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neuroprotective property of the drug was preserved after the drug had crossed the BBB. We have
also demonstrated that BBB-Minibrain constitutes an interesting model to detect the passage of
virus particles across the endothelial cells barrier and to monitor the infection of the Minibrain
by neuroinvasive virus particles. The BBB-Minibrain is a reliable system, easy to handle for
researcher trained in cell culture technology and predictive of the brain cells phenotypes after
treatment or insult. The interest of such in cellulo testing would be twofold: introducing derisking
steps early in the drug development on the one hand and reducing the use of animal testing on
the other hand.

INTRODUCTION:

The brain is separated from the systemic circulation by a non-permeable structure that restricts
exchanges between the brain parenchyma and the blood, called the blood-brain barrier (BBB).
Mostly composed of cerebral endothelial cells, the BBB dynamically interacts with astrocytes,
perivascular microglia and neurons of the neighboring brain parenchyma. The three major
functions of the BBB are the creation and maintenance of ionic homeostasis for neuronal
functions, supply of the brain with nutrients, and protection from toxic injuries or entry of
pathogens?, which contribute to the maintenance of brain homeostasis and its functions3. This
barrier is so efficient that only few drugs can cross the BBB*>. At present, the available methods
to predict whether a molecule will pass the BBB and diffuse into the brain consist of ex vivo
studies on autopsy material, image tracking in the brain of human volunteers by MRI (magnetic
resonance imaging) or PET (positon emission tomography) or pharmacodynamics and
pharmacokinetic preclinical studies in animals®®. These techniques and models have some
limitations, such as the limited resolution of PET and the low sensitivity of MRI®3, the difficulty to
quantify molecules (i.e., antibody based molecules for example) that poorly penetrate the brain’,
and for the preclinical studies their high cost and resort of animal testing.

The last point is important because, according to the 3R’s rules, (replacement, reduction and
refinement of animal testing) the regulatory administrations have asked that the researchers
urgently develop scientifically accurate alternative to animal experimentation®1°,

Over the last decades, several in vitro models of BBB have been proposed®!® by cultivating on
filter membrane inserts endothelial cells from different species such as mouse, rat, bovine and
pig. As far as the human species is concerned, the scarce and difficult availability of primary cells
prompted the researchers to develop human models based on immortalized brain endothelial
cells or human-derived stem cells**2!, These barriers are proper in vitro surrogates of BBB
provided that they express endothelial cell markers, tight junction markers, efflux transporters,
solute carriers, receptors, and respond to the endothelial stimuli 2°. A few BBB models using filter
membrane inserts coated with endothelial cells and other cell types (i.e., astrocytes, neurons or
pericytes??24) were assayed. The goal of these co-cultures was to increase the BBB physical
characteristics by taking advantage of the secretion of soluble factors by astrocytes/neurons or
pericytes.

Nevertheless, none of these models includes brain parenchyma to study and predict the fate of
a drug candidate once it has passed the barrier. Therefore, our goal was to build an in cellulo
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blood/brain interface, the BBB-Minibrain, by combining a BBB model and a culture of mixed brain
cells into a single kit. The BBB-Minibrain uses a culture system consisting of a porous filter
inserted in a well of a multiwell cell culture plate. The filter is coated with hCMEC/D3 cells, a
human brain endothelial cell line that has been proved highly reliable for BBB drug testing?>?/,
to form the BBB. The Minibrain, which is a co-differentiated culture of human neurons and
astrocytes derived from the NTera/Cl2.D1 cell line?®?° mixed together with the human microglial
cell line CHME/CI5%* in ratio corresponding to the microglia vs. neuron-astrocytes ratios of the
brain3!, is cultivated in the bottom of the plate well.

Besides studying passage of drugs across the BBB and their fate in the parenchyma, the blood-
brain interface in cellulo model could be a powerful tool to address the entry of pathogens into
the brain (neuroinvasiveness), the dispersion into the brain (neurotropism) and the toxicity
(neurovirulence) they can exert on brain parenchyma cells. Neurovirulence and
neuroinvasiveness studies would benefit from the development of an efficient in cellulo model
and be advantageous to replace animal models. Using the BBB-Minibrain kit32, we demonstrated
the neuroinvasive phenotype of rare viral mutants that accumulated in the French Neurotropic
virus strain of Yellow Fever Virus (i.e., FNV-YFV3334) used to prepare a discontinued live YFV
vaccine and the passage of a neuroregenerative and neuroprotective biomolecule called
Neurovita (referred as NV henceforth in the manuscript)3. Because NV neither naturally crosses
the cell membrane nor the BBB, NV was fused with the variable part (VHH) of a single chain
antibody of Llama that crosses the biological membranes including the BBB and functions as a
cell penetrating molecule (CPM)3¢. The CPM property of VHH seems to depend upon the
isoelectric point and the length of the VHH?’.

This in cellulo test should make it possible to sort the molecules that could potentially cross the
BBB before carrying out pharmacokinetic and pharmacodynamics analysis in animals, and ideally
in the same time to be able to predict their behavior in the nervous parenchyma. This system is
biologically relevant and easy to set up and handle by professionals well trained in cell
culture?62°30.38 The interest of such in cellulo testing would be two-fold: reducing the costs of
preclinical tests on the one hand and reducing the use of animal testing on the other hand.

PROTOCOL:

1. Cell culture work of Ntera/CL2.D1 to prepare a co-culture of post-mitotic hNeurons and
hAstrocytes (NT2-N/A)

NOTE: This is the component of the Minibrain (Figure 1).
1.1 Culturing the Ntera/Cl2.D1
1.1.1 Remove a vial of frozen cells from liquid nitrogen tank. Keep on ice.

1.1.2 Thaw the cells rapidly in a 37 °C water bath.
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1.1.3 Transfer the cells in a 15 mL tube containing 10 mL of complete DMEM F12 medium
(Dulbecco's Modified Eagle Medium: Nutrient Mixture F-12 medium) supplemented with 10%
fetal bovine serum (FBS), 2 mM glutamine, 100 IU penicillin and 100 pg streptomycin (i.e.,
complete DMEM F12 medium).

1.1.4 Centrifuge at 200 x g for 5 min at room temperature (RT). Dissociate the pellet in 2 mL of
complete DMEM F12 medium.

1.1.5 Transfer in a T75 tissue culture flask in polystyrene with specific treatment for sensitive
adherent cells (T75Cell*) containing 13 mL of complete DMEM F12 medium.

1.1.6 Culture cells in an incubator maintained at 37 °C, 5% CO, and 95% humidity until 90%
confluence (i.e., around 5 days). Change medium every 2-3 days.

1.2 Subculturing the Ntera/Cl2.D1 and amplification
1.2.1 Remove the medium from the flask.

1.2.2 Rinse the cell monolayer with 10 mL of phosphate buffer saline (PBS) supplemented with
Ca%*and Mg?*.

1.2.3 Rinse the cell monolayer with 10 mL of EDTA solution (kept at RT).
1.2.4 Add 3 mL of trypsin-EDTA solution (0.05% trypsin, 0.02% EDTA) and incubate 2 min at RT.
1.2.5 Shake the flask and make sure the cells are detached from the plastic surface.

1.2.6 Add 10 mL of complete DMEM F12 medium to inactivate the trypsin, transfer in a 15 mL
tube and centrifuge for 5 min at 200 x g at RT.

1.2.7 Dissociate the pellet with 10 mL of complete medium and use 1 mL to inoculate each new
flask containing 14 mL of complete DMEM F12 medium.

NOTE: Thirty T75 Cell* flasks are required for each differentiation.

1.2.8 Incubate the flasks at 37 °C, 5% CO2 and 95% humidity until 90% confluence.

1.3 Differentiation of NTera/Cl2.D1 in human neuron-astrocyte co-culture

NOTE: This is the main component of the Minibrain.

1.3.1 At Day 0, dissociate the cells with trypsin-EDTA as described in step 1.2 and dissociate the

cell pellet of each flask with 2 mL of complete DMEM F12 medium.
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1.3.2 Add 1 mL of the cell suspension (corresponding to 5 x 108 cells) in 60 plastic Petri dishes of
85 mm diameter containing 11 mL of complete DMEM F12 medium.

NOTE: The cells will not attach to the plastic and will aggregate to form pseudo neurospheres
(see photograph in the lower panel of Figure 1). Incubate the 60 Petri dishes at 37 °C, 5% CO; and
95% humidity for one day.

1.3.3 At Day 1, add 1 mL of complete DMEM F12 medium supplemented with 130 uM of all-Trans
Retinoic Acid (ATRA) per Petri dish (final concentration ATRA 10 uM) and return the dishes at 37
°C, 5% CO; and 95% humidity for 24 h.

1.3.4 At Day 2, transfer very carefully the medium containing cell spheres of each Petri Dish in a
50 mL tube and centrifuge for 10 min at 50 x g and RT. Dissociate carefully the loose pellet with
13 mL of complete DMEM F12 medium supplemented with 10 uM ATRA and add the 13 mLin a
new 85 mm diameter Petri dish.

NOTE: Over the different passages, it is extremely important to maintain the spheres density as
high as the density obtained at Day 2 (i.e., around a density of 70%). Therefore, if the sphere
density is lowering, reduce the total number of Petri dishes according to the number of cells.

1.3.5 Repeat the procedure above (step 1.3.4) at days 4, 6 and 8.

1.3.6 At Day 10, repeat the procedure above but add the spheres to the T75 Cell* flasks instead
of Petri dishes. Add the cells from one Petri dish to one T75 Cell* flask.

1.3.7 At Days 11, 13, 15 and 17, change the used medium with 14 mL of complete DMEM F12
supplemented with 10 uM ATRA.

1.3.8 At Day 19, change medium with 14 mL of complete DMEM F12 medium without ATRA per
flask.

1.3.9 At Day 20, dissociate gently the cells with trypsin/EDTA as follows.

1.3.9.1. For each T75 Cell* flask, rinse the cells with 10 mL of PBS supplemented with Ca%*and
Mg?*; incubate the cells with 4 mL of EDTA for 5 min at RT.

1.3.9.2. Remove carefully the EDTA and add 2 mL of trypsin-EDTA and incubate 7 min at RT. Shake
very gently the flask and add carefully 8 mL of complete DMEM F12 medium.

1.3.9.3. Centrifuge 10 for min at 160 x g and RT. Dissociate the cell pellet in 13 mL of complete
DMEM F12 medium and transfer in a T75 Cell* flask.

NOTE: The very gentle dissociation with trypsin-EDTA will allow recovering the ATRA
differentiated cells from the original teratocarcinoma cells, which are strongly attached to the
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plastic ware.

1.3.10 At Day 21, remove the medium and the dead cells. Add 14 mL of complete DMEM F12
medium supplemented with 5% FBS, 2 mM glutamine, 100 U penicillin, 100 pg streptomycin and
0.5 uM of AraC (Cytosine B-D-arabinofuranoside) (complete 5% FBS DMEM F12-AraC).

1.3.11 At Days 23, 25 and 28, replace used medium with 14 mL of 5% FBS DMEM F12-AraC.
1.3.12 At Days 29 up to 49 (every two days), replace used medium with 14 mL of complete DMEM
F12 medium supplemented with 5% fetal bovine serum, 2 mM glutamine, 100 IU penicillin, 100
ug streptomycin, 5 uM of FudR (5-fluoro-2’deoxyuridine) and 10 uM Urd (Uridine) (complete 5%
FBS DMEM F12-FudR-Urd).

1.3.13 At Day 50, replace used medium with 14 mL of complete DMEM F12 medium
supplemented with 5% FBS, 2 mM glutamine, 100 IU penicillin, 100 pg streptomycin and 10 uM
Urd (complete 5% FBS DMEM F12-Urd).

1.3.14 At Days 51 up to 95 (twice a week), replace used medium with 14 mL of complete 5% FBS
DMEM F12-Urd.

NOTE: Cells can be used for experiments from day 51 but not later than day 95. The use of serial
treatments with mitosis inhibitors allows recovering pure population of co-culture of post-mitotic
hNeuron and hAstrocytes (NT2-N/A).

1.3.15 To seed the cells, proceed with gentle trypsinization as described for Day 20.

2. Cell culture work of human microglial cells CHME/CI5

NOTE: This is the microglial component of the Minibrain (Figure 1).

2.1 Culturing the human microglial cells CHME/CI5

2.1.1 Remove a vial of frozen cells from the liquid nitrogen tank. Keep on ice.

2.1.2 Thaw rapidly in a 37 °C water bath.

2.1.3 Transfer the cells in a 15 mL tube containing 10 mL of complete DMEM F12 medium
supplemented with 5% fetal bovine serum, 2 mM glutamine, 100 IU penicillin and 100 pg

streptomycin (i.e., complete 5% FBS DMEM F12 medium).

2.1.4 Centrifuge at 200 x g for 5 min at RT. Dissociate the pellet with 2 mL of complete 5% FBS
DMEM F12 medium.

2.1.5 Transfer in a T75 Cell* flask containing 13 mL of complete 5% FBS DMEM F12 medium.
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2.1.6 Culture cells at 37 °C, 5% CO2 and 95% humidity until 90% confluence. Change medium
every 2-3 days.

2.2. Subculturing the human microglial cells CHME/CI5

2.2.1 Remove medium from the flask.

2.2.2 Rinse the cell monolayer with 10 mL of PBS supplemented with Ca%*and Mg?*.
2.2.3 Rinse the cell monolayer with 10 mL of EDTA solution (kept at RT).

2.2.4 Add 3 mL of trypsin-EDTA solution and incubate 2 min at RT.

2.2.5 Shake the flask and make sure the cells are detached from the plastic surface.

2.2.6 Add 10 mL of complete 5% FBS DMEM F12 medium to inactivate the trypsin, transfer in a
15 mL tube and centrifuge for 5 min at 200 x g and RT.

2.2.7 Dissociate the pellet with 10 mL of complete medium and use 1 mL to inoculate each new
flask containing 14 mL of complete 5% FBS DMEM F12 medium.

2.2.8 Incubate the flasks at 37 °C, 5% CO; and 95% humidity until 90% confluence.

3. Culture work with the hCMEC/D3 to coat porous inserts and prepare BBB

3.1 Culturing the human endothelial cells hCMEC/D3 (Figure 2)

3.1.1 Dilute the type | rat Collagen to 1:30 with pure sterile water (cell culture grade).

3.1.2 Transfer 10 mL into a T75 Cell* flask and incubate 2 h in a 37 °C, 5% CO; and 95% humidity
incubator.

3.1.3 Remove the collagen solution and replace it with 15 mL of endothelial cell medium
supplemented with 10 mM of HEPES (referred as complete endothelial cell medium).

3.1.4 Remove a cryo vial of cells from the liquid nitrogen tank. Keep on ice.
NOTE: The cells were grown, and a seed lot was made as described by the manufacturer. The cell
line is covered by a biological material transfer agreement. The cells are obtained at passage

number 25 and should not be used further than passage 35.

3.1.5 Thaw rapidly in a 37 °C water bath.
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3.1.6 Transfer the cells in the T75 Cell* flask and return the flask at 37 °C, 5% CO; and 95%
humidity for 2 to 4 h.

3.1.7 Remove the medium carefully without losing or removing cells. Rinse the cells once with 10
mL of complete endothelial cell medium.

3.1.8 Add 15 mL of complete endothelial cell medium.

3.1.9 Culture cells at 37 °C, 5% COz and 95% humidity until 100% confluence (not less than 4 days)
without changing the medium.

3.2 Subculturing the hCMEC/D3 to prepare the insert of the BBB

3.2.1 Coat a new T75 Cell* flask or inserts with the type | Rat Collagen as described above (step
3.1).

3.2.2 Remove the medium from the flask. Rinse the cell monolayer with 10 mL of PBS
supplemented with Ca%*and Mg?*.

3.2.3 Add 2 mL of trypsin-EDTA solution and incubate 5 min at 37 °C.
3.2.4 Shake the flask and make sure that the cells are fully detached from the plastic surface.
3.2.5 Add 4 mL of complete endothelial cell medium to inactivate the trypsin.

3.2.6 With a 5 mL plastic pipette, mechanically dissociate the cells by aspirating and flushing the
cell suspension while maintaining the 5 mL pipette to the bottom of the flask at least 5 times.

3.2.7 Count the cells and use 5 x 10* cells/insert for a 12 well polyester membrane culture inserts
insert and 2 x 10° cells for a T75 Cell* flask. Prepare also three filters without cells for the PEy,
(i.e., endothelial cells permeability to Lucifer yellow see below paragraph 4.2) experiments with
the Polyester membrane culture inserts.

3.2.8 Incubate the flasks or inserts at 37 °C, 5% CO2 and 95% humidity until 100% confluence.
3.2.9 Do not change the medium for T75 Cell* flask until a new passage. On the contrary for BBB
on polyester membrane culture inserts: change medium at days 2 and 4, use the BBB for
experiments at day 6.

4. Construction and quality control of the BBB-Minibrain (Figure 2)

4.1 Setting up a BBB-Minibrain Polyester membrane culture insert device (Figure 2B)

4.1.1 Grow the hCMEC/D3 cells on 12 well Polyester membrane culture insert filters for 6 days

Page 7 of 6 revised November 2017



353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396

on endothelial cell medium before using them for the experiment.

4.1.2 Coat a 12 well plate with poly-D-lysine (1 mL/well, 10 pg/mL, 4 h at RT) and then laminin (1
mL/well, 1 ug/mL, overnight at RT).

4.1.3 Remove laminin and add 1 mL of endothelial cell medium supplemented with 5% FBS (5%
endothelial cell medium).

4.1.4 Incubate for 1 h at 37 °C, 5% CO2 and 95% humidity.

4.1.5 Gently trypsinize the NT2-N/A (as described in step 1.3.9) and CHME/CI5 (as described in
step 2.2) and dissociate the cell pellets with complete endothelial cell medium.

4.1.6 Count the cells, mix 3.6 x 10° NT2-N/A and 0.4 x 10> CHME/CI5 cells/well and seed the 12
well plate.

4.1.7 At T=24 h (24 h after seeding): change the used medium with fresh complete endothelial
cell medium (Minibrain cells and endothelial cells) and transfer the hCMEC/D3 Polyester
membrane culture insert filter on the top of the Minibrain cells. Incubate the BBB-Minibrain at
37 °C, 5% CO; and 95% humidity.

NOTE: The BBB-Minibrain will then consist of a layer of human endothelial cells hCMEC/D3 on
filter isolating the luminal compartment (or “blood” compartment) and of a mixed culture of
human cells hNT2-N/A and hCHME/CI5 (Minibrain) at the bottom of the well defining the
abluminal compartment (or “brain” compartment) (Figure 2B).

4.2 Validation of the endothelial permeability of the BBB-Minibrain (Quality Control) (Figure 2C)

4.2.1 Prepare the transport buffer (TB), which is HBSS (Hanks' Balanced Salt Solution) buffer with
Ca%* and Mg?* supplemented with 10 mM HEPES and 1 mM sodium pyruvate.

4.2.2 Prepare 12 well plates with 1.5 mL of transport buffer per well.
4.2.3 At T= 0, make fresh transport buffer supplemented with 50 uM Lucifer Yellow (LY-TB).

4.2.4 Reverse each filter upside down to remove carefully the medium without affecting the
endothelial cell barrier.

4.2.5 Place the filter on the filled 12 well plate and add 0.5 mL of LY-TB.
4.2.6 Incubate the plates in an incubator at 37°C, 5% CO; and 95% humidity.

4.2.7 At T=10 min transfer the filters on new TB filled 12 well plates and keep the abluminal
compartment of the first plate for OD reading.
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4.2.8 At T= 25 min, repeat the step 4.2.7.

4.2.9 At T= 45 min, stop the transport by removing the filters from the plates. Keep abluminal
and luminal compartments for OD measures.

4.2.10 Transfer in a dark 96 well plates the samples: 10 puL with 190 uL TB for the LY-TB and the
luminal compartments, 200 pL of sample for the abluminal compartments.

4.2.11 Measure the fluorescence of the LY-TB present in the different samples at A428 nm A535
nm (excitation and emission length waves respectively).

4.2.12 Calculate the endothelial permeability (Pe) toward LY-TB (Pery) according to Siflinger-
Birnboim, A et al. (1987)° and Da Costa, A et al. (2018)3 by using the formula:

1/PSe= (1/PSt) — (1/PSf) and Pey= PSe/S.

NOTE: PSf is the permeability of the filter without cells, PSt is the permeability of the filter with
cells, PSe is the permeability of the endothelial monolayer time the surface of the monolayer, S
is the surface of the monolayer (for a 12 well filter=1.12 cm?), Peyy is expressed in cm/min. For
hCMEC/D3 the Pery should be between 0.7 and 1.2 x 103 cm/min depending mainly of the FBS
used in the experiments. Important: a Pery higher than 1.2 means that the BBB is not tight enough
and some leakage can be observed. Discard these barriers.

5. Use of BBB-Minibrain to highlight the presence of neuro-invasive viral particles in a Yellow
Fever Virus vaccine sample, the French Neurotropic virus, YFV-FNV 34 (Figure 3)

5.1 BBB crossing and multiplication of Yellow fever viruses in the Minibrain

5.1.1 Use the BBB-Minibrain prepared as described in step 4.1.7 24 h before the addition of the
virus; replace the medium by 2% FBS endothelial cell medium.

NOTE: It is extremely important to avoid changing the medium just before adding the virus.
Changing the medium can activate the human endothelial cells and transiently open the barrier
which will allow the passage of the virus. Here the medium is changed 24 h before starting the
experiment.

5.1.2 At T= 0, add 3500 Plaque Forming Units (PFU) of YFV-FNV diluted in 50 uL of 2% FBS
endothelial cell medium very carefully on the top of the luminal compartment. The control BBB-
Minibrain is inoculated with 50 uL of 2% FBS endothelial cell medium without virus. Determine
PeLy on companion well.

5.1.3 Incubate the BBB-Minibrain in an incubator at 37 °C, 5% CO; and 95% humidity.
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5.1.4 After24 h, remove the polyester membrane culture inserts filter device and determine Peyy,
sample 1 mL from the abluminal compartment and titrate the virus as described by A. da Costa
et al. (2018)34. Replace the medium with fresh 2% FBS endothelial cell medium.

5.1.5 Incubate the BBB-Minibrain at 37 °C, 5% CO; and 95% humidity.

5.1.6 After 72 h, sample the medium from the abluminal compartment and titrate the virus,
and/or extract the RNA from the Minibrain cells for gene expression analysis as described by A.
da Costa et al. (2018)34.

5.2 Amplification of neurotropic variants of YFV-FNV on Minibrain cells by serial passages

5.2.1 Use Minibrain cells coated 12 well plates (i.e., steps 4.1.6 and 4.1.7).

5.2.2 At time point 0 h, add 3500 Plaque Forming Units of YFV-FNV diluted in 50 uL of 2% FBS
endothelial cell medium very carefully on the top of the cells (luminal compartment).

5.2.3 After 1 h, remove the medium with the virus inoculum and replace with fresh 2% FBS
endothelial cell medium.

5.2.4 After 48 h, sample 500 pL of the culture medium and infect fresh Minibrain cells
5.2.5 After 120 h, sample 500 pL of the culture medium and infect fresh Minibrain cells.

5.2.6 After 192 h, save culture medium (=virus stock enriched) and extract the RNA from the
Minibrain cells for gene expression analysis as described by A. da Costa et al. (2018)34.

6. Use of BBB-Minibrain to study BBB crossing and brain cell targeting of a biomolecule
6.1 Transport across the BBB of a neuron targeting biomolecule
6.1.1 Use the Minibrain-BBB prepared as described step 4.1.7.

6.1.2 At time point 0 h, add the biomolecule (In the example provided in the result section, 58.75
ng/BBB of the cell permeant NeuroTag-NV molecules were added per BBB-Minibrain insert.

6.1.3 Incubate the BBB-Minibrain at 37 °C, 5% CO; and 95% humidity.

6.1.4 After 24 h, remove the polyester membrane culture inserts filter device and determine Peyy,
then stain the Minibrain cells for hNeurons neurofilament Nf200 and detect the presence of the
biomolecule in the Minibrain (In the example provided in the result section, NeuroTag-NV was
detected using an antibody directed against the Strep-Tag it contains3>49).

6.2 Transport across the BBB of a neuroregenerative biomolecule and subsequent
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neuroprotective assay in the Minibrain after the biomolecule has crossed the BBB
6.2.1 Use the Minibrain-BBB prepared as described in step 4.1.7.

NOTE: For molecules targeting neurons only, Minibrain cells can be replaced by the Neurons cells
(NT2-N) only3,

6.2.2 At time point 0 h, add 58.75 ng/BBB-Minibrain well of the cell permeant NV molecules
(active form CPM-NeuroTag-NV, non-active form CPM-NeuroTag-NVA) described by C. Prehaud
et al. (2014)%.

6.2.3 Incubate the BBB-Minibrain in an incubator at 37 °C, 5% CO; and 95% humidity.

6.2.4 After 4 h, make individual wounds with an injection needle (26GX1/2”, 12-4.5, Terumo,
Belgium) on the Minibrain cells. Make at least 10 scratches on each individual well. Determine
Pery on the companion well.

6.2.5 Incubate the BBB-Minibrain in an incubator at 37 °C, 5% CO; and 95% humidity.

6.2.6 After 8 h, replace the medium in the abluminal compartment by fresh complete endothelial
cell medium.

NOTE: It is important to replace the medium at this step since the wounding of the Minibrain
cells can lead to cell death and then the release of cytotoxic compounds.

6.2.7 Incubate the BBB-Minibrain in an incubator at 37 °C, 5% CO; and 95% humidity.

6.2.8 After 48 h, stained the cells for axon regeneration of hNeurons as described by C. Prehaud
et al. (2013)%°.

REPRESENTATIVE RESULTS:

The BBB-Minibrain is an in cellulo experimental model of blood-brain interface.

The BBB-Minibrain is set up on the polyester membrane culture insert system to mimic a blood
compartment on the upper level and a brain compartment on the lower level of the blood-brain
interface (Figure 2A,B). It consists of a luminal compartment with the hCMEC/D3 endothelial cells
on the filter forming the BBB and an abluminal compartment, which contains the Minibrain
human tri-culture of cerebral cells (neurons, astrocytes and microglial cells). The Minibrain cells
exhibit a classical tri-culture mixed population phenotype (Figure 1, lower right panel) and
express specific markers of each type of cell as shown by da Costa A. et al., 201834,

The use of hCMEC/D3 layer in the BBB-Minibrain allows obtaining a strong barrier with a mean
Pery of 0.95e-03 cm/min and a mean Trans Endothelial Electrical Resistance (TEER) of 51.89
Q/cm?. These values are in the range of the best values ever described for a human endothelial
cell line?”*! in such a polyester membrane culture insert system (Figure 2C). These cells express
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tight junction protein markers such as Z0O-1 and cadherin as expected by the permeability
guantification (data not shown). They also express all the subsets of receptors, efflux transporters
or transporters [Receptors: LDLR, low density lipoprotein receptor; LRP1, low density lipoprotein
receptor related protein 1; INSR, insulin receptor; LEPR, leptin receptor; LU, basal cell adhesion
molecule; TFRC, CD71 antigen; AGER, advanced glycosylation end-product receptor. Efflux
transporters: ABCB1 (P-gp); ABCG2 (BCRP); ABCC1 (MRP1); ABCC2 (MRP2); ABCC4, ABCC4
protein; ABCC5, ABCC5 protein. Transporters: STRA6, stimulated by retinoic acid gene 6 protein;
SLC2A1, glucose transporter type 1; SLC7A5, large neutral amino acid transporter 1; SLC1A1,
solute carrier family 1 protein; SLC38A5, solute carrier family 38 member 5 protein; SLC16A1,
monocarboxylate transport protein 1], which are key relevant proteins for their biological
functions (Figure 2D)%'.

The BBB-Minibrain allows selecting, amplifying and characterizing rare neuroinvasive viral
variants from a live virus vaccine preparation.

The BBB-Minibrain culture device was used as an in cellulo test allowing isolation and
amplification of rare neuroinvasive/neurovirulent variants potentially present in Yellow Fever
viruses (YFV) viral live vaccines*2. YFV is a viscerotropic virus targeting the liver that does not
efficiently cross the BBB. The French neurotropic virus, FNV, was used as a live YFV vaccine until
the 1980s33%3. FNV was found to cause post-vaccinal neuropathogenesis in children (0.3 to 0.4%
among vaccinees) and thus was discontinued in 19823343, We used FNV here as a prototype of
YF virus which may contain a high proportion of neuroinvasive/neurovirulent variants*>44, A FNV
virus preparation (i.e., 3500 PFU/ml) was added in the luminal compartment of a BBB-Minibrain,
the control was a BBB-Minibrain that was mock-infected. Presence of the virus particles in the
luminal compartment does not alter the barrier permeability as measured 24h later since the
Peyy in the viral wells was not different from the Pe,, of control wells (0.80 + 0.09 x 103 cm/min
and 0.86 +0.09 x 103 cm/min for Peyry in the control and YFV-FNV wells respectively). The content
of the abluminal compartment was evaluated for the presence of virus by plaque assay, at 24 h
post infection. The Minibrain cells were incubated two days further to evaluate the amplification
of neuroinvasive variants in brain cells and to monitor gene expression as described on the
cartoon shown on Figure 3A.

We detected some YFV-FNV viruses, which can cross the BBB at 24 h (mean 43 PFU/mL). The
viruses were amplified for the next two days by the multiplication of the virus inside the brain
cells (mean titer of 4.69 x 10* PFU/mL), (Figure 3B). Of note, a vaccine strain preparation which
does not cause post-vaccinal neuropathogenesis would not efficiently cross the BBB in this
system as it has been demonstrated by da Costa A. et al. (2018)3**. We identified two biomarkers
of the multiplication of the virus: The Interferon Stimulated Gene 15 (ISG15) and the Interferon
Regulatory Factor 7 (IRF7). The expressions of these two biomarkers were stimulated when this
neuroinvasive viral population was serially passaged on Minibrain cells (Figure 3C). These
upregulations measured by Q-RT-PCR were strictly correlated to the viral load (Pearson p value
0.0016 for ISG15 and 0.0260 for /IRF7).

BBB-Minibrain allows both assaying the ability of a biomolecule to pass the barrier and at the
same time testing whether the biomolecule function was preserved after BBB crossing.
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NV is a biomolecule derived from Rabies virus which possesses astonishing properties of
neuroprotection and neuroregeneration. This small polypeptide that neither naturally crosses
the cell membrane nor the BBB was fused with a CPM able to target the neurons. Our choice was
to use the variable part (VHH) of a single chain antibody of Llama that crosses the biological
membranes including the BBB3®4> and a NeuroTag targeting neurons specifically. NV was linked
to the VHH and a NeuroTag, to construct a CPM-NeuroTag-NV (Figure 4A) and to the VHH only
to construct a CPM-NeuroTagA-NV lacking the specific NeuroTag allowing the targeting of the
Neurons (Figure 4B). After being added to the luminal compartment, CPM-NeuroTag-NV (green
dots) crosses the BBB and was able to target human neurons (in red) (Figure 4C, D). CPM-
NeuroTagA-NV crosses the endothelial cell barrier (green dots) but targets less efficiently the
human neurons (majority of green dots are located outside the neurons) (Figure 4D).

As described above, NV was linked to a VHH and a NeuroTag to construct a CPM-NeuroTag-NV.
We did the same for NVA an inactive form of NV lacking the active part of NV (CPM-NeuroTag-
NVA) (Figure 5A). After being added to the Luminal compartment, CPM-NeuroTag-NV crosses the
BBB and was able to regenerate axons of human neurons after wounding (Figure 5B, right panel),
on the contrary to CPM-NeuroTag-NV A the inactive form of NV (Figure 5B, left panel)*°. These
properties were assayed in two types of protocols; either in a pre—exposure (Figure 5C) or in a
post exposure protocol (Figure 5D). When applied before the axon scratching (4 h, H4), CPM-
NeuroTag-NV triggers the neuroprotection of the wounded neurons and the axonal regeneration
on the contrary of the mock treated cells (i.e., control) or the cells treated with CPM-NeuroTag-
NVA (mean regeneration 91% and 12%-10% respectively, Figure 5C). When the biomolecule was
applied after the axonal lesions (1 hour, H1, Figure 5D) in order to mimic a therapeutically post-
exposure protocol, the CPM-NeuroTag-NV is still able to regenerate axons on the contrary of the
disabled form of CPM-NeuroTag-NV A, (mean regeneration 85% and 5.1% respectively) (Figure
5D).

FIGURE AND TABLE LEGENDS:

Figure 1: The Minibrain model. Time table of the NT2-N/A and CHME/CI5 cultures (upper panel).
Photographs (lower panels) of the original cell line (Ntera/cl2.D1) in the left panel, the pseudo
neurospheres obtained after ATRA treatment in the middle upper panel , the CHME/CI5, in the
middle lower panel and the Minibrain triculture (Cristal Violet staining), in the right panel,
resulting of the mixture of NT2-N/A and CHME/CL5 cultures. Scale bar 100 um.

Figure 2: the BBB-Minibrain model. A. Time schedule of the hCMEC/D3 cultures and photograph
of the BBB-Minibrain device: a polyester membrane culture inserts-filter with hCMEC/D3
endothelial barrier is held with a forcep before to be inserted in to one well of a 12 wells cell
culture plate. B. Cartoon describing the device with the luminal (Blood) compartment containing
the endothelial cell barrier and the abluminal (Brain) compartment containing the Minibrain cells
(human neurons, astrocytes and microglial cells). C. Representative measures of the BBB-
Minibrain permeabililty by TEER (i.e., TransEndothelial Electrical Resistance) on three devices or
permeability to LY (i.e., Pery) on five filters. D. expression analysis by g-RT-PCR of the Receptors,
efflux Transporters and Transporters on the endothelial cells hCMEC/D3.
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Figure 3: The BBB-Minibrain model allows identification of neuroinvasive variants among live
YFV vaccine preparation. A. Schedule of the experiment. B. Quantification of the viruses which
have crossed the BBB by plaque forming unit (PFU) titration of live virus (each point represents
one polyester membrane culture inserts experiment). C. Plot of ISG15 and IRF7 gene expression
measured by g-RT-PCR as a function of the number of viral particles in the viral load.

Figure 4: The BBB-Minibrain allows testing of neuroregenerative biomolecule properties:
specific targeting of neurons when NV is fused to NeuroTag. A. Cartoon of the CPM based NV
(i.e., CPM-NeuroTag-NV) containing a specific NeuroTag to target neuron specifically. B. Cartoon
of the CPM based NV deleted of the NeuroTag (i.e., CPM-NeuroTagA-NV). C. Representative
immunofluorescence photographs of the human neurons. Scale bar 50 um. NF 200 in red, CPM-
NeuroTag-NV/CPM-NeuroTagA-NV in green, nuclei in blue. D. CPM-NeuroTag-NV molecules can
cross the BBB and target human neurons more efficiently than CPM-NeuroTagA-NV. Infected
neurons and total population of neurons were counted on triplicate slides after immunolabeling.
Total neurons correspond to NF200 positive cells (in red). Any red cells associated with one or
more green dot (CPM-NV) is counted as a positive neuron. Unpaired student’s t-test two tailed
***p=0.0002.

Figure 5: The BBB-Minibrain allows testing of neuroregenerative biomolecule properties: BBB
crossing does not alter the neuroregenerative properties of NV. A. Cartoon of the CPM based
NV (i.e., CPM-NV) and its disabled counterpart (i.e., CPM-NVA). B. Axon regeneration by CPM-NV
in an in cellulo scratch assay (right panel). CPM-NVA cannot trigger axon regeneration (left panel),
scale bar 100 um. C. CPM-NV can cross the endothelial cell and regenerate axons on the neurons
of the BBB-Minibrain when applied 4 h before the lesion: (upper panel) scheme of the
experiment; (lower panel) quantification of the regeneration. D. CPM-NV is also active in a
therapeutically protocol when it is applied 1 h after the wounding: (upper panel) scheme of the
experiment; (lower panel) quantification of the regeneration. Unpaired student’s t-test two
tailed ****p<0.0001. Regeneration was calculated from triplicate experiments (>800 neurons
counted) after staining of the neuronal cells.

DISCUSSION:

In this article we demonstrated how to build an in cellulo blood/brain interface, the BBB-
Minibrain, by combining a BBB model and a culture of mixed brain cerebral cells (Minibrain) into
a single kit. This system is biologically relevant, easy to set up and handle for experimenters well
trained in cell culture.

As for any other in vitro model of BBB, reliable results would be obtained if drastic control of
tightness of the barrier is applied. Inserts should be carefully tested for permeability and any
insert with inadequate permeability values (i.e., a Pery higher than 1.2) should be discarded.

FBS samples should be carefully tested to identify a batch that does not disable the characteristics

of the BBB. The same advice can be made regarding the vehicle medium in which virus particles
or biomolecules are diluted. It is also recommended to keep as small as possible the volume of
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biomolecule or virus suspension, in order to not alter the medium composition of the luminal
compartment.Differentiation of human co-culture neuron/astrocytes culture from the
Ntera/CL2.D1 is a proven technology. In contrast to human neurons which are post-mitotic,
astrocytes are still dividing cells. High proliferation of the astrocytes cells is sometimes observed.
If this happens, the Minibrain culture has to be discarded. The CHME/CI5 cells we used in our
laboratory were phenotyped to prove that they were of human origin (Homo sapiens CCNT1
phenotyping). There is a risk that some CHME lots used in some laboratories may be of rat (Rattus
norvegicus) origin as claimed by Garcia-Mesa Y. et al. (2017)%. Therefore, it is recommended to
check for the origin of the CHME/CI5 cell line.

The Minibrain human tri-culture system including post mitotic neurons (mainly dopaminergic),
astrocytes and a microglial cell line, mimics a simplified cerebral environment. This system can
still be improved. One can imagine adding oligodendrocytes to the culture with the goal to obtain
myelinated axons or primary microglial cells. The minibrain can also be replaced with a mixed
culture of human-derived stem cells'>?1, Nevertheless, the variability between different lots of
cells will have to be carefully mastered. The BBB-Minibrain complexity can also be increased by
adding pericytes?3. In our hands, this improvement was impeded by the difficulty to have reliable
access to pericytes of human origin.

We have demonstrated the feasibility and usefulness of this kit mimicking the blood-brain
interface, to i) isolate rare neuroinvasive virus particles from a Yellow Fever vaccine sample that
have evolved the property to enter the brain through the BBB, and ii) amplify these neuroinvasive
sub-populations in the Minibrain tri-culture mimicking a simplified brain parenchyma. Future
applications can be to extend the quality control of other live vaccines such as the mumps vaccine
and to promote the BBB-Minibrain as a mean to study neurovirulence features in vitro.

The second pilot study was to show that a drug candidate passes through the BBB and reaches
the Minibrain, without losing its neuro-regenerative properties. We are strongly convinced that
the BBB-Minibrain can allow major advances in the pre-sorting of molecules before releasing
them to preclinical tests. The use of the BBB-Minibrain should facilitate the implementation of
3Rs measures aimed at reducing the use of animal testing for both reglementary assays and
experimental research.

Altogether with the next development of in silico approaches (computer model), we will soon be
able to identify drug candidates with a high probability of crossing the BBB, the development of
a 3D model In cellulo mimicking the nervous parenchyma blood interface would be of great help.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: [ A" gy Iolesud - g (n}e,‘ag“m moded Yo stady
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Author(s):

A COSTA A, TREHAUD C - ebal.
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tem 1: The Author elects to have the Materials be made available ({as described at

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

Standard Access

ltem 2: Please select one of the following items:

D Open Access

@The Author is NOT a United States government employee.

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

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

ARTICLE AND VIDEQ 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 transiation, 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; “foVE” 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
Article, in order to ensure the dissemination and protection
of the Article, desires ta have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memarialize
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 pring,
digital and electronic form) throughout the warld, {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
Waorks 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 ar 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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ltem 1: The Author elects to have the Materials be made available ({(as described at

http://www.jove.com/publish}) via:
@Standard Access

Item 2: Please select one of the following items:

I:l Open Access

@\The Author is NOT a United States government employee.

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

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

ARTICLE AND VIDEO LICENSE AGREEMENT

L 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 nurmber 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 Jast 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
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 memarialize
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 ar hereafter
devised, and include the right to make such medifications
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 — Qpen Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeging
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 (3] 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 iri Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions cantained 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 he
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 hehalf
if JoVE believes seme 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 an 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,
intelfectual 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 Auther'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

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shali 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, guality, 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, regulaticns, laws,
procedures or guidelines, liahilities 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 harmiess from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
respansibility of the Author and shall be undertaken at the
Author's expense. All indemnifications provided herein
shall include JoVE's attorney's fees and costs related to said
losses or damages. Such indemnification and helding
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 bhe 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, proaduction 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
loVE'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 Agreament delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.
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Dear Editor
Thank you very much for the review of our manuscript JoVE59220
We hope to have answered correctly the editorial remarks which were as follows:

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

2. Please address all the specific comments marked in the manuscript.

3. For the protocol section, please make the steps crisp, and remove the redundancy to
bring out the clarity.

4. Please use imperative tense throughout as if describing someone how to perform
your protocol. Please use complete sentences.

4. Please proofread the manuscript well for any grammar or spelling issues.

5. Once the protocol is formatted please ensure that the highlight is no more than 2.75
pages including headings and spacing and is in alignment with the title of the
manuscript. Please ensure that the highlight forms a cohesive story.

5. Please ensure that all the microscopic figure panels have a scale bar.

6. Please write the discussion in a paragraph style including citations where ever
applicable.

Answer to each editor’ commentary are in the text.
The comment on references style asking to provide the full name of journals cannot be

corrected with the Jove endnote style you provided. This Jove endnote style still give journal
abbreviations. There is likely a bug in this application.

Best regards

Monique Lafon
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