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25 SUMMARY:
26  Here, we provide a method for analyzing the behavior of growing axons in 3D matrices, mimicking
27  their natural development.
28
29  ABSTRACT:
30 This protocol uses natural type | collagen to generate three-dimensional (3-D) hydrogel for
31 monitoring and analyzing the axonal growth. The protocol is centered on culturing small pieces
32  of embryonic or early postnatal rodent brains inside a 3-D hydrogel formed by the rat tail tendon-
33  derived type | collagen with specific porosity. Tissue pieces are cultured inside the hydrogel as
34  specific brain fragments or genetically-modified cell aggregates to produce and secrete
35 molecules suitable for creating a gradient inside the porous matrix. The steps of this protocol are
36 simple and reproducible but include critical steps to be considered carefully during its
37 development. Moreover, the behavior of growing axons can be monitored and analyzed directly
38 using a phase-contrast microscope or mono/multiphoton fluorescence microscope after fixation
39 by immunocytochemical methods.
40
41 INTRODUCTION:
42  Neuronal axons, ending in axonal growth cones, migrate long distances through the extracellular
43  matrix (ECM) of the embryo over specific pathways to reach their appropriate targets. The
44  growth cone is the distal portion of the axon and it is specialized to sense the physical and
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molecular environment of the cell2. From a molecular point of view, growth cones are guided
by at least four different molecular mechanisms: contact attraction, chemoattraction, contact
repulsion, and chemorepulsion triggered by different axonal guidance cues®®. Contact-mediated
processes can be partially monitored in two-dimensional (2D) cultures on micro-patterned
substrates (e.g., with stripes”® or spots® containing the molecules). However, axons can navigate
to their target in a non-diffusive manner by sensing several attractive and repulsive molecules
from guidepost cells in the environment*>0. Here, we describe an easy method of 3-D culture
to check whether a secreted molecule induces chemorepulsive or chemoattractive effects on
developing axons.

The earliest studies aimed to determine the effects of axon guidance cues used explant cultures
in three-dimensional (3-D) matrices to generate gradients simulating in vivo conditions''*2, This
approach, together with in vivo experiments, allowed for the identification of four major families
of guidance cues: Netrins, Slits, Semaphorins, and Ephrins*®. These molecular cues and other
factors®® are integrated by the growing axons, triggering the dynamics of adhesion complexes
and transducing mechanical forces via the cytoskeleton!46, To generate molecular gradients in
3-D cultures for axonal navigation, pioneering researchers used plasma clot substrates!’, which
was also used for organotypic slice preparations'®. However, in 1958, a new protocol to generate
3-D collagen hydrogels was reported for studying with Maximow’s devices'®, a culture platform,
used in several studies suitable for microscopic observations?°. Another pioneer study reported
collagen gel as a tool to embed human fibroblasts for studying the differentiation of fibroblasts
into myofibroblasts in wound healing processes?!. In parallel, Lumsden and Davies applied
collagen from the bovine dermis to analyze the putative effect of nerve growth factor (NGF) on
the guiding of sensory nerve fibers??. With the development of new culture platforms (e.g., multi-
well plates) by different companies and laboratories, collagen cultures were adapted to these
new devices®?32%, |n parallel, an extract of ECM material derived from the Engelbreth-Holm-
Swarm tumor cell line was made commercially available to expand these studies?’.

Recently, several protocols have been developed to generate molecular gradients with putative
roles in axon guidance using 3-D hydrogels (e.g., collagen, fibrin, etc.)?®. Alternatively, the
candidate molecule can be immobilized at different concentration in a porous matrix (e.g., NGF?°)
or generated by culturing in a small region of the 3-D hydrogel cell aggregates secreting the
molecule to generate a radial gradient*?3-2%, The last possibility will be explained in this protocol.

The procedure presented here is an easy, fast and highly reproducible method based on the
analysis of axonal growth in 3-D hydrogel cultures of the embryonic mouse brain. In comparison
with other methods, the protocol is well suited for non-trained researchers and can be fully
developed after a short training (1-2 weeks). In this protocol, we first isolate collagen from adult
rat tails to further generate 3-D matrices in which genetically-modified cell aggregates are
cultured in front of the embryonic neuronal tissue. These cell aggregates form radial chemical
gradients of a candidate molecule which elicits a response for the growing axons. Finally, the
evaluation of the effects of the molecule on growing axons can easily be performed using a phase
contrast microscopy or, alternatively, immunocytochemical methods.
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PROTOCOL:

All animal experiments were performed under the guidelines and protocols of the Ethical
Committee for Animal Experimentation (CEEA) of the University of Barcelona, and the protocol
for the use of rodents in this study was reviewed and approved by the CEEA of the University of
Barcelona (CEEA approval #276/16 and 141/15).

1. Purification of rat tail collagen

1.1 Collect adult Sprague-Dawley rat tails (8-9 weeks old) after sacrificing the animal following
ethical guidelines and rinse in 95% ethanol. Place 2-4 tails on ice (4 °C) and keep them covered
with ice during the process.

1.2 To obtain tail tendons, fix the tail at the most caudal vertebrae of the tail using a hemostat
and compress the tail with a second hemostat positioned around 5-7 mm from the first. Break
the tail by twisting it sharply with both hemostats. To do this, fold/unfold the vertebrae several
times until it breaks.

1.3 Pull the vertebrae slowly with the hemostat to detach the tendons from their sheath as it
comes out. At this moment, cut tendons with small scissors. Keep these tendon pieces in a sterile
100 mm Petri dish on ice.

1.4 Repeat the clamping and sliding for the rest of the tails until the tendons are totally
extracted.

1.5 Repeat steps 1.2-1.4 for all the obtained tails.

1.6 Observe the tendons under a microscope. Discard blood vessels by cutting with small scissors
and holding with straight fine forceps to improve the tendon’s purity and rinse the tendons 3
times with ultrapure water.

1.7 Collect 3-4 g of wet tendons. Dissolve the tendons in 150 mL of 3% glacial acetic acid at 4 °C
in @ 200-250 mL glass conical flask for 24-36 h, under gentle stirring.

1.8 Centrifuge at 20,000 x g for 1 h. In parallel, prepare the dialysis tubing membrane by cutting
a piece of around 10-15 cm in length and boil it in ultrapure water containing 1 mM
ethylenediaminetetraacetic acid (EDTA) for 15 min. Thereafter, gently rinse the dialysis
membrane thoroughly with ultrapure water.

1.9 After centrifugation, collect the supernatant in the dialysis tubing membrane by decantation.
The pellet contains acidic insoluble material (non-collagenous proteins) and the supernatant
contains soluble collagen proteins.

1.10 Dialyze the supernatant against 2 L of sterile 0.1x Minimum Essential Medium Eagle (MEM),
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pH 4.0 in a 2-5 L glass beaker. Dialyze for 3 days. Change 0.1x MEM solution at least twice a day
checking the pH at every change before using. If pH has turned basic, modify it with a few drops
of 0.1 M acetic acid until pH is 4.0.

1.11 After dialysis, add antibiotics (1.5 mL of penicillin/streptomycin (Pen-Strep)) to the dialyzed
collagen solution. Make 5 mL aliquots of the collagen stock solution and store at 4 °C.

NOTE: From this point, all handling procedures must be performed under sterile conditions in a
laminar flow hood.

1.12 Proceed with the gelation test of the prepared collagen stock solution following the next
steps.

1.12.1 Since the stock collagen is usually too concentrated, prepare 3 working dilutions (75%,
50%, and 25% collagen solution) by diluting the stock in 0.1x MEM, pH 4.0. The final volume
recommended for each working dilution is 5 mL. In each condition, check the protein
concentration using a protein colorimetric assay.

1.12.2 Place several empty 1.5 mL conical centrifuge tubes (one for each working dilution), 10x
MEM tubes, 7.5% sodium bicarbonate solution and different working dilutions of collagen on ice.

Wait until these are cooled.

1.12.3 Add 40-50 pL of 10x MEM to a cold (4 °C) centrifuge tube. Next, mix it gently with 7-8 pL
of sodium bicarbonate solution.

1.12.4 Add 310-330 pL of one of the different collagen dilutions to this tube and mix it gently
with the pipette avoiding any bubble formation. Keep the collagen-MEM-sodium bicarbonate
mixture on ice (4 °C) for at least 5 min.

1.12.5 Pipette 10-25 pL of the mixture into a 35 mm Petri dish.

1.12.6 Place the Petri dish in the CO; incubator set at 37 °C until the gelation of the hydrogel (+
15-20 min) is observed.

1.12.7 Repeat steps 1.12.3-1.12.6 for the remaining collagen dilutions in different Petri dishes.
1.12.8 Select the collagen working dilution that renders the best results.

NOTE: The best gelled hydrogel should have a uniform translucent texture, grey color and should
not be lumpy or stringy. In our experience, a dilution of 3:1 (Collagen: 0.1x MEM) generates the

best experimental results.

2. Preparation of cell (COS1) aggregates genetically-modified to secrete a candidate molecule
in 3-D collagen hydrogels
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2.1. Plate 2 x 10° COS1 cells into a 35 mm Petri dishes and incubate with complete culture
medium composed of 100 mL of D-MEM containing 10% (vol/vol) heat-inactivated fetal bovine
serum, 0.5% (wt/vol) glutamine and 1% (wt/vol) Pen/Strep in a cell culture incubator, in order to
reach 70-80% confluency overnight. Prepare one Petri dish for each transfection procedure.

2.2. The following day transfect COS1 cells with the DNA encoding the candidate molecule
(Netrin-1 or Sema3E) using liposome-based transfection method following the manufacturer’s
instructions.

2.2.1 To do this, mix 250 pL of serum-free medium and DNA (1-2 pg per condition) to a 1.5 mL
centrifuge tube (DNA tube) and mix. Incubate at room temperature (RT) for 5 min. Prepare a
second tube (liposomal tube) by adding 240 pL of the serum-free medium and 10 pL of the
liposomal transfection reagent. Incubate at RT for 5 min.

2.2.2 After incubation, add the content of the DNA-tube to the liposomal tube and mix gently.
Now incubate at RT for 15 min. Replace the medium on the cultured cells with 1.5 mL of the
serum-free medium and add the DNA-liposomes mixture to the Petri dish slowly dropwise.
Incubate for 3 h in the CO; cell culture incubator.

2.3. After 3 h of transfection incubation, replace the medium with the complete culture medium
and incubate overnight in the incubator.

2.4. Next day, rinse the cells with 0.1 M Dulbecco’s phosphate buffered saline (D-PBS), treat
cultures with Trypsin-EDTA (800 pL per each dish for 15 min in the CO; incubator) and collect
detached cells with 15 mL of complete culture medium.

2.5. Centrifuge the cells at 4 °C at 130 x g for 5 min. After centrifugation, remove media and
preserve the pellet containing COS1 cells on ice.

2.6. Repeat steps 1.12.3-1.12.6 to prepare the collagen working mixture.

2.7. Add 150-200 pL of the collagen dilution to the pellet of the transfected cells and mix gently
by pipetting up and down and spread 45-50 L of this mixture onto a Petri dish (60 mm diameter)
to form a uniform band of collagen-cells of around 1-1.5 cm in length. Place the dish in the
incubator at 37 °C (5% CO>) until the gelation (+ 15-20 min) is observed.

2.8. Prepare a second strip containing control cells (mock transfection) in a second culture dish
and add 3-4 mL of warmed (37 °C) COS1 complete culture medium to each dish containing the
collagen-cells strips and keep them in the CO> cell culture incubator. Thereafter, cut the collagen-
cells strips to generate small pieces (400 to 500 um in length) using a fine scalpel or a tissue
chopper.

2.9. Transfer all the sections from the same transfection condition to a Petri dish containing 3-
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3.5 mL of neuronal culture media (NCM). Again, keep them in the CO; cell culture incubator.

NOTE: Neuronal culture medium consists of Neurobasal medium containing 1-5% (vol/vol) heat-
inactivated horse serum, 2 mM glutamine, 0.5% (wt/vol) glucose, 1% (wt/vol) Pen-Strep solution
and 0.044% (wt/vol) NaHCOs. Ensure that the pH is between 7.2-7.3.

3. Generation of embryonic explant for culture

3.1. Sterilize the surgical tools (scissors, scalpel blade handle, straight and curved forceps) by
autoclaving following routine sterilization guidelines. In parallel prepare 500 mL of Hank’s
balanced salt solution-glucose buffer and 4-5 Petri dishes (100 mm diameter) containing 10 mL
of HBSS-G. Place these plates on ice (4 °C).

3.2. Sacrifice the pregnant female rat (embryonic day 16.5) outside the sterile area, following the
approved ethical procedures. Cut the embryo horns with scissors from the abdominal cavity and
place it into a large Petri dish containing cold HBSS-G.

3.3. Place the dish in the laminar flow hood and extract the embryos with straight forceps. Place
them into a new dish containing cold HBSS-G. Next, remove the skin of the embryo using small
forceps and carefully dissect the brain using the curved and straight forceps. Place them into a
dish containing cold HBSS-G.

3.4. Under a dissecting microscope, cut the brain in half along the midline to separate both the
hemispheres with the scalpel or fine scissors and remove meninges and blood vessels from the
brain pieces with fine forceps.

3.5. Dissect the brain’s region of interest with a fine scalpel (e.g., CA region of the hippocampus).
Repeat steps 3.3-3.5 with the rest of the embryos. Do not delay the dissection for more than 2 h
to preserve the tissue quality.

3.6. Clean all parts of the tissue chopper with 100% ethanol (especially the
polytetrafluoroethylene (PTFE) cutting plate and the razor blade). Keep the tissue chopper in the
laminar flux hood under UV illumination for 15 min.

3.7. Transfer each tissue piece (e.g., hippocampus) to the cutting plate of the tissue chopper. For
hippocampus, place it perpendicular to the razor blade and obtain tissue sections of 450-500 um
in thickness.

3.8 Prepare several 35 mm Petri dishes with 3-4 mL of complete NCM and transfer tissue pieces
from the tissue chopper plate to the Petri dishes. Many dishes may be needed as regions of

interest are dissected.

3.9 Finish the tissue dissection in the complete NCM using fine tungsten needles. Check the
quality of the obtained slices under the dissecting microscope. Ensure that the layers are clearly
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identifiable in the darkfield optics. Discard damaged slices. Keep these explants in complete NCM
medium in the CO; incubator.

4. Preparation of 3-D co-cultures in collagen hydrogels

4.1 Place several sterile 4-well culture plates in the laminar flow hood and prepare a collagen
working mixture as previously indicated in steps 1.10-1.13.

4.3 Place 15-20 pL of the hydrogel mixture into the bottom of a well to produce a circular collagen
base. Repeat this step for the rest of the wells. Do not prepare more than five plates at the same
time to avoid excessive liquid evaporation from the hydrogel base.

4.5 Keep the dishes in the incubator until the complete gelation (+ 15-20 min) is observed and
take the plates out of the incubator only when the gelation is completed. Check the quality of
the gelled collagen.

4.7 Transfer a small piece of COS1 cell aggregate with a pipette. Place it onto the hydrogel base
and place a tissue piece on the same base with a pipette close to the piece of cells aggregate at
one explant-size.

4.9 Prepare a new working collagen mixture on ice as in steps 1.10-1.13.

4.10 Gently pipette 15-20 pL of this new mixture and cover the explant and cell aggregate. A
sandwich-like hydrogel culture will be observed. At this moment, re-orientate the explant with a
fine tungsten needle (do not touch the COS1 cell aggregate!), so it faces the cell aggregate at +
500-600 um.

4.12 Return the plate to the incubator until the gelation is observed (+ 10-15 min), and 0.5 mL of
complete NCM supplemented with 2% B27 supplement and keep cultures for 36 to 48 h in the
incubator (37 °C, 5% COx).

5. Fixation of explant-cell aggregate co-cultures and immunocytochemical procedure

5.1 After 36-48 h of incubation, remove the medium and rinse with 0.1 M phosphate buffered
saline (PBS), pH 7.3. Thereafter, fix the cultures for 1 h with 4% paraformaldehyde in 0.1 M
phosphate buffer (PB), pH 7.3, at 4 °C.

5.2 Remove the fixative and gently rinse the cultures 3-4 times (10-15 min each) in 0.1 M PB, pH
7.3.

5.3 Detach the hydrogel sandwich from the bottom of the well with spatula or forceps. Transfer

the collagen block with a fine paintbrush to a 6-well culture plate containing 0.1 M PBS with 0.5%
non-ionic detergent.

Page 7 of 13



309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352

5.4 Incubate free-floating hydrogels in the blocking solution (10% serum, 0.5% non-ionic
surfactant, and 0.2% gelatin in 0.1 M PBS) for 2-3 h at RT with gentle agitation.

5.5 Rinse 3 times (10-15 min each) with 0.1 M PBS containing 0.5% non-ionic surfactant.
5.6 Incubate with primary antibody diluted in PBS containing 5% serum, 0.5% non-ionic
surfactant, 0.2% gelatin, and 0.02% sodium azide. Incubate with the primary antibody for 36-48

h at 4 °C on a shaker.

NOTE: Usually an antibody against class Ill B-tubulin (a-TUJ-1) (diluted 1:2000) is used to define
axonal growth in 3-D hydrogel cultures.

5.7 After incubation, rinse as in step 5.5.

5.8 Incubate with secondary antibody for 4 h at RT (or 6-7 h at 4 °C) on a shaker diluted in 5%
serum, 0.5% non-ionic surfactant, and 0.2% gelatin. A horse anti-mouse biotinylated antibody
(diluted 1:200) is used in this experiment.

5.9 Rinse cultures asin 5.5.

5.10 Incubate the cultures for 2 days at 4 °C with avidin-biotin complex (ABC) solution 1:100
diluted in PBS containing 5% serum, 0.5% non-ionic surfactant, and 0.2% gelatin. Alternatively,
use horseradish peroxidase (HRP)-tagged streptavidin (diluted 1:300-400) in the same buffer.
5.11 Rinse cultures as described in 5.5.

5.12 Rinse the cultures several times with 0.1 M Tris-HCl buffer, pH 7.6 for 1 h.

5.13 Incubate the cultures with 0.03% of 3,3’-Diaminobenzidine tetrahydrochloride (DAB)
solution in 0.1 M Tris-HCl, pH 7.6.

5.14 Add 5-8 pL of 1% H,0; and wait 10-15 min. Monitor the development of DAB under a
microscope using a 4-10x objective.

5.15 Stop the reaction by removing DAB solution with 0.1 M Tris-HCI buffer, pH 7.6.
5.16 Rinse the cultures in PBS for 30 min (several changes).
5.17 Mount the hydrogels onto glass slides using aqueous-based mounting media.

5.18 Analyze the length and distribution of the axons inside the hydrogel using Sholl analysis plug-
in or with NeuritelJ plug-in for ImageJ software3°,

REPRESENTATIVE RESULTS:
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Here, we present a widely accessible methodology to study axonal growth in 3-D hydrogel
collagen cultures of embryonic mouse nervous system. To this end, we isolated collagen from
adult rat tails to generate 3-D matrices in which we cultured genetically-modified cell aggregates
expressing Netrin-1 or Sema3E confronted with embryonic neuronal tissue (e.g., CA region of the
hippocampus). These cell aggregates formed a radially distributed gradient of the candidate
molecule inside the collagen matrix. Finally, to evaluate the neuronal response to different
molecules, we labeled the cultures using immunocytochemical methods (e.g., a-TUJ-1) and by
applying a simple and easy quantification method, we obtained enough data to determine the
effect of the putative candidate on axonal behavior.

In our experiment, when hippocampal axons were confronted with Netrin-1, these axons grew
preferentially towards the source of Netrin-1 which indicates that Netrin-1 acts as a
chemoattractive molecule for these axons (Figure 1B). In contrast, when hippocampal axons
where confronted with Sema3E-secreting cells, most of them grew opposite to the cell aggregate
indicating that Sema3E is a chemorepulsive molecule for them (Figure 1C). In the control
condition (mock transfection), all axons grew radially without any directional preference (Figure
1A). Figure 1D-E are schematic representations of the axonal response and quantification
method. After image acquisition, we drew a line in the middle of the explant which delimited the
proximal (close to cell aggregate) and the distal (opposite to the cell aggregate) quadrants in
order to calculate the proximal/distal ratio (P/D ratio). In control conditions, the axons were
equally distributed in both quadrants (radial outgrowth) which indicated a ratio P/D = 1 (Figure
1D). When explants showed increased number of axons in the proximal quadrant in comparison
to the distal (indicating chemoattraction) the ratio was P/D > 1 (Figure 1E) and when the number
of axons was higher in the distal quadrant than in the proximal one (indicating chemorepulsion)
the ratio was P/D < 1 (Figure 1F).

In order to achieve excellent results with this technique, we must make sure that collagen
polymerization is homogenous, cell transfection is efficient, and the distance between the tissue
explant and the cell aggregate is appropriate (see Discussion).

In conclusion, we can confirm that the generation of 3-D collagen-based hydrogels is a useful
technique in order to evaluate axonal growth and behavior responses to candidate guidance
molecules which can be playing essential roles in the axonal migration during nervous system
development.

FIGURE AND TABLE LEGENDS:

Figure 1. Examples of explants growing in 3-D hydrogels in confrontation experiments and
quantification methods. (A-C) Explants were obtained from the hippocampal region at E14.5,
cultured for 48 h in vitro, and labeled with Blll-tubulin (a-TUJ-1) by immunostaining. Differences
in axonal growth can be observed visually. Please compare (A) with (B-C). (D-E) Schematic
representations of the axonal response and quantification method. Dotted line delimits both the
proximal (P) and the distal (D) quadrant in order to calculate the ratio P/D. Ratio P/D = 1
represents a radial pattern of growth (D); P/D > 1 indicates a chemoattractive response (E), and
P/D < 1 indicates a chemorepulsive effect (F). Abbreviations: CA = CA1-3 hippocampal regions; D
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= distal quadrant; P = proximal quadrant. Scale bars: A = 200 um pertains to (B-C).

DISCUSSION:

The growth of developing axons is mainly invasive and includes ECM degradation and
remodeling. Using the procedure presented here, researchers can obtain a homogenous 3-D
matrix formed by the natural type | collagen in which axons (or cells) can respond to a chemical
gradient secreted by genetically-modified cells as they do in vivo. Different axonal responses to
gradients of attractive or inhibitory cues (protein, lipids, etc.) can be easily compared to specific
control (mock transfected cells). As advantages, we must mention that tendons are easy to
isolate and indeed they can be remnants of animal experimentation. In addition, tendons are
highly collagen | concentrated compared to other tissues such as skin or lung3.

Although the methodology presented here is simple to perform, there are some steps that need
special attention during the process. Concerning collagen extraction, it is imperative to remove
unwanted blood vessels and skin debris from tail tendons in order to improve collagen purity and
the quality of gelation. Also, it is mandatory to maintain sterile conditions by performing some
steps under a sterile laminar flow hood and sterilizing the surgical tools before use. In addition,
it is important to maintain the appropriate pH and temperature conditions of the solutions. For
instance, if MEM 10x and bicarbonate solutions are not optimal, the collagen matrix will not
polymerize homogeneously, and consequently, the axonal growth and result will be negatively
affected. Moreover, if the collagen stock solution is too concentrated or too diluted, the matrices
will not gel properly. In our experience, the best collagen stock concentration is approximately
5-5.5 mg/mL of protein (quantified by a colorimetric protein assay kit) and we use a 3:1 dilution
(Collagen: 0.1x MEM) to obtain perfect hydrogel matrices. Regarding cell transfection and cell
aggregate formation, it is important to maintain sterile conditions and avoid possible
contamination, for example, purifying plasmid vectors with endotoxin-free plasmid DNA
purification kits is mandatory. Also, we must emphasize that the transfection conditions vary
depending on the cell type, passage number, and the plasmid characteristics. Here, we have
reported the optimal and routine conditions in our hands. Therefore, researchers should test the
recommended concentrations indicated by the manufacturer or adjust them to determine their
own optimal conditions.

Regarding the problems that may arise with this technique, we must consider that sometimes
the 3-D matrices do not present the expected homogeneous gel-like structure. In this case, it is
important to check the temperature and pH condition of the solutions and discard them in case
it is incorrect. Also, it is recommended to perform a quality control test such as denaturing
polyacrylamide gel electrophoresis (SDS-PAGE) under reducing conditions to validate the purity
of collagen stock preparation. With this approach, pure and undamaged type | collagen shows a
typical migration pattern consisting of 2 monomeric a chains (a1l and a2), 3 dimeric B chains (B11,
B12, variant B11), and 1 trimeric y chain3?33. If the obtained collagen does not fit this pattern, it
should not be used. Lastly, after immunostaining, axons can appear radially distributed when
confronted with cells secreting a chemorepulsive or chemoattractive molecule. In this situation,
the efficiency of transfection must be checked by performing a dot blotting technique on the
proper co-culture system (if the DNA plasmids are alkaline phosphatase-tagged) or by processing
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the culture media after transfection by western blotting. A limitation to consider is that the
distance between the cell aggregate and tissue explant is crucial. If they are very far apart, we
will not be able to see any clear effect of the secreted molecule on the tissue explant, but if they
are very close to each other, the effect will be too strong to be considered as a good result. From
our experience, the appropriate distance is around one explant-size (400-500 um) because the
molecular gradient generated by the cell aggregate will extend radially from along 400-500 um
after 24 h in culture.

Alternatively, one can use commercial tumor-derived ECM extract instead of rat tail collagen. In
that case, all the procedures must be performed at between 4 and 10 °C, since the gelation of
commercial ECM extractis temperature-dependent. Thus, special care should be taken to ensure
all culture dishes, pipette tips, culture media, and solutions are maintained at 4 °C.

Finally, although the method presented here is mainly associated with the analysis of neuronal
functions such as axonal growth or neuronal migration, it also becomes a useful technique for
the pharmacological screening, adhesion assays, in vitro fibrillation experiments and tissue
engineering strategies3*3°,

ACKNOWLEDGMENTS:

The authors thank Tom Yohannan for the editorial advice and M. Segura-Feliu for the technical
assistance. This work was funded by the CERCA Programme and by the Commission for
Universities and Research of the Department of Innovation, Universities, and Enterprise of the
Generalitat de Catalunya (SGR2017-648). This work was funded by the Spanish Ministry of
Research, Innovation and University (MEXICO) through BFU2015-67777-R, the Spanish Prion
Network (Prionet Spain AGL2017-90665-REDT), and the Institute Carlos Ill, CIBERNED (PRY-2018-
2).

DISCLOSURES:
The authors have nothing to disclose.

REFERENCES:

1 Ramdn y Cajal, S. Les nouvelles idées sur la structure du systéme nerveux chez I'hnomme et
chez les vertébrés. (1894).

2 Ramédn y Cajal, S. Nuevo concepto de la histologia de los centros nerviosos. (1893).

3 Marin, O., Valiente, M., Ge, X., Tsai, L. H. Guiding neuronal cell migrations. Cold Spring
Harbor Perspectives in Biology. 2 (2), a001834 (2010).

4 Tessier-Lavigne, M., Goodman, C. S. The molecular biology of axon guidance. Science. 274
(5290), 1123-1133 (1996).

5 Dickson, B. J. Molecular mechanisms of axon guidance. Science. 298 (5600), 1959-1964
(2002).

6 Kolodkin, A. L., Tessier-Lavigne, M. Mechanisms and molecules of neuronal wiring: a
primer. Cold Spring Harbor Perspectives in Biology. 3 (6), a001727 (2011).

7 Rosentreter, S. M. et al. Response of retinal ganglion cell axons to striped linear gradients

Page 11 of 13



485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528

of repellent guidance molecules. Journal of Neurobiology. 37 (4), 541-562 (1998).

8 Knoll, B., Weinl, C., Nordheim, A., Bonhoeffer, F. Stripe assay to examine axonal guidance
and cell migration. Nature Protocols. 2 (5), 1216-1224 (2007).

9 von Philipsborn, A. C. et al. Growth cone navigation in substrate-bound ephrin gradients.
Development. 133 (13), 2487-2495 (2006).

10 Chen, H., He, Z., Tessier-Lavigne, M. Axon guidance mechanisms: semaphorins as
simultaneous repellents and anti-repellents. Nature Neuroscience. 1 (6), 436-439 (1998).

11 Jessell, T. M., Sanes, J. R. Development. The decade of the developing brain. Current

Opinion in Neurobiology. 10 (5), 599-611 (2000).

12 Serafini, T. et al. The netrins define a family of axon outgrowth-promoting proteins
homologous to C. elegans UNC-6. Cell. 78 (3), 409-424 (1994).

13 Charron, F., Tessier-Lavigne, M. Novel brain wiring functions for classical morphogens: a
role as graded positional cues in axon guidance. Development. 132 (10), 2251-2262 (2005).

14 Fournier, M. F., Sauser, R., Ambrosi, D., Meister, J. J., Verkhovsky, A. B. Force transmission
in migrating cells. Journal of Cell Biology. 188 (2), 287-297 (2010).

15 Dent, E. W., Gertler, F. B. Cytoskeletal dynamics and transport in growth cone motility and
axon guidance. Neuron. 40 (2), 209-227 (2003).

16 Lowery, L. A., Van Vactor, D. The trip of the tip: understanding the growth cone
machinery. Nature Reviews Molecular Cell Biology. 10 (5), 332-343 (2009).

17 Castellani, V. B., J. in Protocols for Neuronal Cell Culture. (Humana Press Inc, 2001).

18 Gahwiler, B. H. Organotypic monolayer cultures of nervous tissue. Journal of Neuroscience
Methods. 4 (4), 329-342 (1981).

19 Bornstein, M. B. Reconstituted rattail collagen used as substrate for tissue cultures on
coverslips in Maximow slides and roller tubes. Laboratory Investigation. 7 (2), 134-137 (1958).
20 Billings-Gagliardi, S., Wolf, M. K. A simple method for examining organotypic CNS cultures
with Nomarski optics. In Vitro. 13 (6), 371-377 (1977).

21 Bell, E., Ivarsson, B., Merrill, C. Production of a tissue-like structure by contraction of
collagen lattices by human fibroblasts of different proliferative potential in vitro. Proceedings of
the National Academy of Science U. S. A. 76 (3), 1274-1278 (1979).

22 Lumsden, A. G., Davies, A. M. Earliest sensory nerve fibres are guided to peripheral targets
by attractants other than nerve growth factor. Nature. 306 (5945), 786-788 (1983).
23 Chedotal, A. et al. Semaphorins Ill and IV repel hippocampal axons via two distinct

receptors. Development. 125 (21), 4313-4323 (1998).

24 Kennedy, T. E., Serafini, T., de la Torre, J. R., Tessier-Lavigne, M. Netrins are diffusible
chemotropic factors for commissural axons in the embryonic spinal cord. Cell. 78 (3), 425-435
(1994).

25 Klein, R. Eph/ephrin signaling in morphogenesis, neural development and plasticity.
Current Opinion in Cell Biology. 16 (5), 580-589 (2004).
26 Wang, K. H. et al. Biochemical purification of a mammalian slit protein as a positive

regulator of sensory axon elongation and branching. Cell. 96 (6), 771-784 (1999).

27 Emonard, H., Grimaud, J. A., Nusgens, B., Lapiere, C. M., Foidart, J. M. Reconstituted
basement-membrane matrix modulates fibroblast activities in vitro. Journal of Cell Physiology.
133 (1), 95-102 (1987).

28 Knapp, D. M., Helou, E. F., Tranquillo, R. T. A fibrin or collagen gel assay for tissue cell

Page 12 of 13



529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551

chemotaxis: assessment of fibroblast chemotaxis to GRGDSP. Experimental Cell Research. 247
(2), 543-553 (1999).

29 Kapur, T. A,, Shoichet, M. S. Immobilized concentration gradients of nerve growth factor
guide neurite outgrowth. Journal of Biomedical Materials Research Part A. 68 (2), 235-243 (2004).
30 Torres-Espin, A., Santos, D., Gonzalez-Perez, F., del Valle, J., Navarro, X. Neurite-J: an

image-J plug-in for axonal growth analysis in organotypic cultures. Journal of Neuroscience
Methods. 236 26-39 (2014).

31 Balestrini, J. L. et al. Comparative biology of decellularized lung matrix: Implications of
species mismatch in regenerative medicine. Biomaterials. 102 220-230 (2016).

32 Qian, J. et al. Kinetic Analysis of the Digestion of Bovine Type | Collagen Telopeptides with
Porcine Pepsin. Journal of Food Science. 81 (1), C27-34 (2016).

33 Eyre, D. R., Weis, M., Hudson, D. M., Wu, J. J., Kim, L. A novel 3-hydroxyproline (3Hyp)-
rich motif marks the triple-helical C terminus of tendon type | collagen. Journal of Biological
Chemistry. 286 (10), 7732-7736 (2011).

34 Garnotel, R. et al. Human blood monocytes interact with type | collagen through alpha x
beta 2 integrin (CD11c-CD18, gp150-95). Journal of Immunology. 164 (11), 5928-5934 (2000).

35 Montolio, M. et al. A semaphorin 3A inhibitor blocks axonal chemorepulsion and
enhances axon regeneration. Chemistry and Biology. 16 (7), 691-701 (2009).

36 Garcia-Gareta, E. Collagen gels and the 'Bornstein legacy': from a substrate for tissue
culture to cell culture systems and biomaterials for tissue regeneration. Experimental
Dermatology. 23 (7), 473-474 (2014).

Page 13 of 13



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

;) Cell /. cell . Jocel s
! aggregate ! aggregate ! aggregate
P/D=1 P/D >1 P/D <1

Figure 1


https://www.editorialmanager.com/jove/download.aspx?id=1003836&guid=b90a4445-a914-4e59-b56c-af8d7771c2ef&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1003836&guid=b90a4445-a914-4e59-b56c-af8d7771c2ef&scheme=1
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Name of Material/ Equipment

Material

3,3'-Diaminobenzidine tetrahydrochloride 10 mg tablets (DAB)
Adult Sprague-Dawley rats (8 to 9 weeks old)
Avidin-biotin-peroxidase complex (ABC)

B27 serum-free supplement 50x

Bicinchoninic acid (BCA) protein assay kit

cDNA plasmid vectors

COS1 cell lines

D-(+)-Glucose

D-(+)-glucose (45% solution in water) for complete Neurobasal medium
D-MEM (Dulbecco's Modified Eagle Medium 1x ) for COS1 culture medium

Dulbecco’s phosphate buffered saline 10x (without Ca2+ and Mg2+) (D-PBS) for ¢

Ethanol
Ethylenediaminetetraacetic acid dihydrate disodium salt (EDTA)
Fluorescence mounting media (e.g., Fluoromount-G or similar)

Gelatin powder

Glacial acetic acid (Panreac, cat. no. 211008)

Hank’s balanced salt solution

Heat-inactivated foetal bovine serum

Heat-inactivated horse serum

Hydrogen peroxide (H,0,, 32 to 33% in water)

L-glutamine 200 mM solution (100x) for complete Neurobasal and COS1 medium
Lipofectamine 2000 Reagent

Mice pregnant female (embryonic day 12.5 to 16.5; E12.5-16.5)
Modified Minimum Essential Medium Eagle (MEM)
Monoclonal antibody against class Il -tubulin (clone TUJ-1)
N-2 supplement 100x

Neurobasal medium

Paraformaldehyde

Penicillin/streptomycin solution 100x

Phosphate buffered saline 10x (PBS) for immunocytochemistry
Secondary antibody: biotinylated horse anti-mouse
Serum-free medium (Opti-MEM)

Sodium azide

Sodium bicarbonate solution 7.5%

Sterile culture grade H20

TritonTM X-100

Trizma base

L]
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Trypsin-EDTA (Trypsin (0.05% (wt/vol) with EDTA (1x)

Equipment

1 large and 1 small curved scissors for dissection

1.5-ml conical centrifuge tubes

15-ml conical centrifuge tubes

2 haemostats

2 small straight dissecting scissors

200-ml centrifuge tubes for centrifugation

200-ml sterile glass conical flasks

2-litre glass beaker

4- and 6-well culture plates

Automatic pipette pumps and disposable 10 ml and 25 ml filter-containing sterile
Automatic pipettes, sterile filter tips and current sterile tips

Bench top microcentrifuge with angle fixed rotor

Bench top refrigerated centrifuge with swing-bucket rotor (with 1.5, 15 and 50 m
Cell culture incubator at 37 °C, 5% CO2 and 95% air

Dialysis tubing cellulose membrane

Dialysis tubing closures

Disposable glass pipettes

Dissecting microscope with dark field optics

High-speed refrigerated Beckman Coulter centrifuge or similar with angle fixed ro
Laminar flow hood

Large 100-mm, 60-mm and small 35-mm @ cell culture dishes

Magnetic stirrer and magnetic spin bars

Mcllwain tissue chopper

One pair of fine straight forceps and one pair of curved forceps

Razor blades for the tissue chopper

Scalpels (number 15 and 11)

Two pairs of fine spatulas for transferring collagen and tissue pieces



Sigma

Criffa-Credo, Lyon, France

Vector Labs

Invitrogen
Pierce

ATTC
Sigma
Sigma
Invitrogen
Invitrogen

merck
Sigma

Electron Microscopy Sciences (EMS)

Sigma
Panreac
Invitrogen
Invitrogen
Invitrogen
Sigma
Invitrogen
Invitrogen

Criffa-Credo, Lyon, France

Invitrogen
Biolegend
Invitrogen
Invitrogen
Merck
Invitrogen
Invitrogen
Vector Labs
Invitrogen
Panreac
Invitrogen
Sigma
Sigma
Sigma

D5905

PK-4000

17504-044
23225

CRL-1570
16325
G8769
41966-029

14200

108543
E5134
17984-25
G1890
211008

24020083
10108-165
26050-088
316989
25030-024
11668-019

11012-044
801201
17502-048
21103049

1,040,051,000

15140-22
AMS624
BA-2000
11058-021
162712
25080-094
W3500
X100
T1503

Catalog Number



Invitrogen 25300-054

Fine tools Instruments or similar
Eppendorf or similar

Corning or similar

Fine tools Instruments or similar
Fine tools Instruments or similar
Nalgene or similar

Nunc 176740 and 140675
Gilson, Brand, Eppendorf or similar

Gilson, Eppendorf or similar

Eppendorf, Beckman Coulter or similar

Eppendorf, Beckman Coulter or similar

Sigma D9402
Sigma Z37101-7

Olympus SZ51 or similar
tor

Nunc 150679, 150288 and 150318, respectively
IKA or similar

Mickle Laboratory Engineering

Fine tools Instruments or similar

Fine tools Instruments or similar
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Item 1: The Author elects to have the Materials be made available (as described at

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

[E Standard Access

Item 2: Please select one of the following items:

|:| Open Access

EThe 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. d

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
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JOVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE's copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Authoris a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

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

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if 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
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

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

ARTICLE AND VIDEO LICENSE AGREEMENT

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

13, Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication 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
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Vineeta Bajaj, Ph.D
Review Editor
JoVE

Reference: JoVE59481R2
Dear Editor,

Please find enclosed the REVISED version of our article:

“Generation of 3D collagen-based hydrogels to analyze axonal growth and behavior
during nervous system development”

by Vanessa Gil and José Antonio del Rio,

Following Editorial instructions, we have revised and re-written the text in order to
improve the manuscript. We believe that these modifications (see below) will make the
manuscript acceptable for publication in JOVE. We apologize for the mistakes of the
previous version.

Following Jove’s instructions, we have highlighted the text we consider suitable for
filming, but we let to the Editor’s consideration to choose the appropriate part of the
technique to be filmed. Due that some of the sections has been expanded the length
changed. However, we consider these steps could be of interest for the readers, since the
immunocytochemical analys or the previous collagen extraction are easy steps.

All authors have seen and agree with the contents of the manuscript. None of the authors
has any potential financial conflict of interest related to this manuscript.

We would like to thank you in advance for your kind attention and for your interest.
Sincerely yours,

Vanessa Gil and José Antonio del Rio
March 191 2019

The manuscript has been modified as follows:

Editorial comments:

1. The editor has formatted the manuscript to match the journal's style. Please
retain the same. Please use the attached file for incorporating the required
changes.

Answer: All the Editor comments are included in the new resubmitted version of
the manuscript.

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

Answer: All the suggested changes are included in the new resubmitted version of
the manuscript.

3. Once done, please ensure that the highlighted steps are no more than 2.75 pages
in length including headings and spacings.

Answer: We highlighted two paragraphs of the procedure that we consider crucial
for the appropriate development of the protocol. These are the “difficult” steps of
the protocol. Unfortunately, due to the expansion of some of the steps the overall
length of the highlighted steps increased in the new resubmitted version. However,
the original length of the highlighted steps was less than 2.75 as indicated by the
Editorial rules.

4. Please proofread the manuscript well before submission to rule out any
grammar or spelling issues.

Answer: We tried to improve the grammar avoiding spelling mistakes



