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29  SUMMARY:
30 Here, we provide a useful approach for studying the mechanism of right ventricular failure. A
31 more convenient and efficient approach to pulmonary artery constriction is established using
32  surgical instruments made inhouse. In addition, methods to evaluate the quality of this approach
33 by echocardiography and catheterization are provided.
34
35 ABSTRACT:
36  The mechanism of right ventricular failure (RVF) requires clarification due to the uniqueness, high
37  morbidity, high mortality, and refractory nature of RVF. Previous rat models imitating RVF
38  progression have been described. Compared with rats, mice are more accessible, economical,
39 and widely used in animal experiments. We developed a pulmonary artery constriction (PAC)
40 approach which is comprised of banding the pulmonary trunk in mice to induce right ventricular
41 (RV) hypertrophy. A special surgical latch needle was designed that allows for easier separation
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of the aorta and the pulmonary trunk. In our experiments, the use of this fabricated latch needle
reduced the risk of arteriorrhexis and improved the surgical success rate to 90%. We used
different padding needle diameters to precisely create quantitative constriction, which can
induce different degrees of RV hypertrophy. We quantified the degree of constriction by
evaluating the blood flow velocity of the PA, which was measured by noninvasive transthoracic
echocardiography. RV function was precisely evaluated by right heart catheterization at 8 weeks
after surgery. The surgical instruments made inhouse were composed of common materials using
a simple process that is easy to master. Therefore, the PAC approach described here is easy to
imitate using instruments made in the lab and can be widely used in other labs. This study
presents a modified PAC approach that has a higher success rate than other models and an 8-
week postsurgery survival rate of 97.8%. This PAC approach provides a useful technique for
studying the mechanism of RVF and will enable an increased understanding of RVF.

INTRODUCTION:

RV dysfunction (RVD), defined here as evidence of an abnormal RV structure or function, is
associated with poor clinical outcomes. RVF, as the end stage of RV function, is a clinical syndrome
with signs and symptoms of heart failure that result from progressive RVD!. With differences in
structure and physiological function, left ventricular (LV) failure and RVF have different
pathophysiological mechanisms. A few independent pathophysiological mechanisms in RVF have
been reported, including overexpression of B2- adrenergic receptor signaling?, inflammation?,
transverse tubule remodeling, and Ca?* handling dysfunction®.

RVF can be caused by volume or pressure overload of the RV. Previous animal models have used
SU5416 (a potent and selective inhibitor of the vascular endothelial growth factor receptor)
combined with hypoxia (SuHx)>® or monocrotaline’ to induce pulmonary hypertension, which
results in RVF secondary to pulmonary vascular disease?. The researchers conducting these
studies focused on the vasculature instead of the pathological progression of RVF. Moreover,
monocrotaline has extra-cardiac effects that cannot precisely represent cardiogenic disease.
Other models have used arteriovenous shunts to induce volume overload and RVF2. However,
this surgery is difficult to perform and inappropriate for mice, who require long induction periods
for the production of RVF.

Rat PAC models using banding clips also exist>°. Compared with rats, mice have many advantages
as animal models of cardiac diseases, such as easier reproduction, more widespread use, reduced
costs, and access to gene modification'!. However, the diameters of the banding clips usually
range from 0.5 mm to 1.0 mm, which are too large for mice®. In addition, the banding clip is hard
to produce, imitate, and popularize in other labs.

We provide a protocol to develop a modified reproductive RVF mouse model based on reported
studies, which uses PAC to mimic the tetralogy of Fallot and Noonan syndrome or other
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pulmonary arterial hypertensive diseases'?™'°. This PAC approach is created by ligating the
pulmonary trunk of mice using a latch and padding needle made inhouse to control the degree
of constriction. The latch needle is made of a 90° curved injection syringe with a braided silk
suture passed through the syringe. The needle is made from common materials using a process
that is easy to master. The padding needle is curved 120° from the gauge needle. Padding needles
with different diameters (0.6—0.8 mm) are used, depending on the mice’s weight (20-35 g).
Additionally, we establish an evaluation criterion to determine the stability and quality of the RVF
model by echocardiography and right heart catheterization. We use mice as the model animal
because of their widespread use in other experiments. The needles made in the lab are easy to
reproduce and can be widely used in other labs. This study provides a good approach for
researchers to investigate the mechanism of RVF.

PROTOCOL:

All procedures were performed in accordance with institutional guidelines for animal research,
which conform to the Guide for the Care and Use of Laboratory Animals published by the US
National Institutes of Health (NIH Publication No. 85—23, revised in 1996). C57BL/6 male mice (8—
10 weeks old, weighing 20-25 g) were provided by the Animal Center of South Medical University.
After arrival, the mice were housed under a 12/12 h dark/light cycle, with sufficient food and
water.

1. Preparation of the surgical instruments and fabrication of the needles

1.1. Prepare the sterile surgical instruments (Figure 1A), a 6-0 braided silk suture (Figure 1B[a])
for ligation, and a 5-0 nylon suture for incision closure (Figure 1B[b]).

1.2. Pass the 6-0 braided silk suture (Figure 1B[a]) through a 25 G needle disassembled from a 1
mL injection syringe. Then, curve the needle 90° with hemostatic forceps to make a latch needle
(Figure 1C[a]). Curve the 22 G needle 120° (Figure 1C (b)) to make a padding needle.

2. Preparation for surgery

2.1. Autoclave all surgical instruments before surgery. Adjust the heating pad to 37 °C. Anesthetize
the mice by intraperitoneal injection with a mixture of xylazine (5 mg/kg) and ketamine (100
mg/kg) for pain relief. Place the mice in individual boxes to wait for narcotic onset.

NOTE: It is also recommended to use 1.5% isoflurane for inhalant anesthesia.

2.2. Monitor the adequacy of anesthesia by the disappearance of the pedal withdrawal reflex.

Keep the mice in the supine position on the heating pad by fixing the incisors with a suture and
fixing the legs with adhesive tape. Check the reflex again to ensure the depth of anesthesia.
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2.3. Apply the depilatory paste on the skin from the neck to the xiphoid process. Disinfect the
area with iodine followed by 75% alcohol.

2.4. Perform endotracheal intubation.

2.4.1. Adjust the animal miniventilator’s (Figure 1D) parameters and set the respiratory rate to
150/min and the tidal volume to 300 pL.

2.4.2. Pull out the tongue slightly by using pointed pliers, elevate the mandible with a lab made
spatula Figure 1C[c]) to expose the glottis, and softly insert a lab made trachea cannula (Figure
1C[d]) through the glottis while a cold light source is directed on the larynx.

2.4.3. Connect the tube and the ventilator to verify whether the cannula has been inserted into
the trachea. Fix the trachea using adhesive tape if the cannula has been inserted correctly.

3. Surgery

3.1. Open the chest.

3.1.1. Make an incision in the skin parallel to the second rib, about 10 mm in length, with
ophthalmic scissors. Ensure that the incision starts from the sternal angle and ends on the left
anterior axillary line. Identify the second intercostal space by counting the ribs from the sternal

angle.

3.1.2. Separate and cut the pectoralis major and pectoralis minor muscles with scissors and elbow
tweezers above the second intercostal space to expose this space.

NOTE: It is also recommended to bluntly separate, mobilize, and move the pectoralis muscles to
the right and cranially.

3.1.3. Bluntly penetrate the second intercostal space with elbow tweezers and open this space.
Then, bluntly separate the parenchyma and thymus until the pulmonary trunk is visible.

3.2. Constrict the pulmonary artery.
3.2.1. Bluntly separate the pulmonary trunk and the ascending aorta with elbow tweezers. Pass

the suture through the connective tissue between the pulmonary trunk and the ascending aorta
with a latch needle.
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3.2.2. Place the padding needle (see step 1.2) on the pulmonary trunk and, then, ligate the
pulmonary trunk together with the padding needle, using the 6-0 braided silk suture. Remove
the padding needle immediately after the filling of the pulmonary conus is observed and cut the
ends of the suture.

3.2.3. Observe the filling of the pulmonary conus to evaluate whether there is a constriction
present. Evaluate the animal’s reflex again to ensure the success of the ligation.

NOTE: Perform a sham surgery by following all of the above steps except for the constriction.

3.3. Close the chest and the skin with the 5-0 nylon suture. Disinfect the skin again with 75%
alcohol.

3.4. Inject 0.5 mL of saline subcutaneously to replace any fluid lost during the surgery. Place the
mouse in the cage separately with heating pad to promote recovery. Return the mice to their
cages in a 12/12 h light/dark cycle room when consciousness returns. Treat the mice with
buprenorphine via their drinking water for the following 3 days®.

3.5. Pay special attention to the healing of the thoracotomy wound by monitoring the mice 2x a
day during the first week to detect any signs of insufficient healing, impaired mobility, or weight
loss.

4. Echocardiographic assessment of the RV function after surgery

NOTE: Echocardiographic changes can be detected 3 days after surgery.

4.1. Anesthetize the mice with 3% isoflurane through inhalation and maintain the depth of
anesthesia with 1.5% isoflurane. Fix a mouse on the platform, tape its claws to the electrode, and
maintain the animal in a supine position. Maintain the mouse’s heart rate between 450-550

beats/min by adjusting the concentration of isoflurane between 1.5% and 2.5%.

4.2. Remove the hair on the mouse’s chest with depilatory cream and apply ultrasound gel to the
skin of the chest.

4.3. Assess the pulmonary trunk constriction with a 30 MHz probe.
4.3.1. Keep the probe at 30° counterclockwise relative to the left parasternal line, while orienting

the notch in the caudal direction. Regulate the y-axis and x-axis under the B-mode until the mitral
valve, aorta, and LV chamber are clearly visible.
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4.3.2. Rotate the probe 30°-40° on its y-axis toward the chest. Regulate the y-axis and x-axis until
the pulmonary conus is clearly visible.

4.3.3. Place the cursor at the tip of the pulmonary valve leaflets to measure the peak flow velocity.
Use the Color Doppler mode by pressing Color, followed by PW, and then moving the cursor to
place the PW-dashed line parallel to the direction of the blood flow.

4.3.4. Measure the pulmonary artery peak velocity. Save the data and image with Cine Store and
Frame Store.

4.4. Assess the RV parameters with a 30 MHz probe.

4.4.1. Adjust the left side of the pad so that it is lower than the right side. Keep the probe oriented
at 30° to the horizon along the right anterior axillary line with the notch pointed in the caudal
direction. Regulate the y-axis and x-axis until the RV is clearly shown.

4.4.2. Press M-Mode 2x to show the indicator line. Measure the RV chamber dimension,
fractional shortening, and RV wall thickness. Save the data and image with Cine Store and Frame
Store.

4.5. Stop the isoflurane inhalation for 20 s to allow the mice to recover their consciousness, and
then, return the animals to their cages in a 12/12 h light/dark cycle room.

5. Right heart catheterization for assessing the RV function

NOTE: Right heart catheterization was performed 8 weeks after surgery to assess the RV function,
using a 1.0 F catheter and a monitoring system.

5.1. Autoclave all surgical instruments. Anesthetize the animal via intraperitoneal injection with
a mixture of xylazine (5 mg/kg) and ketamine (100 mg/kg).

5.2. After the pedal withdrawal reflex disappears, fix the mouse on the platform, tape its claws
to the electrode, and maintain the mouse in supine position. Remove the hair in the surgical area
with depilatory cream.

5.3. Disinfect the skin of the surgical area with 75% alcohol. Using pointed pliers, pull the tongue
out slightly, elevate the mandible with a spatula made inhouse to expose the glottis, and softly
insert the trachea cannula made inhouse through the glottis while a cold light source is directed
on the larynx. Use a ventilator (Figure 1E) to assist with ventilation.
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5.4. Open the chest cavity by means of a 1.5 cm bilateral incision below the xiphoid process
through the diaphragm with ophthalmic scissors and forceps. Cut through the diaphragm and
ribs with ophthalmic scissors to expose the heart. Penetrate the RV free wall with a 23 G needle
and remove the needle; press the puncture point gently with a cotton swab to stop any bleeding.
Puncture the ventricle with the catheter tip through the wound.

NOTE: It is also recommended to perform right heart catheterization via the right jugular vein®.
When the catheter tip is in the ventricle, the monitor will display the RV pressure curve.

5.5. Record the RV systolic blood pressure, the RV end-diastolic pressure, the RV dP/dt, the
mouse’s heart rate, and the RV exponential time constant of relaxation (Tau) for 10 min when
the curve is stable. Using the software, click Select and then click Analyze.

5.6. Regulate the tip of the catheter toward the RV outflow tract. Pull the catheter out after the
recording is complete. Place the catheter in saline when the measurements are finished.

5.7 Euthanize the mice by intraperitoneal injections of pentobarbital sodium 150 mg/kg, followed
by cervical dislocation. Then, harvest the heart, lungs, and tibia for histomorphological and
molecular biological analyses.

REPRESENTATIVE RESULTS:

In this study, mice were randomly assigned to the PAC group (n = 9) or the sham operation group
(n = 10). Echocardiography was performed at 1, 4, and 8 weeks after the surgery. Eight weeks
after surgery, following the last echocardiography and catheterization assessments, the mice
were euthanized, and their hearts were harvested for a morphological and histological
assessment.

Pulmonary trunk constriction caused RV hypertrophy (Figure 2). Compared with the sham group,
a higher peak velocity (Figure 2A, C), greater pressure gradient (Figure 2A,D), and greater RV wall
thickness (Figure 2B,E) from the parasternal long-axis view were obtained at 8 weeks after
surgery in the PAC group. Additionally, the systolic function of the RV (RV ejection fraction and RV
fraction shortening) was significantly reduced in the PAC group when compared with the sham
group 8 weeks after the surgery (Figure 2F, G).

We found that the RV systolic and diastolic function were impaired 8 weeks after PAC (Figure 3A—
E). The PAC group had a higher RV pressure in the systole and diastole, and the contractility index
was reduced in the PAC group compared with that of the sham group. The RV Tau was greater in
the PAC group than in the sham group, and RV dP/dt was also greater than that in the sham group.
These results showed that RV dysfunction was induced in mice after 8 weeks of pulmonary artery
banding. When we performed invasive hemodynamic testing in the RV, the heart rate, which was
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determined using a physiological recording system, remained stable before and after catheter
monitoring (Figure 3F).

RV remodeling induced by PAC is shown in Figure 4. Compared to the sham group, the RV
dimension was significantly enlarged, and the RV weight was higher in the PAC group. Factors that
indicate the degree of RV hypertrophy, such as the heart weight/body weight ratio, RV/(left
ventricle + septum), and RV/tibial length, were greater after 8 weeks of PAC than those of the
sham group. Moreover, a histological examination showed that cardiac fibrosis and the area
covered by cardiomyocytes were greater in the PAC group than in the sham group. In summary,
we developed a reproductive, inexpensive, and easy RVF model and established evaluation
criteria to successfully evaluate the RVF model.

FIGURE LEGENDS:

Figure 1: Surgical instruments, tools made inhouse, and materials required for the PAC
procedures. (A) The surgical instruments used for the PAC procedure. (B) (a) 6-0 medical braided
silk suture and (b) 5-0 medical nylon suture. (C) Tools made inhouse. (a) Latch needle. (b) Padding
needle. (c) Spatula made inhouse. (d) Endotracheal intubation. (D). Animal mini-ventilator. (E)
ALC-VS8S ventilator.

Figure 2: Representative results of ultrasound imaging of the pulmonary trunk and the RV
function of sham and PAC mice. (A) Color and pulsed-wave Doppler imaging of the pulmonary
trunk of mice after 8 weeks. Red marks represented blood flow toward the probe; Blue marks
represented the blood flow backward the probe. (B) B-mode and M-mode ultrasound imaging of
the RV of sham and PAC mice after 8 weeks. (a) Right ventricle. (b) Left ventricle. (C) The RV peak
velocity PLAX (V), (D) pressure gradient (pressure gradient =4 x V2), and (E) RV wall thickness from
the parasternal long-axis view were significantly increased after 8 weeks. (F) The RV short axis
shortening rate (RVFS) was significantly reduced after 8 weeks. (G) The RV ejection fraction (RVEF)
was significantly reduced after 8 weeks. For panels C-G,*P < 0.01 vs. sham operation (n =9 in the
PAC group, n = 10 in the sham group). PAC = pulmonary artery constriction. The data are
presented as mean + SEM.

Figure 3: Representative results of the RV hemodynamics in mice subjected to PAC or a sham
operation, 8 weeks after the surgery. (A) Representative curves of RVP and RV dP/dt in sham and
PAC mice at 8 weeks after the surgery. (B) Right ventricular systolic blood pressure (RVSBP) and
right ventricular end-diastolic pressure (RVEDP). (C) RV maximum and minimum dP/dt. (D) RV Tau.
(E) Contractility index. (F) Heart rate. RVP = right ventricular pressure; RVSBP = right ventricular
systolic blood pressure; RVEDP = right ventricular end-diastolic pressure; Tau = exponential time
constant of relaxation; max and min dp/dt = maximum and minimum rise and decline in right
ventricular pressure; PAC = pulmonary artery constriction. For panels B=F, n =9 in the PAC group
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and n =10 in the sham group. *P < 0.01 vs. sham operation. The data are presented as mean #
SEM.

Figure 4: Pulmonary artery constriction in mice leads to RV remodeling after 8 weeks. (A)
Representative images of the whole heart (the scale bar = 3 mm). (a) Right atrium, red arrow:
ligation of the pulmonary artery trunk. (B) Heart weight/body weight ratio (HW/BW). (C) Ratio of
the right ventricular mass to left ventricular mass plus septum mass (RV/[LV+S]). (D) Ratio of the
right ventricular mass to tibial length (RV/TL). For panels B-D, n = 9 in the PAC group and n = 10
in the sham group. *P < 0.01 vs. sham operation. (E) Representative images of cardiac cross-
sections stained with hematoxylin-eosin (first row: the scale bar = 2 mm; second row: the scale
bar =50 um). (F) Representative Masson-stained images of myocardial fibrosis in each group. The
scale bar = 100 um. For panels E and F, n = 4 in each group. *P < 0.01 vs. the sham group. RV =
right ventricle; PAC = pulmonary artery constriction. RV/[LV+S] = ratio of the right ventricular mass
to left ventricular mass plus septum mass. The data are presented as mean + SEM.

DISCUSSION:

Pathological increases in RV filling pressures result in a leftward shift of the septum, which can
alter the LV geometry?!. These changes contribute to reduced cardiac output and LV ejection
fraction (LVEF), which can cause a hemodynamic disorder of the circulatory system??. Therefore,
an efficient, stable, and economical model for studying the mechanism of RVF is valuable.

We developed a more effective and highly reproducible approach to PAC using a latch and
padding needle made inhouse. The latch made inhouse allows for an easier separation of the
aorta and the pulmonary trunk, which reduces the risk of arteriorrhexis and improves the surgical
success rate. By selecting different diameters of the padding needle, we induced differing degrees
of RV hypertrophy.

Even though the general procedures of pulmonary trunk banding described here are like those
described in previous reports*2191415 we made improvements to the surgical instruments. Thus,
we reduced the difficulty of the operation, shortened the operating time, and increased the
success rate of the surgery. The diameters of the padding needles we used ranged from 0.6 mm
to 0.8 mm, and these were only suitable when the mice weighed between 20 g and 35 g. In rats,
the application of the padding needles (0.6—0.8 mm) may lead to acute RVF and death. In addition,
the padding needles (0.6-0.8 mm) may not easily lead to RVD if the mice weigh less than 20 g.
Therefore, the correct padding needle diameter should be selected according to the weight of
the animal.

Pulmonary arterial hypertension (PAH) is usually induced by a subcutaneous injection of the
vascular endothelial growth factor receptor inhibitor SU5416 and feeding in a hypoxic
environment for longer than 3 weeks?3728, These conditions mimic the pathophysiological process
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of chronic ischemia and hypoxia of the pulmonary artery to induce PAH and pulmonary artery
fibrosis. However, RV remodeling, hypertrophy, or RVF requires more than 12 weeks for induction
by chronic hypoxia in these models. Additionally, SU5416 and hypoxic treatment may affect other
organs. Furthermore, expensive machines are required to create a hypoxic environment.
Therefore, a faster and more efficient model of RVF is required. Reddy et al. reported a method
of RV remodeling by entrapping the two anterior-most pulmonary valve leaflets!3. Instead of
using a microscope and expensive surgical vascular clips®®, we used a latch needle and different
types of padding needles made inhouse to precisely create a quantitative constriction along with
an evaluation of blood flow velocity by echocardiography.

In addition, the latch and padding needle made inhouse were also used to induce transverse
aortic constriction (TAC) in mice. The latch made inhouse can also be used to induce PAC or TAC
in rats. During transposition of the great vessels, the LV does not encounter sufficient resistance,
so it needs to be strengthened by applying pulmonary artery constriction in preparation for
corrective surgery3%3l. The PAC approach we provided can result in elevated pulmonary artery
resistance, which will help studies of the underlying mechanisms. In the setting of a heart
transplantation, the donor RV may be acutely exposed to elevated pulmonary artery resistance
in the recipient, causing the RV to fail. The PAC method presented here can help studies of the
mechanisms of post-heart transplantation complications3233 and congenital heart diseases*.

The PAC approach has a few limitations. First, the RVD induced by the ligature around the
pulmonary trunk cannot imitate RVD in PAH>’. Second, PAC causes a very sudden increase in RV
afterload that is different from the gradual increase in pulmonary vascular resistance in PAH®°,

Consistent with the results presented here, previous reports have shown that significant increases
under echocardiographic testing in pulmonary valve peak velocity, RV wall thickness, and RV
diastolic internal diameter demonstrate successful constriction and hypertrophy of the RV*33>,
Increased RV pressure, RV dP/dt, and contractility index indicate the development of RVF and a
decompensated period of RV function3®. In conclusion, we demonstrated the application of two
novel lab-made instruments to establish RVD in an inexpensive and convenient way. We used a
noninvasive echocardiographic technique and invasive right heart catheterization to evaluate the
quality of the RVF method.
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Medical nylon suture (5-0)
Millar Catheter (1.0 F)
Pentobarbital sodium salt

PowerLab multi-Directional physiological Recording System
Precision electronic balance
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Small animal microsurgery equipment

Transmission Gel

Veet hair removal cream

Vertical automatic electrothermal pressure steam sterilizer
Vertical small animal surgery microscope
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Olympus

SHANGHAI ALCOTT BIOTECH CO
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Midmark Corporation
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Ningbo Medical Needle Co.
AD instruments
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AD instruments
Denver Instrument
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Guang Gong pai
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Hefei Huatai Medical Equipment Co.
Yihua Optical Instrument
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Assist ventilation
Assist ventilation
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Heating
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Anesthetization
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For right heart catheterization
Anesthetization

Record the result of right heart catheterization
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Separate the aorta and pulmonary trunk
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Surgical instruments
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Auto clean the surgical instruments
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item 1: The Author elects to have the Materials be made available (as described at

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

Standard Access

item 2: Please select one of the following items:

I_—__I Open Access

The Author is NOT a United States government employee.

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

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

ARTICLE AND VIDEO LICENSE AGREEMENT

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

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the fast 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 loVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

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

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

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JOVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b} to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE's copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

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

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

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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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
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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 loVE. 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
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
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Editorial comments:

1. The editor has formatted the manuscript to match the journal's style. Please
retain the same.
Response: Thank you. We have keep the format unchanged.

2. Please address specific comments marked in the manuscript.

Response: Thanks. We have responded all the specific comments proposed by the editor
point by point as best as we can and carefully revised the manuscript, the changes are
indicated by red fonts. We retain the comments in original positions.

3. The manuscript needs thorough proofreading. Please ensure that there are no
grammatical or spelling errors.

Response: Thanks. We have proofread the whole manuscript by professional
native-English-speaking editors.

4. Once done please ensure that the highlight is no more than 2.75 pages including
headings and spacings.
Response: Thank you. We have checked the highlight part. It’s less than 2.5 pages.

We have responded all the concerns point by point proposed by the Editor. Therefore,
related figures and text have been adjusted correspondingly and the changed parts in
the text are indicated by red fonts. We hope that our manuscript has greatly improved
and will satisfy you. Thank you again for your thorough review and precious
comments.
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