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18 SUMMARY
19 This article demonstrates the technique of expanding a traditional, two-dimension (2D)
20  electrospun nanofiber mat into a three-dimension (3D) scaffold through the depressurization of
21 subcritical CO; fluid. These augmented scaffolds are 3D, closely mimic cellular nanotopographic
22 cues, and preserve the functions of biologic molecules encapsulated within the nanofibers.
23
24  ABSTRACT
25  Electrospinning has been the preferred technology in producing a synthetic, functional scaffold
26 due to the biomimicry to extracellular matrix and the ease control of composition, structure, and
27 diameter of fibers. However, despite these advantages, traditional electrospun nanofiber
28  scaffolds come with limitations including disorganized nanofiber orientation, low porosity, small
29  pore size, and mainly two-dimensional mats. As such, there is a great need for developing a new
30 process for fabricating electrospun nanofiber scaffolds that can overcome the above limitations.
31  Herein, anovel and simple method is outlined. A traditional 2D nanofiber mat is transformed into
32  a 3D scaffold with desired thickness, gap distance, porosity, and nanotopographic cues to allow
33  for cell seeding and proliferation through the depressurization of subcritical CO; fluid. In addition
34  toproviding a scaffold for tissue regeneration to occur, this method also provides the opportunity
35  toencapsulate bioactive molecules such as antimicrobial peptides for local drug delivery. The CO;
36 expanded nanofiber scaffolds hold great potential in tissue regeneration, wound healing, 3D
37  tissue modeling, and topical drug delivery.
38
39 INTRODUCTION
40 The concept of developing a synthetic scaffold that can be implanted into patients to aid in tissue
41  repair and regeneration is one that has permeated the regenerative medicine field for decades.
42  The ideal synthetic scaffold serves to induce cell migration from surrounding healthy tissue,
43  provides an architecture for cell seeding, adhesion, signaling, proliferation, and differentiation,
44  supports vascularization, allows for adequate oxygenation and nutrition delivery, and promotes
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host immune activity to ensure success after implantation®. Additionally, it can be used as a
carrier for embedding antimicrobial molecules to assist in wound healing!>%°, The ability to
control the temporal release of these biologic molecules from the synthetic scaffold is another
desirable attribute that is considered when engineering scaffolds?.

Electrospinning has been a well-utilized technique for producing nanofiber scaffolds'®. Previous
attempts to create a nanofiber scaffold such as the one discussed here have been done to varying
degrees of success. However, traditional nanofiber scaffolds have limited abilities to achieve
these goals. Traditional nanofiber scaffolds have been mostly two-dimensional mats3. These
nonexpanded scaffolds are densely packed with small pore sizes; this limits cell infiltration,
migration, and differentiation as it does not promote an environment similar enough to those
found in vivoY 7. For this reason, newer techniques of 3D electrospun nanofiber scaffold
preparation have been established to amend the inherent flaws that come with 2D nanofiber
mats. These techniques result in 3D scaffolds; however, they have limited applicability due to the
production methods requiring agueous solutions and freeze-drying procedures. This processing
results in the random distribution of the nanofibers without restricted organization, proper
thickness, and/or desired porosity to provide the adequate nanotopographic cues that are
necessary for cell migration and proliferation. These factors result in the previous 3D electrospun
nanofiber scaffolds that lack adequate mimicry of living tissues®’.

More recent attempts at developing an expanded, 3D scaffold with better biomimicry of
extracellular matrix (ECM) have been performed using an aqueous sodium borohydride (NaBHa)
solution treatment and predesigned molds to aid in better control of the shape of the resulting
scaffold’-8. However, this method is not ideal as it requires the use of aqueous solutions, chemical
reactions, and freeze-drying that may interfere with polymers and any encapsulated
biomolecules that are water-soluble. The additives used may also cause side effects during tissue
regeneration®®. The CO, expansion method outlined in this article greatly reduces processing
time, eliminates the need for aqueous solutions, and preserves the amount and functionality of
biologically active molecules to a greater extent than the previously established methods®.

In previous studies, antibiotics, silver, 1a,25 dihydroxyvitamin D3z, and antimicrobial peptide LL-
37 were loaded into the nanofiber scaffolds individually and in combination to investigate the
potential of these scaffolds to release agents to further aid in wound healing®!%1213, For the
purpose of demonstrating this method of nanofiber scaffold expansion, Coumarine 6, a
fluorescent dye, will be loaded into the scaffold to demonstrate the potential of embedding the
scaffold with various desired compounds. This method of expanded nanofiber scaffold
fabrication in conjunction with encapsulated bioactive molecules holds great potential in tissue
regeneration, wound healing, the creation of 3D tissue models, and the topical delivery of drugs.

PROTOCOL

All in vivo procedures outlined below were approved by the IACUC Committee at the University
of Nebraska Medical Center.

1. Prepare the Solutions for Standard Electrospinning
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1.1. Ina 20 mLglass tube, dissolve 2 g of poly(s-caprolactone) (PCL, Mw= 80 kDa) in a solvent
mixture of dichloromethane (DCM) and N,N-dimethylformamide (DMF) with a 4:1 ration (v/v) at
a concentration of 10% (w/v).

CAUTION: Handle DCM and DMF in a well-ventilated hood to avoid exposure to fumes. Do not
expose DCM to plastic materials.

1.2.  Place the glass tube into a lab rotator until the solution becomes clear. The solution may
mix overnight.

1.3. If intending to embed bioactive materials such as peptides or drugs into the scaffold,
create a separate solution and store at the 4 °C until ready to use.

1.3.1. Prepare the fluorescent dye solution (50 pg/mL) using 20 mL of PCL solution.
2. Set Up the Electrospinning Apparatus (Figure 1A)

2.1. Add the PCL solution to a 20 mL syringe with a 21 gauge blunt needle attached. Ensure
that there is no air in the syringe and associated tubing.

2.2.  Place a rotating steel drum with the ground collector 12 cm from the needle tip.

2.3. Using alligator clips, connect the Direct Current (DC) High Voltage power supply to the
needle and ensure that the collector is grounded.

CAUTION: Always turn off the power supply before handling any connected materials.
3. Electrospinning

3.1. For the 20 mL of PCL solution, set the parameters of the syringe pump as follows:
diameter = 20.27 mm, flow rate = 0.5 mL/h. Check if the droplets are forming at the tip of the
needle.

3.2. If the incorporation of bioactive molecules is desired, set up the apparatus to allow for
co-axial electrospinning (Figure 1B). Create a customized coaxial nozzle using hypodermic
needles.

NOTE: Such nozzles are also available commercially. Note that a solution of dye is prepared to
simulate the adding such molecules.

3.2.1. Prepare a 1% solution of the fluorescent dye Coumarin 6 in water. Add 3 mL of the 1% dye
to a small syringe. Connect the syringe to the same coaxial nozzle as the PCL solution. Once again,
ensure that there are no air bubbles.
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3.2.2. For this 3 mL solution, set the parameters of the syringe pump as follows: diameter = 9.49
mm, flow rate = 0.02 mL/h. Check if the droplets are forming at the tip of the needle.

3.3.  Apply an electric potential of 20 kV between the spinneret (22-gauge needle) and a
ground collector located 20 cm away from the spinneret. Collect the aligned nanofiber mats in a
drum rotating at 2000 rpm. Collect the PCL nanofiber mats once they reach a thickness of ~1 mm.

4. Generation of PCL Nanofiber Mats with Arrayed Holes.
4.1. Fabricate PCL nanofiber mats.

4.1.1. Dissolve PCL beads in a solvent mixture consisting of DCM and DMF with a ratio of 4:1(v/v)
at a concentration of 10% (PCL) (w/v). Pump the PCL solution at a flow rate of 0.7 mL/h using a
syringe pump while a potential of 20 kV is applied between the spinneret (a 22-gage needle) and
a grounded collector located 12 cm apart from the spinneret.

4.1.2. Collect the nanofiber membrane using a rotating drum with a rotating speed larger than
500 rpm.

4.2. Immerse the PCL nanofiber mats in liquid N2 for 5 min (i.e., become stiff). Keep the PCL
nanofiber mats in liquid N2 and punch PCL nanofiber mats with a 0.5 mm-diameter punch.

5. Expansion of 2D Nanofiber Mats with/without Arrayed Holes via Subcritical CO, Liquid
(Figure 2).

5.1. Place the PCL nanofiber mats into liquid nitrogen for 5 min and cut into 1 cm x 1 cm
squares using sharp surgical scissors while submerged in liquid nitrogen to avoid deformation of
the edges.

5.2.  Place the cut mat in a 30 mL centrifuge tube with ~1 g of dry ice. Tightly cap the lid and
allow for the dry ice to change into liquid CO,.

5.3.  Once liquid has formed in the tube, quickly release the pressure by opening the cap.
CAUTION: Use proper thermal protective gear when working with liquid nitrogen and dry ice. Do
not open the pressurized tube towards the face. The centrifuge tube should not be used
repeatedly.

5.4. Remove and observe the puffed scaffold from the tube. Place the scaffold in a new
centrifuge tube with dry ice and repeat until the desired thickness is achieved. Sterilize the

expanded nanofiber scaffolds in ethylene oxide prior to incubation with cells.

6. Characterization of Expanded Nanofiber Scaffolds
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6.1. Characterize the morphology and structure of the expanded nanofiber scaffolds using
scanning electron microscopy (SEM).

6.1.1. Place the samples with double-sided conductive tape to the metallic stud and coat with
platinum for 40 s using a sputter coater at 40 mA.

6.1.2. Examine the fibers using SEM according to previous studies®. Collect the images at an
accelerating voltage of 15 kV.

6.2. Characterize in vitro release profiles and bioactivity of released peptides.
6.2.1. Weight 10 mg of nanofiber membranes before and after the expansion in CO..

6.2.2. Immerse the samples in PBS buffer and collect 10 pL of supernatant at different time
points (0-28 days).

6.2.3. Use Enzyme-Linked Immuno Sorbent Assay (ELISA) kit to quantify the LL-37 peptide
concentration in the collected supernatant.

6.3. Examine cellular infiltration in vivo and host response.

6.3.1. Put the 9-week old Sprague-Dawley (SD) rats in an anesthesia chamber, connect to
isoflurane vapor and anesthetize the rats. Transfer the rats to an operating table after the rats
become complete anesthesia without feelings. Continuously anesthetize the rats using an
isoflurane-nose cone with vaporizer during the surgery. Shave the hair of rat’s backs by an
animal’s shaver and sterilize it with iodine and alcohol skin scrub. Create subcutaneous pockets
via 1.5 cm incisions at supraspinal sites on the dorsum using a scalpel.

6.3.2. Insert one expanded nanofiber scaffold (1.5 mm-thick) into the subcutaneous pocket
using tweezers for each incision. Close the incision using a stapler.

6.3.3. At 1, 2, and 4 weeks, euthanize the rats with 95% CO,. Gently dissect the explant and
the surrounding tissue using surgical scissors. Prior to histological analysis, immerse the tissue in
formalin for at least 3 days, and then embed with paraffin. Section the tissue with a microtome,
then perform hematoxylin and eosin (H&E), Masson’s trichrome staining.

REPRESENTATIVE RESULTS

The efficacy of expanding traditional 2D electrospun nanofiber mats into 3D scaffolds via
depressurization of subcritical CO; fluid was demonstrated in different capacities: the thickness
of the scaffolds increased from 1 mm when untreated to 2.5 mm and 19.2 mm with one and two
CO, treatments, respectively (Figure 3A-C). The porosity—a characteristic of the architecture
critical for cell seeding—also increased in a manner corresponding to the increased thickness
(Figure 3C). The porosity of the scaffolds increased from 79.5% for the untreated mats to 92.1
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and 99.0% after the first and second treatments, respectively (Figure 3D). This is significant
because the degree of cell penetration into a scaffold and thus its efficacy to induce regeneration
is largely dependent on the porosity?.

SEM images revealed that the densely packed, fibrillar structure of untreated 2D mats were
transformed into ordered, layered structures with aligned nanofibers after expansion with CO;
(Figure 3E-H). Previous studies have concluded that similarly layered structures with organized
fibers could be critical in the preservation of nanotopographic cues for the regeneration of tissues
such as tendon, muscle, and nerve’8. However, these studies examined the scaffolds expanded
with NaBH4”8. This method requires extra processing time and solvents that may leach bioactive
molecules from the scaffold’-8. NaBH4, a strong reducing agent, could react with encapsulated
bioactive molecules. Conversely, the use of subcritical CO; fluid for expansion was shown to
preserve the bioactivity of the additional molecules pre-seeded into the scaffold when compared
with scaffolds expanded using the NaBHs method (Figure 4). This was demonstrated using
Coumarin 6 dye; the green color of the dye was better retained in the scaffolds expanded with
CO; (Figure 4), indicating that the use of subcritical CO; fluid for expansion results in better
retention of the integrity of molecules encapsulated in the PCL scaffolds.

The release kinetics of the antimicrobial peptide LL-37 from the scaffolds before and after
expansion were measured in vitro via an ELISA kit according to manufacturer’s instructions
(Figure 5A). The antimicrobial efficacy of LL-37 peptide-loaded nanofiber scaffolds before and
after expansion with CO, was evaluated via the incubation with Pseudomonas aeruginosa (P.
aeruginosa). The number of living colonies post incubation with the scaffolds was quantified. The
results showed that the antimicrobial activity of the CO,-expanded, LL-37-loaded scaffolds was
similar to that of unexpanded LL-37-loaded scaffolds, indicating that the expanding process can
preserve the bioactivity of encapsulated LL-37 peptides (Figure 5B).

Further in vivo studies were carried out by subcutaneous implantation of CO;-expanded
nanofiber scaffolds with square-arrayed holes to rats. This allows for cellular migration and
proliferation within the holes as well as further infiltration within the nanofiber layers that were created
during expansion (Figure 6). The expanded scaffold showed a significant increase in the number of
blood vessels formed (Figure 6C, E) and multinucleated giant cells (Figure 6D, F) from week 1 to
4 post implantation. Further immunohistological staining results indicated a decrease of the
number of C-C chemokine receptor type 7 (CCR7)-positive infiltrated macrophages and an
increase of the number of Cluster of Differentiation 206(CD206)-positive infiltrated macrophages
from week 1 to week 4 after implantation.

FIGURE LEGENDS:

Figure 1. Typical electrospinning setup. A typical coaxial electrospinning apparatus is shown.
Electrospinning requires three major components: a high-voltage power supply, a spinneret, and
an electrically conductive collector. Coaxial spinning uses two liquids to spin a nanofiber scaffold;
this allows for the encapsulation of other molecules. Nanofiber alignment and assemblies can be
augmented through the collector by varying the rotational speeds of the rotating drum. In this
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protocol, a customized nozzle was created using two hypodermic needles. Similar nozzles are
available commercially. This figure has been adapted from Xie, et al**.

Figure 2. Steps of scaffold expansion using subcritical CO, fluid. (A) Use a container that is
sealable and can withstand pressure, such as a 30 mL plastic centrifuge tube. (B) Addalcmx 1
cm piece of 2D PCL nanofiber mat. (C) Add ~1 g of dry ice. (D) Seal the container. (E) Allow
pressure to build in the tube. This will turn the solid CO; into liquid CO,. When liquid has gathered,
quickly release the seal of the tube. This will cause the liquid CO; to quickly become gaseous CO;,
resulting in CO, permeating the 2D nanofiber mat. (F) Observe the 3D scaffold. These steps may
be repeated until the desired thickness is achieved.

Figure 3. Visualization of 2D mats before and after expansion with CO; subcritical fluid. (A)
Photograph shows PCL nanofiber mats before the treatment of subcritical CO> fluid (right) and
after the first treatment (left). (B) Photograph shows PCL nanofiber mat before the first
treatment with CO; subcritical fluid (right) and after the second treatment (left). (C) Graph shows
the thicknesses of PCL fiber mats before and after one and two treatments with subcritical CO»
fluid. (D) Graph shows the relative porosity of PCL fiber mats before and after one and two
treatments with subcritical CO; fluid. (E-H) Image shows cross-sectional appearance of PCL mats
captured via SEM. (E-F) SEM image of PCL fiber mats before treatment. (G-H) SEM image of PCL
fiber mats after two treatments with subcritical CO; fluid. This figure has been adapted from
Jiang, et aP.

Figure 4. Coumarin 6 dye-loaded PCL nanofiber mats before and after expansion with
subcritical CO, fluid and NaBHs aqueous solution. (A) Images grossly show the amount of
Coumarine 6 dye remaining in PCL scaffolds following expansion with CO; (right) and NaBH4 (left).
(B) Images show gross top views of PCL scaffolds and their corresponding fluorescence in the
following order: Raw scaffold (bottom right), 2D mat loaded with Coumarine 6 dye (top right),
PCL scaffold loaded with Coumarine 6 dye expanded with CO; (top left), NaBHa (bottom left). (C)
Graph shows the fluorescence intensity of Coumarin 6 dye after PCL mats were untreated,
expanded via subcritical CO; fluid, and expanded via NaBHs treatments. Fluorescence was
quantified by Image J software. This figure has been adapted from Jiang, et al°.

Figure 5. Bioactive molecules encapsulated in PCL scaffolds (A) Graph depicts the relative
release of antimicrobial peptide LL-37 in 2D membranes and subcritical CO; fluid expanded 3D
scaffolds (B) Graphs depict the antimicrobial efficacy of different PCL nanofiber mats when
exposed to P. aeruginosa. This figure has been adapted from Jiang, et al°.

Figure 6. In vivo responses of PCL nanofiber scaffolds with and without expansion via subcritical
COzin subcutaneous dorsum sites of rats. (A) H&E stain. Green dots designate boundaries of cell
infiltration. (B) Masson’s trichrome stain. Green arrows designate collagen deposition. (C) Highly
magnified image of H&E stain. Green arrows designate blood vessels. (D) Highly magnified images
of H&E stain. Green arrows designate giant cells. (E) Graph depicts the growth of blood vessels
per mm?2. (F) Graph quantifies the number of giant cells that infiltrate into traditional 2D PCL mats
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compared with PCL mats expanded with subcritical CO,. This figure has been adapted from Jiang,
et aP.

DISCUSSION

Transforming traditional 2D electrospun nanofiber mats into expanded 3D scaffolds via CO;
depressurization was investigated. Traditional 2D nanofiber mats are successfully expanded via
subcritical CO; fluid. The critical steps are to fabricate 2D nanofiber mats under an optimized
condition and cut the mats without deforming the edges (e.g., using sharp surgical scissors). This
CO;-expanded nanofiber scaffolds have many benefits over traditional 2D mats including layered
structures (Figure 3A-B), less packing density (Figure 3D-H), and higher porosity (Figure 3D). This
expansion method is also advantageous relative to the existing methods of expansion in that it is
quicker to process and reduces the overall loss of encapsulated active biologic molecules due to
this technique’s exclusion of aqueous solutions and freeze-drying procedures®®. However, the
limitation of this technique is that the morphology of polymeric nanofibers should not be
deformed/dissolved in the subcritical CO> fluid. For example, PLGA (50:50) nanofiber mats cannot
be expanded using this technique. Such nanofiber mats could be expanded using other gas
liquids.

Our previous studies demonstrated that cells seeded in a more uniform manner within expanded
nanofiber scaffolds when compared with 2D mats. In this work, a significantly increased rate of
blood vessel formation occurred (Figure 6C, E), and host immune cell infiltrates were observed
within COz-expanded nanofiber scaffolds with square-arrayed holes following subcutaneous
implantation in rats (Figure 6D, F). Angiogenesis and immune cell infiltration indicate that the
scaffold is engaging with the host tissue and possibly homing cells necessary for regeneration of
the damaged tissue; this implies a higher rate of success post-implantation into the host®.

The COz-expanded scaffolds also have the potential to be incorporated with a variety of peptides
and other molecules that can aid in obtaining the desired response. Here, the desired effect is to
be a scaffold for tissue regeneration while simultaneously providing antimicrobial activity
through the incorporated LL-37 peptide. The scaffolds expanded with subcritical CO; fluid also
showed better retention of the incorporated molecules when compared with scaffolds expanded
with NaBH4. The dye molecules encapsulated within the PCL scaffolds were better retained
(Figure 4). Additionally, a slightly greater proportion of the antimicrobial peptide LL-37
encapsulated was released from the 3D CO; expanded scaffolds when compared to 2D mats
(Figure 5A). The bioactivity of LL-37 was retained as the CO, expanded scaffolds showed a similar
antimicrobial efficacy when compared to the 2D scaffolds (Figure 5B).

This new method of 3D expansion that signifies the synthetic scaffold production is no longer
limited to the use of 2D nanofiber mats. The data presented suggests that this expansion method
better maintain the amount and bioactivity of encapsulated bioactive materials within expanded
nanofiber scaffolds. Simultaneously, the expanded nanofiber scaffolds mimic the
nanotopographic environments of those found in vivo®, an attribute that greatly assists in
inducing tissue regeneration®. In the future, these CO,-expanded scaffolds may have potential
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applications in the assistance of wound healing and tissue regeneration as well as in 3D tissue
model creation and locally controlled drug delivery.

ACKNOWLEDGEMENTS

This work was supported by grants from the National Institute of General Medical Science
(NIGMS) at the NIH (2P20 GM103480-06 and 1R01GM123081 to J.X.), the Otis Glebe Medical
Research Foundation, NE LB606, and startup funds from the University of Nebraska Medical
Center.

DISCLOSURE
Authors declare that there is no conflict of interest.

REFERENCES

1. Chen, S., et al. Recent advances in electrospun nanofibers for wound healing.
Nanomedicine. 12 (11), 1335-1352 (2017).

2. Khandalavala, K., Jiang, J., Shuler, F. D., Xie, J. Electrospun Nanofiber Scaffolds with

Gradations in Fiber Organization. Journal of Visualized Experiments (98), €52626, doi:
10.3791/52626 (2015).

3. Xie, J., Li, X., Xia, Y. Put electrospun nanofibers to work for biomedical research.
Macromolecular Rapid Communication. 29 (22), 1775-1792 (2008).

4, Xie, J., et al. Nanofiber membranes with controllable microwells and structural cues and
their use in forming cell microarrays and neuronal networks. Small. 7 (3), 293-297 (2011).

5. Xie, J., et al. Radially aligned, electrospun nanofibers as dural substitutes for wound
closure and tissue regeneration applications. ACS nano. 4 (9), 5027-5036 (2010).

6. Xie, J., et al. “Aligned-to-random” nanofiber scaffolds for mimicking the structure of the
tendon-to-bone insertion site. Nanoscale. 2 (6), 923-926 (2010).

7. Jiang, J., et al. Expanded 3D Nanofiber Scaffolds: Cell Penetration, Neovascularization, and
Host Response. Advanced Healthcare Materials 5 (23), 2993-3003 (2016).

8. Jiang, J., et al. Expanding Two-Dimensional Electrospun Nanofiber Membranes in the
Third Dimension by a Modified Gas-Foaming Technique. ACS Biomaterials Science & Engineering.
10 (1), 991-1001 (2015).

9. Jiang, J., et al. CO2-expanded nanofiber scaffolds maintain activity of encapsulated
bioactive materials and promote cellular infiltration and positive host response. Acta
Biomaterialia. 68, 237-248 (2018).

10. Chen, S., et al. Nanofiber-based sutures induce endogenous antimicrobial peptide.
Nanomedicine. 12 (10), 2597-2609 (2017).

11. Dhand, C., et al. Bio-inspired crosslinking and matrix-drug interactions for advanced
wound dressings with long-term antimicrobial activity. Biomaterials. 138, 153-168 (2017).

12. Jiang, J. et al. Local sustained delivery of 25-hydroxyvitamin D3 for production of
antimicrobial peptides. Pharmaceutical Research 32 (9), 2851-2862 (2015).

13. Jiang, J. et al. 1la, 25-dihydroxyvitamin Ds-eluting nanofibrous dressings induce

endogenous antimicrobial peptide expression. Nanomedicine (Lond).13 (12), 1417-1432 (2018).
14. Ma, B., Xie, J., Jiang, J., Shuler, F.D., Bartlett, D.E. Rational design of nanofiber scaffolds
for orthopedic tissue repair and regeneration. Nanomedicine. 8 (9), 1459-1481 (2013).



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

_Syringe
pump

— Syringe



http://www.editorialmanager.com/jove/download.aspx?id=910935&guid=2636af4d-b0ba-47d5-910d-841652c200e1&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=910935&guid=2636af4d-b0ba-47d5-910d-841652c200e1&scheme=1

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

a = b r N C N\ d A e /A fr \



http://www.editorialmanager.com/jove/download.aspx?id=910936&guid=4cc51bf8-fc89-4265-a146-dcef4fac2772&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=910936&guid=4cc51bf8-fc89-4265-a146-dcef4fac2772&scheme=1

g 9
S ©°

o

0
3

£

LA
® o~

R

(%) ¥ew Jaqy 10d paublje o Ausoiod

——
Raw

o

v o

©

&
(Www) yew soqy 70d pauble
10 SsaUIL



http://www.editorialmanager.com/jove/download.aspx?id=910937&guid=0410ce4d-a659-44b4-92ac-0df9c692a4d2&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=910937&guid=0410ce4d-a659-44b4-92ac-0df9c692a4d2&scheme=1

4 NaBH, CO;

o
o

1N
o

Fluorescence intensity

Coumarin 6 loaded
NaBH, expanded
CO, expanded



http://www.editorialmanager.com/jove/download.aspx?id=910938&guid=c08e2bd0-b617-4398-89ff-d56dab62ecdd&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=910938&guid=c08e2bd0-b617-4398-89ff-d56dab62ecdd&scheme=1

LL 37 release (%)

Living PA (10° CFU)

Fé'lgure 5 Click here to 2
——Expanded accessfdowntoad;Figu
100 -—®— Unexpanded Z L5
=)
80 42
L ©
2
60 L3
(2]
| @
o
40 L2@
M~
L o
201 L1
0 = T T T T T T T T T T T 0
0 5 10 15 20 25 30
Time (days)
1000 o
EEE] Unexpanded PCL-LL37
[—JExpanded PCL-LL37
100+ z
—T
104
1 4

1.0-E5 1.0-E6


http://www.editorialmanager.com/jove/download.aspx?id=910939&guid=1712c183-a7c0-4d79-a4ae-c01a3cc5c245&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=910939&guid=1712c183-a7c0-4d79-a4ae-c01a3cc5c245&scheme=1

Figure 6 Click here to access/download;Figure;Figure 6.pdf =

H&E

Masson

Blood vessels

Giant cells
e B Traditional nanofiber mat
& Expanded and punched nanofiber scaffold
90+
**

o  80-
O = 7]
@ 8 704 = 8140
g3 g s
z E 60+ = £ 120
S E 50 S E 100 -
L o “ o
w & 404 2 ]
o 230 2 3z
g o 7 *% 'g ®

g 20- ER
E g =z &
4 10

o T T 1 1
1 k 2 4 ks



http://www.editorialmanager.com/jove/download.aspx?id=910940&guid=0676eb46-03d5-4e9f-aeb6-7b5fc64cac99&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=910940&guid=0676eb46-03d5-4e9f-aeb6-7b5fc64cac99&scheme=1

Table of Materials

Name of Reagent/ Equipment

Company
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Polycaprolactone

Sigma-Aldrich

440744

N,N-Dimethlyformamide

Fisher Chemical
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Dichloromethane

Fisher Chemical
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Coumarin 6 Sigma-Aldrich 546283
Rotating Steel Drum customized
Syringe Pump Fisher Scientific |14-831-200
Lab Net
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International
EXCELINT
Hypodermic Needle (27G x 1 1/2" 26426
s ( /2") International Co
EXCELINT
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ypodermic ( x11/2%) International Co
Gamma High
High Voltage DC Power Supply Voltage ES30
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Scanning Electron Microscope FEI Nova 2300
Fluorescence Microscope Zeiss Axio Imager 2
LL 37 ELISA Kit Hycult Biotech |[HK321-02
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Comments/Description

This serves as a collector during electrospinning.

Coaxial spinning requires two single syringe pumps.

Adjustable lab rotator for mixing solutions

This is part of the example customized coaxial nozzel shown.

This is part of the example customized coaxial nozzel shown.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Expansion of 2D Electrospun Nanofiber Mats into 3D Scaffolds
Emily Keit, Shixuan Chen, Hongjun Wang, Jingwei Xie

Iltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: \/ Standard Access

Item 2 (check one box):

Open Access

\/ 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.

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 MylJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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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 rights permitted under such
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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. 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.

9. 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 wuse, 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.

10. 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 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
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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.

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

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

13. 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 required per submission.

CORRESPONDING AUTHOR:

Surgery-Transplant and Holland Regenerative Medicine Program

Date: 8/7/2018

N Jingwei Xie

Department:

IRstitution: University of Nebraska Medical Center

Article Title: Expansion of 2D Electrospun Nanofiber Mats into 3D Scaffolds
Signature: %

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd 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 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Cover letter-

UNIVERSITY JOF Jove.docx
e Ias COLLEGE OF MEDICINE
Department of Surgery

M@dical Center Holland Regenerative Medicine Program

Oct. 10, 2018
Dr. Bing Wu, Ph.D.
Review Editor of JoVE

Dear Dr. Wu,

Many thanks for your email dated 9/28/2018 (JoVE58918R1). We have made all the changes (highlighted with
green pen in the revised manuscript) suggested by the Editor. We are resubmitting this revised manuscript.
Here we would like to specifically address the editorial comments.

Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or
grammar issues.
We have thoroughly proofread the manuscript.

2. Unfortunately, there are a few sections of the manuscript that show significant overlap with previously
published work. Though there may be a limited number of ways to describe a technique, please use
original language throughout the manuscript. Please check the iThenticateReport attached to this email.
We have revised the sections.

3. Step 1.1: How much PCL is used?
2 g. This has been added to the revised manuscript.

4. 1.3.1: Please write this step in imperative tense. How much solution is prepared?
We have made changes. 20 mL solution.

5. 3.2: Please ensure that all text is written in imperative tense.
We have made changes.

6. 4.1: Please ensure that all text is written in imperative tense.
We have made changes.

7. 5.4: Please ensure that all text is written in imperative tense.
We have made changes.

8. 6.3.1: Please ensure that all text is written in imperative tense. Please mention how animals are
anesthetized and how proper anesthetization is confirmed.
We have made changes.

9. 6.3.2: Please ensure that all text is written in imperative tense.
We have made changes.

10. 6.3.3: Please ensure that all text is written in imperative tense.
We have made changes.

Sincerely,

2

Jingwei Xie, Ph.D.
Assistant Professor, Department of Surgery and Holland Regenerative Medicine Program
University of Nebraska Medical Center

986025 Nebraska Medical Center / Omaha, NE 68198-6025
(402) 559-5320 / FAX (402) 559-9543 / www.unmc.edu
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STANDARD TERMS AND CONDITIONS

1. Description of Service; Defined Terms. This Republication License enables the User to obtain licenses for republication
of one or more copyrighted works as described in detail on the relevant Order Confirmation (the “*Work(s)”). Copyright
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Confirmation (the “Rightsholder”). "Republication”, as used herein, generally means the inclusion of a Work, in whole or in
part, in @a new work or works, also as described on the Order Confirmation. “User”, as used herein, means the person or
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2. The terms set forth in the relevant Order Confirmation, and any terms set by the Rightsholder with respect to a
particular Work, govern the terms of use of Works in connection with the Service. By using the Service, the person
transacting for a republication license on behalf of the User represents and warrants that he/she/it (a) has been duly
authorized by the User to accept, and hereby does accept, all such terms and conditions on behalf of User, and (b) shall
inform User of all such terms and conditions. In the event such person is a “freelancer” or other third party independent
of User and CCC, such party shall be deemed jointly a “User” for purposes of these terms and conditions. In any event,
User shall be deemed to have accepted and agreed to all such terms and conditions if User republishes the Work in any
fashion.

3. Scope of License; Limitations and Obligations.

3.1 All Works and all rights therein, including copyright rights, remain the sole and exclusive property of the Rightsholder.
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terms and conditions, and conveys no other rights in the Work(s) to User. All rights not expressly granted are hereby
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payment agent, such as a credit card company.
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by permission, User is responsible for identifying, and seeking separate licenses (under this Service or otherwise) for, any
of such third party materials; without a separate license, such third party materials may not be used.

3.5 Use of proper copyright notice for a Work is required as a condition of any license granted under the Service. Unless
otherwise provided in the Order Confirmation, a proper copyright notice will read substantially as follows: “Republished
with permission of [Rightsholder’s name], from [Work's title, author, volume, edition humber and year of copyright];
permission conveyed through Copyright Clearance Center, Inc. ” Such notice must be provided in a reasonably legible font
size and must be placed either immediately adjacent to the Work as used (for example, as part of a by-line or footnote
but not as a separate electronic link) or in the place where substantially all other credits or notices for the new work
containing the republished Work are located. Failure to include the required notice results in loss to the Rightsholder and
CCC, and the User shall be liable to pay liquidated damages for each such failure equal to twice the use fee specified in
the Order Confirmation, in addition to the use fee itself and any other fees and charges specified.

3.6 User may only make alterations to the Work if and as expressly set forth in the Order Confirmation. No Work may be
used in any way that is defamatory, violates the rights of third parties (including such third parties' rights of copyright,
privacy, publicity, or other tangible or intangible property), or is otherwise illegal, sexually explicit or obscene. In
addition, User may not conjoin a Work with any other material that may result in damage to the reputation of the
Rightsholder. User agrees to inform CCC if it becomes aware of any infringement of any rights in a Work and to cooperate
with any reasonable request of CCC or the Rightsholder in connection therewith.

4. Indemnity. User hereby indemnifies and agrees to defend the Rightsholder and CCC, and their respective employees
and directors, against all claims, liability, damages, costs and expenses, including legal fees and expenses, arising out of
any use of a Work beyond the scope of the rights granted herein, or any use of a Work which has been altered in any
unauthorized way by User, including claims of defamation or infringement of rights of copyright, publicity, privacy or other
tangible or intangible property.

5. Limitation of Liability. UNDER NO CIRCUMSTANCES WILL CCC OR THE RIGHTSHOLDER BE LIABLE FOR ANY DIRECT,
INDIRECT, CONSEQUENTIAL OR INCIDENTAL DAMAGES (INCLUDING WITHOUT LIMITATION DAMAGES FOR LOSS OF
BUSINESS PROFITS OR INFORMATION, OR FOR BUSINESS INTERRUPTION) ARISING OUT OF THE USE OR INABILITY TO
USE A WORK, EVEN IF ONE OF THEM HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. In any event, the
total liability of the Rightsholder and CCC (including their respective employees and directors) shall not exceed the total
amount actually paid by User for this license. User assumes full liability for the actions and omissions of its principals,
employees, agents, affiliates, successors and assigns.

6. Limited Warranties. THE WORK(S) AND RIGHT(S) ARE PROVIDED “AS IS”. CCC HAS THE RIGHT TO GRANT TO USER
THE RIGHTS GRANTED IN THE ORDER CONFIRMATION DOCUMENT. CCC AND THE RIGHTSHOLDER DISCLAIM ALL OTHER
WARRANTIES RELATING TO THE WORK(S) AND RIGHT(S), EITHER EXPRESS OR IMPLIED, INCLUDING WITHOUT
LIMITATION IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. ADDITIONAL
RIGHTS MAY BE REQUIRED TO USE ILLUSTRATIONS, GRAPHS, PHOTOGRAPHS, ABSTRACTS, INSERTS OR OTHER
PORTIONS OF THE WORK (AS OPPOSED TO THE ENTIRE WORK) IN A MANNER CONTEMPLATED BY USER; USER
UNDERSTANDS AND AGREES THAT NEITHER CCC NOR THE RIGHTSHOLDER MAY HAVE SUCH ADDITIONAL RIGHTS TO
GRANT.

7. Effect of Breach. Any failure by User to pay any amount when due, or any use by User of a Work beyond the scope of
the license set forth in the Order Confirmation and/or these terms and conditions, shall be a material breach of the
license created by the Order Confirmation and these terms and conditions. Any breach not cured within 30 days of written
notice thereof shall result in immediate termination of such license without further notice. Any unauthorized (but
licensable) use of a Work that is terminated immediately upon notice thereof may be liquidated by payment of the
Rightsholder's ordinary license price therefor; any unauthorized (and unlicensable) use that is not terminated
immediately for any reason (including, for example, because materials containing the Work cannot reasonably be
recalled) will be subject to all remedies available at law or in equity, but in no event to a payment of less than three times
the Rightsholder's ordinary license price for the most closely analogous licensable use plus Rightsholder's and/or CCC's
costs and expenses incurred in collecting such payment.

8. Miscellaneous.

8.1 User acknowledges that CCC may, from time to time, make changes or additions to the Service or to these terms and
conditions, and CCC reserves the right to send notice to the User by electronic mail or otherwise for the purposes of
notifying User of such changes or additions; provided that any such changes or additions shall not apply to permissions
already secured and paid for.

8.2 Use of User-related information collected through the Service is governed by CCC'’s privacy policy, available online
here: http://www.copyright.com/content/cc3/en/tools/footer/privacypolicy.html.

8.3 The licensing transaction described in the Order Confirmation is personal to User. Therefore, User may not assign or
transfer to any other person (whether a natural person or an organization of any kind) the license created by the Order
Confirmation and these terms and conditions or any rights granted hereunder; provided, however, that User may assign
such license in its entirety on written notice to CCC in the event of a transfer of all or substantially all of User’s rights in
the new material which includes the Work(s) licensed under this Service.

8.4 No amendment or waiver of any terms is binding unless set forth in writing and signed by the parties. The
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Rightsholder and CCC hereby object to any terms contained in any writing prepared by the User or its principals,
employees, agents or affiliates and purporting to govern or otherwise relate to the licensing transaction described in the
Order Confirmation, which terms are in any way inconsistent with any terms set forth in the Order Confirmation and/or in
these terms and conditions or CCC's standard operating procedures, whether such writing is prepared prior to,
simultaneously with or subsequent to the Order Confirmation, and whether such writing appears on a copy of the Order
Confirmation or in a separate instrument.

8.5 The licensing transaction described in the Order Confirmation document shall be governed by and construed under
the law of the State of New York, USA, without regard to the principles thereof of conflicts of law. Any case, controversy,
suit, action, or proceeding arising out of, in connection with, or related to such licensing transaction shall be brought, at
CCC's sole discretion, in any federal or state court located in the County of New York, State of New York, USA, or in any
federal or state court whose geographical jurisdiction covers the location of the Rightsholder set forth in the Order
Confirmation. The parties expressly submit to the personal jurisdiction and venue of each such federal or state court.If
you have any comments or questions about the Service or Copyright Clearance Center, please contact us at 978-750-
8400 or send an e-mail to info@copyright.com.

vi1.il

Close

https://www.copyright.com/printCoiConfirmPurchase.do?operation=defaultOperation&confirmNum=11751966&showTCCitation=TRUE Page 6 of 7



Copyright Clearance Center 9/27/18, 11:08 AM

Confirmation Number: 11751966

Citation Information

Order Detail ID: 71574385

Nanomedicine by FUTURE MEDICINE LTD. Reproduced with permission of FUTURE MEDICINE LTD in the format
Journal/magazine via Copyright Clearance Center.
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