression of stem
cell markers.

The text includes 8 pages, 4 figures and a six-minute video according to the Instructions for
Authors. We have provided all required supporting documentation.

We thank you for considering this work and look forward to your response.

Sincerely
Zheng Wu
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SUMMARY:
This article provides an efficient and feasible method for constructing multilayered stem cell
sheets with favorable stem cell property.

ABSTRACT:

Stem cell therapy shows a promising future in regenerating injured organ and tissues, and the
cell sheet technique has been developed to improve the low cell retention and poor survival
within the target zone. However, during the in vitro construction process, a solution for
maintaining stem cell bioactivity and increasing the cell amount within the cell sheet is urgently
needed. Here, this protocol presents a method for constructing a multilayered cell sheet with
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favorable stem cell bioactivity and optimal operability. Decellularized porcine pericardium (DPP)
is prepared by phospholipase A, (PLA;) decellularization method as the cell sheet scaffold, and
rat bone marrow mesenchymal stem cells (BMSCs) are isolated and expanded as the seeded cells.
The temporary multilayered cell sheet structure is constructed by using RAD16-| peptide hydrogel.
Finally, the cell sheet is cultured with a dynamic perfusion system to stabilize the three-
dimensional (3D) structure, and the cell sheet could be obtained following a 48-hour culture in
vitro. This protocol provides an efficient and feasible method for constructing a multilayered
stem cell sheet, and the cell sheet could be developed as a favorable stem cell therapy product
in the future.

INTRODUCTION:

Stem cell therapy has been reported as an effective treatment for many diseases; however, low
cell retention and poor survival within the target zone remain critical issues following traditional
stem cell injection. To solve this problem, tissue engineering scientists developed the cell sheet
technique. A monolayered cell sheet with intact extracellular matrix was firstly prepared by using
the temperature-response culture dish!, and its follow-up studies reported the significant
improvements of stem cell retention and survival within the infarcted area®3. Among the
methods, constructing the multilayered cell sheet has been reported as an effective strategy for
improving the cell survival and the cell sheet therapeutic effect®*. Since then, scientists have
worked on developing different cell sheet construction methods in order to increase the cell
amount, stem cell property, and mechanical property of the cell sheets. So far, certain types of
cell sheet have been constructed and studied in the treatment of myocardial infarction®, cartilage
injury®, and skin wound’.

The bioactivity of stem cells before transplantation showed an emerging influence on injured
tissue regeneration, and different cell sheet construction strategies have different effects on the
stem cells. On one hand, confluent cell sheets only consisted of high-density stem cells, and
natural extracellular matrices could be acquired by stacking monolayered cell sheets® or by using
magnetic tissue engineering techniques®. On the other hand, researchers developed different
scaffolds to provide adequate mechanical strength and support cell growth®2, which allowed a
low stem cell seeding density to ensure the nutrition supply. However, despite these approaches,
the low efficient nutrition supply within the multilayered cell sheet structure remains a major
concern during the in vitro construction. Therefore, an efficient and feasible cell sheet
construction system is urgently required.

This protocol describes the steps to prepare a multilayered mesenchymal stem cell (MSC) cell
sheet. In this construction system, the cell sheet mechanical strength is provided by a DPP. Based
on this scaffold, the 3D cell structure can be quickly constructed with RAD16-I peptide hydrogel,
and a dynamic perfusion system is used to culture the multilayered cell sheet, in order to stabilize
the 3D cell sheet structure and provide sufficient nutrition supply for the cells. Using this system,
a multilayered BMSC sheet was successfully prepared and exhibited an optimal therapeutic effect
on the rat myocardial infarction model*3.

PROTOCOL:
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All stem cell and animal experiment procedures were conducted according to the ethical
guidelines of the National Guide for the Care and Use of Laboratory Animals and approved by the
Jinan University Animal Care and Use Committee (Guangzhou, China).

1. Preparation of the DPP Scaffold with the PLA; Decellularization Method*

Note: See Figure 1A for a schematic of the PLA; decellularization method.

1.1. Prepare 100 mL of 200 U/mL PLA; solution. Add 0.5 g of sodium deoxycholate and 2 mL of
PLA; in 198 mL of carbonate buffer solution. This solution should be used within 24 h after its
preparation.

1.2. Obtain the fresh porcine pericardium (FPP) from the slaughterhouse and return to the
laboratory within 1 h.

Note: The FPP should be stored at 4 °C during the transportation. Steps 1.2 - 1.10 should be
conducted with continuous shaking in a thermostat-controlled water bath.

1.3. Thoroughly wash the FPP with 200 mL of phosphate buffer solution (PBS) containing 1%
penicillin-streptomycin in a 500 mL beaker at 10 °C for 10 min. Repeat this step 2x.

1.4. Split the FPP into two layers and remove the adipose tissue with forceps and scissors.

Note: Keep the FPP wet by adding 50 mL of PBS every 20 min during the removal of adipose tissue.
1.5. Shape the FPP into 10 x 10 cm? pieces with scissors. Wash the FPP with 200 mL of carbonate
buffer solution (CBS) containing 1% penicillin-streptomycin in a 500 mL beaker at 10 °C for 10
min. Repeat this step 2x.

1.6. Transfer the FPP to pure water and soak it at 10 °C for 12 h.

1.7. Soak the 10 x 10 cm? samples in 50 mL of CBS containing 200 U/mL PLA; and 0.5% (w/v)
sodium deoxycholate solution at 37 °C for 6 h.

1.8. Wash the samples with CBS containing 1% penicillin-streptomycin at 10 °C for 10 min. Repeat
this step 2x.

1.9. Soak each sample in 50 mL of CBS containing 200 U/mL PLA; and 0.5% (w/v) sodium
deoxycholate solution at 37 °Cfor 2 h.

1.10. Wash the samples with CBS containing 1% penicillin-streptomycin at 10 °C for 2 h. Repeat
this step for 10x at least. Place the samples on flat plates and dry them to constant weight in a
constant temperature oven at 55 °C.
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Note: The sample needs to be completely dried. Weigh the DPP sample every 10 min and repeat
that 3x or until the weight no longer changes.

1.11. Shape each DPP sample into a 10.5 mm-diameter circle with a trephine. Pack each DPP in a
sterile sealed bag.

1.12. Sterilize the DPP samples by gamma irradiation (25 kGy). Stored the DPP samples at 4 °C
before use.

Note: All samples can be stored for up to six months at 4 °C.

2. Preparations for the Cell Sheet Construction

2.1. Autoclave all instruments and tissue carrier components at 121 °C for 30 min, including 1.5
mL centrifugal tubes, forceps, toothed forceps, scissors, black bases (tissue carrier component),
and white tension rings (tissue carrier component).

2.2. Prepare 20 mL of germ-free 10% sucrose solution. Weight 2 g of sucrose and dissolve the
sucrose in 18 mL of ultrapure water. Autoclave the 10% sucrose solution at 121 °C for 30 min or
filter the solution with a 0.22 um filter.

2.3. Autoclave the dynamic perfusion system devices at 121 °C for 30 min, including a gas
exchange equipment, a 500 mL glass bottle, a perfusion culture container, and the connective

tubes.

2.4. Prepare the autoclaved instruments and tissue carrier components. Put the black base part
of the tissue carrier in a culture dish.

2.5. Pick up a dried DPP scaffold and put it in the center of the black base. Put a white tension
ring on the DPP scaffold and fix it in the tissue carrier.

Note: Ensure the scaffold is totally fixed in the tissue carrier and there is no gap between the
black base and the white tension ring. If not, separate the tissue carrier and fix the scaffold again.

2.6. Add 100 pL of culture medium on the DPP scaffold for rehydration.

Note: If the scaffold is not fixed well in the tissue carrier, the culture medium will infiltrate the
culture dish.

2.7. Put the scaffold into a 37 °C incubator and allow it to soak for 15 min.

3. Preparation of the Cells for Cell Sheet Construction
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Note: This protocol is for cell culture using a 100 mm dish. See Figure 1B for a schematic of the
construction of the multilayered cell structure.

3.1. Isolate BMSCs13.

Note: This method is designed for constructing a multilayered MSC cell sheet. Rat BMSCs are
used in this protocol. The BMSCs are isolated using the whole bone marrow adherent method,
and the BMSCs are expanded in vitro to obtain enough cell amount.

3.1.1. Autoclave the instruments at 121 °C for 30 min, including forceps, toothed forceps, and
scissors. Prepare a 2 mL injection syringe and BMSC culture medium (Dulbecco’s modified Eagle’s
medium [DMEM], 10% fetal bovine serum, 1% glutamine, and 1% penicillin-streptomycin).

3.1.2. Euthanize the three-week-old male Sprague-Dawley (SD) rats by cervical vertebra
dislocation. Soak the animal in 100 mL of 75% alcohol solution in a beaker for 5 min.

3.1.3. Take the animal out of the beaker and place it prone on the operation table. Incise the skin
on the back of the animal with scissors and forceps. Isolate the skin and muscle tissues to expose
the thigh femurs.

3.1.4. Isolate the thigh femurs and put it in 30 mL of PBS in a 50 mL centrifuge tube. Place two
thigh femurs into one tube. Vortex the centrifuge tube to wash the tissue thoroughly. Repeat this
step 2x.

3.1.5. Cut both ends of the femurs with scissors and expose the marrow cavity.

3.1.6. Aspirate 2 mL of BMSC culture medium with an injection syringe. Insert the needle into the
marrow cavity and flush out the bone marrow with culture medium. Flush out every two thigh
femurs into one 100 mm culture dish.

3.1.7. For each 100 mm culture dish, add 2 mL of culture medium in the culture dish. Put the
culture dish into the 37 °C incubator and static culture for 72 h.

3.1.8. Take out the culture dish from the incubator. Replace the supernatant with 6 mL of fresh
culture medium.

3.1.9. Observe primary BMSCs under a microscope. Following this, passage the BMSCs every 5 -
7d.

3.2. Take the cells out of the incubator. Observe the cells under a microscope and choose suitable
cells for cell sheet construction. When the BMSCs reach 80% - 90% confluence, the cells can be
chosen as the seeded cells.
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3.3. Remove the culture medium from the culture dish. Gently wash the cells with 2 mL of warm
PBS. Remove all PBS from the culture dish and make sure no liquid remains. Add 2 mL of 0.25%
trypsin (or another dissociating solution) to the dish and incubate at 37 °C for 3 min.

3.4. Stop the trypsin effect by adding 2 mL of the culture medium, and gently wash the cells from
the dish. Transfer the cell suspension into a new 15 mL centrifuge tube. Centrifugate the cells at
225 x g for 5 min.

3.5. Remove the supernatant. Resuspend the cells with 3 mL of 10% (w/v) sucrose solution.

Note: 10% (w/v) sucrose solution is used to wash the cells in order to obtain a uniform cell-
hydrogel mixture in the following steps.

3.6. Aspirate 10 pL of the cell suspension and count the cell number with a hemocytometer.
Calculate the volume needed for the next step. For one cell sheet, three million BMSCs are used.

3.7. Extract three million cells and transfer them into a new 15 mL centrifuge tube. Centrifuge
the cells at 225 x g for 5 min.

3.8. Remove the supernatant. Resuspend the cells with 1 mL of 10% (w/v) sucrose solution.
Transfer the cell suspension into a 1.5 mL centrifuge tube.

Note: Using a 1.5 mL centrifugal tube is beneficial for preparing the cell-hydrogel mixture.

3.9. Centrifuge the cells at 260 x g for 5 min. Completely remove the supernatant and obtain the
cell sediment.

4. Preparation of the BMSCs and the RAD16-I Peptide Hydrogel Mixture
Note: See Figure 1B for a schematic of the construction of the multilayered cell structure.

4.1. Add 20 pL of 10% (w/v) sucrose solution to the 1.5 mL centrifugal tube. Gently resuspend
the BMSCs and obtain a uniform suspension.

Note: Do not generate any bubbles during the resuspension.
4.2. Add 20 pL of RAD16-I peptide hydrogel at the top of the suspension. Gently stir the RAD16-I
peptide and cell suspension with the pipette tip. When the cell suspension and hydrogel are

mixed together, gently pipette the mixture a couple of times.

4.3. Take out the DPP scaffold from the tissue carrier and gently aspirate the culture medium
with a pipette tip.

Note: Ensure the DPP scaffold is fully rehydrated before adding the cell-hydrogel mixture.



263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
2901
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306

4.4. Aspirate the mixture and evenly add it to the DPP scaffold.

Note: The total volume of the mixture would be about 40 - 50 uL. It is recommended to add the
mixture 10 pL at a time from the center to the outside of the scaffold.

4.5. Add 1 mL of culture medium to the bottom of the tissue carrier. Put the cell sheet in the
37 °Cincubator for 5 min.

4.6. Take out the cell sheet from the incubator. Gently add 4 mL of culture medium in the culture
dish and immerse the cell sheet. Put the cell sheet in the 37 °C incubator for 2 h of static culture.

5. In Vitro Culture of a 3D Multilayered Cell Sheet Using a Dynamic Culture System

Note: See Figure 1C for a schematic of the 3D dynamic system.

5.1. Prepare the dynamic perfusion system, including a peristaltic pump, gas exchange
equipment, a 500 mL glass bottle, a perfusion culture container, and the connective tubes.

Assemble the dynamic perfusion system as shown in Figure 2.

5.2. Add 200 mL of culture medium to the sterile glass bottle. Insert the cell sheet into the
chamber of the culture container.

Note: Pay attention to the direction of the upper surface of the cell sheet.

5.3. Add 3 mL of culture medium in the tissue container and close the container. Put the dynamic
perfusion system in the incubator and start the pump. Set the flow rate of the peristaltic pump
at 8 mL/min. Culture the cell sheet in the dynamic perfusion system for 48 h.

6. Obtaining the Multilayered MSC Cell Sheet

6.1. Autoclave the instruments and tissue carrier components at 121 °C for 30 min, including 1.5
mL centrifugal tubes, forceps, and toothed forceps.

6.2. Pull out the input duct from the glass bottle to stop the supply of culture medium to the
container.

Note: Stop the peristaltic pump when the culture container is empty.
6.3. Take out the cell sheet from the culture container and put it in a culture dish.

6.4. Use one forceps to immobilize the tissue carrier and use another toothed forceps to separate
the white tension ring from the black base. Finally, obtain the multilayered BMSCs cell sheet.
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6.5. For short preservation, each cell sheet can be transferred to a 1.5 mL centrifugal tube with
the forceps. The DPP scaffold should be attached to the inner wall of the centrifugal tube, and
the cell sheet should spread out as much as possible in the centrifuge tube.

6.6. Gently add 1 mL of culture medium in the centrifugal tube to immerse the cell sheet. Close
the cap of the centrifugal tube and store the cell sheet at 4 °C.

Note: The cell sheet should be transplanted or analyzed as soon as possible. It is recommended
to use the cell sheet within 4 h.

REPRESENTATIVE RESULTS:

The schematic of the multilayered stem cell sheet construction is shown in Figure 1. Preparing
the cell sheet scaffold by the PLA, decellularization method is the first step. Based on the scaffold,
a temporary 3D cell structure is constructed by mixing the stem cells with the RAD16-1 peptide
hydrogel. In order to obtain a multilayered cell sheet with favorable stem cell bioactivity and
optimal mechanical strength, the cell sheet is cultured in a dynamic perfusion system. Under the
dynamic nutrition supply, the stem cells are allowed to proliferate and establish cell contacts
within the multilayered cell sheet, and the final stable multilayered cell sheet product can be
obtained after a ~24- to 72-hour cultivation.

In this case, the cell sheet scaffold DPP is prepared by the PLA; decellularization method. The
appearance of dried DPP is flat, smooth, and semitransparent (Figure 3A). Owing to the specific
lyse effect of PLA,, the heterogeneous cells can be completely removed while the ultrastructure
of the natural collagen within the DPP scaffold is well-preserved (Figure 3B), and this is important
for maintaining the mechanical strength and biocompatibility of the scaffold. Additionally, the
scaffolds can be modified as a growth factor control release system to support stem cell growth
and improve the in vivo regeneration'3.

When the stem cells reach ~80% - 90% confluence, the cells are isolated from the culture dish
and washed with a 10% sucrose solution. After centrifugation, the cells are mixed with the
RAD16-| peptide hydrogel and added to the rehydrated DPP scaffold. A temporary multilayered
structure is formed following a two-hour static culture. Finally, the multilayered BMSC sheet
product (Figure 4) is acquired following a 48-hour culture in the dynamic perfusion system. With
the support of the DPP scaffold, the cell sheet can be easily manipulated with forceps, and it can
be temporarily preserved in culture medium in the 1.5 mL tube at 4 °C for 4 hours before
examination or transplantation (Figure 4). As the immunofluorescence staining result shows, the
BMSCs are highly positive for the stem cell markers CD90 and CD29. After the cell sheet
construction, the BMSCs within the multilayered cell sheet show high levels of CD29 and CD90
(Figure 5).

FIGURE AND TABLE LEGENDS:

Figure 1: The flowchart of constructing the multilayered stem cell sheet. (A) By using the PLA;
decellularized method, the heterogeneous cells within the FPP are destroyed while the natural
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extracellular matrices are well-preserved in the DPP scaffold. (B) Based on the DPP scaffold, the
temporary multilayered cell structure is constructed by mixing the stem cells and self-assembling
peptide hydrogel. (C) To follow, the cell sheet is cultured in a 3D dynamic system, and the stem
cells are expected to proliferate and establish cell contacts under the dynamic nutrition supply.

Figure 2: The tissue carrier and the dynamic perfusion system. (A) This panel shows the 13 mm-
diameter tissue carrier. (B) This panel shows the assembly of the dynamic perfusion system.

Figure 3: The appearance and ultrastructure of DPP. (A) This panel shows the appearance of the
10.5 mm-diameter DPP scaffolds. (B) This panel shows a representative image of the scanning
electron microscope (SEM) result of the DPP scaffold.

Figure 4: The appearance of the multilayered BMSC sheet. (A) This panel shows the appearance
of the multilayered BMSC sheet within the tissue carrier. (B) The intact multilayered BMSC sheet
is held by forceps. (C - D) The multilayered cell sheet can be preserved temporarily in the 1.5 mL
tube before use.

Figure 5: Immunofluorescence staining results of BMSC markers expression. (A) This panel
shows immunofluorescence staining results of BMSCs before cell sheet construction. (B) This
panel shows immunofluorescence staining results of the multilayered BMSC sheet section. CD90
(green) and CD29 (red) were positively expressed in the BMSCs and the cell sheet.

DISCUSSION:

The present protocol reports an efficient method for constructing a multilayered MSC sheet. This
cell sheet exhibits optimal mechanical strength, high cell seeding density, and favorable stem cell
bioactivity. Using BMSCs as an example, the 3D cell structure is quickly constructed with RAD16-
| peptide hydrogel. After being cultured in the dynamic perfusion system, the multilayered BMSC
sheet is successfully obtained and the BMSCs maintain a high expression of stem cell markers.

Constructing the temporary multilayered cell structure is the critical step of the protocol. The
RAD16-1 is a commercial hydrogel peptide, and it consists of 1% amino acid and 99% water.
Several studies reported that this peptide hydrogel can mimic the natural ECM environment and
is beneficial for stem cell proliferation and survival®>’. In the present protocol, a three million
MSC suspension (in 20 pL of 10% sucrose solution) was mixed with 20 uL of RAD16-| peptide
hydrogel. The volume ratio of the cell suspension and the peptide hydrogel was 1:1. This peptide
hydrogel is sensitive to the environmental pH value, and the peptide molecules would
automatically form the 3D network when the pH value changes from acid to neutral. Because the
cell surface contains charged particles, the cell mixture changed from liquid to hydrogel in a short
time, which has influences the even mixing of the cells. A favorable cell-hydrogel should be an
even mixture of the cell suspension and the peptide hydrogel and enables the cell mixture to be
evenly added onto the scaffold. The researchers can optimize the mixture condition by altering
the seeded cell number, sucrose solution volume, and the peptide hydrogel volume according to
their actual need. It is worthwhile to notice that washing the cells with 10% sucrose solution and
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evenly mixing the cell-hydrogel mixture are the critical steps of the protocol, and an uneven
mixture could cause great cell loss and an unstable temporary multilayered structure.

After adding the cell-hydrogel mixture onto the DPP scaffold, the mechanical strength of the
multilayered cell sheet structure is weak because the peptide hydrogel network is not strong
enough to maintain the long-term multilayered cell structure, and cell connections and ECM
secretions are needed to enhance the stability of the cell sheet. Moreover, the dynamic
infiltration of the culture medium can facilitate the stem cells to proliferate and establish cell
contacts within the multilayered cell structure, while an insufficient nutrition supply will cause
cell apoptosis and reduce the cell density of the cell sheet®. Therefore, the dynamic perfusion
system is important for stabilizing the multilayered cell sheet structure. In addition, the
appropriate flow rate of the culture medium should be adjusted according to the specific stem
cell type and cell seeding density. Also, the weak mechanical connection between the DPP
scaffold and the multilayered cell structure remains the limitation of the present construction
method, which may cause the division of the multilayered cell layers and the scaffold. Therefore,
further studies are required to enhance the mechanical biocompatibility of the 3D hydrogel
scaffold and the DPP scaffold.

So far, tissue engineering scientists have been focusing on establishing efficient nutrition supply
systems in vitro, such as coculturing endothelial cells'® and using a porous scaffold®®. However,
the nutrition permeability within the 3D structure is low in the traditional static 3D culture system,
and the stem cell viability will be greatly affected. In this case, using the dynamic perfusion system
can provide enough nutrition supply to maintain stem cell viability. Using this protocol, a
multilayered BMSC sheet improved the cardiac function and angiogenesis in a rat myocardial
infarction model®3. Constructing a stem cell sheet product with a high cell load and favorable
stem cell property is significant to the tissue regeneration. Using this efficient constructed
method, different kinds of multilayered stem cell sheets could be constructed by altering the
seeded stem cell types, such as epithelial stem cell sheet, neural stem cell sheet, or cardiac stem
cell sheet. Further explorations of and alternatives to the multilayered stem cell sheet are
expected to expand the applications for more tissue regeneration.
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Name of Material/ Equipment Company Catalog Number Comments/Description
Phospholipase A, Sigma-Aldrich P6534
Sodium deoxycholate Sigma-Aldrich D6750-100G
Phosphate buffer Gibco BRL 89033
Penicillin streptomycin /
amphotericin Gibco BRL 15640055
Buffer bicarbonate Sigma-Aldrich C3041
Changzhou
Aohua

*

Table concentrator Instrument Co. KT20183
Dulbecco's Modified Eagle
Medium(DMEM)

South American fetal bovine

Corning Cellgro 10-014-CVR

serum Gibco BRL 10270-106/P30-3302
L-Glutamine Corning Cellgro 25-005-CI
0.25% Trypsin/2.21 mM EDTA Corning Cellgro 25-053-CI
Biosafety cabinet Esco,Singapore AC2-251
Constant temperature incubator  Esco,Singapore CLS-170B-8
Centrifuge tube Corning 430790
EP tube Axygen 31617934
Centrifugal machine TOMOS 1-16R
Sucrose Sigma-Aldrich $9378-500G
Pura Matrix BD 354250
Minucells and
Dynamic perfusion culture system Minutissue D-93077
Peristaltic pump Ismatec IPC N8
Pump tubing Ismatec Nr.1306
MINUSHEET 1300 Regensburg tissue carrier components
MINUSHEET Regensburg dynamic perfusion system
MINUSHEET 0006 Regensburg gas exchange equipment
MINUSHEET 0002 Regensburg 500 mL glass bottle
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ltem 1. The Author elects to have the Materials be made avallable (as descrlbed

httpﬁww .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 |n 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; “Authotr”
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
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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.

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.

S. 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
ltem 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 JOVE 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, ficensed, 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, procedur‘es 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

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
shallinclude 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,
ot 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 s:gned copy
of-this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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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
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Alisha DSouza, Ph.D.
Senior Review Editor
JoVE

RE: JoVES58624

Title: Construction of multilayered stem cell sheet with a 3D dynamic culture system
Revised Title: Construction of multilayered mesenchymal stem cell sheet with a 3D dynamic culture system

Dear Alisha DSouza,

We appreciate you and your reviewers for the prompt and favorable review of our paper entitled “Construction
of multilayered stem cell sheet with a 3D dynamic culture system” The comments give us an opportunity to
further improve the quality of our manuscript. Accordingly, we have made significant revisions to our
manuscript, and our responses to the comments are attached below.

We hope that this revised version is now acceptable for publication in JOVE.

Sincerely,

Zheng Wu, Ph.D.
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Responses to editorial and production comments

Revision of the manuscript:

Comment 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.

Author answer:

We appreciate your prompt reviews and valuable suggestions, and we had proofread the manuscript
according to your comments and suggestions. We have revised several English grammar/word errors
by using the red text in the revised manuscript.

Comment 2

Please provide an email address for each author.

Author answer:

Thank you for your suggestion. We have provided an email address for each author on the title page.

Revisions:

AUTHORS&: AFFILIATIONS:
Corresponding Author:
Zheng Wu
wuzheng@jnu.edu.cn

Tel: (8620)-85222711

Jianhua Zhang
zhangih@jnu.edu.cn
Tel: (8620)-38688961

Email Addresses of Co-Author:

Yingwei Wang  (vinmi_wong@126.com)
Chenglu  (Ic471015366@126.com)
Chengzhi He (1732513111 @qgg.com)
Baoxin Chen (baoxin chen@126.com)
Youling Zheng  (youling z@126.com)
Junming Zheng (646880087 @qg.com)

Comment 3

Please use Sl abbreviations for all units: L, mL, pyL, h, min, s, etc.

Author answer:

Thank you for your suggestion. We have proofread the manuscript, and make sure use Sl
abbreviations for all units.

Comment 4
Please use centrifugal force (x g) for centrifuge speeds.
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Author answer:
Thank you for your suggestion. We have proofread the manuscript, and make sure use centrifugal
force (x g) for centrifuge speeds.

Revisions:

Protocol:

3. Preparing cells for cell sheet construction. (Figure 1B)
3.8 Centrifugate the cells at 225 x g for 5 min.

3.13 Centrifugate the cells at 225 x g for 5 min.

3.17 Centrifugate the cells at 260 x g for 5 min.

Comment 5

Please include a space between all numbers and their corresponding units: 15 mL, 37 °C, 60 s; etc.
Author answer:

Thank you for your suggestion. We have proofread the manuscript, and make sure include a space
between all numbers and their corresponding units.

Comment 6

Please adjust the numbering of the Protocol to follow the JOVE Instructions for Authors. For
example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from
using bullets, dashes, or indentations.

Author answer:

Thank you for your suggestion. We have proofread the manuscript according to the JoVE Instructions
for Authors, and adjusted the numbering of the Protocol.

Comment 7

Please add more details to your protocol steps. There should be enough detail in each step to
supplement the actions seen in the video so that viewers can easily replicate the protocol. Please
ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add
references to published material specifying how to perform the protocol action.

Author answer:

Thank you for your careful review, and this is very important to improve our protocol. We have added
more details to the protocol steps according the following suggestions. All revised text was
highlighted in yellow color in the revised manuscript.

Revisions:

Protocol:

2. Preparations before cell sheet construction

2.1 Reagents and materials preparation. Autoclave the instruments and tissue carrier components
(MINUSHEET 1300 Regensburg) at 121 °C for 30 min, including 1.5 mL centrifugal tubes, forceps,
toothed forceps, scissors, black bases (tissue carrier component), and white tension rings (tissue

3



carrier component).

2.2 Prepare 20 mL germ-free 10% sucrose solution. Weight 2 g sucrose and resolve the sucrose in 18
mL ultrapure water. Autoclave the 10% sucrose solution at 121 °C for 30 min or filter the solution
with a 0.22 um filter.

2.3 Autoclave the dynamic perfusion system (MINUSHEET, Regensburg) devices at 121 °C for 30 min,
including a gas exchange equipment (MINUSHEET 0006), a 500 mL glass bottle (MINUSHEET 0002),
a perfusion culture container (MINUSHEET 1301), and the connective tubes.

2.4 Take out the autoclave instruments and tissue carrier components.

2.5 Put the black base part of the tissue carrier in a culture dish.

2.6 Pick up a dried DPP scaffold and put it in the center of the black base.

2.7 Put a white tension ring on the DPP scaffold and fix it in the tissue carrier.

NOTE: Ensure the scaffold is totally fixed in the tissue carrier and no gap between the black base and

the white tension ring. If not, separate the tissue carrier and fix the scaffold again.

2.8 Add 100 pL culture medium on the DPP scaffold for rehydration.

NOTE: If the scaffold is not well fixed in the tissue carrier, the culture medium would infiltrate to the

culture dish.

2.9 Put the scaffold into the 37 °C incubator and allow it to soak for 15 min.

3. Preparing cells for cell sheet construction (Figure 1B).

3.1. BMSCs isolation®3.

NOTE: This method is designed for constructing multilayered MSC cell sheet. Rat BMSCs are used in

this protocol. The BMSCs are isolated by using the whole bone marrow adherent method, and the

BMSCs are expanded in vitro to obtain enough cell amount.

3.1.1. Reagents and materials preparation. Autoclave the instruments at 121 °C for 30 min, including
forceps, toothed forceps, and scissors. Prepare 2 mL injection syringe and BMSCs culture
medium (Dulbeccos modified Eagles medium (DMEM), 10% fetal bovine serum, 1% glutamine,
and 1% penicillin—streptomycin)

3.1.2. Sacrifice the three-week-old male Sprague-Dawley (SD) rats by cervical vertebra dislocation.
Soaked the animal in 100 mL 75% alcohol solution in a beaker for 5 min.

3.1.3. Take the animal out from the beaker and put it face down the operation table.

3.1.4. Open the back skin of the animal with a scissor and a forceps. Isolate the skin and muscle
tissues to expose the thigh femurs.

3.1.5. Isolate the thigh femurs and put it in 30 mL PBS in a 50 mL centrifugal tube. Two thigh femurs
put in one tube. Vortex the centrifugal tube to wash the tissue thoroughly. Repeat this step
for twice.

3.1.6. Cut both ends of the femurs with a scissor and expose the marrow cavity.

3.1.7. Aspirate 2 mL BMSCs culture medium with an injection syringe. Insert the needle in the
marrow cavity and flush out the bone marrow with culture medium. Every two thigh femurs
inject into one 100 mm culture dish.

3.1.8. For each 100 mm culture dish, add 2 mL culture medium in the culture dish.

3.1.9. Put the culture dish into the 37 °C incubator and static culture for 72 h.

3.1.10. Take out the culture dish from the incubator. Replace the supernatant with 6 mL fresh culture
medium.

3.1.11. Observe primary BMSCs in a microscope. Following this, the BMSCs were passaged every 5—7
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days.

3.1.12. Take the cells out of the incubator. Observe the cells in a microscope and choose suitable cells
for cell sheet construction.

NOTE: When the BMSCs reach 80-90%, the cells could be chosen as seeded cells.

6. Obtain the multilayered MSC cell sheet.

6.1. Materials preparation. Autoclave the instruments and tissue carrier components at 121 °C for
30 min, including 1.5 mL centrifugal tubes, forceps, and toothed forceps.

6.2. Pull out the input duct from the glass bottle to stop the supply of culture medium to the
container.

NOTE: Stop the peristaltic pump when the culture container is basically empty.

6.3. Take out the cell sheet from the culture container and put it in a culture dish.

6.4. Use one forceps to immobilize the tissue carrier and use another toothed forceps to separate
the white tension ring from the black base. Finally obtain the multilayered BMSCs cell sheet.

6.5. For short preservation, each cell sheet could be transfer to a 1.5 mL centrifugal tube with the
forceps. The DPP scaffold should be attached to the inner wall of the centrifugal tube, and the
cell sheet should spread out in the centrifugal tube as much as possible.

6.6. Gently add 1 mL culture medium in the centrifugal tube to immerse the cell sheet.

6.7. Close the cap of the centrifugal tube and stored the cell sheet in 4 °C.

NOTE: The cell sheet should be transplanted or analyzed as soon as possible. The cell sheet is

recommended to be used within 4 h.

Comment 8

Line 84: What container is used? What volume of PBS is used to wash? Please specify throughout.
Author answer:

Thank you for your suggestion. We have added corresponding parameter in the corresponding parts.
Corresponding revisions are shown below:

Revisions:

Protocol:

1. Preparation of DPP scaffold with PLA2 decellularized method

1.3 Wash the FPP with 200 mL PBS contained 1% penicillin-streptomycin thoroughly in 500 mL beaker
at 10°C for 10 min. Repeat this step for twice.

Comment 9

Line 88: What is used to shape the FPP into pieces?

Author answer:

Thank you for your suggestion. We have added corresponding details in the corresponding parts as
follows:

Revisions:

Protocol:

1. Preparation of DPP scaffold with PLA2 decellularized method
1.5 Shape the FPP into 10x10 cm? pieces with scissor.



Comment 10

Line 89: What container is used? What volume of CBS is used to wash? Please specify throughout.
Author answer:

Thank you for your suggestion. We have added corresponding parameter in the corresponding parts
as follows:

Revisions:

Protocol:

1. Preparation of DPP scaffold with PLA; decellularized method! (Figure 1A).

1.6 Wash the FPP with 200 mL carbonate buffer solution (CBS) contained 1% penicillin-streptomycin
in 500 mL beaker at 10 °C for 10 min. Repeat this step for twice.

Comment 11

Line 92: What volume of sample is used?

Author answer:

Thank you for your suggestion. We have added corresponding parameter in the corresponding parts
as follows:

Revisions:

Protocol:

1. Preparation of DPP scaffold with PLA; decellularized method!* (Figure 1A).

1.8 Soak 10x10 cm? sample in 50 mL CBS contained 200 U/mL PLA; and 0.5% (w/v) sodium
deoxycholate solution at 37 °C for 6 h.

Comment 12

Line 123: Please describe how this is actually done.

Author answer:

Thank you for your suggestion. We have added corresponding parameter in the corresponding parts
as follows:

Revisions:

Protocol:

3.Preparing cells for cell sheet construction (Figure 1B).

3.1. BMSCs isolation®3.

NOTE: This method is designed for constructing multilayered MSC cell sheet. Rat BMSCs are used in
this protocol. The BMSCs are isolated by using the whole bone marrow adherent method, and the
BMSCs are expanded in vitro to obtain enough cell amount.

3.1.1. Sacrifice the three-week-old male Sprague-Dawley (SD) rats by cervical vertebra dislocation.
Soaked the animal in 100 mL 75% alcohol solution in a beaker for 5 min.

3.1.2. Take the animal out from the beaker and put it face down the operation table.

3.1.3. Open the back skin of the animal with a scissor and a forcep. Isolate the skin and muscle
tissues to expose the thigh femurs.

3.1.4. Isolate the thigh femurs and putitin 30 mL PBS in a 50 mL centrifugal tube. Two thigh femurs
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put in one tube. Vortex the centrifugal tube to wash the tissue thoroughly. Repeat this step for twice.
3.1.5. Cut both ends of the femurs with a scissor and expose the marrow cavity.

3.1.6. Aspirate 2 mL BMSCs culture medium with an injection syringe. Insert the needle in the
marrow cavity and flush out the bone marrow with culture medium. Every two thigh femurs inject
into one 100 mm culture dish.

3.1.7. For each 100 mm culture dish, add 2 mL culture medium in the culture dish.

3.1.8. Put the culture dish into the 37 °C incubator and static culture for 72 h.

3.1.9. Take out the culture dish from the incubator. Replace the supernatant with 6 mL fresh culture
medium.

3.1.10. Observe primary BMSCs in a microscope. Following this, the BMSCs were passaged every 5—
7 days.

Reference:

13 Wang, Y. et al. Preparation of high bioactivity multilayered bone-marrow mesenchymal stem cell
sheets for myocardial infarction using a 3D-dynamic system. Acta Biomaterialia. 72 182-195,
doi:https://doi.org/10.1016/j.actbio.2018.03.052, (2018).

Comment 13

Line 131: Please specify the incubation temperature.

Author answer:

Thank you for your suggestion. We have added corresponding parameter in the corresponding parts
as follows:

Revisions:

Protocol:

3.Preparing cells for cell sheet construction. (Figure 1B)

3.5. Remove all PBS from the culture dish and make sure no liquid remains. Add 2 mL 0.25% trypsin
(or other dissociating solution) to the dish and incubate at 37 °C for 3 min.

Comment 14

Line 176: What is the flow rate? More details are needed here in order to replicate the step.
Author answer:

Thank you for your suggestion. We have added corresponding details in the corresponding parts as
follows:

Revisions:

Protocol:

5. In vitro culture of 3D multilayered cell sheet using a dynamic culture system.

5.5. Put the dynamic perfusion system in the incubator and start the pump. Set the flow rate of the
peristaltic pump as 8 mL/min. Culture the cell sheet in the dynamic perfusion system for 48 h.

Comment 15
Please reference Figure 1 in the Protocol section.



Author answer:
Thank you for your suggestion. We have added a reference to Figure 1 in the corresponding place in
the manuscript.

Revisions:

Protocol

1 Preparation of DPP scaffold with PLA; decellularized method!* (Figure 1A).

3 Preparing cells for cell sheet construction (Figure 1B).

4 Preparing BMSCs and RAD16-1 peptide hydrogel mixture (Figure 1B).

5 In vitro culture of 3D multilayered cell sheet using a dynamic culture system (Figure 1C).

Comment 16

Please include single-line spaces between all paragraphs, headings, steps, etc.

Author answer:

Thank you for your suggestion. We have added single-line spaces in the corresponding parts.

Comment 17

Discussion: Please also discuss any limitations of the technique.

Author answer:

Thank you for your comment. We have added corresponding parameter in the corresponding parts
as follows:

Discussion:

In addition, the weak mechanical connection between the DPP scaffold and the multilayered cell
structure remains the limitation of the present construction method, which may cause the division of
the multilayered cell layers and the scaffold. Therefore, further studies are required to enhance the
mechanical biocompatibility of the 3D hydrogel scaffold and the DPP scaffold.

Comment 18

References: Please do not abbreviate journal titles.

Author answer:

Thank you for your suggestion. We have proofread the References, and make sure all the journal titles
are use full name.

Revisions:

References:

10 Godier-Furnemont, A. F. et al. Composite scaffold provides a cell delivery platform for
cardiovascular repair. Proceedings of the National Academy of Sciences of the united states of
america. 108 (19), 7974-7979, doi:10.1073/pnas.1104619108, (2011).



Revision of the video

Comment 1

Please increase the homogeneity between the written protocol and the narration in the video. It
would be best if the narration is a word for word from the written protocol text.

Author answer:

Thank you for your suggestion. We have modified the content of the manuscripts and narration to
increase the homogeneity of them.

Comment 2

01:30-01:37: This step presented in the video is not stated in the written manuscript.

Author answer:

Thank you for your suggestion. We have added the corresponding content in the manuscript as
follows:

Protocol:
2. Preparations before cell sheet construction!* (Figure 1A).
2.9. Put the scaffold into the 37 °C incubator and allow it to soak for 15 min.

Comment 3

02:41-03:15: The section card indicates that we are at step 4 (Preparing BMSCs and RAD16-I peptide
hydrogel mixture). But what presented in the video is shown in step 3 of the written manuscript.
Steps here are generally hard to follow with the steps in the written manuscript.

Author answer:

Thank you for your suggestion. We have adapted the video content to the content of the manuscript
so that the video content follows the steps in the manuscript.

Comment 4

03:35-04:05: Similarly, the section card indicates that we are at step 5 (In vitro culture of 3D
multilayered cell sheet using a dynamic culture system). But what presented in the video is shown
in step 4 of the written manuscript. Steps here are generally hard to follow with the steps in the
written manuscript. In addition, some details do not match. The written manuscript (lines 163-164)

states that “put the cell sheet at 37 °C incubator for 5 min”, which is not shown in the video.

Author answer:

Thank you for your suggestion. We have adapted the video content to the content of the manuscript
so that the video content follows the steps in the manuscript. And we have added the corresponding
clips to the video according to the steps in the manuscript to improve the continuity of the video.

Comment 5

04:17: The video says 200 mL while the written manuscript indicates 100 mL.

Author answer:

Thank you for your suggestion. We have added the corresponding content in the manuscript as
follows:




Protocol:
5. In vitro culture of 3D multilayered cell sheet using a dynamic culture system. (Figure 1C)
5.2. Add 200 mL culture medium in the sterile glass bottle.

Comment 6

5:38 - A numbered chapter title card reading, "Conclusion" should be added here.

Author answer:

Thank you for your suggestion. We have added a numbered chapter title card in the corresponding
position.

Comment 7

Please upload a revised high-resolution video here:
http://www.jove.com/files_upload.php?src=17880368

Author answer:

Thank you for your suggestion. We have uploaded a high-definition version of the video as requested.

Comment 8

The audio quality of the voiceover narration does not meet our standards. There is a noticeable
background hum, and the recording quality is low. This audio would need to be rerecorded under
better conditions.

Author answer:

Thank you for your suggestion. We have re-recorded the voiceover narration with a better device and
denoised the audio file after recording to reduce the background hum.

Comment 9

If the authors view the video on our website, they may notice that there is jagged artifacting on
anything moving. This is because the video provided is interlaced. Our web player does not support
interlacing. Future submissions should be provided at a progressive frame rate. When exporting, if
there is a field where options for "Field Rendering" can be selected, "None" should be selected.
Author answer:

Thank you for your suggestion. We only uploaded a low-quality version of the video when we first
uploaded the file. Now we have exported the video file and uploaded the high quality version as
required.
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Response to reviewer 1

Major concerns

Comment 1

The title "Construction of multilayered stem cell sheet with a 3D dynamic culture system" is too
broad. Though it is possible that this method can be applied for other stem cell types like epithelial
stem cell or neural stem cell, no such evidence was provided in the manuscript. Additionally, it is
not likely that this method fits for some stem cell types, like hematopoietic stem cell. Thus, it is
suggested that the title should specify "mesenchymal stem cell sheet" and the authors can discuss
its potential extended applications in the following sections.

Author answer:

Thank you for your comment. This is a good suggestion. You are right about that using “stem cell” in
the title is too broad. Therefore, we have revised the title and specifically point out “mesenchymal
stem cell” in the tile, and we also add the discussions of possible applications of this method for other
stem cell types.

Revisions:
Title:
Construction of multilayered mesenchymal stem cell sheet with a 3D dynamic culture system

Discussion:

Constructing a stem cell sheet product with high cell load and favorable stem cell property is
significant to the tissue regeneration. Using this efficient constructed method, different kinds of
multilayered stem cell sheets could be constructed by altering the seeded stem cell types, such as
epithelial stem cell sheet, neural stem cell sheet, or cardiac stem cell sheet. Further explorations and
alternations of the multilayered stem cell sheet are expected to enlarge the applications for more
tissue regeneration.

Comment 2

It is better to add a section to describe the preparation of important solutions, like PLA2 solution.
Please list how each solution is stored and how they can be stored. Also, because this protocol is
time-sensitive, please add a section to list the equipment / tools that need to be prepared prior to
each step.

Author answer:

Thank you for your comment. This is an important question. For better illustration, we have added
the preparation and store requirements of important solutions. Also, we summarize the preparation
steps in section 2, and the related reagents and materials would be also mentioned in the first part
of the section. Corresponding revisions are shown below:

Protocol:

1. Preparation of DPP scaffold with PLA; decellularized method'* (Figure 1A).

1.1 Prepare 100 mL 200 U/mL PLA; solution. Add 0.5 g sodium deoxycholate and 2 mL PLA; in 198 mL
carbonate buffer solution. This solution should be used within 24 h after preparation.
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2. Preparations before cell sheet construction

2.1 Reagents and materials preparation. Autoclave the instruments and tissue carrier components
(MINUSHEET 1300 Regensburg) at 121 °C for 30 min, including 1.5 mL centrifugal tubes, forceps,
toothed forceps, scissors, black bases (tissue carrier component), and white tension rings (tissue
carrier component).

2.2 Prepare 20 mL germ-free 10% sucrose solution. Weight 2 g sucrose and resolve the sucrose in 18
mL ultrapure water. Autoclave the 10% sucrose solution at 121 °C for 30 min or filter the solution with
a 0.22 um filter.

2.3 Autoclave the dynamic perfusion system (MINUSHEET, Regensburg) devices at 121 °C for 30 min,
including a gas exchange equipment (MINUSHEET 0006), a 500 mL glass bottle (MINUSHEET 0002), a
perfusion culture container (MINUSHEET 1301), and the connective tubes.

2.4 Take out the autoclave instruments and tissue carrier components.

5. Invitro culture of 3D multilayered cell sheet using a dynamic culture system.

5.1 Take out the dynamic perfusion system (Minucells, Regensburg), including a peristaltic pump (IPC-
N Ismatec, Glattbruch-Zurich), a gas exchange equipment (MINUSHEET 0006), a 500 mL glass bottle
(MINUSHEET 0002), a perfusion culture container (MINUSHEET 1301), and the connective tubes.
Assembly the dynamic perfusion system as Figure 2 shown.

6. Obtain the multilayered MSC cell sheet.
6.1 Materials preparation. Autoclave the instruments and tissue carrier components at 121 °C for 30
min, including 1.5 mL centrifugal tubes, forceps, and toothed forceps.

Comment 3

Line 105 says "Stored the DPP samples at 4 ‘C before use.". Please specify how long the DPP
scaffolds can be stored and if there are other storage options.

Author answer:

Thank you for your comment. This is a very important question. We have added more details about
storing DPP samples in the corresponding parts as follows:

Protocol:
1. Preparation of DPP scaffold with PLA; decellularized method'* (Figure 1A).
NOTE: All samples can be stored for up to 6 months at 4 °C.

Comment 4

Section 1.3. Line 86 states "Split the FPP in to two layers". Can both layers be used as scaffolds?
Author answer:

Thank you for your comment. This is an important question. The two-layer structure of the
pericardium is the Visceral layer and the parietal layer, which are soft films composed of a large
number of dense collagen fibers. In the preparation of DPP, as long as the pericardium is still intact
after the tearing is ensured, the two films which are torn apart can be used as a material for preparing
DPP.

Comment 5
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Please provide more information about the tissue carrier used in protocol section 2, include
company & catalog # for purchasing. If possible, please take a picture of a tissue carrier and label
each part on the picture.

Author answer:

Thank you for your comment. This is important for the protocol replication. The present study uses a
MINUSHEET perfusion system from the Regensburg company, and the tissue carrier is a kit of the
whole system and used for cell culture. The information of the tissue carrier and the perfusion system
have been added in the material table. Thank you for your valuable advice, and now we have
replenished the company and catalog of the equipment, and we also added a picture of the entire
pump system in the protocol. Corresponding revisions are shown below:

2. Preparations before cell sheet construction

2.1 Reagents and materials preparation. Autoclave the instruments and tissue carrier components
(MINUSHEET 1300 Regensburg), at 121 °C for 30 min, including 1.5 mL centrifugal tubes, forceps,
toothed forceps, scissors, black bases (tissue carrier component), and white tension rings (tissue
carrier component).

2.3 Autoclave the dynamic perfusion system devices (MINUSHEET, Regensburg) at 121 °C for 30 min,
including a gas exchange module (MINUSHEET 0006), a 500 mL glass bottle (MINUSHEET 0002), a
perfusion culture container (MINUSHEET 1301), and the connective tubes.

A

ISMATEC

PC
White tension ring Black base . 80 - [+

Gas exchange
equipment

4

Fixed tissue carrier 3 A —
500 mL glass bottle culture container

Figure 2. The tissue carrier and the dynamic perfusion system. (A) The 13 mm diameter tissue carrier.
(B) The assembly of dynamic perfusion system.

Comment 6

Please provide a reference for the isolation / culture of BMSC.

Author answer:

Thank you for your comment. This is a good suggestion. The isolation and characterization of the

13



BMSCs have been previously reported by our colleagues, and we have now replenished the detailed
steps of BMSC isolation and culture as below and the corresponding reference. The revisions are
shown below:

3.1 BMSCs isolation?3.

NOTE: This method is designed for constructing multilayered MSC cell sheet. Rat BMSCs are used in
this protocol. The BMSCs are isolated by using the whole bone marrow adherent method, and the
BMSCs are expanded in vitro to obtain enough cell amount.

3.1.1 Reagents and materials preparation. Autoclave the instruments at 121 °C for 30 min,
including forceps, toothed forceps, and scissors. Prepare 2 mL injection syringe and BMSCs culture
medium (Dulbeccos modified Eagles medium (DMEM), 10% fetal bovine serum, 1% glutamine, and
1% penicillin—streptomycin)

3.1.2  Sacrifice the three-week-old male Sprague-Dawley (SD) rats by cervical vertebra dislocation.
Soaked the animal in 100 mL 75% alcohol solution in a beaker for 5 min.

3.1.3  Take the animal out from the beaker and put it face down the operation table.

3.1.4 Open the back skin of the animal with a scissor and a forceps. Isolate the skin and muscle
tissues to expose the thigh femurs.

3.1.5 Isolate the thigh femurs and put it in 30 mL PBS in a 50 mL centrifugal tube. Two thigh femurs
put in one tube. Vortex the centrifugal tube to wash the tissue thoroughly. Repeat this step for twice.
3.1.6  Cut both ends of the femurs with a scissor and expose the marrow cavity.

3.1.7 Aspirate 2 mL BMSCs culture medium with an injection syringe. Insert the needle in the
marrow cavity and flush out the bone marrow with culture medium. Every two thigh femurs inject
into one 100 mm culture dish.

3.1.8  For each 100 mm culture dish, add 2 mL culture medium in the culture dish.

3.1.9  Put the culture dish into the 37 °C incubator and static culture for 72 h.

3.1.10 Take out the culture dish from the incubator. Replace the supernatant with 6 mL fresh culture
medium.

3.1.11 Observe primary BMSCs in a microscope. Following this, the BMSCs were passaged every 5—
7 days.

3.2 Take the cells out of the incubator. Observe the cells in a microscope and choose suitable cells for
cell sheet construction.

NOTE: When the BMSCs reach 80-90%, the cells could be chosen as seeded cells.

Reference:

13 Wang, Y. et al. Preparation of high bioactivity multilayered bone-marrow mesenchymal stem cell
sheets for myocardial infarction using a 3D-dynamic system. Acta Biomaterialia. 72 182-195,
doi:https://doi.org/10.1016/j.actbio.2018.03.052, (2018).

Comment 7

Please provide more specific information about the peptide gel, like its mechanic properties,
working temperature and what need to be aware of while handing the gel. If possible, please add
some discussion about how it is more superior than other forms of matrix.

Author answer:

Thank you for your comment. This is a good question. The RAD16-I is a commercial hydrogel peptide

14



(Puramatrix, BD, Erembodegem, Belgium), and it consist of 1% amino acid and 99% water. And several
studies reported that this hydrogel could mimick the natural fiber structure and support cell growth
in vitro. In the present protocol, 3 million MSC suspension (in 20 pl 10% sucrose solution) was mixed
with 20 pl RAD16-1 peptide hydrogel. The volume ratio of the cell suspension and the peptide hydrogel
is 1:1. Because the peptide molecules are sensitive to the environment pH value. When the pH value
change from acid to neutral, the peptide molecules would automatically assembly as nanofiber
structure and form 3D network structure. Therefore, after the cells mix with peptide hydrogel, the
cell mixture will change from liquid to hydrogel in a short time. This phenomenon would make it hard
to evenly add the cell mixture on the scaffold and cause abundant cell loss. Therefore, a favorable
cell-hydrogel should be an even mixture of the cell suspension and the peptide hydrogel, and the cell
mixture could be evenly added on the scaffold. Thank you again for your valuable suggestion, now
we have revised the corresponding discussion as below.

Revisions:

Discussion:

Constructing the temporary multilayered cell structure is the critical step of the protocol. The RAD16-
| is a commercial hydrogel peptide, and it consists of 1% amino acid and 99% water. Several studies
reported this peptide hydrogel could mimic the natural ECM environment and is beneficial for stem
cell proliferating and surviving®>-'’. In the present protocol, 3 million MSC suspension (in 20 uL 10%
sucrose solution) was mixed with 20 uL RAD16-| peptide hydrogel. The volume ratio of the cell
suspension and the peptide hydrogel is 1:1. This peptide hydrogel is sensitive to the environment pH
value, and the peptide molecules would automatically form the 3D network when the pH value
changes from acid to neutral. Because the cell surface contains charged particles, so the cell mixture
will change from liquid to hydrogel in a short time, which would have great influence on evenly mixing
the cells. Therefore, a favorable cell-hydrogel should be an even mixture of the cell suspension and
the peptide hydrogel, and the cell mixture could be evenly added on the scaffold. The researchers
could optimize the mixture condition by altering the seeded cell number, sucrose solution volume,
and the peptide hydrogel volume according to their actual need. It is worthwhile to notice that
washing the cells with 10% sucrose solution and evenly mixing the cell-hydrogel mixture are the
critical steps of the protocol, and the uneven mixture could cause great cell loss and unstable
temporary multilayered structure.

Comment 8

How to measure stem cell bioactivity of the cells embedded in the construct? Please provide some
reference to show the benefits of the model on stem cell activity.

Author answer:

Thank you for your comment. This is an important question. The present protocol has been reported
to construct a MSC cell sheet for myocardial infarction therapy in our previous study. We focused on
the influence of nutrition supply on the stem cell bioactivity. Following the construction of
multilayered cell sheet, the cell sheets were either cultured in the dynamic perfusion system (dynamic
culture cell sheet, DCcs) or traditional static culture dish (static culture cell sheet, SCcs). After 48 h
culture in vitro, the cells within the cell sheet were digested into single cells, and the cell numbers,
cell apoptosis, cell proliferation ability, and stem cell markers expression levels were analyzed. The
results showed the DCcs exhibited lower cell apoptosis, better cell proliferation ability, and higher
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levels of MSC stem cell markers expression. Also, the cells within DCcs exhibited normal ultrastructure
in the TEM analysis. These results supported that using the present construction method could
efficiently acquire a multilayered MSC cell sheet with favorable stem cell property. For your
convenience, corresponding results are shown below.

Related previous results

Reference:

13 Wang, Y. et al. Preparation of high bioactivity multilayered bone-marrow mesenchymal stem cell
sheets for myocardial infarction using a 3D-dynamic system. Acta Biomaterialia. 72 182-195,
doi:https://doi.org/10.1016/j.actbio.2018.03.052, (2018).

3.3. Structure and stem cell characteristics of DCcs

3.4. BMSC bioactivities and ultrastructure within multilayered cell sheet in vitro

The effect of culture system on cell apoptosis was evaluated by the TUNEL assay, more apoptosis
positive staining could beobserved in the SCcs compared to DCcs (Fig. 4A). The apoptosis rate
quantified by Annexin/Pl flow cytometry assay, and BMSC within DCcs (6.3 + 1.0%) showed
significantly lower apoptosis rate compared to SCcs (70.6 + 4.0%) (Fig. 4B). The survived BMSC from
DCcs exhibited significantly greater proliferation ability than the cells from SCcs (Fig. 4C). Furthermore,
the BMSC from DCcs and SCcs demonstrated different ultrastructures: in the DCcs group, the BMSC
showed regular rough endoplasmic reticulum, normal mitochondria, and rich microvillus. However,
in the SCcs cells, endoplasmic reticulum dilatation and degranulation were obviously observed.
Normal mitochondria structures were scarcely found in the SCcs group, and medullary corpuscles
were identified in the lysosome, representing the ridding of damaged mitochondria. Few microvilli
could be seen around the SCcs cells (Fig. 4D). In addition, the levels of HGF, bFGF, IGF-1, and VEGF
from the DCcs culture medium were significantly higher than those of SCcs (Fig. 4E).
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Fig. 4. Bioactivities and ultrastructures of BMSC within DCcs and SCcs. (A) TUNEL cell apoptosis
results of DCcs and SCcs. (B) Annexin/PI flow cytometry analysis results of the cell apoptosis rate. (C)
Proliferation ability assay of BMSC from DCcs and SCcs. (D) Ultrastructure of BMSC within DCcs and
SCcs, where the representative images show the structures of the nuclei (N), endoplasmic reticulum
(ER), mitochondria (M) and microvillus. The white arrow indicates the endoplasmic reticulum
degradation, while the black arrow indicates that the damaged mitochondria were cleared by
lysosome. (E) The levels of HGF, bFGF, IGF-1, and VEGF in DCcs and SCcs. *p < 0.05.

Comment 9
Please provide some evidence, or reference, showing that the stem cells are proliferating in the

scaffolds. 3 million cell on a 10.5mm sheet seems like a high cell density to start with.

Author answer:

Thank you for your comment. This is a good question. So far, the insufficient nutrition supply within
the multilayered cell sheet structure remains a major influence on preserving the stem cell bioactivity.
The present protocol aims to provide a possible solution for constructing a multilayered stem cell
sheet as well as preserving the stem cell viability. You are right about that seeding 3 million cells in a
10.5 mm diameter sheet is a high cell density. In order to maintain the stem cell bioactivity, we
developed the present multilayered cell sheet construction method. The RAD16-| peptide hydrogel
was used to shorten the construction period of multilayered cell structure, and a dynamic perfusion
system was used to improve the nutrition supply within the multilayered structure. In our previous
study, the cell sheet structure (density), cell numbers, cell apoptosis, and cell proliferation ability were
analyzed, and corresponding results are shown below for your convenience. Also, we will keep on
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optimizing the construction parameters to further improve the cell sheet properties.

Related previous results

Reference:

13 Wang, Y. et al. Preparation of high bioactivity multilayered bone-marrow mesenchymal stem cell
sheets for myocardial infarction using a 3D-dynamic system. Acta Biomaterialia. 72 182-195,
doi:https://doi.org/10.1016/j.actbio.2018.03.052, (2018).

3.3. Structure and stem cell characteristics of DCcs

The BMSC was positive for CD90 and CD29, and negative for CD45. And the BMSC showed osteogenic
and adipogenic abilities in the differentiation assay (Supplementary Fig. S1). P3—P5 BMSC was used
for cell sheet construction, and once the multilayered BMSC cell sheet was cultured in either the 3D-
dynamic system or traditional static conditions for 48 h, DCcs and SCcs were acquired. The DCcs cell
number was counted as 3.4 + 0.3x10°, while that of SCcs was counted as 2.0 + 0.4x10°. The
appearances and structural characteristics are illustrated in Fig. 3. The thickness of DCcs (749 + 48
um) and SCcs (801 + 52 um) showed no significant differences. More uniform cell organization of DCcs
was noted in the SEM images, compared to the irregular cell distribution observed in SCcs.
Furthermore, the cell-to-cell distance in DCcs (21 £ 5 um) is significantly smaller than that of SCcs (24
+ 8 um) (Fig. 3A and B). In order to observe the differentiation condition of DCcs and SCcs, the
expression of BMSC surface markers CD90 and CD29 were determined by means of
immunofluorescence staining and flow cytometry (Fig. 3C and D). The expression of the stem cell
marker decreased in DCcs and SCcs after 48 h of culture in vitro, but significantly higher CD90 and
CD29 expression levels were maintained in DCcs than SCcs.
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Fig. 3. Structure and stem cell characteristics of multilayered cell sheet. (A) Appearance, structure,
and SEM results of DCcs and SCcs. (B) Measurement and analysis of cell sheet structure. Cell sheet
thickness (n = 10), cell-to-cell distance (n > 100), cell number on Y-axis (n = 10) and X-axis (n = 10). (C)
Immunofluorescence staining results of CD90 (green) and CD29 (red) in DCcs and SCcs. (D) Following
48 h culture in vitro, cells within DCcs and SCcs were digested and the expressions of CD90 and CD29

were determined by flow cytometry. *p < 0.05.

3.4. BMSC bioactivities and ultrastructure within multilayered cell sheet in vitro

The effect of culture system on cell apoptosis was evaluated by the TUNEL assay, more apoptosis
positive staining could beobserved in the SCcs compared to DCcs (Fig. 4A). The apoptosis rate
quantified by Annexin/Pl flow cytometry assay, and BMSC within DCcs (6.3 + 1.0%) showed
significantly lower apoptosis rate compared to SCcs (70.6 + 4.0%) (Fig. 4B). The survived BMSC from
DCcs exhibited significantly greater proliferation ability than the cells from SCcs (Fig. 4C).
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Fig. 4. Bioactivities and ultrastructures of BMSC within DCcs and SCcs. (A) TUNEL cell apoptosis

results of DCcs and SCcs. (B) Annexin/PI flow cytometry analysis results of the cell apoptosis rate. (C)
Proliferation ability assay of BMSC from DCcs and SCcs.

Comment 10
For the perfusion culture system, please give a picture of the pump system, or a picture of cellurized

DPP in the pump system, or draw a diagram to show how the system is connected.
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Author answer:

Thank you for your comment. This is a good suggestion for improving the quality of the article. and
we have added a figure to show the elements and the connection of the pump system. Corresponding
revisions are shown below.
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Figure 2. The tissue carrier and the dynamic perfusion system. (A) The 13 mm diameter tissue carrier.
(B) The assembly of dynamic perfusion system.

Comment 11

Please show some pictures to compare the seeded cells before and after the perfusion culture step.
Please explain more about how it helps the cells to be stabilized in the construct.

Author answer:

Thank you for your comment. (1) This is an important question. The aim of the present construction
method was to preserve the stem cell property of the seeded cells, so it is important to compare the
cell properties before and after the perfusion culture step. We have characterized the MSC before
cell sheet construction, and corresponding results have been reported in our previous study (Shown
below). Thank you again for your valuable advice, we have now added the MSC CD90 and CD29
immunofluorescence staining results before cell sheet construction as the control group.

Related previous results

Reference:

13 Wang, Y. et al. Preparation of high bioactivity multilayered bone-marrow mesenchymal stem cell
sheets for myocardial infarction using a 3D-dynamic system. Acta Biomaterialia. 72 182-195,
doi:https://doi.org/10.1016/j.actbio.2018.03.052, (2018).

3.3. Structure and stem cell characteristics of DCcs
The BMSC was positive for CD90 and CD29, and negative for CD45. And the BMSC showed osteogenic
and adipogenic abilities in the differentiation assay (Supplementary Fig. S1).
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Supplementary Figure S1: Characterization of the bone-marrow mesenchymal stem cells (BMSCs).
(A) Cell morphology of Passage 3 rat BMSCs. (B) Alizarin red staining result of the BMSC underwent
14 days of osteogenic induction. (C) Oil Red O staining result of the BMSC underwent 21 days of
adipogenic induction. (D) Flow cytometry analysis results of BMSCs stem cell surface markers.

Revisions:

As the immunofluorescence staining result shows, the BMSCs is highly positive for the stem cell
markers CD90 and CD29. After the cell sheet construction, the BMSCs within the multilayered cell
sheet remained high levels of CD29 and CD90(Figure 5).

CD29

Figure 5. Immunofluorescence staining results of BMSC stem cell markers expression. (A)
Immunofluorescence staining results of BMSC before cell sheet construction. (B)
Immunofluorescence staining results of the multilayered BMSCs cell sheet section. CD90 (green) and
CD29 (red) were positively expressed in the BMSCs and the cell sheet.



(2) Based on the DPP scaffold, we used RAD16-I| peptide hydrogel as a temporary 3D scaffold to quickly
construct a multilayered cell sheet. However, the mechanical strength of the hydrogel was not strong
enough to maintain the multilayered cell sheet structure, and stable cell connections and ECM
secretions are needed to enhance the stability of the cell sheet. Additionally, the nutrition supply is
closely related to the cell survival within the cell sheet. Previous result showed that the using dynamic
perfusion system could decrease the cell apoptosis within the cell sheet, and more cells could be
preserved in the multilayered cell sheet structure. Also, the remaining cell number within the dynamic
perfusion cell sheet (DCcs) was significantly higher than the static control group. In order to better
clarify the relationship between the perfusion culture and the cell sheet structure stability, the
discussion has been revised as below:

Related previous results

3.3. Structure and stem cell characteristics of DCcs

The BMSC was positive for CD90 and CD29, and negative for CD45. And the BMSC showed osteogenic
and adipogenic abilities in the differentiation assay (Supplementary Fig. S1). P3—P5 BMSC was used
for cell sheet construction, and once the multilayered BMSC cell sheet was cultured in either the 3D-
dynamic system or traditional static conditions for 48 h, DCcs and SCcs were acquired. The DCcs cell
number was counted as 3.4 + 0.3x10°, while that of SCcs was counted as 2.0 + 0.4x10°. The
appearances and structural characteristics are illustrated in Fig. 3. The thickness of DCcs (749 + 48
um) and SCcs (801 + 52 um) showed no significant differences. More uniform cell organization of DCcs
was noted in the SEM images, compared to the irregular cell distribution observed in SCcs.
Furthermore, the cell-to-cell distance in DCcs (21 £ 5 um) is significantly smaller than that of SCcs (24
+ 8 um) (Fig. 3A and B). In order to observe the differentiation condition of DCcs and SCcs, the
expression of BMSC surface markers CD90 and CD29 were determined by means of
immunofluorescence staining and flow cytometry (Fig. 3C and D). The expression of the stem cell
marker decreased in DCcs and SCcs after 48 h of culture in vitro, but significantly higher CD90 and
CD29 expression levels were maintained in DCcs than SCcs.

A Appearance Structure

DCcs

801 £ 52 um

SCcs

B 1000 60 * 30 50 *
€ £ 0 R
= 800 250 g %20 % 40
a g q > =<
L 2 40 c =
£ 600 K] o 615 S 30
k] 2 2 2
= 5 30 3 ]
= 400 = g10 £ 20
3 O 20 = =]
2 o £ E
= 200 Z10l 35 F 10
(7] [T} o ()
Yoo “ o 0 0
DCcs SCcs DCcs SCcs DCcs SCcs DCcs SCcs

22



Fig. 3. Structure and stem cell characteristics of multilayered cell sheet. (A) Appearance, structure,
and SEM results of DCcs and SCcs. (B) Measurement and analysis of cell sheet structure. Cell sheet
thickness (n = 10), cell-to-cell distance (n > 100), cell number on Y-axis (n = 10) and X-axis (n = 10).

Revisions:

Discussion:

Following adding the cell-hydrogel mixture on the DPP scaffold, the mechanical strength of the
multilayered cell sheet structure is weak. Because the peptide hydrogel network was not strong
enough to maintain the long-term multilayered cell structure, and cell connections and ECM
secretions are needed to enhance the stability of the cell sheet. Moreover, the dynamic infiltration of
the culture medium could facilitate the stem cells to proliferate and establish cell contacts within the
multilayered cell structure, while insufficient nutrition supply would cause cell apoptosis and reduce
the cell density of the cell sheet!3. Therefore, the dynamic perfusion system is important for stabilizing
the multilayered cell sheet structure. In addition, the appropriate flow rate of the culture medium
should be adjusted according to the specific stem cell type and cell seeding density.

Comment 12

Line 211: "it could be temporarily preserved in the 1.5 ml tube before examination": in what buffer?
For how long? Temperature?

Author answer:

Thank you for your comment. We have added more details about storing the cell sheet in the
corresponding parts as follows:

Revisions:

6. Obtain the multilayered MSC cell sheet.

6.5. For short preservation, each cell sheet could be transfer to a 1.5 mL centrifugal tube with the
forceps. The DPP scaffold should be attached to the inner wall of the centrifugal tube, and the cell
sheet should spread out in the centrifugal tube as much as possible.

6.6. Gently add 1 mL culture medium in the centrifugal tube to immerse the cell sheet.

6.7. Close the cap of the centrifugal tube and stored the cell sheet in 4 °C.

NOTE: The cell sheet should be transplanted or analyzed as soon as possible. The cell sheet is

recommended to be used within 4 h.

Representative results:

When the stem cells reached 80~90% confluency, the cells are isolated from the culture dish and
washed with 10% sucrose solution. After centrifugation, the cells are mixed with the RAD16-I peptide
hydrogel and added on the rehydrated DPP scaffold. Temporary multilayered structure is formed
following a 2 h static culture. Finally, the multilayered BMSC cell sheet product (Figure 4) is acquired
following a 48 h culture in the dynamic perfusion system. With the support of DPP scaffold, the cell
sheet could be easily manipulating with the forceps, and it could be temporarily preserved in culture
medium in the 1.5 mL tube at 4 °C for 4 h before examination or transplantation (Figure 4). As the
immunofluorescence staining result shows, the BMSCs within the multilayered cell sheet are highly
positive expression for stem cell markers CD29 and CD90(Figure 5).
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Minor concerns

Comment 1

Protocol 1.3. Line 87: please specify "keep in wet". Constantly add PBS on top while dissecting or
dissect within PBS?

Author answer:

Thank you for your comment. We have added more details about storing the cell sheet in the
corresponding parts as follows:

Protocol:
1. Preparation of DPP scaffold with PLA; decellularized method?'. (Figure 1A)
NOTE: Keep the FPP in wet by adding 50 mL PBS every 20 min during the removal of adipose tissue.

Comment 2

1. 11. Line 100: how often to weigh the samples to know they had reached a "constant weight"?
Author answer:

Thank you for your comment. The purpose of this step is to ensure that the sample is completely
dried and free of moisture. Multiple weighing methods can be used to determine that the sample has
been dried. We have added more details about weighing the samples in the corresponding parts as
follows:

Protocol:

1. Preparation of DPP scaffold with PLA; decellularized method'* (Figure 1A).

NOTE: The sample needs to be completely dried. Weigh the DPP sample every 10 minutes and repeat
more than 3 times until the weight is no longer changed.

Comment 3

Line 70: "multilayered BMSCs cell sheet was successfully prepared and an exhibited optimal
therapeutic effect on the rat myocardial infarction model". Please provide references.

Author answer:

Thank you for your comment. We are sorry for the carelessness. The MSC cell sheets have been
developed, also, the multilayered BMSCs cell sheet described in the present protocol has been
previously reported as a cardiac cell sheet, and transplanting the cell sheet in a rat myocardial
infarction model exhibited favorable outcome after 4 months. Thank you for your kind reminder, and
the corresponding references have now been added.

Revision:

Introduction:

Using this system, a multilayered BMSCs cell sheet was successfully prepared and exhibited optimal
therapeutic effect on the rat myocardial infarction model*3.

Reference:

13 Wang, Y. et al. Preparation of high bioactivity multilayered bone-marrow mesenchymal stem
cell sheets for myocardial infarction using a 3D-dynamic system. Acta Biomaterialia. 72 182-
195, doi:https://doi.org/10.1016/j.actbio.2018.03.052, (2018).
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Comment 4

Section 4.5. Line 158: please specify how to remove medium from the scaffolds. Use vacuum with
glass pipette or more gentle means?

Author answer:

Thank you for your comment. The culture medium on the scaffold was aspirated with a tip. A more
careful operation description has been rewritten as below:

Revision:
4. Preparing BMSCs and RAD16-I peptide hydrogel mixture (Figure 1B).
4.5 Take out the DPP scaffold within the tissue carrier and gently aspirate the culture medium with a

tip.

Comment 5

Line 49: please give references about cell sheet applications

Author answer:

Thank you for your comment. The cell sheet techniques have been used in many tissue/organs
regeneration areas, including myocardial regeneration, teeth regeneration, and cartilage
regeneration. Thank you for your kind reminder, and the corresponding references have now been
added.

Revisions:

Introduction:

So far, certain types of cell sheet were constructed and studied in the treatment of myocardial
infarction®, cartilage injury®, and skin wound’.

Reference:

5 Alshammary, S. et al. Impact of cardiac stem cell sheet transplantation on myocardial
infarction. Surgery Today. 43 (9), 970-976, doi:10.1007/s00595-013-0528-2, (2013).

6 Chen, G. P. et al. The use of a novel PLGA fiber/collagen composite web as a scaffold for

engineering of articular cartilage tissue with adjustable thickness. Journal of Biomedical
Materials Research Part A. 67a (4), 1170-1180, doi:10.1002/jbm.a.10164, (2003).

7 Cerqueira, M. T. et al. Human Adipose Stem Cells Cell Sheet Constructs Impact Epidermal
Morphogenesis in Full-Thickness Excisional Wounds. Biomacromolecules. 14 (11), 3997-4008,
d0i:10.1021/bm4011062, (2013).

Comment 6

Line 202: "Additionally, the scaffolds could be modified as a growth factor control release system
to support stem cell growth and improve the in vivo regeneration." Please specify how this can be
achieved or give references.

Author answer:

Thank you for your comment. This is a good question. In our previous study, we prepared a DPP
scaffold by using the PLA; decellularized method. Also, we used the aspartic acid as the spacer arm
to crosslink the VEGF on the DPP scaffold, corresponding results are shown below for your
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convenience, and the reference has been added in the protocol.

Related previous results

13 Wang, Y. et al. Preparation of high bioactivity multilayered bone-marrow mesenchymal stem
cell sheets for myocardial infarction using a 3D-dynamic system. Acta Biomaterialia. 72 182-
195, doi:https://doi.org/10.1016/j.actbio.2018.03.052, (2018).

3.2. Established VEGF controlled release system for DPP by crosslinking Asp

After crosslinking Asp on DPP, the FTIR spectroscopy results showed stronger bands at 3315, 1745,
and 1180 cm™ in DPP-Asp compared to DPP. The characteristic band of the carbonyl group(-C=0) of
the amido bond at 1637 cm™ was strengthened in DPP-Asp-VEGF compared to DPP-Asp, while the
stretching vibration band of the carbonyl group (-C=0) of carboxy (—COOH) at 1745 cm™ decreased
(Fig. 2A). These changes indicated that VEGF successfully crosslinked on the DPP scaffold by bonding
the carboxyl from Asp. Moreover, the XRD results indicate that the collagen fiber arrangement order
was enhanced in DPP-Asp compared to DPP (Fig. 2B). The surface hydrophilicity of the scaffolds was
examined by contact angle assay, and significant differences were observed among DPP, DPP-Asp and
DPP-Asp-VEGF (Fig. 2C). The controlled release effect of DPP-Asp-VEGF was examined by ELISA. In the
DPP-VEGF group, VEGF exhibited a burst release of 53 + 8% by the first day, while the release rate of
VEGF in the DPP-Asp-VEGF group was 19 + 2%. The results indicate that VEGF was successfully
crosslinked and achieve stable release within seven days on DPP-Asp-VEGF (Fig. 2D and E).
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Fig. 2. Using Asp as a spacer arm improved VEGF crosslinking on DPP. (A) FTIR results of DPP, DPP-
Asp, and DPP-Asp-VEGF. The black arrow indicates the change bands between different groups: 3315
cmindicates the stretching vibration band of the hydroxyl group (—OH) and amine (-NH); 1745 cm™
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indicates the stretching vibration band of the carbonyl group (—C=0) in carboxyl (-COOH); 1637 cm™
indicates the carbonyl group (—C=0) in the amido bond; and 1180 cm™ indicates the carbon-nitrogen
bond from the primary amine bond of Asp. (B) XRD measurement results of DPP, DPP-Asp, and DPP-
Asp-VEGF. (C) Contact angle assay of DPP, DPP-Asp, and DPP-Asp-VEGF. (D) Cumulative release rate
of VEGF with time. (E) Release rate of VEGF with time, *P<<0.05.

Revisions:
Additionally, the scaffolds could be modified as a growth factor control release system to support
stem cell growth and improve the in vivo regeneration?3.

Reference:

13 Wang, Y. et al. Preparation of high bioactivity multilayered bone-marrow mesenchymal stem
cell sheets for myocardial infarction using a 3D-dynamic system. Acta Biomaterialia. 72 182-
195, doi:https://doi.org/10.1016/j.actbio.2018.03.052, (2018).

Comment 7

Line 211: "it could be temporarily preserved in the 1.5 ml tube before examination": in what buffer?
For how long? Temperature?

Author answer:

Thank you for your comment. We have added more details about storing the cell sheet in the
corresponding parts as follows:

Representative results:

When the stem cells reached 80~90% confluency, the cells are isolated from the culture dish and
washed with 10% sucrose solution. After centrifugation, the cells are mixed with the RAD16-1 peptide
hydrogel and added on the rehydrated DPP scaffold. Temporary multilayered structure is formed
following a 2 h static culture. Finally, the multilayered BMSC cell sheet product (Figure 4) is acquired
following a 48 h culture in the dynamic perfusion system. With the support of DPP scaffold, the cell
sheet could be easily manipulating with the forceps, and it could be temporarily preserved in culture
medium in the 1.5 mL tube at 4 °C for 6 h before examination or transplantation (Figure 4). As the
immunofluorescence staining result shows, the BMSCs within the multilayered cell sheet are highly
positive expression for stem cell markers CD29 and CD90(Figure 5).
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Response to reviewer 2

Major Concerns

while the manuscript reads well and the method is generally well described, it needs to be revised
by a native english speaker for style. Some detail is needed, such as the production of PLA2 scaffolds.
Author answer:

We appreciate your prompt reviews and valuable suggestions, and we had revised the manuscript
according to your comments and suggestions. We have checked the spellings and grammars in the
article and revised the wrong expressions.

Revisions:

1. Preparation of DPP scaffold with PLA; decellularized method!* (Figure 1A).

1.1. Prepare 100 mL 200 U/mL PLA; solution. Add 0.5 g sodium deoxycholate and 2 mL PLA; in 198
mL carbonate buffer solution. This solution should be used within 24 h after preparation.

1.2. Obtain the fresh porcine pericardium (FPP) from the slaughterhouse and return to the
laboratory within 1 h.

NOTE: The FPP should be stored at 4 °C during the transportation.

NOTE: Step 2 to step 10 should be conducted with continuous shaking in a thermo stat controlled

water bath.

1.3. Wash the FPP with 200 mL PBS contained 1% penicillin-streptomycin thoroughly in 500 mL
beaker at 10 °C  for 10 min. Repeat this step for twice.

1.4. Split the FPP in to two layers and remove the adipose tissue with forceps and scissors.

NOTE: Keep the FPP in wet by adding 50 mL PBS every 20 min during the removal of adipose tissue.

1.5. Shape the FPP into 10x10 cm? pieces with a scissor.

1.6. Wash the FPP with 200 mL carbonate buffer solution (CBS) contained 1% penicillin-streptomycin
in 500 mL beaker at 10 °C for 10 min. Repeat this step for twice.

1.7. Transfer the FPP into pure water and soaked at 10 °C for 12 h.

1.8. Soak 10x10 cm? sample in 50 mL CBS contained 200 U/mL PLA; and 0.5% (w/v) sodium
deoxycholate solution at 37 °C for 6 h.

1.9. Wash the samples with CBS contained 1% penicillin-streptomycin at 10 °C for 10 min. Repeat
this step for twice.

1.10. Soak each sample in 50 mL CBS contained 200 U/mL PLA; and 0.5% (w/v) sodium deoxycholate
solution at 37 °C for 2 h.

1.11. Wash the samples with CBS contained 1% penicillin-streptomycin at 10 °C for 2 h. Repeat this
step for 10 times at least.

1.12. Place the samples in flat plates and dry the samples to a constant weight in a constant
temperature oven at 55 °C.

NOTE: The sample needs to be completely dried. Weigh the DPP sample every 10 minutes and repeat

more than 3 times until the weight is no longer changed.

1.13. Shape the DPP samplesinto 10.5 mm diameter circle with a trephine. Pack each DPP with sterile
sealed bag.

1.14. Sterilize the DPP samples by g-irradiation (25 kGy).

1.15. Stored the DPP samples at 4 °C before use.

NOTE: All samples can be stored for up to 6 months at 4 °C.
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Response to reviewer 3

Major concerns

Comment 1

Title contains "multilayered 3D structure", but there was no data or text describing multilayered
structure. It was not clear what type of multilayered structure they were referring to. Please clarify
the terminology.

Author answer:

Thank you for your comment. This is an important question. The definition of the cell sheet was first
brought up by Y. Miyahara and his colleague. By using the thermo-responsive culture dish, a confluent
monolayered MSC cell sheet was constructed. And then they construct a multilayered cell sheet by
staking the 3 layers monolayered cell sheet to increase the cell sheet thickness and cell survival rate
within the infarcted area. After that, many scientists developed different methods to construct
multilayered cell sheet (more than 3 layers), such as using magnetic nanoparticles, porous scaffolds.
The present study introduces the DPP was used as a scaffold, and the seeded cells were mixed with
the nano peptide hydrogel to construct the multilayered cell sheet. The multilayered cell structure
was shown in the previous study, and 15 to 20 cell layers were counted within the cell sheet. Thank
you again for your valuable comment, we have now made revision to article for better clarification:

Revisions:

Introduction:

To solve this problem, tissue engineering scientists developed the cell sheet technique. A
monolayered cell sheet with intact extracellular matrix was firstly prepared by using the temperature-
response culture dish1, and its follow-up studies reported the significant improvements of stem cell
retention and survival within the infarcted area?3. Among, constructing the multilayered cell sheet
have been reported as an effective strategy for improving the cell survival and the cell sheet
therapeutic effect®*. Since then, scientists worked on developing different cell sheet construction
methods in order to increase the cell amount, stem cell property, and mechanical property of the cell
sheets. So far, certain types of cell sheet were constructed and studied in the treatment of myocardial
infarction®, cartilage injury®, and skin wound’.

References:

3 Narita, T. et al. The Use of Scaffold-free Cell Sheet Technique to Refine Mesenchymal Stromal
Cell-based Therapy for Heart Failure. Molecular Therapy. 21 (4), 860-867,
do0i:10.1038/mt.2013.9, (2013).

4 Matsuo, T. et al. Efficiently Piled-Up Cardiac Tissue-Like Sheets With Pluripotent Stem Cell-
Derived Cells Robustly Promotes Cell Engraftment and Ameliorates Cardiac Dysfunction After
Myocardial Infarction. Circulation. 128 (22), (2013).

Comment 2

To show retention of the cells on the sheet, comparison of a tissue size or cell density between
starting and ending product should be included. But there was no information showing initial cell
seeding density and remaining cell density after 48 hours of dynamic culture. It is likely that cells
would bind on matrix at some extent but to showing high binding and retention will be very
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beneficial for stem cell delivery.

Author answer:

Thank you for your comment. This is an important question. The present protocol introduces a fast
construction method of the multilayered cell sheet, and a dynamic perfusion system is used to
maintain the nutrition supply within the multilayered structure. Measuring the cell seeding density is
of great importance. In the previous related study, we aimed to construct the multilayered cell sheet
and developed a 3D dynamic system to ensure the nutrition supply of the stem cells, and the cell
density and stem cell property within the cell sheets were measured. The results showed that a higher
cell density was observed in the dynamic perfusion group (DCcs) compared to the static culture group
(SCcs), and higher levels of stem cell surface markers were observed in the dynamic perfusion group.
These results indicate using the dynamic perfusion system could preserve high cell density,
multilayered structure, and stem cell property of the cell sheet. It is also a good advice to compare
the initial cell seeding density and the remaining cell seeding density after 48 h culture. Thank you
again for your valuable advice, we will consider your suggestion in the following studies. And
corresponding reference and revision are shown as follows:

Related previous results

13 Wang, Y. et al. Preparation of high bioactivity multilayered bone-marrow mesenchymal stem
cell sheets for myocardial infarction using a 3D-dynamic system. Acta Biomaterialia. 72 182-
195, doi:https://doi.org/10.1016/j.actbio.2018.03.052, (2018).

3.3. Structure and stem cell characteristics of DCcs

The BMSC was positive for CD90 and CD29, and negative for CD45. And the BMSC showed osteogenic
and adipogenic abilities in the differentiation assay (Supplementary Fig. S1). P3—P5 BMSC was used
for cell sheet construction, and once the multilayered BMSC cell sheet was cultured in either the 3D-
dynamic system or traditional static conditions for 48 h, DCcs and SCcs were acquired. The DCcs cell
number was counted as 3.4 + 0.3x10°, while that of SCcs was counted as 2.0 + 0.4x10°. The
appearances and structural characteristics are illustrated in Fig. 3. The thickness of DCcs (749 + 48
um) and SCcs (801 + 52 um) showed no significant differences. More uniform cell organization of DCcs
was noted in the SEM images, compared to the irregular cell distribution observed in SCcs.
Furthermore, the cell-to-cell distance in DCcs (21 + 5 um) is significantly smaller than that of SCcs (24
+ 8 um) (Fig. 3A and B). In order to observe the differentiation condition of DCcs and SCcs, the
expression of BMSC surface markers CD90 and CD29 were determined by means of
immunofluorescence staining and flow cytometry (Fig. 3C and D). The expression of the stem cell
marker decreased in DCcs and SCcs after 48 h of culture in vitro, but significantly higher CD90 and
CD29 expression levels were maintained in DCcs than SCcs.
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Fig. 3. Structure and stem cell characteristics of multilayered cell sheet. (A) Appearance, structure,
and SEM results of DCcs and SCcs. (B) Measurement and analysis of cell sheet structure. Cell sheet
thickness (n = 10), cell-to-cell distance (n > 100), cell number on Y-axis (n = 10) and X-axis (n = 10).

Comment 3

The authors mentioned dynamic perfusion system but there was no description about their flow
rate and how they optimized this dynamic condition.

Author answer:

Thank you for your comment. This is an important question. The dynamic culture parameters have
great impacts on the cell sheet structure and the cell metabolism. If the flow rate is high, big fluid
shearing force may destroy the structure of the cell sheet. If the flow rate is low, the stem cells within
the cell sheet may differentiate or apoptotic owing to the low nutrition and metabolism exchange
efficiency. As different cell types would form different cell connections and exhibit different
characteristics, such as the MSC and the epithelial stem cells, researchers should analyze the seeded
cell biological characteristics within the cell sheets, to find the ideal dynamic perfusion flow rate (or
fluid shearing force), including cell density, cell apoptosis, and stem cell differentiation. Furthermore,
these analyses were helpful in understanding the therapeutic effects of cell sheet in vivo. Thank you
again for your valuable advice, and corresponding reference and revision are shown as follows:

Revision:

Protocol

5. Invitro culture of 3D multilayered cell sheet using a dynamic culture system.

5.5 Put the dynamic perfusion system in the incubator and start the pump. Set the flow rate of the
peristaltic pump as 8 mL/min. Culture the cell sheet in the dynamic perfusion system for 48 h.
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Comment 4

What was the concentration of RAD16-1 for mixture composition? What was their criteria for
optimized mixture condition?

Author answer:

Thank you for your comment. This is an important question. The RAD16-l is a commercial hydrogel
peptide (Puramatrix, BD, Erembodegem, Belgium), and it consist of 1% amino acid and 99% water. In
the present protocol, 3 million MSC suspension (in 20 uL 10% sucrose solution) was mixed with 20 pL
RAD16-1 peptide hydrogel. The volume ratio of the cell suspension and the peptide hydrogel is 1:1.
Because the peptide molecules are sensitive to the environment pH value. When the pH value change
from acid to neutral, the peptide molecules would automatically assembly as nanofiber structure and
form 3D network structure. Therefore, after the cells mix with peptide hydrogel, the cell mixture will
change from liquid to hydrogel in a short time. This phenomenon would make it hard to evenly add
the cell mixture on the scaffold and cause abundant cell loss. Therefore, a favorable cell-hydrogel
should be an even mixture of the cell suspension and the peptide hydrogel, and the cell mixture could
be evenly added on the scaffold. The researches could achieve this goal by altering the seeded cell
number, sucrose solution volume, and the peptide hydrogel volume according to their actual need.
Thank you again for your valuable suggestion, now we have revised the corresponding discussion as
below:

Revisions:

Discussion:

Constructing the temporary multilayered cell structure is the critical step of the protocol. The RAD16-
| is a commercial hydrogel peptide, and it consists of 1% amino acid and 99% water. Several studies
reported this peptide hydrogel could mimic the natural ECM environment and is beneficial for stem
cell proliferating and surviving®>-'’. In the present protocol, 3 million MSC suspension (in 20 uL 10%
sucrose solution) was mixed with 20 uL RAD16-| peptide hydrogel. The volume ratio of the cell
suspension and the peptide hydrogel is 1:1. This peptide hydrogel is sensitive to the environment pH
value, and the peptide molecules would automatically form the 3D network when the pH value
changes from acid to neutral. Because the cell surface contains charged particles, so the cell mixture
will change from liquid to hydrogel in a short time, which would have great influence on evenly mixing
the cells. Therefore, a favorable cell-hydrogel should be an even mixture of the cell suspension and
the peptide hydrogel, and the cell mixture could be evenly added on the scaffold. The researchers
could optimize the mixture condition by altering the seeded cell number, sucrose solution volume,
and the peptide hydrogel volume according to their actual need. It is worthwhile to notice that
washing the cells with 10% sucrose solution and evenly mixing the cell-hydrogel mixture are the
critical steps of the protocol, and the uneven mixture could cause great cell loss and unstable
temporary multilayered structure.

Minor concerns

There were several spelling errors throughout the text. Please review the manuscript carefully..
Author answer:

Thank you for your comment. This is an important question. We have checked the spellings and
grammars in the article and revised the wrong expressions.
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