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SUMMARY:

The current protocol describes an integrated method investigating cancer cell migration and
invasion on a single platform in real-time, providing an easily reproducible and time-efficient
option to study cell mobility and morphology.

ABSTRACT:

Cancer cell mobility is crucial for the initiation of metastasis. Therefore, investigation of the cell
movement and invasive capacity is of great significance. Migration assays provide basic insight of
cell movement at a 2D level, whereas invasion assays are more physiologically relevant,
mimicking in vivo cancer cell dislodgment from the original site and invading through the
extracellular matrix. The current protocol provides a single workflow for migration and invasion
assays. Together with the integrated automated microscopic camera for real-time HD images and
built-in analysis module, it gives researchers a time-efficient, simple and reproducible
experimental option. This protocol also includes substitutions for the consumables and
alternative analysis methods for users to choose from.

INTRODUCTION:

Cell migration and invasion are important biological processes that enable normal functions in
the human body, such as wound closure, invasion of placenta into the uterus and mammary gland
morphogenesis!3. The human body has precise and strict control of these biological events;
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however, there are some exceptions. Malignant tumors, for example, are able to escape this
safeguard, exhibit abnormal proliferation and invade into neighboring tissue, which is called
metastasis. Metastasis is the major cause of cancer-related mortality®.

Breast cancer is the most commonly diagnosed cancer in women, and is the second-highest cause
of cancer-related death among women in developed countries worldwide®. Breast cancer
originates from ducts or lobules that consist of one or more layers of epithelial cells. In the normal
breast, epithelial cells adhere to one another and to the basement membrane through
membrane proteins such as E-cadherin and integrins®. However, invasive breast cancer cells have
lost their polarity and cell-cell adhesion, and classically undergo epithelial mesenchymal
transition (EMT) and gain the ability to move. After extravasation, these cells move across the
extracellular matrix (ECM) and enter the blood vessel or the lymphatic system, followed then by
intravasation and metastatic growth’. Understanding the mechanisms by which this occurs is of
great significance, since metastasis is the most common cause of cancer-related mortalities and
is closely related to cancer cell migration/invasion. To visualize the movement of cancer cells,
migration and invasion assays are ideal models to study 2D and 3D cell movement, respectively.
Migration directly assesses the movement of the cells whereas invasion involves interaction with
the microenvironment and the ability to degrade biological barriers. The two processes are not
fully independent of one another, as migration is a requirement of invasion.

Several methods have been developed to study migration and invasion. As reviewed by Kramer
et al., migration assays such as wound healing, fence and micro-carrier assays generate a cell-
free area to allow cells to move into, assessing the change of area; whereas, transwell and
capillary assays are based on the number of cells that move toward an attractant®. For invasion
assays, an ECM environment has to be set up with ECM gel or collagen for instance, and 3D
movement can be assessed by monitoring the invasion area, distance and cell counts (e.g.
transwell assay, platypus assay)®. Another type of invasion assay is to combine the invasive cells
with non-invasive cells and assess the behavior of the invasive cells (e.g. spheroid assays). The
above methods have their pros and cons, and a way that is easy to approach, easy to repeat, and
to combine the migration assay and invasion assay in a similar workflow is preferential in
experimental design.

This protocol describes the measurement of cell migration and invasion using a live-cell imager.
It is a real-time cell monitoring system installed in a standard cell culture incubator. It takes high
definition images according to the set scanning intervals and measurements by applying
appropriate masks to the cells or fluorescent targets. The module of migration/invasion assay
includes using a 96-pin scratch tool, which is suitable for making homogeneous scratch wounds
on a cell monolayer in a 96-well plate. The mechanism is based on in vitro wound healing assays,
monitoring 2D cell movement on a plastic or coated surface. Invasion or 3D movement across an
additional ECM within the scratch wound can also be assessed. A brief workflow is illustrated in
Figure 1.

PROTOCOL:
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NOTE: Two cell lines should be handled separately. The following procedures should be applied
to one single cell line if not specified.

1. Optimize cell density prior to wounding

1.1. Culture adherent cells in T75 cm?tissue culture flasks to about 80% confluence in phenol-
red free Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% fetal bovine
serum (FBS), 200 mM L-glutamine and 2 pg/mL insulin at 37 °C with 5% CO; (standard
incubation conditions for most cancer cell lines, culture formulations are cell line-dependent).

1.2. Remove the culture media by pipetting off into a waste container. Pipet 2 mL of pre-warmed
0.1% trypsin-EDTA to briefly rinse the cell monolayer and pipet off. Add another 2 mL of 0.1%
trypsin-EDTA and place the flask under standard incubation conditions at 37 °C for 5 min.

1.3. Gently tap the flask to ensure detachment of the cells and then add 10 mL of pre-warmed
culture media to stop the proteolytic reaction.

1.4. Transfer the cell suspension into a 15 mL centrifuge tube and spin down at 200 x g for 5 min
at room temperature (RT). Carefully remove the supernatant without agitating the cell pellet and
resuspend with another 10 mL pre-warmed culture media.

2. Counting cell number using an automated cell counter (or any counting methods)

2.1. Dilute 200 pL of resuspended cell suspension with 800 pL of 1x Dulbecco’s Phosphate
buffered Saline (DPBS) in a 1.5 mL centrifuge tube.

2.2. Attach a 60 um cell count sensor to the cell counter, hold down the toggle and merge the tip
into the cell suspension. Slowly release the toggle until the cell suspension is successfully drawn
into the sensor. Cell concentration is displayed in cells/mL.
2.3. Calculate the cell number in the 10 mL cell suspension.

3. Cell plating

3.1. Plate cells at a range of cell densities (40,000-90,000 cells/well) in triplicate in a 96-well
plate.

3.2. Place the plate into the live-cell imager, and schedule scanning every 2 h for 24 h.

3.2.1. In the software, click Schedule scans from the task list. In the drawer setup pane,
determine the position of the plate, click Add vessel and choose the plate type. In the Scan Setup
pane, choose or edit the scan pattern according to the experimental plate setup, and set Scan
Type as Standard.
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3.2.2. Right click on the Timeline and select Set Intervals. Set Add Scans Every to 2 h at a 24-h
schedule. Click Apply.

4. Determine the optimal cell seeding density for the migration assay

4.1. Stop scanning after 24 h, apply the confluence processing analysis tool to the HD-phase
contrast images automatically collected, and generate a cell proliferation curve against time.

4.1.1. Determine 3—6 representative images and place them in a new Image Collection.
4.1.2. Determine a proper mask as Processing Definition.
4.1.3. Launch an analysis job.

4.1.4. Determine optimized cell density according to confluence against time (approximately
100% confluence within 6 -18 h depending on when the migration assay commences).

NOTE: The amount of time it takes to grow the cells to confluence varies depending on the
seeding dilution.

5. Days 1 and 2: Preparation for migration and invasion assays
5.1. On Day 1, coat the plate for invasion assay.

NOTE: ECM gel should always be handled on ice and with tips that have been placed in the fridge
overnight.

5.1.1. Dilute ECM gel with ice-cold culture media to 100 pg/mL and add 50 uL of diluted ECM
gel/media into designated wells.

5.1.2. Place the plate at standard incubation conditions overnight.

5.2. On day 2, gently aspirate the excess media. Plate cells with optimized cell densities into 2 96-
well plates designated for the migration assay (uncoated) and the invasion assay (coated) in
triplicates following sections 1-3 in the late afternoon (in the current protocol, optimized seeding
densities for ZR75-1 and MDA-MB-231 were 90,000/well and 50,000/well, respectively).

5.3. Place plates at standard incubation conditions overnight.

6. Day 3: Wound scratch

6.1. Spray and wipe the scratch tool and 2 washing boats with 70% ethanol before placing them

in the biosafety cabinet. Fill the washing boat 1 and 2 with exactly 45 mL of sterile (autoclaved)
distilled water and 70% ethanol respectively.



177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220

6.2. For sterilization, place the scratch tool pin block (top) on washing boat 1 and 2 for 5 min
each.

6.3. Start with the migration assay plate.

6.3.1. Move the plate containing cells from the incubator and make sure no well is dry to avoid
damage of the scratch tool. Remove the plate cover and insert into the base plate holder of the
scratch tool, and carefully place the top part onto the base part by guiding dowels. Press and hold
the black lever, and meanwhile carefully lift the pin block. Gaps in each well are usually visible
with the naked eye and under the microscope.

6.3.2. Quickly soak the pins in water; this is sufficient to clean the scratch tool prior to scratching
the invasion assay plate if plate setup is identical. Otherwise, repeat the sterilization steps with

sterile distilled water and then 70% ethanol for 5 min each.

6.4. Wash the plate 1 or 2 times with pre-warmed culture media to avoid detached cells or cell
sheets reattaching to the well.

6.5. Add 100 pL of fresh warm media into designated wells with or without treatments.
6.6. Additional steps for invasion assay.

6.6.1. Place the invasion assay plate at 4 °C for 5 min to equilibrate and carefully aspirate the cold
media.

6.6.2. Dilute ECM gel with ice-cold culture media to 5 mg/mL, add 50 pL of diluted ECM gel into
designated wells, and place under standard incubation for 30 min.

6.6.3. Add 100 pL of warmed-up media with or without testing compounds.

6.7. Place the plate into live-cell imager and let it equilibrate for 5 min. Choose Vessel Type as
imagelock plate. Set Scan Type as Scratch Wound, choose or edit Scan Pattern according to the
experimental plate setup (1 image/well and wide mode) and schedule 24-h repeat scanning every
1-2 h for 72 h until the wounds are healed.

6.8. To clean the scratch tool, put the top pin block in each of the following solutions (45 mL in
washing boats) for 5 min: 0.5% detergent 1 (see Table of Materials), 1% detergent 2 (see Table
of Materials), sterile distilled water and 70% ethanol. Place the scratch tool back onto its base
plate and store in a dust-free environment.

7. Data analysis

7.1. Stop scanning the designated plate after all the wounds have healed by choosing the
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experimental plate on the Drawer Setup and clicking Remove Vessel.

7.2. Collect 3—6 representative images spanning a range of sound percentages, including images
right after the wound has been made, wound closure by 10% and 50%.

7.3. To determine a proper processing definition, use Segmentation Adjustment, Cleanup and
Filters to apply appropriate Scratch Wound Mask and Confluence Mask. Use Preview current/all
to view the accuracy of the masks.

7.4. Launch the analysis job.

7.5. Data can be analyzed within the software or exported for further analysis. Three metrics
provided by the software can be used to evaluate the HD-phase images: wound width (um),
wound confluence (%) and relative wound density (%). Comparisons will be discussed in the
following section.

REPRESENTATIVE RESULTS:

This migration/invasion assay is based on the wound healing assay, which evaluates the rate of
the cells moving into a cell-free area created by the 96-pin scratch tool. The difference between
the migration and invasion assays are that migration assays measure cells moving on the tissue-
culture treated plastic surface and invasion measures cells moving across ECM gel.

The scratch tool is designed to make consistent scratch wounds in the designated plate and the
live-cell imager is designed to take real-time high-resolution images with the scratch wounds in
the middle. The two breast cancer cell lines used in the current protocol are ZR75-1 and MDA-
MB-231, categorized as luminal B and triple negative subtypes respectively®. The scratch wounds
generated by the 96-pin scratch tool are commonly between 700-900 um but may vary among
different cell lines (Figure 2).

For the migration assay, three metrics are provided: (1) Wound width (um) is the average
distance between cell sheets beside the wound (Figure 3). (2) Wound confluence (%) is the
confluence within the wounding area (Figure 3). The ideal initial wound confluence should be
close to 0%. (3) Relative wound density (%) is a background-subtracted algorithm [%Relative
wound density = 100 * (w(t) - w(0)) / (c(t) - w(0)), t = at time t, w = density of wound region, ¢ =
density of cell region], measuring the density of the wound region relative to the density of the
cell region.

Three eligible metrics can be achieved based on the needs. The relative wound density and
wound confluence imply the speed of cells occupying the scratch wound area, and they almost
overlap in both cell lines. But the two cell lines showed very different wound healing abilities,
where at the completion (circa 50 h) of the wound healing process of MDA-MB-231 cells, ZR75-1
cells had about 50% wound coverage (the two metrics above) and over 400 um remaining wound
width, indicating a lower migration ability of the ZR75-1 cells (Figure 4).



265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308

The migrating behaviors of the two cell types were different and can be compared based on the
recorded images. Lamellipodia (blebbing protrusions) were observed in MDA-MB-231 cells at the
migration front at the beginning of migration, which was a typical sign of cytoskeleton
rearrangement, directing cell movement toward the cell-free region'® (Figure 5). ZR75-1 cells
showed no sign of cell migration at the same time-point (Figure 5).

The metric Relative Wound Density is recommended by the manufacturer for cell invasion, as it
is a 3D assay, and confluence-based analysis is not applicable. Within 50 h, the relative wound
density of MDA-MB-231 cells was saturated (100%), whereas the relative wound density of ZR75-
1 cells did not change over time, indicating the highly invasive phenotype of MDA-MB-231 cells
and the non-invasiveness of ZR75-1 cells (Figure 6).

MDA-MB-231 cells also behaved differently while invading through ECM gel (Figure 7). Compared
to cells with bleb at the migration front, invading cells showed an elongated morphology with
leading protrusions.

FIGURE AND TABLE LEGENDS:
Figure 1: Workflow of migration and invasion assay in the current protocol.

Figure 2: Performance of the scratch tool on breast cancer cell lines ZR75-1 and MDA-MB-231
(upper panel) with the measured initial wound width and initial wound confluence (lower
panel).

Figure 3: Migration assay illustrated by HD phase contrast images and blended mode with
masks in MDA-MB-231. Blue, scratch wound; yellow, cells surrounding the scratch wound; pink,
cells that moved into the scratch wound at 24 h after scratch. Scale bars are 300 pum.

Figure 4: Comparison of three algorithms (wound width, relative wound density and wound
confluence of breast cancer cell lines ZR75-1 (left) and MDA-MB-231 (right). All experiments
represent the mean of three independent experiments, + the S.D. Scale bars are 300 um.

Figure 5: Migration front of ZR75-1 and MDA-MB-231 cells 4 h after scratch. Arrows,
lamellipodia at the migration front.

Figure 6: Quantification of invasion using metric Relative Wound Density (%) of breast cancer
cell line ZR75-1 (left) and MDA-MB-231 (right). All experiments represent the mean of three
independent experiments, * the S.D.

Figure 7: Different cellular characteristics of MDA-MB-231 cells in migration (left) and invasion
(right).

Figure 8: An example of a scratch wound that cannot be analyzed by the integrated migration
module from a 96-well plate.
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DISCUSSION:

Migration and invasion are important parameters to assess the mobility of cancer cells. By using
the 96-pin scratch tool, it is possible to conduct wound healing assays in 2D and 3D
simultaneously. Apart from facilitating automatic scanning, providing a stable cell culture
environment with minimum disruption, the scratch assay conducted using the 96-pin scratch tool
provides consistent scratch wounds, enabling experiments that are more robust and
reproducible. The 96-well plate format gives additional options of either increasing the number
of cell lines or different drug treatments. In addition, cell morphology changes and dynamic
movement can be recorded for further analysis.

The migration/invasion assay is designed to be easily applicable with a few prerequisites. A
confluent cell monolayer is critical prior to wounding to ensure a directed cell movement toward
the gap. It is therefore highly recommended to optimize cell seeding density, and a timeframe
between 6-18 h for complete wound closure is typically ideal. The ability of the experimental
cells attaching to the surface and the proliferation rate will affect this timeframe. Prolonged
incubation time may lead to strong cell-cell adhesion and generate crooked bilateral cell fronts
due to removal of cell sheets. A biomatrix coating will be helpful with less adhesive cell lines, to
decrease the waiting time. Cells can be starved before wounding. Starvation timing is similar to
scratch timing, which is when the confluence reaches nearly 100%, and the starvation media and
duration are cell type dependent. Cells can also be transfected, but seeding density has to be
determined for a prolonged time before wounding, considering incubation time of the
transfection process. Wounding can be achieved within a few seconds using the 96-pin scratch
tool. Defined-sized pins guarantee a precise migration/invasion starting line and distance.
Importantly, the top and bottom sections must be well-aligned to complete a full scratch across
the wells, so that the live-cell images don’t include either terminal of the scratch wounds. The
scratch wounds can be easily observed through naked eyes on the confluent cell monolayer and
can be quickly checked under a bright field microscope. Washing of the wells should be
performed immediately and gently to avoid reattachment of dislodged cells and removal of
bilateral cells. If one washing is sufficient to clean up the desired cell-free zone, there is no need
for an additional wash.

Migration assays can be finalized by adding culture media with or without treatments and are
ready to scan, whereas a few additional steps are needed to be taken into account for an invasion
assay. Unlike cell migration, invading cells penetrate through ECM, which more closely reflects in
vivo cell movement better. The principal of the current protocol is to generate an ECM-
surrounded environment by using ECM gel. Cells are seeded on ECM gel-coated wells and after
wounding, ECM gel is layered on the cells and the scratch wound. When handling ECM gel, it is
better to keep everything cold to avoid gelation. Unevenly distributed ECM gel can cause
problems when focusing the microscope. Due to the viscous nature of ECM gel, it is possible to
generate bubbles, but the bubbles can be easily removed by aspirating 70% ethanol through a
spray bottle. To generate fine but not excessive spray, simply unscrew the cap of the spray bottle
and spray off the excess 70% ethanol within the straw pointing elsewhere. By spraying at a
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distance above and horizontal to the plate, the fine 70% ethanol spray is sufficient to eliminate
the bubbles.

The first scan should commence as soon as possible following wounding, to capture the initial
cell-free wound area, and this is important for establishing the criteria for the analysis. The scan
intervals depend on the cell type, as more invasive cell lines have a more rapid wound closure
rate.

This migration/invasion application is relatively straightforward, and by using the built-in analysis
module, cell movement can be graphed kinetically with 3 metrics: the wound width, wound
confluence and the relative wound density (Figure 3). All three can be used to assess migration.
Wound width describes the average distance in um when the bilateral cell sheets move relatively
parallel, and is independent of the initial wound boundary. Wound confluence and relative
wound density, on the contrary, require the initial wound boundary in the calculation, and
describe the confluence within the wound area and the cell density relative to the unwounded
area, respectively. For the invasion assay, relative wound density is recommended, since it
computes the wound area in reference to the bilateral cell sheets. Readers can choose the one
that best represents their needs.

This scratch wound migration/invasion assay can be convenient, but it requires the 96-pin scratch
tool, designated plates, and the live-cell imager with the integrated migration/invasion module
to reproduce the typical results presented in this protocol, and these can be expensive. Cost-
effective substitutions such as a flat bottom 96-well multiwell plate can be used and can generate
decent scratch wounds (data not shown). However, the performance of the scratch tool was not
as good as when the designated plate was used, and some wounds could not be picked up by the
scanning mode (Figure 8), thus unable to correctly define the initial wound area. Additionally,
the scratch tool can be used to create scratch wounds, with analysis either manually, by image
processing programs, or using other end-point visualization and analysis tools. They provide more
flexibility to locate the initial wounds, and therefore are not limited to the designated plates. On
the other hand, the migration/invasion assay combined with live-cell imaging in the current
protocol is less time-consuming and less error-prone. This could be particularly useful for
experimental consistency and increased efficiency.

In conclusion, this migration/invasion assay is quick, easy and robust. Users can choose from our
protocol and others based on their need and budget.
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Dulbecco’s Modified Eagle Medium, no phenol-red Scientific 21063-045 200 mM L-glutamine, 2
pg/ml insulin
Growth-fact duced,
ECM Gel (matrigel) Sigma-Aldrich E6909 rowth-factor reduce
phenol red free
Essen ImagelLock 96-well plate, flat bottom Essen 4379
EVE Counting slides BioTools EVS-50
B
Fetal bovine serum (FBS) .ovogfan SFBS-F-500ml
Biologicals
IncuCyte 96-well scratch wound cell invasion Including CoolBox, 2x
. Essen 4444 )
accessories CoolSink
Including the 96-well pin
IncuCyte Cell migration kit Essen 4493 block, 2x wash boats and the
software
IncuCyte ZOOM Essen Live cell analysis system
Insulin solution human Sigma-Aldrich 19278-5ML
Th Fish
L-glutamine solution (100x) CrMOFISNEr  155030-091
Scientific
Tissue culture flask, 75 cm” growth area Greiner Bio-One |658175



http://www.editorialmanager.com/jove/download.aspx?id=924419&guid=aa01c8ad-beb8-4d3a-955e-a6067460014e&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=924419&guid=aa01c8ad-beb8-4d3a-955e-a6067460014e&scheme=1

Author License Agreement (ALA)

tel. 617.945.9051
VISUALIZED EXPERIMENTS www.jove.com

&
1 Alewife Center #200
Cambridge, MA 02140

Title of Article:

Author(s):

Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement.pdf

ARTICLE AND VIDEO LICENSE AGREEMENT

A simple workflow of migration/invasion using the IncuCyte and WoundMaker

Xiajie Zhang, Brianna Morten, Rodney Scott and Kelly Avery-Kiejda

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

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

Item 2 (check one box):

X

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.
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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;
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Phillip Steindel, PhD
Review Editor,

c/o JoVE

1 Alewife Center, Suite 200
Cambridge, MA 02140

Friday 31t October 2018
Dear Dr Steindel,

Re: submission JoVE59042R3 “A simple workflow of migration/invasion using an automated live-cell
imager”.

Thank you for your email on 1/11/18 regarding the editorial review of our manuscript JoVE59042, and
for giving us the opportunity to make the suggested changes to our manuscript. We would like to thank
you for your valuable feedback on this manuscript. The revised manuscript has been attached with track
changes to demonstrate the changes made to the manuscript. This current document lists all the
changes made to address the comments for the revised manuscript, where words marked with a strike
through have been removed, and words underlined have been added. Please be advised that all the
page and line numbers following refer to the revision document under All Markup view.

e Editorial comment 1. Short and Long abstract: You mention ‘similar’ platforms and workflows in
these sections-similar to what? Please expand.
This has been corrected as follows:

- Page 2, line 70: .......invasion on a similar single platform in real-time .........
- Page2,line79: ... provides a simitar-single workflow between for.......

e Editorial comment 2. Protocol steps 1 and 2: You have highlighted the headers here but none of
the details; do you intend to show any of these steps? Note that we can indicate that viewers
follow the text protocol if you don’t want to show specific steps in the video.

- No, we do not intend to show this in the video, please indicate to viewers to follow the text.

e Editorial comment 3. Figures 2 and 3: Please include a scale bar.
- Ascale bar has now included

e Editorial comment 4. Figures 7 and 8: The scale bars are hard to read; please choose a color that
increases contrast.
- We have made the changes as required.
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We hope that these changes are acceptable to continue the submission process at JoVE.

Yours Sincerely,
/4 it — 4 ] "{;/
K o] A4

Kelly Avery-Kiejda

Postdoctoral Research Fellow

Medical Genetics, Hunter Medical Research Institute
University of Newcastle, NSW, Australia

Telephone: +61 2 4042 0309

Fax: +61 2 4042 0031

Email: Kelly.Kiejda@newcastle.edu.au
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