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23
24 SUMMARY:
25  Presented here is a protocol for the primary clarification of CHO cell culture using an acoustic
26  separator. This protocol can be used for the primary clarification of shake flask cultures or
27  bioreactor harvests and has the potential application for continuous clarification of the cell
28  bleed material during perfusion bioreactor operations.
29
30 ABSTRACT:
31  Primary clarification is an essential step in a biomanufacturing process for the initial removal of
32  cells from therapeutic products within the harvested cell culture fluid. While traditional
33  methods like centrifugation or filtration are widely implemented for cell removal, the
34  equipment for these processes have large footprints and operation can involve contamination
35  risks and filter fouling. Additionally, traditional methods may not be ideal for continuous
36  bioprocessing schemes for primary clarification. Thus, an alternate application using acoustic
37 (sound) waves was investigated to continuously separate cells from the cell culture fluid.
38  Presented in this study is a detailed protocol for using a bench-scale acoustic wave separator
39  (AWS) for the primary separation of culture fluid containing a monoclonal IgG1 antibody from a
40 CHO cell bioreactor harvest. Representative data are presented from the AWS and demonstrate
41  how to achieve effective cell clarification and product recovery. Finally, potential applications
42  for AWS in continuous bioprocessing are discussed. Overall, this study provides a practical and
43  general protocol for the implementation of AWS in primary clarification for CHO cell cultures
44  and further describes its application potential in continuous bioprocessing.
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INTRODUCTION:

A critical step in a biomanufacturing process involving secreted therapeutic proteins is the
removal of biomass from harvested cell culture fluid (HCCF). Traditionally, biomanufacturers
have adopted centrifugation followed by depth filtration as their primary clarification methods
in the production of monoclonal antibodies!. However, centrifugation may lead to high shear
stress on the cells, resulting in increased cellular debris in the HCCF. This can potentially lead to
filter fouling during filtration and result in extra contaminants postfiltration that can
subsequently reduce downstream chromatography efficiency®3. Furthermore, the
customization of the centrifuges for a certain process can be costly and may require additional
connections to clean-in-place and sterilize-in-place systems that may also be a limiting factor
for scalability. The use of depth filters can compensate for the limitations of the centrifugation
and also take advantage of single-use technology?. However, depth filters are primarily used as
secondary clarification because they cannot withstand high cell culture densities>. Alternatively,
tangential flow filtration (TFF) cell retention devices have been employed to mitigate shear
stress but may experience challenges such as membrane polarization and poor harvest yields®.
The above issues arising from the use of centrifugation plus depth filtration or TFF creates an
opportunity for the improvement of the primary clarification process of HCCF.

Acoustic separation was introduced as a technology that can be utilized for harvesting secreted
proteins from cell cultures with high-quality protein products”2. Acoustic separation is achieved
through the propagation and reflection of multidimensional standing waves that interact with
suspended fluids and retained particles>°. These particles experience three forces: fluid drag,
gravity, and acoustic radiation. When each of the forces are equally opposed to each other,
reaching equilibrium, the particles are suspended and trapped within the ultrasonic standing
wavel®, In a cell culture suspension, cells are held within this pressure node plane of standing
waves, the node grows as cells coalesce, and eventually these clusters of cellular nodes fall
from the gravitational force®. These sedimented cells are then removed from the media, which
allows for the clarified media to be pumped out for further downstream processing. The
utilization of ultrasonic waves as a separation method has started to translate into biological
applications ranging from separation of lipid particles and red blood cells'! to mammalian
perfusion cell culture!?. With its relative capabilities to reduce costs, labor, and cellular stress by
avoiding centrifugation, depth filtration, or TFF, biomanufacturers are exploring the potential
applications of using acoustic separation.

This study provides a general protocol for operating a benchtop acoustic wave separator (AWS)
for clarification of CHO cell culture, presents representative data, and demonstrates how to
achieve effective cell clarification and product recovery.

PROTOCOL:

1. Preparation of AWS
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NOTE: This protocol was developed using one acoustophoretic chamber. However, the bench-
scale AWS has five turbidity probes that can operate 4 acoustophoretic chambers in series if
needed.

1.1. Connect the turbidity cables into their respective ports labeled as F, 1, 2, 3, 4 (e.g., turbidity
probe 1 in Figure 1c and port 1 in Figure 2a) and the chamber power BNC cables to the back of
the AWS system labeled as 1, 2, 3, 4 (Figure 2b).

NOTE: Do not connect the other end of the chamber power BNC cable (Figure 3c) to the back of
the acoustophoretic chamber (Figure 3d) until step 2.4 when the chamber is filled with fluid. If
the chamber power is turned on with no fluid in the chamber, it will damage the piezo
transducer in the chamber and no longer function.

1.2. Insert the turbidity probes into the turbidity meter and thermometer housing and tighten
the screws (Figure 1c and Figure 3).

1.3. Connect the feed tubing to the input of the feed turbidity port (Figure 4a) via the feed
pump (Figure 1b to 1c).

1.4. Connect the y-tubing from the output of the feed turbidity port (Figure 4b) to the inlet
ports of the acoustophoretic chamber (Figure 4c).

1.5. Connect the stagel tubing from the waste port of the acoustophoretic chamber (Figure 4d)
via the stagel pump to a cell collection vessel (Figure 1d via 1e to 1f).

1.6. Connect the tubing from the permeate port of the acoustophoretic chamber (Figure 4e) to
the input of probel turbidity port (Figure 4f).

1.7. Connect the harvest tubing from out of the probel turbidity port (Figure 4g) to a product
collection vessel (Figure 1c - 1g).

2. Prime the system with HCCF

NOTE: This protocol was developed using CHO-K1 cells cultured in chemically-defined medium
(ActiCHO P with 6 mM L-glutamine) producing the model IgG1 monoclonal antibody VRC011*3
and may need to be adjusted for other cell lines and products. The HCCF used in this protocol
was obtained at the end of 7-8 days of CHO-K1 cultures from a shaking flask or bioreactor
process.

2.1. Turn on the AWS by turning on the power switches on the back and front of the AWS.

2.2. Turn on the computer and double-click the desk icon for the associated software (see Table
of Materials). From the “Readings” panel, press the “Start Test” button to initiate data



131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173

recording (Figure 5). Once data recording is initiated, all data collected will be recorded in an
exportable spreadsheet until the test is stopped.

2.3. Connect the feed tubing end into the HCCF vessel being stirred.

2.4. Start the feed pump by entering the pump rate on the “Controls” screen within the “Feed
Pump Image” and press “Enter” on the keyboard. Ensure that the “Pump Direction Arrow
Icon” (clockwise or counterclockwise) is correctly selected in the gray box to the right of the
Feed Pump Image to pump HCCF from the vessel into the acoustophoretic chamber. Click on
the “Triangle Icon” next to the words “Turn ON” within the gray box under the Feed Pump
Image to “Start” the pump (Figure 6a).

NOTE: The maximum pump rate is 10 L/h (167 mL/min), but it is recommended that the
nominal flow rate, 60 mL/min, be used for this step to quickly fill the tubing and chamber
without risking overfilling the chamber prior to beginning the separation.

2.5. Monitor the feed turbidity measurements by observing the “Percent Reduction Panel”
(Figure 5c¢) during the filling of the acoustophoretic chamber. The turbidity values will remain
consistent during the loading of the chamber if the HCCF is being mixed sufficiently in the HCCF
vessel.

2.6. Once the liquid is above the piezo transducer at the back of the acoustophoretic chamber,
press “Turn OFF” within the gray box under the Feed Pump Image to stop the pump. Connect
the BNC power cable (Figure 3c) to the acoustophoretic chamber (Figure 3d).

NOTE: The holdup volume of each acoustophoretic chamber is around 190 mL.
3. Operation of AWS

3.1. Once the acoustophoretic chamber is filled and the BNC power cable is connected to the
back of the acoustophoretic chamber, change the rate of feed pump to the desired operating
rate (Figure 6a and Table 1). Several feed pump rates should be tested to identify the ideal
operating parameters for a given process.

3.2. Turn on the stagel piezo power by sliding the bar in the power module to 10 W (Figure 6d)
and pressing the “Turn ON” icon on the right side of the Stage 1 box (Figure 6c). As suggested
by the manufacturer, use 10 W, the recommended power setting for CHO cells. This will
generate a fixed frequency of 2 MHz for operation. After several seconds, the cells will start to
visibly clump at the wave nodes in the acoustophoretic chamber (Figure 7a).

3.3. Once the cells begin to settle to the bottom of the acoustophoretic chamber (Figure 7b),
start the stagel pump with an appropriate rate based on the cell density and feed pump rate
(Figure 6b). Based on the manufacturer’s optimization and steady-state operation spreadsheet,
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the stagel pump rate can be calculated based on the packed cell mass and feed flow rate using
the following equation

Stagel pump rate = Feed pump rate X (2 X Feed packed cell mass (%))

3.3.1. To calculate packed cell mass, tare a scale with an empty 15 mL tube (or other tube
compatible with centrifugation). Fill the tube with feed material and record the total weight of
the tube with feed. Centrifuge the tube for 10 min at 3,700 x g. Decant the supernatant into a
separate container. Measure the weight of the tube with the cell pellet. The packed cell mass
percentage of the feed material = (decanted tube weight/filled tube weight) x 100%.

3.4. Monitor the turbidity profile of stagel turbidity as the overflow from the acoustophoretic
chamber enters the turbidity probel (Figure 8).

feed turbidity—stage1 turbidity %

3.5. As the cell separation continues, cell removal efficiency ( = =
feed turbidity

100) will increase.

3.6. In addition, monitor the temperature difference between feed and stagel as it will increase
as the cell separation continues (Figure 9). The temperature may rise when higher cell density
feed is used but can generally be reduced by altering the feed flow rate.

NOTE: When using multiple acoustophoretic chambers, one can sequentially connect the tubing
from the previous acoustophoretic chamber via turbidity probes to the input of the current
acoustophoretic chamber. In addition, one can connect stage tubing from the bottom of the
acoustophoretic chambers via stage pumps to cell collection vessels. A total of four
acoustophoretic chambers can be connected in series for optimal cell removal efficiency if
necessary.

4. Ending AWS

4.1. When the run is over, stop the feed and stagel pump by pressing Turn OFF within the gray
box under the feed pump and stagel pump images, respectively, to stop the pumps.

4.2. Turn off the power to the chamber by pressing Turn OFF on the right side of the Stage 1
box and disconnect the BNC power cable.

4.3. Take the product harvest material collected for further clarification and purification
procedures, such as depth filtration and chromatography methods. Discard the cell harvest
material.

4.4. Drain the remaining fluid in the acoustophoretic chamber by placing the waste tubing into
an empty vessel, disconnecting the tubing from the acoustophoretic chamber inlet and
permeate ports and releasing the waste tubing from the pump head.
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4.5. Reconnect the tubing, place the waste tubing back into the pump head, and flow through
DI water from the end of feed tubing using a feed pump rate of 60 mL/min and stagel pump
rate of 60 mL/min. Continue for 15-20 min. Discard the flow through.

4.6. Pump 70% isopropyl alcohol (IPA) through the tubing and the chamber using the feed
pump for 15—-20 min. Discard the flow through.

4.7. Repeat cleaning procedure with DI water to clear the tubes and the chamber by using the
feed pump for 15—-20 min. Discard the flow through.

4.8. Disassemble the tubing from the turbidity probes and acoustophoretic chambers and clean
the area with 70% IPA.

4.9. Disassemble the turbidity probes and clean inside the turbidity probes with 70% IPA. Let all
parts air dry and then reassemble for the next use.

NOTE: The acoustophoretic chambers are manufactured for single use but can be reused if
handled and cleaned properly as described in this protocol.

REPRESENTATIVE RESULTS:

As described in the protocol, the AWS was used to clarify HCCF at a density of 12.4 x 10°
cells/mL, as shown in Figure 1. The feed pump was set to 3.5 mL/min (5 L/day), representing a
cell bleed rate within the presumed suitable range for a 10-20 L culture. As the HCCF entered
the AWS chamber, the turbidity measurements from the feed turbidity probe remained
consistent, around 1,000-1,100 NTU, and measurements from the probel turbidity probe
remained around 40-50 NTU (Figure 8). Using the two measurements, cell removal efficiency

__ feed turbidity—stage1 turbidity
- feed turbidity

( x 100)

was calculated and averaged 95%. It was found that a turbidity measurement of 40-50 NTU
was the minimum turbidity level achievable and thus no further separation from an additional
AWS chamber in series was feasible.

While the AWS could separate with high efficiency at lower flow rates, keeping the HCCF for a
longer time within the chamber caused temperature increases, which should be a consideration
when selecting lower flow rates. Figure 9 is an example of the temperature difference of the
HCCF before entering the acoustophoretic chamber and after acoustic separation at a feed flow
rate of 3.5 mL/min, which showed a >6 °C increase in temperature due to prolonged time
within the acoustic chamber.

Another important consideration when running high cell density harvests (i.e., >20 x 10°
cells/mL) is the saturation of the turbidity probes. The turbidity measurements for the feed
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turbidity probe became saturated over 4,400 NTU (Figure 10), which may result in
underestimation in the calculation of cell removal efficiency.

To test the effect of different feed rates on the cell clarification, cell removal efficiency was
measured at different feed rates. As shown in Figure 11, cell removal efficiency decreased
significantly from ~100% to 57% as the feed pump rate increased. In general, the slower the
feed pump rate, the better the cell clarification. However, optimization of feed rate is
recommended for each application.

FIGURE AND TABLE LEGENDS:

Figure 1: AWS Setup. Once the pumps were turned on with the software (a), the HCCF was
channeled in via a feed pump (b) through the feed turbidity probe (c) then to the AWS chamber
(d). Inside the chamber, acoustic forces trapped cells from the flow in nodes of waves and
caused clumping. Decreased buoyancy caused cells to drop through gravitational force, and
cells were removed from the waste port of the acoustophoretic chamber via stagel pump (e) to
a cell harvest bottle (f) while the clarified material exited to the probel turbidity probe (c)
through the permeate port of the chamber to a product harvest bottle (g).

Figure 2: Back of AWS system. The turbidity probes and the chambers are connected to their
respective ports at the back of AWS system via turbidity probe ethernet (a) and chamber power
BNC (b) cables. Also, the computer is connected via PC ethernet cable (c).

Figure 3: Turbidity probes and housing. Each turbidity probe (a) must be properly inserted to
the respective turbidity meter and thermometer housing (b) and tightened with the screws.
The chamber power BNC cable (c) should be connected to the back of the acoustophoretic
chamber (d) only after the piezo transducer in the chamber is filled with fluid. The probes are
indicated as following: F = feed turbidity, 1 = probel turbidity, and 2, 3, and 4 are unused
probes (or can be used to serialize the procedure).

Figure 4: Connection between the turbidity housing and the acoustophoretic chamber. The
feed tubing is connected to the input of feed turbidity port (a) via the feed pump. The output of
the feed turbidity port (b) is connected to the inlet ports of the acoustophoretic chamber (c) via
y-tubing. The stagel tubing is connected from the waste port of the acoustophoretic chamber
(d) via the stagel pump to a cell collection vessel. The permeate port of the acoustophoretic
chamber (e) is connected to the input of probel turbidity port (f). The harvest tubing is
connected from out of the probel turbidity port (g) to a product collection vessel.

Figure 5: Readings panel in the Acoustic Separator software. The program has two panels,
“Readings” and “Controls”. Within the “Readings” panel, turbidity (a), temperature (b), and
percent reduction (c) are monitored. To initiate the data recording, the “Start Test” button (d)
needs to be clicked, which will change the button’s color to green.

Figure 6: Controls panel in the program. Within the “Controls” panel, the pumps can be turned
on or off, and the rate of pumping can be changed for feed (a) and other stages (b). Also, the
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chamber power on the piezo transducer can be turned on or off (c) and be changed with a slide
bar (d). The experiments used 10 W, because it is the recommended power setting for CHO
cells as recommended by the manufacturer.

Figure 7: AWS Chamber. Once the cells were inside the chamber, the acoustic forces trapped
cells in nodes of waves and caused cells to cluster (a). These cell clusters increased in size until
they lost their buoyancy and eventually settled down by gravitational force (b). Next, the
settled cells were removed from the waste port of the acoustophoretic chamber via stagel
pump to a cell harvest bottle (c). The product exited the chamber through permeate port (d)
while HCCF continuously filled the chamber via inlet ports (e).

Figure 8: Turbidity measurements for a 12 x 10° cell/mL CHO cell culture with a feed pump
rate of 3.5 mL/min. Feed turbidity (blue) was approximately 1,000 NTU and permeate exiting
the stage 1 turbidity meter (orange) was 40—60 NTU.

Figure 9: Temperature measurements for a 12 x 10° cell/mL CHO cell culture with a feed
pump rate of 3.5 mL/min. Feed temperature (blue) was approximately 21 °C and permeate
exiting the stage 1 turbidity meter (orange) was approximately 27 °C.

Figure 10: Turbidity measurement example for a high cell density sample. When the cell
density was >20 x 10° cells/mL, the feed turbidity measurement was saturated at the maximum
value of 4,400 NTU, resulting in underestimation of cell removal efficiency.

Figure 11: Cell removal efficiency comparison. As the feed rate increased, the cell separation
decreased. Hence, as the feed rate increased, the cell clarification efficiency decreased.

Table 1: Operating Conditions. The recommended operating conditions from the AWS
manufacturer for flow rate, pressure range, feed fluid, and operating temperature.

DISCUSSION:

Described is a step-by-step protocol for the implementation of a bench-scale AWS in primary
clarification of a model monoclonal antibody from HCCF of a CHO cell line. As shown in the
representative results, the use of the AWS in primary clarification resulted in effective cell
clarification and product recovery. Furthermore, the low level of maintenance and operational
requirements and scale-up capability allow broader application potential in primary
clarification.

Importantly, the representative results suggest that the feed pump rate is critical for the
separation of the cells. In addition, due to limitations in detecting high cell density in the
turbidity measurement, working cell density is another factor to consider when using an AWS
system. Because the turbidity probe will be saturated when running high cell density feed
material, it may be best to calculate cell separation efficiency by measuring the cell densities of
the feed material and clarified cell culture fluid offline. With accurate offline measurement of
clarification, one process strategy that can be considered in solving these problems is to use
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multiple chambers in series. Although this protocol is primarily focused on using a single
chamber, this system can operate three additional chambers for sequential clarification of the
cells that can minimally impact the condition of the cells and result in high product recovery. In
addition, other parameters, such as power for AWS and cell removal flow rates, can be further
optimized for specific cell types or mode of operation. Overall, an optimization of the operation
parameters and strategy using these considerations are recommended prior to implementation
of AWS.

Among many application potentials, the use of AWS in continuous bioprocessing is promising.
Because AWS can replace centrifugation and drastically reduce the filter surface area'?, the use
of AWS would enable a constant flow of cell-free material for subsequent filtration and
chromatography processes that are compatible with continuous biomanufacturing. Due to this
compatibility and the availability of perfusion technology for high cell density (e.g., >50 x 10°
cells/mL) and longer culture duration (e.g., >14 days), AWS has the potential to develop a novel
continuous cell bleeding strategy in addition to the primary clarification.

In some cases, up to 30% of the protein therapeutic produced is removed during steady-state
operation in the cell bleed material*>1®. In addition, for the removed monoclonal antibodies to
be pooled with the standard harvested material certain quality attributes must be met. When
these specifications are not met, the result may be a rejection of material that can impact
product yield. To compensate for such product loss, a continuous clarification of cell bleed
material using AWS can be implemented at a steady-state condition during a long-term
perfusion process'’. This strategy may reduce the product loss in the bleed material and utilize
more of the protein produced. In addition, cells after the continuous clarification using AWS
could potentially be added back into the bioreactor if desired for higher cell density and
productivity. Thus, continuous clarification of cell bleed material with AWS may offer an
opportunity to increase yield and/or decrease secondary filter surface area in a given process.

In summary, the utility of AWS is not limited to simple primary clarification but may have utility
for applications in continuous bioprocessing that may improve manufacturing rate and
operational flexibility.
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Parameter Specification
Flow Rate 0-10L/h
Pressure Range 0— 2 bar (0 - 30 psi)

Feed Fluid Temperature 0—40°C (32— 104 °F)
Operating Temperature 0-40°C (32 -104 °F)
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Acoustophorectic chamber

ActiCHO P

AWS

Cadence Acoustic Separator Software
CHO-K1 cells
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L-glutamine

Masterflex L/S 14 tubing

Masterflex L/S 16 tubing

Tubing set
Turbidity probe
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Company Catalog/Model Number

Pall CAS-AC-K1 Cadence acoustic chamber kit

GE SH31025.01

Pall CAS-SYS (60500101-SP)

Pall Cadence Acoustic Separator Interface Ver. 1.0.4
VRC VRCO1

Dell Latitude 3470

LabChem LC157605

Corning 25-005-CV

Cole-Parmer 96400-14
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Pall CAS-FP-K1 Tubing set
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Comments/Description

powder medium

Windows 7, 64 bit OS

20L prepped 70% IPA

200 mM stock solution
peroxide-cured silicone tubing, 25ft

peroxide-cured silicone tubing, 25ft
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Editorial comments:

1. The editor has formatted the manuscript to match the journal's style. Please retain and use the
attached version for revision. Done.

2. Please address all the specific minor comments marked in the manuscript. Done.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:
Primary Clarification of CHO Harvested Cell Culture Fluid using an Acoustic Separator

Author(s):
Jin Sung Hong, Nicole Azer, Cyrus Agarabi, Erica J. Fratz-Berilla

ltem 1: The Author elects to have the Materials be made available (as described at
http://www.jove.com/publish) via:

D Standard Access Open Access

Item 2: Please select one of the following items:
DThe 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.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video of the Article, and in which the Author may or may not
License Agreement, the following terms shall have the appear.

following meanings: “Agreement” means this Article and 2. Background. The Author, who is the author of the
Video License Agreement; “Article” means the article Article, in order to ensure the dissemination and protection
specified on the last page of this Agreement, including any of the Article, desires to have the JoVE publish the Article
associated materials such as texts, figures, tables, artwork, and create and transmit videos based on the Article. In
abstracts, or summaries contained therein; “Author” furtherance of such goals, the Parties desire to memorialize
means the author who is a signatory to this Agreement; in this Agreement the respective rights of each Party in and
“Collective Work” means a work, such as a periodical issue, to the Article and the Video.

anthology or encyclopedia, in which the Materials in their 3. Grant of Rights in Article. In consideration of JoVE
entirety in unmodified form, along with a number of other agreeing to publish the Article, the Author hereby grants to
contributions, constituting separate and independent JoVE, subject to Sections 4 and 7 below, the exclusive,
works in themselves, are assembled into a collective whole; royalty-free, perpetual (for the full term of copyright in the
“CRC License” means the Creative Commons Attribution- Article, including any extensions thereto) license (a) to
Non Commercial-No Derivs 3.0 Unported Agreement, the publish, reproduce, distribute, display and store the Article
terms and conditions of which can be found at: in all forms, formats and media whether now known or
http://creativecommons.org/licenses/by-nc- hereafter developed (including without limitation in print,
nd/3.0/legalcode; “Derivative Work” means a work based digital and electronic form) throughout the world, (b) to
upon the Materials or upon the Materials and other pre- translate the Article into other languages, create
existing works, such as a translation, musical arrangement, adaptations, summaries or extracts of the Article or other
dramatization, fictionalization, motion picture version, Derivative Works (including, without limitation, the Video)
sound recording, art reproduction, abridgment, or Collective Works based on all or any portion of the Article
condensation, or any other form in which the Materials may and exercise all of the rights set forth in (a) above in such
be recast, transformed, or adapted; “Institution” means translations, adaptations, summaries, extracts, Derivative
the institution, listed on the last page of this Agreement, by Works or Collective Works and(c) to license others to do any
which the Author was employed at the time of the creation or all of the above. The foregoing rights may be exercised in
of the Materials; “JoVE” means Mylove Corporation, a all media and formats, whether now known or hereafter
Massachusetts corporation and the publisher of The Journal devised, and include the right to make such modifications
of Visualized Experiments; “Materials” means the Article as are technically necessary to exercise the rights in other
and / or the Video; “Parties” means the Author and JoVE; media and formats. If the “Open Access” box has been
“Video” means any video(s) made by the Author, alone or checked in Item 1 above, JoVE and the Author hereby grant
in conjunction with any other parties, or by JoVE or its to the public all such rights in the Article as provided in, but
affiliates or agents, individually or in collaboration with the subject to all limitations and requirements set forth in, the
Author or any other parties, incorporating all or any portion 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

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

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

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

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

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