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28  SHORT ABSTRACT (SUMMARY):
29  Here, we present an integrated workflow to identify phenotypic and molecular features that
30 characterize circulating tumor cells (CTCs). We combine live immunostaining and robotic
31 micromanipulation of single and clustered CTCs with single cell-based techniques for
32 downstream analysis and assessment of metastasis-seeding ability.
33
34 LONG ABSTRACT:
35 Blood-borne metastasis accounts for the most cancer-related deaths and involves circulating
36  tumor cells (CTCs) that are successful in establishing new tumors at distant sites. CTCs are found
37 in the bloodstream of patients as single cells (single CTCs) or as multicellular aggregates (CTC
38 clusters and CTC-white blood cell clusters), with the latter displaying a higher metastatic ability.
39 Beyond enumeration, phenotypic and molecular analysis is extraordinarily important to dissect
40 CTC biology and to identify actionable vulnerabilities. Here, we provide a detailed description of
41  a workflow that includes CTC immunostaining and micromanipulation, ex vivo culture to assess
42  the proliferative and survival capabilities of individual cells, and in vivo metastasis-formation
43  assays. Additionally, we provide a protocol to achieve the dissociation of CTC clusters into
44  individual cells and the investigation of intra-cluster heterogeneity. With these approaches, for
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instance, we precisely quantify survival and proliferative potential of single CTCs and individual
cells within CTC clusters, leading us to the observation that cells within clusters display better
survival and proliferation in ex vivo cultures compared to single CTCs. Overall, our workflow
offers a platform to dissect the characteristics of CTCs at the single cell level, aiming towards the
identification of metastasis-relevant pathways and a better understanding of CTC biology.

INTRODUCTION:

The clinical manifestation of metastasis in distant organs represents the final stage of cancer
progression and accounts for more than 90% of cancer-related deaths®. The transition from
localized to metastatic disease is a multi-step process, often mediated by circulating tumor cells
(CTCs)?*. These cells are shed from the primary tumor into the blood circulation and are
transported to distant organs, where they may extravasate and establish metastatic lesions>®.
Although solid tumors can release a relatively high number of CTCs, most CTCs are destined to
die, owing to high shear forces in circulation, anoikis-mediated cell death, immune attack or
limited capabilities to adapt to a foreign microenvironment’. Therefore, it is pivotal to establish
tools that enable the dissection of the molecular features of those CTCs that are endowed with
metastasis-seeding ability. Recent preclinical and clinical studies suggest that the presence and
guantity of the single CTCs and CTC clusters is associated with a worse outcome in patients with
various types of solid tumors®14, CTC clusters are groups of two or more CTCs attached to each
other during circulation and are more efficient in forming metastasis compared to single
CTCs>1>16, Cells within a cluster maintain strong cell-cell adhesion through desmosomes and
adherens junctions, which may help to overcome anoikis!’!8. Recently, we observed that
clustering of CTCs is linked to hypomethylation of binding sites for stemness- and proliferation-
associated transcription factors, leading to an increased ability to successfully initiate
metastasis’®. CTC cluster dissociation results in remodeling of key binding sites, and
consequently, the suppression of metastatic potential'®. Additional to clusters of cancer cells,
CTCs can also associate to white blood cell (most frequently neutrophils) to maintain high
proliferation levels in circulation and increase their metastatic capability?. However, many topics
in the CTC field remain poorly understood, including the underlying molecular features and
vulnerabilities of single and clustered cells.

In recent years, several strategies have been established that exploit cell-surface expression
patterns as well as physical properties of CTCs for their isolation?2>, Antigen-dependent isolation
methods rely mostly on the expression of cell surface Epithelial Cell Adhesion Molecule
(EpCAM)?6. The most frequently used and (at present) the only FDA-approved platform for CTC
enumeration, is the CellSearch system, which is based on a two-step procedure to isolate CTCs??.
In the first step, plasma components are removed by centrifugation, while CTCs are captured
with magnetic ferrofluids coupled to anti-EpCAM antibodies. In the second step, the CTC-
enriched solution is stained for nucleated (DAPI-positive) cells expressing cytokeratin (CK)%1819,
while white blood cells (WBCs) are identified using the pan-leukocyte marker CD45. Finally,
captured cells are placed on an integrated screening platform and CTCs are identified through
the expression of EpCAM, CKs, and DAPI while being negative for CD45. Although this is
considered to be the gold standard for CTC enumeration, downstream molecular analysis is
challenging with this technology due to inherent constraints in CTC retrieval. Additionally, given
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its isolation procedure, it may favor the enrichment of CTCs with higher EpCAM levels compared
to CTCs with lower EpCAM expression, due for instance to cancer heterogeneity?’ or
downregulation of epithelial markers?®?°. To overcome these limitations, antigen-independent
technologies for the enrichment of CTCs have emerged. For example, the CTC-iChip integrates
hydrodynamic separation of nucleated cells, including CTCs and WBCs from remaining blood
components, followed by an immunomagnetic depletion of antibody-tagged WBCs, allowing
purification of untagged and viable CTCs in solution?°. Additionally, the fact that most CTCs are
slightly bigger than red blood cells (RBCs) or WBCs led to the development of size-based CTC
enrichment technologies?®3° (e.g., the Parsortix system (ANGLE)) which makes use of a
microfluidic-based technology, comprising a narrowing channel across the separation cassette,
leading cells to a terminal gap of either 10, 8, 6.5 or 4.5 um (different sizes are available
depending upon the expected diameter of target cancer cells). Most of the blood cells pass
through the narrow gap, while CTCs get trapped due to their size (but also due to their lower
deformability) and are, therefore, retained in the cassette. Reverting the flow direction enables
the release of captured CTCs, which are in a viable state and suitable for downstream analysis.
Independently of the chosen protocol for CTC isolation, however, typical post-enrichment
procedures still yield CTCs that are mixed with a relatively small number of RBCs and WBCs,
making the analysis of pure single or bulk CTCs challenging. To address this issue, we established
a workflow that allows CTC manipulation without potential bias introduced by blood cell
contaminants. The addition of immunostaining beforehand, with variable antibody-
combinations, distinguishes CTCs from blood cells and even allows to identify CTC subgroups with
distinct surface-marker expression profiles. This highly customizable procedure can be then
further combined with specific downstream applications.

Here, we describe a workflow that starts from a CTC-enriched product (obtained with any CTC
enrichment technology of choice) and combines several approaches to gain insight into CTC
biology at single-cell resolution. In a nutshell, our workflow enables the identification of single
CTCs and CTC clusters by live immunostaining, followed by single-cell micromanipulation and
downstream analysis using ex vivo culturing protocols, single cell sequencing, and in vivo
metastasis assays.

PROTOCOL:

All the procedures involving blood samples from patients were performed upon signed informed
consent of the participants. Procedures were run according to protocols EKNZ BASEC 2016-00067
and EK 321/10, approved by the ethical and institutional review board (Ethics Committee

northwest/central Switzerland [EKNZ]), and in compliance with the Declaration of Helsinki.

All the procedures concerning animals were performed in compliance with institutional and
cantonal guidelines (approved mouse protocol #2781, Cantonal Veterinary Office of Basel-City).

1. Patient sample preparation
1.1. Before starting, ensure to work with aseptic solutions and materials to maintain sterility
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during the entire procedure.

1.2. Withdraw 7.5 mL of peripheral blood from a breast cancer patient into a 10 mL EDTA blood
collection tube.

1.3. Incubate the Blood-containing tubes for a short time period (up to 1 h) at room temperature
(RT) on a rocking shaker at 40 oscillation per minute (osc/min).

1.4. Enrich for single CTCs and CTC clusters using a CTC isolation method of choice?!23%, Release
CTCs in a 1x DPBS solution.

NOTE: Depending on the chosen CTC-enrichment technology, remaining white blood cells and
red blood cells, might be present. Adjust the releasing pressure in order to preserve the CTC
cluster structures.

1.5. Proceed immediately to the next step in section 3.

2. Mouse sample preparation

2.1. Before starting, prepare a 1 mL insulin syringe with a 25G needle, 5 mM EDTA filtered
solution, and 2 mL EDTA blood collection tubes.

2.2. Ensure to work with aseptic solutions and materials to maintain the sterility during the entire
procedure.

2.3. Pre-wash the syringe with 5 mM EDTA solution.
2.4. Load the syringe with 100 pL of 5 mM EDTA and remove bubbles.

2.5. Euthanize the mouse using 80% CO2/ 20% O; gas inhalation and proceed immediately to the
next step.

NOTE: An alternative to CO; inhalation method is the isoflurane anesthesia (3 vol% isoflurane
and oxygen (carrier gas) at the flow rate of 600 mL/min) followed by cervical dislocation, or
overdosing injection of ketamine/xylazine solution. Specific euthanasia method may vary

depending on approved mouse protocol.

2.6. Confirm the animal’s death by the absence of breathing activity, missing corneal reflex, and
urination without external stimuli.

2.7. Perform a cardiac puncture by carefully introducing the needle of the EDTA pre-loaded
syringe with a 30° angle into the thorax from the sternum towards the heart.

NOTE: For inexperienced experimenters, it is recommended to open the chest cavity first, before
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performing the cardiac puncture, to better visualize the heart.
2.8. Retrieve up to 1 mL of blood. Without releasing the plunger, pull out the syringe from the
animal chest, safely remove the needle, open the lid of the 2 mL EDTA blood collection tube and

dispense the blood directly inside. Close the lid and invert the tube 10x.

2.9. Incubate the blood-containing tubes for a short time period (up to 1 h) at RT on a rocking
shaker at 40 osc/min.

CAUTION: The needle must be disposed of in sharp-safe biological hazard disposal.
NOTE: Multiple punctures are possible to increase the total blood volume. Use separate syringes
pre-loaded with EDTA for different withdraws to avoid aspirating clotted blood present in the

previous needle.

2.10. Enrich for single CTCs and CTC clusters using CTCs isolation method of choice?!-2>2>, Release
CTCs in a 1x DPBS solution.

NOTE: Depending on the chosen CTC-enrichment technology, remaining white blood cells and
red blood cells, might be present. Adjust the releasing pressure in order to preserve the CTC
cluster structures.

2.11. Proceed immediately to the next step in section 3.

NOTE: For all the following procedures, ensure that unfixed and freshly-isolated blood is used.
3. CTCs live immunostaining

3.1. Centrifuge CTC-enriched cell suspension at 72 x g for 4 min.

NOTE: 72 x g corresponds to 800 rpm if the rotor has a diameter of 100 mm. Convert the g-force
number according to the rotor.

3.2. Gently resuspend the pellet in 1% BSA solution in 1x DPBS and add 2 ug/mL of anti-human
EpCAM-AF488 antibody and 1 ug/mL of anti-human CD45-BV605 antibody or 2 pg/mL anti-
mouse CD45-BV605 antibody in a total volume of 500 pL.

NOTE: For breast cancer patient-derived CTCs, anti-human EGFR-FITC, and anti-human HER2-
AF488 can be added additionally to anti-EpCAM and anti-CD45. This allows to better identify the
CTCs that are expressing lower EpCAM levels.

3.3. Incubate for 30 min at RT and protect from light.

3.4. Wash CTCs suspension using 1 mL of 1% BSA in 1x DPBS solution and centrifugation at 72 x
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g for 4 min. Repeat this wash twice.

3.5. Resuspend stained cells in 2 mL of 1% BSA in 1x DPBS solution and transfer the total volume
in 1 well of a 6-wells ultra-low attachment plate.

3.6. Incubate the plate for 10-15 min at 4 °C protected from light to allow partial sedimentation
of the CTCs and residual blood cells.

4. Micromanipulation of CTCs and single-cell picking

NOTE: Before starting, be aware that the micromanipulator requires up to 45 min for complete
set up. Once set up, the procedure for CTC identification and micromanipulation requires up to
2 minutes per cell (or cluster).

4.1. Make sure to terminate the CTC picking procedure within 2 h from the end of the staining.
4.2. Start up the micromanipulator software and switch on the micromanipulator. Connect the
micromanipulator to the computer and initialize the robotic arm as well as the microscope stage

by pressing the Connect button followed by Int device.

4.3. Close the protecting cabinet after every manipulation of the machine to be able to maneuver
it through the computer.

4.4. Clean the surfaces from dust and spills by spraying ethanol and wiping the internal surfaces
of the cabinet. A clean environment will ensure the sterility of the process.

4.5. Install a new glass capillary on the robotic arm. For the single-cell picking, use 20-30 pum
capillary while 30-50 um is preferable for CTC cluster picking.

4.6. Remove all bubbles present in the tubing by dispensing or aspirating the system oil.
CAUTION: Glass capillary is sharp and fragile. Handle with caution.

4.7. Fill the sterilization tank 1 with 70% ethanol, the sterilization tank 2 with sterile nuclease-
free H,0 and the buffer tank with sterile 1x DPBS.

CAUTION: Do not close the lids of the tanks, since during the next steps the capillary will need to
freely access the tanks.

4.8. Sterilize the capillary twice with 70% ethanol.
4.9. Replace the sterilization tank 1 with tank 2 and wash capillary in H,O at least three times

using the sterilization function.
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4.10. Using the micromanipulator software, start a new experiment and choose the type of
picking experiment between the automatic and the manual selection modes.

NOTE: Choose the type of experiment based on the end point of the manipulation. Manual mode
enables maneuvering of a robotic arm after the capillary enters the cell suspension. This step is
necessary for dissociation of CTC clusters into individual cells. It is possible to change the type of
picking during the experiment.

4.11. Configure the deck tray specifying the position of the sterilization tank (liquid 1), buffer tank
(liquid 2) and depositing tray (target 1 or 2). Target 1 allows to deposit into plates, target 2 allows
to deposit into PCR tubes or PCR plates.

4.12. Set the temperature of the liquid tanks and depositing tray chosen to 4 °C.

NOTE: The picking process can be time consuming. Cooling of the liquid tanks and depositing tray
is therefore advised

4.13. Position the ultra-low attachment plate containing the released CTCs solution under the
microscope inside the micromanipulator cabinet. Remove the lid from the plate and close the

cabinet. Keep the plate at RT for the rest of the set up and during the picking procedure.

4.14. Manually select the microscope objective for picking (10-20x) and the exposure time of all
the necessary channels (Brightfield, FITC, and TRITC channels).

4.15. Select show well navigator from the toolbar to visualize and select the type of pickup plate
(6-well plate).

NOTE: Any plate or well format can be installed by the manufacturer only.
4.16. Calibrate pickup position in the middle of the well containing the CTCs solution, but with
no cells in the center of the field of view. Calibration performed at the edges of the wells can

result in faulty calibration due to the uneven well surface.

4.17. Use the sensor to gently touch the bottom of the plate with the capillary (speed 0.01
mm/step and 1% speed).

4.18. Set the pickup position 0.05 mm above the bottom of the plate.

NOTE: Make sure to open and remove lids of plates and tanks before proceeding. The capillary
may break on a closed or unremoved lid.

CAUTION: If the capillary breaks upon contact with lids, broken glass may be found in the
surroundings or in the solutions.
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4.19. Select cell type and picking parameters. Picking parameter can be set-up and loaded at each
startup. For single-cell picking, select the manual mode.

4.20. Within the Picking preparation settings:
4.20.1. Set the airgap volume between the system oil and the sample to 1 uL
4.20.2. Set the buffer liquid volume to take up before each picking to 0.5 pL.

NOTE: Buffer liquid volume is adjusted to the total maximum pickup volume. Small volumes do
not affect the picking or depositing efficiency.

4.20.3. Set the speed of aspiration of the buffer liquid between 1-6%.
4.20.4. Set the waiting time after aspiration of the bufferto 1 s.

NOTE: The option of taking up the buffer from target well instead of buffer liquid tank can be
used if necessary

4.20.5. Set to reuse glass capillaries and no sterilization between picks.

NOTE: Sterilization between picks can be performed manually if required. Perform multiple
washes in H;0 between picks or two sterilization in ethanol followed by multiple washes in H,0.

4.21. Within the Picking settings:

4.21.1. Change the camera settings while picking and exposure time under the microscope to
7500 ps.

4.21.2. Select fixed picking height.

NOTE: Tool sensor or autofocus could be chosen instead. However, small imperfections of the
plate can disturb the sensitivity of the sensor or the autofocus which may cause an impact of the
capillary into the plate.

4.21.3. Set aspiration speed of the capillary entering the source plate to 7-15%.

4.21.4. Enable the interactive picking.

4.21.5. Set the aspiration volume in ulL to 0-0.05.

4.21.6. Set the speed of aspiration to 5%.

4.21.7. Set the waiting time after aspiration in s to 0-1.
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4.21.8. Set the number of picked particles per capillary to 1.

4.21.9. Set no multiple picking at the same position and no scraping functions. Aspiration
properties must be set according to the type of experiment (e.g., automatic picking mode may
require bigger aspiration volumes).

4.22. Within the Deposit settings:

NOTE: Depositing settings strictly depend on the depositing plate/tube.

4.22.1. For single-cell picking, define the speed of capillary entering the target plate to 25%.
4.22.2. Set the speed of dispensing to 6%.

4.22.3. Set the waiting time after dispensing in s to 0.

4.22.4. Set the amount of airgap dispensed in the target well to 100%.

4.22.5. Set no rinse after depositing.

NOTE: Sterilization can be performed after depositing to clean the capillary.

4.22.6. Set maximum amount of particles deposit per well and the number of targets to
distribute particles to 1.

4.22.7. Calibrate deposit height on position Al of target 1 for plates or on position Al of target 2
for tubes. Place an open tube or plate without lid for the calibration and use the sensor to gently
touch the depositing well (speed 0.01 mm/step and 1% speed). Set the depositing height 1 mm
above the bottom of the plate.

4.23. Within the Settings:

4.23.1. Set the stage speed during picking to 5-10%.

NOTE: Fast movements of the plate may result in movement of cells in suspension and difficulties
in multiple cell picking due to mispositioning.

4.23.2. Set sterilization properties using rinsing volume to 1 L, 3 rinsing loops and 2 s of waiting
time per sterilization round.

4.23.3. Apply the changes before closing.
4.24. Navigate the glass capillary using the joystick in the well and place it on top of the single
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cell of interest. Choose picking up positions at a safe distance from the well border (1 mm) as the
capillary may break on the edge of the well.

4.25. Manually add particles using the button of the joystick or manually selecting from the
menu.

4.26. Select pick activated particles to start the picking.

4.27. The capillary will stop 0.05 mm above the bottom of the plate and on top of the selected
pickup position because of the interactive picking (manual mode). Gently turn the knob of the
joystick clockwise to manually aspirate the particle and the surrounding DPBS solution. The
maximum volume is not fixed when the manual mode is on. However, the maximum volume
allowed in the syringe will be 25 ulL.

4.28. Dispense the excess DPBS solution or unwanted particles by gently turning the knob of the
joystick counterclockwise. Too much dispensing will release the airgap of the syringe forming
bubbles in your solution and compromising visibility.

4.29. Press next to proceed with the deposit.

4.30. Observe the capillary entering the depositing PCR tube or PCR plate, releasing the volume
and going back to starting position with an empty capillary.

NOTE: If there is volume left in the capillary, proceed with sterilization. Then, re-check the
settings, oil level, and oil height before performing a new picking.

4.31. Proceed from point 26 of section 4 to start a new single-cell picking. During picking it might
be necessary to replace the capillary. After the installation, a new calibration of the pickup
position must be performed. At the end of the calibration, select the function Apply calibrated
changes in Z-height to deposit height in order to correct the deposit height to the new capillary
calibration and to skip the deposit height calibration (section 4.16).

NOTE: The steps described in section 1-4 apply to most of the CTCs enrichment and isolation
methods. Here we report optional steps for specific CTCs analysis.

5. Single-cell picking and seeding for survival and proliferation analysis

5.1. Ensure to work with aseptic solutions and materials to maintain sterility during the entire
procedure.

5.2. Prepare a 384 well plate to contain the picked single CTCs for culturing with 20 uL CTC

culturing media3!. Ensure that CTCs are seeded in small volumes of the medium after
manipulation (e.g., 10-20 pL for a 384 well plate).
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5.3. Spin down the solution to the bottom of the plate. Place 384 well plate into the target 1 and
keep at 4 °C.

5.4. Perform all the steps with the micromanipulator described in the section 4 to set up the
micromanipulator and start a new picking.

NOTE: Multiple selections of the single cells will cause the formation of a picking list. The particles
will be picked and deposited one by one in consecutive wells (see section 4.22.6). However, the
interactive mode (manual mode) will stop the capillary right before the aspiration, therefore
allowing the experimenter to control this critical step and to ensure successful picking. Fast
movements of the plate may result in the movement of the cells in suspension and difficulties in
multiple cell picking.

5.5. After depositing, repeat step 4 to start a new picking.

5.6. At the end of the picking, centrifuge the plate at 72 x g for 4 min to ensure that the picked
cells are placed at the bottom of the well.

6. CTC cluster breaking and single-cell picking for sequencing

6.1. Ensure to work with aseptic solutions and materials to maintain the sterility during the whole
procedure.

6.2. Prepare single PCR tubes or a PCR plate that will contain the single cells of the broken cluster
with the total 2.5 L cell lysing solution comprising 1 U/uL of RNA inhibitor.

6.3. Quickly spin down the solution to the bottom of the tube. Place the depositing containers
into the target 2 and keep at 4 °C.

6.4. Perform all the steps described in section 4 with the micromanipulator to set up the
micromanipulator.

6.5. Start a new picking. The capillary will stop 0.05 mm above the bottom of the plate and on
top of the selected CTC cluster because of the interactive picking (manual mode).

6.6. Gently turn the knob of the joystick clockwise to manually aspirate the cluster and the
surrounding DPBS solution. Dispense the aspirated volume including CTC cluster by gently turning

the knob of the joystick counterclockwise.

6.7. Repeat the aspiration/disposal of the CTC cluster described in step 6 until the single cells
forming the cluster will break apart.

NOTE: Too much dispensing will release the airgap of the syringe forming bubbles in your solution
and compromising visibility.
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6.8. Follow by eye the position of the single cells. Manually add the particles using the button of
the joystick or manually selecting from the menu.

NOTE: Multiple selections of the single cells will cause the formation of a picking list. The particles
will be picked and deposited one by one in consecutive PCR tubes/wells (see section 4.22.6).
However, the interactive mode (manual mode) will stop the capillary right before the aspiration,
therefore, allowing the experimenter to control this critical step and to ensure successful picking.
6.9. Select pick activated particles to start the picking.

NOTE: The amount of cell lysing solution will allow a single cell to completely lyse. However, long
exposure of the lysed content to the lysing agent may degrade DNA or mRNA. Therefore, proceed

immediately to the next step.

6.10. Immediately close the tube containing the picked single cell and transfer on dry ice for snap
freezing.

6.11. Quickly spin the tube and check for the absence of drops on the sides of the tube to ensure
a proper lyse of the deposited cell.

6.12. Repeat from step 5 to start a new picking.

NOTE: Microscope stage will move from one added particle to another at the speed described in
section 4.23.1. CTCs suspension in the ultra-low attachment plate may move, causing faulty
picking due to mispositioning.

7. CTCs isolation for mouse injection

7.1. Ensure to work with aseptic solutions and materials to maintain sterility during the entire
procedure.

7.2. Prepare a PCR tube with 5 pL of sterile 1x DPBS.

7.3. Quickly spin down the solution to the bottom of the tube. Place the depositing containers
into the target 2 and keep at 4 °C.

7.4. Within the deposit settings apply a change at the step 4.22.6: Set the maximum amount of
particles deposit per well to 1000 and the number of targets to distribute particles to 1. This
step ensures that the picked cells will be deposited in the same tube for 1000 times.

7.5. Use only the interactive mode (manual mode) to precisely control the picking step and keep

the picked solution free from contaminant cells.

Page 11 of 17



529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572

NOTE: If more than 1000 cells are needed, increase the number of targets to distribute particles
to avoid loss of sample after 1000 cells.

7.6. Continue the steps of section 4.26 to start a new picking. Repeat step 6 to perform multiple
pickings. Annotate the number of cells collected at each picking in order to keep track of the
number of cells available for the mouse injection.

7.7. At the end of the picking, centrifuge the tube at 72 x g for 4 min (see section 3.1.) and aspirate
supernatant.

7.8. Resuspend the collected CTCs into the buffer of choice, suitable for mouse injection. For
mammary fat pad injection, resuspend the collected CTCs in a 1 to 1 ratio of 1x DPBS and
reconstituted basement membrane extracted, and keep at 4 °C until the injection. For
intravenous injection, resuspend the collected CTCs in DPBS only.

NOTE: Volume of the solution strictly depends on the number of CTCs that will be injected. It is
advised to inject in the mammary fat pad or intravenously a maximum of 100 uL per mouse.
When calculating the volume, always consider the dead volume for the manipulation and syringe
loading.

REPRESENTATIVE RESULTS:

The presented workflow allows the preparation of individual CTCs, either from single CTCs or
separated from CTC clusters. CTCs from patients or tumor-bearing mice are enriched from whole
blood with available CTC-enrichment methods and then stained with antibodies against cancer-
specific markers (e.g., EpCAM, green) and WBC-specific markers (e.g., CD45, red) (Figure 1A). The
stained CTC product is then transferred to the micromanipulation station were individual cells
are picked, deposited in PCR tubes or multiwell plates and prepared for downstream analysis,
including single-cell sequencing, in vitro culture or in vivo assays (Figure 1B).

Reliability of this method is based on a proper target-cell distinction during manual cell picking.
Live immunostaining with anti-EpCAM antibodies visualizes cancer cells in the suspension and
enables an accurate distinction from CD45-positive events (most likely, WBCs) (Figure 2A). When
properly calibrated and maintained, this cell collector provides well-controlled cell manipulation.
Precise CTCisolation is characterized by aspiration of only the desired target without surrounding
contaminant cells (RBCs or WBCs), as shown on the pictures taken before and after CTC cluster
aspiration (Figure 2B, C).

As previously described, CTC clusters display a more metastatic phenotype when compared to
matched single CTCs?°. Yet, whether the presence of neighboring cells is sufficient to increase the
proliferation rate of cells within clusters is unknown. In order to address this question, 1009 single
CTC and 1008 CTC clusters ranging between 2-17 cells (with 89.5% of them being 2-5 cell clusters)
derived from the CTC-derived BR16 cell line?® were micromanipulated into individual wells of
384-well ultra-low attachment plates. The number of live cells in every well was counted
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manually under the microscope and recorded weekly. All analyses were performed after
normalization of cell number (i.e., the three-cell cluster was analyzed as three individual cells).
Unsuccessful colonies were characterized by the lack of living cells in the well at the end of the
experiment. As suspected, CTC clusters showed increased survival compared to single CTCs and
gave rise to cell colonies within 56 days of in vitro culturing (Figure 3A, 3B). Notably, CTC clusters
also showed higher proliferation rate and thus reached higher final cell numbers (Figure 3C),
indicating that direct contact with other tumor cells has an impact on both their viability and
proliferation rate.

Lastly, we provide single-cell RNA sequencing data of CTCs directly isolated from breast cancer
patients. Particularly, we show a t-Distributed Stochastic Neighbor Embedding (tSNE) of single
cells derived from either single CTCs, CTC clusters or CTC-WBC clusters (Figure 4). This approach
allows the identification of cells with the similar gene expression profile, as well as the distinction
of cell populations that differ based on the expression of particular genes.

FIGURE AND TABLE LEGENDS:

Figure 1. Schematic representation of the experimental workflow. (A) CTCs are obtained from
the blood of cancer patients or mouse cancer models, enriched using available methods and
labeled with antibodies to discriminate tumor cells (green) from white blood cells (red). (B)
Precise micromanipulation of CTCs facilitates multiple procedures and applications e.g., single-
cell sequencing, CTC culture or in vivo transplantation experiments.

Figure 2. Representative pictures of CTCs before and after micromanipulation. (A)
Representative images of CTCs derived from a CTC-derived xenograft (NSG-CDX-BR16) and
stained with antibodies anti-EpCAM (green) and anti-CD45 (red) to enable the visualization of
CTCs and white blood cells, respectively. Magnification 40x is shown. (B,C) Micromanipulation
allows for the precise separation of CTCs from unwanted cells as shown in the images before
(left) and after (right) cell-aspiration procedure. Magnification 10x. The larger field of view (B)
and narrower field of view (C) are shown, respectively.

Figure 3. Survival and proliferation analysis of single CTCs and CTC clusters. Individual cells from
single CTCs or CTC clusters from cultured CTC-derived BR16 cells were micromanipulated into
384-well plates. (A) Kaplan-Meier plot showing the survival probability of seeded single cells
versus cell clusters. P<0.0001 by pairwise Log-Rank test. (B) Bar graph representing the
proportion of colonies that consisted of live cells at the end of the experiment (day 56). P<0.0001
by pairwise Log-Rank test. (C) Heatmaps visualizing normalized cell number distribution over the
course of the experiment (day O, 8, 32, 56). Each block represents one starting cell and the
heatmap shows the number of cells per well at a given timepoint. d=day.

Figure 4. Single-cell RNA sequencing. Visualization of CTC RNA expression data using t-

Distributed Stochastic Neighbor Embedding (tSNE). Each dot represents a single cell derived from
a single CTC, a CTC cluster or a CTC-WBC cluster. Colors of the dots correspond to the donor ID.
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DISCUSSION:

The molecular characterization of CTCs holds the promise to improve our understanding of the
metastatic process and guide the development of new anti-metastasis therapies. Here we
provide a detailed description of those protocols that enable CTC micromanipulation and
downstream analysis, including both single cell-based functional assays, gene expression analysis
and in vivo transplantation for metastatic potential assessment?°,

Among the most critical steps of our protocol, micromanipulation of CTC-enriched products aims
at gaining single cell resolution from relatively heterogeneous cell suspensions, i.e. allowing to
reach the highest levels of purity and to improve the quality of subsequent functional or
molecular analyses. For example, single cell picking of CTCs has enabled us and others to
investigate CTC heterogeneity (e.g., differences between single CTCs, CTC clusters, and CTC-WBC
clusters), both from a molecular standpoint and from the perspective of being able to assess
metastasis-initiation capability. While we generally favor cell picking protocols that allow the
experimenter to manually isolate CTCs (i.e. allowing for a higher degree of flexibility depending
on the characteristics of individual targets), automated solutions are now available to facilitate
cell picking and to accelerate the CTC isolation process in well-controlled experiments.

When considering single cell micromanipulation in the context of CTC analysis, time is a very
critical limiting factor. Since our protocol is meant to be conducted on living cells, it is imperative
to proceed as fast as possible to minimize changes due to the ex vivo environment, such as the
upregulation of downregulation of genes that are context-dependent. When compared to the
existing techniques for CTC analysis, single cell micromanipulation of live CTCs offers higher
flexibility for the downstream analysis of choice, ranging from single cell sequencing to direct
functional assays.

In this manuscript, we also provide new data that highlight important differences between single
and clustered CTCs by micromanipulation and seeding more than thousand single CTCs or CTC
clusters (with a clearly defined size) from a CTC-derived cell line in individual wells of a microtiter
plate. First, we observe that CTC clusters (i.e., the presence of neighboring cells) are sufficient to
achieve better survival rates of seeded cells, supporting our in vivo data that highlight lower
apoptotic rates of CTC clusters upon seeding at a distant site®®. Further, even upon normalization
for the number of seeded cells, cancer cells grown as clusters display much higher proliferation
rates, further reinforcing the concept that clustered CTCs are highly efficient metastasis
contributors.

Together, we present specific protocols for CTC analysis with the purpose to promote single cell-
related investigations in the CTC field. In the future, we anticipate that these protocols might be
useful for CTC-related investigations, aiming towards a better understanding of the biology that
characterizes blood-borne metastasis in various cancer types.

ACKNOWLEDGMENTS:

We thank all patients that donated blood for our study, as well as all involved clinicians and study
nurses. We thank Jens Eberhardt, Uwe Birke, and Dr. Katharina Uhlig from ALS Automated Lab

Page 14 of 17



661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704

solutions GmbH for continuous support. We thank all members of the Aceto lab for feedback and
discussions. Research in the Aceto lab is supported by the European Research Council, the
European Union, the Swiss National Science Foundation, the Swiss Cancer League, the Basel
Cancer League, the two Cantons of Basel through the ETH Ziirich, and the University of Basel.

DISCLOSURES:

N.A. and B.M.S. are listed as inventors in patent applications that relate to circulating tumor cells
and the treatment of cancer. N.A. is a paid consultant for pharmaceutical and insurance
companies with an interest in liquid biopsy.

REFERENCES:

1 Talmadge, J. E., Fidler, I. J. AACR centennial series: the biology of cancer metastasis:
historical perspective. Cancer Research. 70 (14), 5649-5669, (2010).

2 Lambert, A. W., Pattabiraman, D. R., Weinberg, R. A. Emerging Biological Principles of
Metastasis. Cell. 168 (4), 670-691, (2017).

3 Aceto, N., Toner, M., Maheswaran, S., Haber, D. A. En Route to Metastasis: Circulating

Tumor Cell Clusters and Epithelial-to-Mesenchymal Transition. Trends in Cancer. 1 (1), 44-52,
(2015).

4 Hong, Y., Fang, F., Zhang, Q. Circulating tumor cell clusters: What we know and what we
expect (Review). International Journal of Oncology. 49 (6), 2206-2216, (2016).

5 Nguyen, D. X., Bos, P. D., Massague, J. Metastasis: from dissemination to organ-specific
colonization. Nature Review Cancer. 9 (4), 274-284, (2009).

6 Valastyan, S., Weinberg, R. A. Tumor metastasis: molecular insights and evolving
paradigms. Cell. 147 (2), 275-292, (2011).

7 Pantel, K., Speicher, M. R. The biology of circulating tumor cells. Oncogene. 35 (10), 1216-
1224, (2016).

8 Hou, J. M. et al. Clinical significance and molecular characteristics of circulating tumor

cells and circulating tumor microemboli in patients with small-cell lung cancer. Journal of Clinical
Oncology. 30 (5), 525-532, (2012).

9 Long, E. et al. High expression of TRF2, SOX10, and CD10 in circulating tumor microemboli
detected in metastatic melanoma patients. A potential impact for the assessment of disease
aggressiveness. Cancer Medicine. 5 (6), 1022-1030, (2016).

10 Wang, C. et al. Longitudinally collected CTCs and CTC-clusters and clinical outcomes of
metastatic breast cancer. Breast Cancer Research and Treatment. 161 (1), 83-94, (2017).
11 Mu, Z. et al. Prospective assessment of the prognostic value of circulating tumor cells and

their clusters in patients with advanced-stage breast cancer. Breast Cancer Research and
Treatment. 154 (3), 563-571, (2015).

12 Zhang, D. et al. Circulating tumor microemboli (CTM) and vimentin+ circulating tumor
cells (CTCs) detected by a size-based platform predict worse prognosis in advanced colorectal
cancer patients during chemotherapy. Cancer Cell International. 17 6, (2017).

13 Zheng, X. et al. Detection of Circulating Tumor Cells and Circulating Tumor Microemboli
in Gastric Cancer. Translational Oncology. 10 (3), 431-441, (2017).

Page 15 of 17



705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747

14 Chang, M. C. et al. Clinical Significance of Circulating Tumor Microemboli as a Prognostic
Marker in Patients with Pancreatic Ductal Adenocarcinoma. Clinical Chemistry. 62 (3), 505-513,
(2016).

15 Aceto, N. et al. Circulating tumor cell clusters are oligoclonal precursors of breast cancer
metastasis. Cell. 158 (5), 1110-1122, (2014).
16 Cheung, K. J. et al. Polyclonal breast cancer metastases arise from collective dissemination

of keratin 14-expressing tumor cell clusters. Proceedings of the National Academy of Sciences of
the United States of America. 113 (7), E854-863, (2016).

17 Giuliano, M. et al. Perspective on Circulating Tumor Cell Clusters: Why It Takes a Village
to Metastasize. Cancer Research. 78 (4), 845-852, (2018).

18 Gkountela, S., Aceto, N. Stem-like features of cancer cells on their way to metastasis.
Biology Direct. 11 33, (2016).

19 Gkountela, S. et al. Circulating Tumor Cell Clustering Shapes DNA Methylation to Enable
Metastasis Seeding. Cell. 176 (1-2), 98-112 e114, (2019).

20 Szczerba, B. M. et al. Neutrophils escort circulating tumour cells to enable cell cycle
progression. Nature. 10.1038/s41586-019-0915-y, (2019).

21 Beije, N., Jager, A., Sleijfer, S. Circulating tumor cell enumeration by the CellSearch
system: the clinician's guide to breast cancer treatment? Cancer Treatment Reviews. 41 (2), 144-
150, (2015).

22 Sarioglu, A. F. et al. A microfluidic device for label-free, physical capture of circulating
tumor cell clusters. Nature Methods. 12 (7), 685-691, (2015).

23 Xu, L. et al. Optimization and Evaluation of a Novel Size Based Circulating Tumor Cell
Isolation System. PLoS One. 10 (9), e0138032, (2015).

24 Stott, S. L. et al. Isolation of circulating tumor cells using a microvortex-generating
herringbone-chip. Proceedings of the National Academy of Sciences of the United States of
America. 107 (43), 18392-18397, (2010).

25 Ozkumur, E. et al. Inertial focusing for tumor antigen-dependent and -independent
sorting of rare circulating tumor cells. Science Translational Medicine. 5 (179), 179ral147, (2013).
26 Went, P. T. et al. Frequent EpCam protein expression in human carcinomas. Human
Pathology. 35 (1), 122-128, (2004).

27 Soysal, S. D. et al. EpCAM expression varies significantly and is differentially associated
with prognosis in the luminal B HER2(+), basal-like, and HER2 intrinsic subtypes of breast cancer.
British Journal of Cancer. 108 (7), 1480-1487, (2013).

28 Yu, M. et al. Circulating breast tumor cells exhibit dynamic changes in epithelial and
mesenchymal composition. Science. 339 (6119), 580-584, (2013).

29 Mani, S. A. et al. The epithelial-mesenchymal transition generates cells with properties of
stem cells. Cell. 133 (4), 704-715, (2008).

30 Zheng, S. et al. Membrane microfilter device for selective capture, electrolysis and
genomic analysis of human circulating tumor cells. Journal of Chromatography A. 1162 (2), 154-
161, (2007).

31 Yu, M. et al. Cancer therapy. Ex vivo culture of circulating breast tumor cells for
individualized testing of drug susceptibility. Science. 345 (6193), 216-220, (2014).

Page 16 of 17



Figure1 Click here to access/download;Figure;Figure 1.ai %

e.g. iChip, CellSearch,
Parsortix

Patient

' Isolated CTCs .EpC.3AM and C_Df15
Mouse Model live immunostaining

J Deposit

Single cell seq.
= In vitro culture
In vivo assays

icromanipulation of CTCs



https://www.editorialmanager.com/jove/download.aspx?id=984111&guid=5757b4d8-73f8-4b53-9280-bf14e512b238&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=984111&guid=5757b4d8-73f8-4b53-9280-bf14e512b238&scheme=1

Fiﬁgre2 Click here to access/download;Figure;Figure 2.ai %

NSG-CDX-BR16



https://www.editorialmanager.com/jove/download.aspx?id=984112&guid=b1ea7571-b541-4ac1-8371-20a03f6d124f&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=984112&guid=b1ea7571-b541-4ac1-8371-20a03f6d124f&scheme=1

Fiﬂre3

1.00
0.75-
0.50-
0.25-

Survival probability

—

P<0.0001

0.00
0

o ©
O N
o O

Proportion of
succesful colonies
o
N
(@)

O
o
S

Single CTCs

10 20 30 40 50
Time (days)

P<0.0001

52%

0 = - :' E- =S===E=_ES_==__F
'O = = = = =
00 =-SE——S"===" STEo s = s
= ==—— -~ ==

Sl

CTC clusters

Click here to access/download;Figure;Figure 3.ai

+ CTC clusters
*= Single CTCs

[ CTC clusters
[1Single CTCs

Cell count

B >250
B 100
B 50

W 30
10

O-=_MNW,rLO


https://www.editorialmanager.com/jove/download.aspx?id=984113&guid=751f8054-c851-4c23-9105-0cc0d9fa3832&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=984113&guid=751f8054-c851-4c23-9105-0cc0d9fa3832&scheme=1

Figure4 Click here to access/download;Figure;Figure 4.ai %

®
O
- R Donor
25{ u3 5% 0, 8" o Bri1
am - e Br23
A B A © Br37
o 0 @ Br39
2 . @ Br57
é g o o Bré1
=
o5 = A |l CTC type
7 g o CTC-cluster
m P o CTC-single
oE o A CTC-WBC
-50- HE
-80 —40 0 40

Dimension 1


https://www.editorialmanager.com/jove/download.aspx?id=984114&guid=7db1704d-7252-4c92-afb4-8bff0ee0a7c4&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=984114&guid=7db1704d-7252-4c92-afb4-8bff0ee0a7c4&scheme=1

Table of Materials

Name of Material/ Equipment
Anti-human EpCAM-AF488

1X DPBS

6-wells Ultra-low attachment plate
Anti-human CD45-BV605
Anti-human EGFR-FITC
Anti-human HER2-AF488
Anti-mouse CD45-BV605

BD Vacutainer K2EDTA

Cell Celector

CellD software

Click here to access/download;Table of
Materials;JoVE_Materials.xIsx

Company

Cell Signaling Technolo
Invitrogen

Corning

Biolegend

GeneTex

Biolegend

Biolegend

BD

ALS

ALS

Cultrex PathClear Reduced Growth Factor BME, Type R&D Systems

Micro tube 1.3 mL K3EDTA

PCR tubes

RLT Plus

SUPERase In RNase Inhibitor

Sarstedt
Corning
Quiagen

Thermo Fisher

L]


https://www.editorialmanager.com/jove/download.aspx?id=985926&guid=387c7c90-8112-461f-8e51-4b7b8b04303c&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=985926&guid=387c7c90-8112-461f-8e51-4b7b8b04303c&scheme=1

Catalog Number
CST5198
14190169

3471

304041
GTX11400
324410

103139

366643

CC1001

3533-005-02
41.3395.005
PCR-02-L-C
1053393

AM2696

Comments/Description
clone: VU1D9

no calcium, no magnisium

clone: HI30

clone: ICR10

clone: 24D2

clone: 30-F11

for human blood collection
core unit

version 3.0

for mouse blood collection

1U/pL



Author License Agreement (ALA)

1 Alewife Center #200
Carabridgs, MA 02140
el 817.945.9051
www.jove.com

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

ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: | Micromanipulation of circulating tumor cells for downstream molecular
analysis and metastatic potential assessment

Author(s):

Cinzia Donato, Barbara M. Szczerba, Manuel C. Scheidmann, Francesc
Castro-Giner, & Nicola Aceto

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

http://www.jove.com/publish) via:
%tandard Access

Item 2: Please select one of the following items:

DOpen Access

The Author is NOT a United States government employee.

I:IThe 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.

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

ARTICLE AND VIDEO LICENSE AGREEMENT

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

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

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

2. Background. The Author, who is the author of the
Avrticle, 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.

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


https://www.editorialmanager.com/jove/download.aspx?id=984116&guid=aa7bbb72-13e8-4258-88a6-c8d40686487d&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=984116&guid=aa7bbb72-13e8-4258-88a6-c8d40686487d&scheme=1

®
1 Alewite Center #200
Carbridge, MA 02140
: 1el, 817.945.9051
§ www,jove.com

JOUF
VISUALIZED EXPERIRS

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.
Forany 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 ltem 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

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

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

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Avrticle 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

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
shallinclude 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 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.

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

CORRESPONDING AUTHOR
Name:

NicoLA AcETO
Department:

DEY - oF BloMEDIC (NE

Institution: UNM/E@.T(T}’ of BASTL
Title: a?'o*?'
Signature: /j@ -~ Date: ]O :g:m\ Z@(_‘S

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

2. Faxthe document to +1.866.381.2236

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

The editor has formatted the manuscript to match the journal's style. Please retain the same.
Done.

Please address specific comments marked in the manuscript.

Done.

Presently the protocol is more than 10 pages, including heading and spacings, which is our
hard cut limit. Please combine some shorter steps into one so that there are 2-3 actions per
step, please remove some redundant notes and please consider moving some of the notes to
the discussion section.

Done.

Once done please ensure that the highlight is no more than 2.75 pages including headings and
spacings.

Done.
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