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Cover Letter

May 10th, 2019
Dear Editor,

Enclosed please find our revised manuscript entitled “Isolation and culture for
primary aortic endothelial cells of Miniature Pig” (JOVE59673R1). We have fully
addressed the reviewers’ comments and revised the manuscript, and reorganized the
figures as the reviewers’ comments, and hope that our revised manuscript is now
suitable for publication in JOVE. All major revisions to the text are highlighted in
yellow. The essential steps of the protocol for the video are highlighted in green as a
separate file for uploading. The following are the reorganization of figures compared

to the original submission:

Figure 1: add Figure 1C and Figure 1D; Figure 2: Figure 1C to Figure 2A, Figure 2A
to Figure 2B, Figure 2B to Figure 2D, Figure 2D-E to Figure 2H-I, add Figure 2C,
2E-G, delete Figure 2C.

If you have any questions, please let me know at your best convenience. Thank you

for your great effort in our manuscript.

| look forward to hearing from you.

Yours sincerely,

Hanchao Gao

Corresponding Author:

Hanchao Gao, Ph.D. Guangdong Medical University, Guangdong, China.

E-mail: (hcgao@foxmail.com)



Manuscript Click here to access/download;Manuscript;59673_R2_RE.docx 2

1 TITLE:
2 Isolation and Culture of Primary Aortic Endothelial Cells from Miniature Pigs
3
4  AUTHORS AND AFFILIATIONS:
5  Yanli Zhao'?3, Chengjiang Zhao? David K. C. Cooper®, Ying Lu3, Kewang Luo®, Huiyun Wang?,
6  Pengfei Chen?, Changchun Zeng?, Shaodong Luan?, Lisha Mou3, Hanchao Gao'?3
7
8 Department of Nephrology, Shenzhen Longhua District Central Hospital, Guangdong Medical
9  University Affiliated Longhua District Central Hospital, Shenzhen, China
10 2Department of Medical Laboratory, Shenzhen Longhua District Central Hospital, Guangdong
11 Medical University Affiliated Longhua District Central Hospital, Shenzhen, China
12 3Shenzhen Xenotransplantation Medical Engineering Research and Development Center,
13 Shenzhen Second People's Hospital, First Affiliated Hospital of Shenzhen University, Shenzhen
14 University School of Medicine, Shenzhen, China
15  “Department of Endocrinology, Shenzhen Longhua District Central Hospital, Guangdong Medical
16  University Affiliated Longhua District Central Hospital, Shenzhen, China
17  °Xenotransplantation Program, Department of Surgery, University of Alabama at Birmingham,
18  Birmingham, AL, USA
19  °®People’s Hospital of Longhua, Shenzhen, China
20
21 Corresponding authors:
22 Shaodong Luan (szkidney3@163.com)
23 Lisha Mou (lishamou@gmail.com)
24  Hanchao Gao (hcgao@foxmail.com)
25
26  Email addresses of co-authors:
27  Yanli Zhao (yanlizhao2015@126.com)
28  Chengjiang Zhao (charleszhao423@gmail.com)
29  David K. C. Cooper (dkcooper@uabmc.edu)
30 Yinglu (luying616@qg.com)
31 Kewang Luo (kewangluo@126.com)
32 Huiyun Wang (wanghyun@mail.sysu.edu.cn)
33  Pengfei Chen (413583881 @qqg.com)
34  Changchun Zeng (373821547 @qgqg.com).
35
36 KEYWORDS:
37 CD31* cells, cell culture, miniature pig, porcine aortic endothelial cells, primary cell isolation,
38  xenotransplantation
39
40 SUMMARY:
41  An effective enzymatic method for isolation of primary porcine aortic endothelial cells (pAECs)
42  from miniature pigs is described. The isolated primary pAECs can be used to investigate the
43  immune and coagulation response in xenotransplantation.

o
o


mailto:szkidney3@163.com
mailto:lishamou@gmail.com
mailto:yanlizhao2015@126.com
mailto:charleszhao423@gmail.com
mailto:dkcooper@uabmc.edu
mailto:kewangluo@126.com
mailto:wanghyun@mail.sysu.edu.cn
mailto:413583881@qq.com
https://www.editorialmanager.com/jove/download.aspx?id=1044556&guid=751220d1-b914-448b-a3b0-d5044500e063&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1044556&guid=751220d1-b914-448b-a3b0-d5044500e063&scheme=1

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

ABSTRACT:

Xenotransplantation is a promising way to resolve the shortage of human organs for patients
with end-stage organ failure, and the pig is considered as a suitable organ source. Immune
rejection and coagulation are two major hurdles for the success of xenotransplantation.
Vascular endothelial cell (EC) injury and dysfunction are important for the development of the
inflammation and coagulation responses in xenotransplantation. Thus, isolation of porcine
aortic endothelial cells (pAECs) is necessary for investigating the immune rejection and
coagulation responses. Here, we have developed a simple enzymatic approach for the isolation,
characterization, and expansion of highly purified pAECs from miniature pigs. First, the
miniature pig was anaesthetized with ketamine, and a length of aorta was excised. Second, the
endothelial surface of aorta was exposed to 0.005% collagenase IV digestive solution for 15 min.
Third, the endothelial surface of the aorta was scraped in only one direction with a cell scraper
(<10 times), and was not compressed during the process of scraping. Finally, the isolated pAECs
of Day 3, and after passage 1 and passage 2, were identified by flow cytometry with an
anti-CD31 antibody. The percentages of CD31-positive cells were 97.4% + 1.2%, 94.4% + 1.1%,
and 92.4% + 1.7% (mean + SD), respectively. The concentration of Collagenase IV, the digestive
time, the direction, and frequency and intensity of scraping are critical for decreasing fibroblast
contamination and obtaining high-purity and a large number of ECs. In conclusion, our
enzymatic method is a highly-effective method for isolating ECs from the miniature pig aorta,
and the cells can be expanded in vitro to investigate the immune and coagulation responses in
xenotransplantation.

INTRODUCTION:

The shortage of available organs for transplantation is an outstanding problem world-wide?.
According to the Red Cross Society of China, only a small number of patients with end-stage
organ failure received a suitable organ in China in 2018.

Xenotransplantation is a promising way to resolve the problem of organ shortage. Pig organs are
considered to be the most suitable organs for humans because of anatomic and physiologic
similarities®3. The failure of a pig xenograft is largely related to the primate immune rejection
and coagulation responses. Porcine endothelial cells (ECs) are critical since these cells are the
first to interact with the primate immune system, which includes antibody, complement,
cytokines, and immune cells (e.g., T cells, B cells, and macrophages)*®. Porcine ECs play a vital
role in pig organ and islet xenotransplantation®’. Thus, ECs are important cells for investigating
the rejection and coagulation responses to a pig graft. Isolation of high-quality porcine ECs is
required for xenotransplantation research.

In attempts to isolate ECs from different organs (e.g., heart, kidney, liver and aorta), several
protocols have been reported in a xenotransplant setting®!2. However, keeping an ultrapure
culture of isolated ECs is an outstanding problem in standard protocols. The increased
concentration of the digested solution, inappropriate digestion time and scrape intensity may
contribute to the increased fibroblast contamination in current studies®1%13, Besides, the
method of isolated pAECs from miniature pigs is less studied. Here, we describe an optimized
enzymatic method to isolate highly-purified pAECs from miniature pigs (Wuzhishan or Bama).
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Several steps in the protocol have been designed to reduce fibroblast contamination and obtain
high-purity ECs.

PROTOCOL:

The use of animals was approved by the Ethics Review Committee of Shenzhen Second People's
Hospital, in accordance with the principles of animal welfare.

1. Preparation of animals, medium, and buffers
1.1. Prepare the miniature pig.

NOTE: All miniature pigs were Chinese Wuzhishan or Bama pigs (male). The age and weight of
pigs were 100 days + 8 days and 5.7 kg + 1.0 kg (mean + SD, n = 3), respectively.

1.2. Prepare the culture medium: endothelial cell medium (ECM) supplemented with 10% (v/v)
heat-inactivated fetal bovine serum (FBS), 1% (v/v) penicillin/streptomycin (P/S) and 1% (v/v)
endothelial cell growth supplement (ECGS).

1.3. Prepare the washing buffer: 1x PBS solution (pH 7.4) with 1% (v/v) P/S.

1.4. Prepare a 0.005% collagenase IV digestive solution: 1 mg of collagenase IV powder in 20 mL
of PBS solution. Pre-warm the collagenase digestive solution at 37 °C prior to the digestion.

1.5. Prepare the stopping buffer: Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% heat-inactivated FBS and 1% P/S.

2. Surgery and preparation for porcine aortic endothelial cell isolation

2.1. Sterilize the operating room with UV light 1 h before performing surgery.

2.2. After anaesthetizing the miniature pig with 15 mg/kg compound ketamine (volume: 100
uL/kg) in intramuscular injection for 10-30 min (Figure 1A), confirm porcine anesthetization by
checking porcine pain reaction and respiratory rate. Wash the porcine abdominal wall 3 times
with 75% medical alcohol, and subsequently wash it once with tincture of iodine (Table of

Materials).

2.3. Cut the abdomen with a scalpel, expose the inferior vena cava and consequently inject
heparin sodium (5000 U, Table of Materials) into the inferior vena cava with 1 mL syringe.

2.4. Five minutes later, insert a catheter to the abdominal aorta to blood, cut the skin of chest
and incise the diaphragm with a scalpel and subsequently cut the left ventricle off.

2.5. Excise the ribs with bone forceps (Table of Materials), and expose the heart and lungs. Find
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the aorta posterior to the heart and lungs and clamp the two ends. Wash the aorta once with
pre-cooled washing buffer (Figure 1B,C).

2.6. Cut out the aorta with scissors and keep the aorta clamped at each end. Excise excess
tissue around the aorta with sterile forceps and scissors. Put the aorta into a 50 mL centrifuge
tube, wash the aorta with pre-cooled washing buffer 3x (30 mL per wash), and transfer the
aorta to the laboratory (Figure 1D).

3. Isolation of porcine aortic endothelial cells

3.1. Under aseptic conditions, remove the pig aorta from the washing buffer, and place it on a
150 mm Petri dish (Figure 2A).

3.2. Gently cut off the two ends of the aorta and excise excess tissue around aorta with sterile
forceps and scissors again (Figure 2B). Wash the outside and inside of the aorta (over the
culture dish at room temperature) with 20-50 mL of washing buffer.

NOTE: Try to only cut the area where the clamps were placed during surgery since some ECs
were damaged in this area, and remove excess tissues and arterial side branches.

3.3. Pass a surgical suture through the aorta and then tie one end of the aorta using the surgical
suture. Keep the surgical suture in the inside of the aorta (Figure 2C,D).

3.4. Gently fix the aorta near the tied end with forceps, and then pull the surgical suture slowly
to reverse the aorta until the endothelial surface of the aorta is exposed (Figure 2E-G).

NOTE: Ensure to fix the aorta near the tied end and do not fix the aorta tightly, or else the aorta
cannot be reversed by pulling the surgical suture.

3.5. Wash the endothelial surface of the aorta with washing buffer 3x (10 mL per wash), and
then discard this solution. Place the aorta into a 15 mL centrifuge tube, and cover the aorta
with 10 mL of 0.005% collagenase IV digestive solution in the tube (Figure 2H).

NOTE: Pre-warm the 0.005% collagenase IV digestive solution at 37 °C before digestion.

3.6. Incubate at 37 °C for 15 min. Place the digested aorta and digestive solution into a 100 mm
culture dish and stop the effects of 0.005% collagenase IV by adding 10-15 mL of pre-cooled
stopping buffer.

NOTE: The recommended digestion time is between 10 and 20 minutes. Make sure the
endothelial surface of the aorta is covered by the stopping buffer.

3.7. Gently scrape pAECs off the inside surface of the aorta using a cell scraper (Figure 2I). Wash
the scraped aorta 3x with washing buffer (5 mL per time). Put the solution from the culture dish
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into a 50 mL centrifuge tube. Wash the bottom of the culture dish 2x with washing buffer (5 mL
per time), and put the solution into a 50 mL centrifuge tube again.

NOTE: Scrape in one direction gently and do not compress. Do not touch the tissue near the
edges and holes. Scraping 5-8x is recommended.

3.8. Centrifuge the tube at 600 x g for 6 min at 4 °C. Discard the supernatant and leave 10 mL of
solution at the bottom of a 50 mL centrifuge tube. Add 20 mL of washing buffer to the 50 mL
centrifuge tube, and resuspend the pellets. Avoid bubbles during this step.

3.9. Centrifuge at 600 x g for 6 min at 4 °C. Slowly discard the supernatant. Resuspend the cell
pellets with 1 mL of culture medium and mix well.

NOTE: The obtained average number of ECs per cm aorta is 1.9 x 10°+ 1.4 x 10* (mean = SD, n =
3).

3.10. Count the cells with a cell counter. Plate and culture the cells in a vessel without coating
any materials according to the cell number. If the cell number is less than or equal to 1.0 x 109,
culture cells in a 25 cm? flask. If the cell number is larger than 1.0 x 108, culture cells in several
25 cm? flasks (1.0 x 10° cells per flask). Place the flask in an incubator (without shaking) at 37 °C
with 5% CO; and replace the medium every 2-3 days.

NOTE: Some cells are damaged by the cell scraper. A cell viability assay found the percentage of
live cells to be 95.7% + 1.7% (mean * SD, n = 3). The doubling time of the isolated cells is about
1-2 days.

4. Harvest and characterization of pure endothelial cells

4.1. Leave the cells grow for about 4-5 days. When the cells reach 80% confluence (Figure 3A),
digest the cells with 0.25% trypsin and passage the cells. Then, collect some of the isolated cells
(Day 3, Passage 1 and Passage 2) and identify by flow cytometry (with an anti-CD31 antibody).

4.2. Label isolated pAECs (cell number: 1 x 10°) (Day 3, Passage 1 and Passage 2) with
anti-porcine CD31-fluorescein isothiocyanate (FITC) conjugated antibody (10 pL antibody for
per 100 uL cells, stained for 30 min at 4 °C) for flow cytometry analysis.

4.3. Gate total live cell population with a forward scattered plot, unstained sample as a negative
control. Then present the CD31 positive cells of the gated cells with histogram.

NOTE: The efficacy of CD31-positive cells is 97.4% + 1.2% (Day 3), 94.4% + 1.1% (P1) and 92.4%
+1.7% (P2) (mean + SD), respectively (Figure 3B).

REPRESENTATIVE RESULTS:
Our method aims to provide an effective way to isolate highly-purified ECs from the aortas from
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miniature pigs. The process of aorta surgery is shown in Figure 1. The first step is that the whole
aorta is excised from the pig. Preventing other cell or bacterial contamination is very important.
Thus, do not injure other organs or tissues in case untargeted cells or bacteria contaminate the
aorta, and wash the aorta with pre-cooled washing buffer 3x (Figure 1B-D). Another critical step
to maintain cell viability is to minimize the period of time between obtaining the surgical
specimen and the isolation procedure.

The processes involved in the purification of pAECs are shown in Figure 2. Our method is
different from others since one end of the aorta is tied off and the endothelial surface is
exposed (Figure 2C-G). Subsequently, the endothelial surface of the entire aorta is digested
with pre-warmed collagenase digestive solution (5-10 mL) in a 15 mL centrifuge tube (Figure
2H). Compared to other methods, the endothelial surface is more completely, and preferentially,
exposed to the digestive solution because of the inversion of the aorta and submersion into the
digestive solution (without bubbles). After the digestion is stopped with stopping buffer, the
endothelial surface of the aorta must be gently scraped in only one direction with a cell scraper
(Figure 2I). The direction of scraping is important to avoid damage to the ECs. Do not touch the
holes and cut edges of the digested aorta.

After isolation, the ECs are inspected on Days 0, 1, and 2, and after passage 1 (P1) and passage
2 (P2) (Figure 3A). The isolated ECs are identified by flow cytometry using an anti-CD31-FITC
antibody. Flow cytometry analysis has indicated that the percentages of CD31-positive cells are
97.4% + 1.2% (Day3), 94.4% + 1.1% (P1) and 92.4% + 1.7% (P2) (mean + SD), respectively (Figure
3B). Thus, the isolation of pAECs can be successfully achieved with this protocol.

FIGURE LEGENDS:

Figure 1: The surgical procedure and excision of the aorta from a miniature pig. (A)
Photograph of a miniature pig (Bama). (B) The aorta is exposed after laparotomy and
thoracotomy. (C) The aorta is clamped at each end. (D) The aorta is placed in a 50 mL tube with
cold washing buffer.

Figure 2: Porcine aorta digestion and pAECs isolation. (A) The aorta is placed in a 150 mm Petri
dish with cold washing buffer. (B) Photograph of porcine aorta after removing connective
tissues. (C) The glass bar tied with a sterile surgical suture to pass through the porcine aorta. (D)
One end of the aorta is tied with a sterile surgical suture, which is kept on the inside of the
aorta. (E,F) The aorta is reversed by pulling the surgical suture. (G) The endothelial surface of
porcine aorta is exposed. (H) The digested aorta. (I) Scraping the endothelial surface of the
aorta with a cell scraper.

Figure 3: Identification of highly-purified pAECs by flow cytometry with an anti-CD31
monoclonal antibody. (A) Representative images of isolated pAECs on Days 0, 1, and 2, and
after passage 1 and passage 2 (200x magnification). (B) Flow cytometry analysis of pAECs (Day 3,
passage 1 and 2) with anti-CD31-FITC antibody. Statistical data are presented in the bottom
right. Data are representative of three independent experiments (mean + SD).



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
307
308

DISCUSSION:

Endothelial cells are commonly used in research of vascular dysfunction, diabetes, tissue
regeneration, transplantation, and cancers'*!8, To understand and characterize the biology and
function of ECs in these diseases, numerous methods to isolate the ECs of different diseased
organs or tissues have been reported®!%-?4, Recently, an increasing number of reports have
demonstrated that porcine ECs have various functions in immune rejection and coagulation of
xenotransplantation®?>. However, the isolation of highly-purified aortic endothelial cells from
miniature pigs has been reported less frequently. Here, we describe a stable and easy method
for the isolation of aortic endothelial cells from miniature pigs.

Collagenase can degrade different tissues, and is superior to trypsin or other digestive
solutions?®?°. We used 0.005% collagenase IV to dissociate pAECs from a small pig aorta.
Importantly, the concentration of the digestive solution should be optimized to different pigs.
Collagenase digestive solutions at 0.025%, 0.05% and 0.2% have been used respectively in
different pigs, according to age and breed'®'33°, Here, we recommend the optimal
concentration of collagenase IV to be 0.005%, and the optimal digestive time to be 15 min. The
time should not be <10 min or >20 min, which is consistent with previous studies®3°. The
concentration of collagenase IV and the digestive time are critical for obtaining high-purity and
large numbers of ECs. Lower concentrations of collagenase IV or shorter digestive times will
result in fewer ECs. Higher concentrations of collagenase IV or longer digestive times will lead
to more fibroblast contamination.

Cell damage and fibroblast contamination are two problems in the isolation of pAECs. In order
to reduce cell damage and fibroblast contamination, we adopted a method in which the ECs
were scraped gently with a cell scraper. The direction, frequency, and intensity of scraping are
critical to prevent cell damage and fibroblast contamination. First, we scraped the endothelial
surface of the aorta in one direction only. Second, we recommend that the scraping frequency
be less than 10 times (5 to 8 times is recommended), and the intensity must be gentle. Finally,
the areas surrounding the holes of arterial side branches and the cut edges of the aorta (which
might lead to fibroblast cells and more damage cells) should not be scraped.

A higher collagenase concentration, longer digestion time, and increased frequency and
intensity of scraping may increase fibroblast contamination. Fibroblasts may rapidly outgrow
the CD31-positive cells, thus reducing the purity of the isolated ECs3'. Comparing to existing
protocols, although the protocol has been -carefully designed to prevent fibroblast
contamination, and the CD31-positive cells on Day 3 reached 97.4% + 1.2% (mean * SD), the
percentage of CD31 positive cells slowly decreased following culture. If the isolated ECs are
used to carry out experiments after 5 passages, we suggest that the cells should be sorted with
a flow cytometry cell sorter?®,

Usually, we not only isolate the endothelial cells, but also get other organs for
xenotransplantation research, such as the pancreas and kidney. According to our experience, it
would better to isolate the pancreas and lung first, and then perform the procurement of liver



309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352

and kidney. Even after that it is not too late to isolate the heart and aorta, if the surgeon is
quick enough to finish all of the isolation in less than half an hour. During the process, it is very
critical to keep the surgical area sterile and cold. The cold PBS with antibiotics was poured to
the target organ to clean the possible contamination and to keep the tissues in low
temperature. It is also necessary to prevent the coagulation by injecting heparin after
anesthesia of animal. The clot in the micro vascular vessel would induce cell death and
inflammation of organs with more capillaries, such as the pancreas, the lung and the liver. We
always inject heparin to the inferior vena cava and insert a catheter to the abdominal aorta to
blood. This will effectively prevent coagulation related cell death.

In conclusion, we provide an effective method to isolate highly-purified pAECs from miniature
pigs. The isolated pAECs are beneficial for xenotransplantation research. Although we have not
isolated the pAECs from a large pig using the protocol, we believe we will obtain highly purified
ECs from a large pig with the protocol by modifying some critical steps.
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Table of Materials

Name of Material/Equipment
20 x PBS solution (pH 7.4,Nuclease free)

75% Medical alcohol
BD FACSAria ll
Boneforceps

BOON Disposable Syringe (10ml)
CD31-FITC antibody

Cell scraper

Collagenase IV

Compound ketamine injection

DAPI (4',6-Diamidino-2-Phenylindole,
Dihydrochloride)

DMEM

ECGS

ECM

Eppendorf Snap-Cap Microtube(1.5mL)
Falcon 100mm Cell Culture Dish
Fetal Bovine Serum

Flowjo v10.0

Forceps

Heparin sodium

lodine tincture

Miniature Pig (Bama or Wuzhishan)
Mshot microscope
Penicillin/Streptomycin

Petri Dishes (150 x 15 mm)

Rectangular Canted Neck Cell Culture Flask

with Vent Cap (T25)
Scissors

Click here to access/download;Table of Materials;59673_Table_of Materials.xIsx %

Company
Sangon Biotech

Guilin LiFeng Medical Supplies Co.,Ltd.China
BD Bioscience
Beijing HeLi KeChuang Technology Development CO.,Ltd. China

Jiangsu Yile medical Article Co., Ltd. China

Bio-Rad

Corning

Sigma-Aldrich

Veterinary Pharmaceutical Factory of Shenyang, China

Life Technologies

Life Technologies
Sciencell
Sciencell
AXYGEN

Corning

GIBCO

ShangHai medical instruments Co.,Ltd.China
Jiangsu WanBang biopharmaceutical Co.,Ltd.China
Guilin LiFeng Medical Supplies Co.,Ltd.China

Kang Yi Ecological Agriculture Co., Ltd, China
Guangzhou Micro-shot Technology Co., Ltd.

Life Technologies

Biologixgroup

Corning

ShangHai medical instruments Co.,Ltd.China

Catalog Number
B540627#

HL-YGQ

MCA1746F
3010#
C5138#-1G

D1306#

11965118#
1052#
1001#
MCT-150-C#
353003#
10270-106#

M152
15070063#
66-1515#
32894
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Serological Transfer Pipettes (10ml)
Sterile Pasteur Pipette

Sterile Syringe Filter (0.22um)
Surgical scalpel

Syringe (1mL)

Trypsin-EDTA (0.25%), phenol red

JET Biofil

GeneBrick

Millipore

ShangHai medical instruments Co.,Ltd.China
Shengguang Medical Instrument Co., Ltd.China
GIBCO

GSP010010#
GY0025#
SLGVO33RS#
22#

25200056#



Comments/Description

Ketamine Hydrochloride : 0.3g/2ml,Xylazine
hydrochloride:0.3g/2ml, Phenacetin
hydrochloride : 1mg/2ml
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 WwWW.ove.com
Tiee oF Artiele: [solation and culture of primary aortic endothelial cells from miniature pigs
Author(s): Yanli Zhao, Chengjiang Zhao, David K.C. Cooper, Ying Lu, Kewang Luo, Huiyun Wang,
Pengfei Chen, Changchun Zeng, Shaodong Luan, Lisha Mou, Hanchao Gao

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

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

Standard Access

| Open Access

Ityease select one of the following items:
The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the

course of his or her duties as a United States government employee.

E.The Author is a United States government employee but the Materials were NOT prepared in the

course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

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

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

612542.6

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.

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

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

2 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, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

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

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

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

3 ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoOVE, 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 USS$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

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

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

CORRESPONDING AUTHOR
Name:
Hanchao Gao
Department: Shenzhen Longhua District Central Hospital, Guangdong Medical University affiliated

Longhua District Central Hospital

Institution: Guangdong Medical University
Title: PhD, Assistant Protessor
Signature: H] g CTM Date: | 2018, O/ 02

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

2. Faxthe document to +1.866.381.2236

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

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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May 10th, 2019

Dear Editor,

Enclosed please find our revised manuscript entitled “Isolation and culture for
primary aortic endothelial cells of Miniature Pig” (JoOVE59673R1). We thank the
reviewers for the important and insightful comments. We appreciate the
opportunity you offered us to revise our manuscript. We have now carefully
revised the manuscript according to all the comments of the referees, and hope that
our revised manuscript is now fully acceptable to you for publication in ‘JOVE’.
All major revisions to the text are highlighted in yellow. The essential steps of the

protocol for the video are highlighted in green as a separate file for uploading.

Our point-by-point responses are listed below.

Sincerely,

Hanchao Gao

Editorial comments:
Changes to be made by the author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure

that there are no spelling or grammar issues. The JoVE editor will not copy-edit

your manuscript and any errors in the submitted revision may be present in the

published version.

L]
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Response: We have carefully checked spelling and grammar in the revised

manuscript.

2. Introduction: Please expand to include the advantages of the presented method

over alternative techniques with applicable references to previous studies,

description of the context of the technique in the wider body of literature and

information that can help readers to determine if the method is appropriate for their

application.

Response: Yes. It is a good suggestion for our manuscript. We have added the

content in the revised manuscript. (Page 4, lines 95-99)

“However, to keep an ultra pure culture of isolated ECs is an outstanding problem
in standard protocols. The higher concentration of digested solution, inappropriate
digested time and scraped intensity may contribute to the increased fibroblast
contamination in the present studies.!® Besides, the method of isolated pAECs

from miniature pigs is less studied.”

3. Section 1: Please list approximate volumes for all buffers and stock solutions to

be set up.

Response: Yes, we have revised the manuscript as suggested.

4. 2.2: Please mention how proper anesthetization is confirmed.

Response: After compound ketamine injection for 10-30 mins, confirm porcine

anesthetization with checking porcine pain reaction and respiratory rate. We have



specifically demonstrated compound ketamine in Table of Materials and revised

the sentence of Section 2 as the following.

“2.2 After anaesthetizing the miniature pig with 15 mg/kg compound ketamine
(Volumes: 100uL /kg) in intramuscular injection for 10-30 mins (see Table of
Materials) (Figure 1A), confirm porcine anesthetization with checking porcine pain

reaction and respiratory rate.” (Page 5, lines 135-137)

5. Section 4: Please describe the gating strategies. Please also specify the

temperature at which the staining is done. Also please split this step into two or

three sub-steps so that each individual step contains only 2-3 actions.

Response: Yes. It is a good suggestion. We have revised the manuscript. (Page 8,
lines 210-224).

“4. Harvest and Characterization of Pure Endothelial Cells

4.1 Leave the cells grow for about 4-5 days. When the cells reach 80% confluence
(Figure 3A), the cells were then digested with 0.25% trypsin and passaged. Then,
some of the isolated cells (Day 3, Passage 1 and Passage 2) were collected and

identified by flow cytometry (with an anti-CD31 antibody).

4.2 Label isolated pAECs (Cell number: 1x10°) (Day 3, Passage 1 and Passage 2)
with anti-porcine CD31-fluorescein isothiocyanate (FITC) conjugated antibody (10
uL antibody for per 100 pL cells, stained for 30min at 4°C) for flow cytometry

analysis.



4.3 Gate total live cell population with a forward scattered plot, unstained sample
as a negative control. And then the CD31 positive cells of the gated cells were
presented with histogram. The efficacy of CD31-positive cells is 97.4% = 1.2%
(Day3), 94.4% + 1.1% (P1) and 92.4% + 1.7% (P2) (mean + SD), respectively
(Figure 3B).”

6. Please combine some of the shorter Protocol steps so that individual steps

contain 2-3 actions and maximum of 4 sentences per step.

Response: We have revised the manuscript (Section 2 and Section 3) as suggested.
(Pages 5-8, lines 131-208)

7. After you have made all the recommended changes to your protocol (listed

above), please highlight 2.75 pages or less of the Protocol (including headings and

spacing) that identifies the essential steps of the protocol for the video, i.e., the

steps that should be visualized to tell the most cohesive story of the Protocol.

Response: We have highlighted the essential steps in green and we will upload the

manuscript as a separate file.

8. Please highlight complete sentences (not parts of sentences). Please ensure that

the highlighted part of the step includes at least one action that is written in

imperative tense. Notes cannot usually be filmed and should be excluded from the

highlighting. Please do not highlight any steps describing anesthetization and

euthanasia.

Response: We have revised the filmed manuscript as requested.



9. Please include all relevant details that are required to perform the step in the

highlighting. For example: If step 2.5 is highlighted for filming and the details of

how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where

the details are provided must be highlighted.

Response: We have revised the filmed manuscript as suggested.

10. Table of Materials: Please remove trademark (™), registered (®) and copyright
symbols.

Response: We have revised the Table of Materials as requested.

References:

1 Beigi, F. et al. Optimized method for isolating highly purified and functional porcine
aortic endothelial and smooth muscle cells. Journal of cellular physiology. 232 (11),
3139-3145, (2017).

2 Bernardini, C. et al. Heat shock protein 70, heat shock protein 32, and vascular
endothelial growth factor production and their effects on lipopolysaccharide-induced
apoptosis in porcine aortic endothelial cells. Cell stress & chaperones. 10 (4), 340-348,
(2005).

3 Zhang, J. et al. Potential Antigens Involved in Delayed Xenograft Rejection in a
Ggtal/Cmah Dko Pig-to-Monkey Model. Scientific reports. 7 (1), 10024, (2017).

Reviewers' comments:

Reviewer #3:

Manuscript Summary:



The manuscript clearly describes an optimised procedure for the isolation of
endothelial cells from porcine aorta. The authors highlighted the critical points of
the protocol to reduce fibroblast contamination consisting in the right
concentration of the Collagenase 1V, the digestive time, the direction, frequency
and intensity of the scraping. The manuscript might be useful for the scientific

community working with primary endothelial cells from large vessels.

Major Concerns:
N/A

Minor Concerns:

Line 225: Please specify whether the flasks are coated (fibronectin, collagen or

gelatin) before cell seeding.

Response: The flasks are not coated before cell seeding in the protocol. We have

added the content in the revised manuscript. (Page 8, lines 201-202)

Reviewer #4:

Manuscript Summary:

The authors clearly outline the protocol that they utilize to isolate endothelial cells
and prevent fibroblast contamination. In particular, their discussion of inverting the
aorta to preferentially expose the endothelium to the collangenase is an insightful
recommendation. Furthermore, they nicely demonstrate a high level of success

from the utilizing this method.



Major Concerns:

A few points of clarification that would be beneficial:

1) the method that they outline focuses on using animals solely for the isolation of

the endothelial cells. Since the animals utilized for xenotransplantation often

include the removal of multiple organs in addition to the isolation of the aorta, it

would be beneficial for them to include a small discussion about how they perform

their aorta procurement with simultaneous organ procurements.

Response: We have added a small discussion in the revised manuscript. (Page 12,
lines 330-341)

“Usually, we not only isolate the endothelial cells, but also get other organs for
xenotransplantation research, such as the pancreas and kidney. According to our
experience, it would better isolate the pancreas and lung first, and then perform the
procurement of liver and kidney. Even after that it is not too late to isolate the heart
and aorta, if the surgeon is quick enough to finish all the isolation in less than half
an hour. During the process, it is very critical to keep surgical area sterile and cold.
The cold PBS with antibiotics was poured to the target organ to clean the possible
contamination and to keep the tissues in low temperature. It is also necessary to
prevent the coagulation by injecting the heparin after the anesthesia of animal. The
clot in micro vascular vessel would induce the cell death and inflammation of
organ with more capillaries, such as pancreas, lung and liver. We always inject the
heparin to inferior vena cava and insert a catheter to the abdominal aorta to blood.

This will effectively prevent the coagulation related cell death.”

2) They highlight several steps that they feel are critical to optimal isolation of the




endothelial cells, such as scraping the endothelial surface in a single direction,

avoiding scraping over side branches, length of time of exposure to collagenase,

etc., but do not provide any data to support these claims.

Response: It is a good suggestion for our manuscript. We have isolated the PAECs
for many times and found that scraping the endothelial surface in a single direction
will decrease the cell death. Besides, we also found that avoiding scraping over
side branches can prevent fibroblast contamination since the area surrounding side
branches would have many untargeted cells. In fact, we also tried different digested
time and the concentration of collagenase and we found the indicated time and
concentration of collagenase in the present protocol was better to prevent the
fibroblast contamination and obtain more PAECs. We obtained these valuable

experiences from many times isolation.

3) In the 'Representative Results' section, the authors state that the 'aortic digestion

iIs more complete since the endothelial surface of the aorta is filled with

pre-warmed digestive solution'. This is mildly confusing since the protocol does

not contain a step where the aorta is filled with the digestive solution at any point.

It should state that the endothelial surface is more completely, and preferentially,

exposed to the digestive solution because of the inversion of the aorta and

submersion into the digestive solution.

Response: Yes. It is great helpful for our manuscript. We have revised the

manuscript as suggested. (Page 9, lines 247-249)

4) The concentration stated for the endothelial cell growth supplement (ECGS)

should be more clearly stated. It is not listed in the Table of Materials and is stated




as 1% (vol/vol) in the text of the protocol. The final concentration should be listed

as mass/volume for this reagent.

Response: We have added ECGS in the Table of Materials. ECGS which was
purchased from Sciencell (1052#) was lipid but not solid, so we stated the reagent

as volume/volume.

Reviewer #5:

Manuscript Summary:
in the manuscript a method for isolation of primary porcine aortic endothelial cells

from miniature pigs is described.

Major Concerns:
The description of some details should be implemented

1 Surgery and Preparation for Porcine Aortic Endothelial Cell Isolation.

Specify if the animals are alive or not. If not, the euthanasia should be described.

Was any kind of analgesia used?

Response: Yes. It is a good suggestion for our manuscript. The anaesthetized pig
was sacrificed by cutting left ventricle off before the procurement of porcine aorta.
And Xylazine hydrochloride as an analgesia drug has been used in this process

since the compound ketamine injection contains Xylazine hydrochloride.

We have revised step 2.4 as requested. (Page 6, lines 144-145)



“2.4 Five minutes later, insert a catheter to the abdominal aorta to blood, cut the
skin of chest and incise the diaphragm with a scalpel and subsequently cut left

ventricle off.”

Lines 143, 144. Cut the abdomen with a scalpel, expose the inferior vena cava and

consequently inject heparin sodium (5000U, see Table of Materials) into the

inferior vena cava. By measn of what?

Response: We injected heparin sodium into the inferior vena cava with 1mL

syringe. We have revised the manuscript. (Page 6, line 142)

Lines 151, 152. Find the aorta posterior to the heart and lungs, and clamp the two

ends. Wash the aorta with pre-cooled washing buffer x1 (Figure 1B). Shouldn't it
be Fig. 1 C? May be an additional fig should be added

Response: Yes. We have added an additional fig (Figure 1C) in the revised Figure 1.

And the continuous actions will be showed in the video. (Page 6, line 149)

Lines 173, 174. Pass through the aorta with a surgical suture and then tie one end

of the aorta using the surgical suture, and keep the surgical suture in the inside of
the aorta (Figure 2B). An additional figure should be added.

Response: We tied a surgical suture to the glass bar and consequently pass through
the aorta. The fig (Figure 2C) has been added in the revised Figure 2, and the

continuous action will be showed in the video. (Page 6, line 168)

Lines 176, 177. Gently fix the aorta near the tied end with forceps, and then pull




the surgical suture slowly to reverse the aorta until the endothelial surface of the

aorta is exposed (Figure 2C). An additional figure should be added.

Response: We have added some additional figures (Figure 2E, Figure 2F and
Figure 2G) in the revised Figure 2, and the continuous action will be showed in the
video. (Page 6, line 171)

Lines 184, 185. Place the aorta into a 15 mL Falcon tube, which is filled with 0.005%

Collagenase 1V digestive solution (Figure 2D). Should the aorta be covered with

solution? specify

Response: Yes. We have revised it as the following. (Page 7, lines 176-177)

“3.5 Wash the endothelial surface of the aorta with washing buffer x3 (10 mL per
time), and then discard this solution. Place the aorta into a 15 mL Falcon tube, and
cover the aorta with 0.005% Collagenase IV digestive solution in the tube
(Volumes: 10mL) (Figure 2H).”

Line 235. When the cells reach 80% confluence (about 4-5 days) and passage the

cells.. the sentence is not clear. Which is the cost of the entire process?

Response: We have revised Step 4.1 as the following (Page 8, lines 212-215).

“4.1 Leave the cells grow for about 4-5 days. When the cells reach 80% confluence
(Figure 3A), the cells were then digested with 0.25% trypsin and passaged. Then,
some of the isolated cells (Day 3, Passage 1 and Passage 2) were collected and

identified by flow cytometry (with an anti-CD31 antibody).”



Minor Concerns:
The English should be checked

Response: Yes. We have carefully checked the English in the revised manuscript



