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SUMMARY:

Here, we describe 3 adult zebrafish injury models and their combined use with
immunosuppressive drug treatment. We provide guidance on imaging of regenerating tissues
and on detecting bone mineralization therein.

ABSTRACT:

Zebrafish are able to regenerate various organs, including appendages (fins) after amputation.
This involves the regeneration of bone, which regrows within roughly two weeks after injury.
Furthermore, zebrafish are able to heal bone rapidly after trepanation of the skull, and repair
fractures that can be easily introduced into zebrafish bony fin rays. These injury assays
represent feasible experimental paradigms to test the effect of administered drugs on rapidly
forming bone. Here, we describe the use of these 3 injury models and their combined use with
systemic glucocorticoid treatment, which exerts bone inhibitory and immunosuppressive
effects. We provide a workflow on how to prepare for immunosuppressive treatment in adult
zebrafish, illustrate how to perform fin amputation, trepanation of calvarial bones, and fin
fractures, and describe how the use of glucocorticoids affects both bone forming osteoblasts
and cells of the monocyte/macrophage lineage as part of innate immunity in bone tissue.

INTRODUCTION:

Zebrafish represent a powerful animal model to study vertebrate development and disease.
This is due to the fact that they are small animals that breed extremely well and that their
genome is fully sequenced and amenable to manipulation®. Other advantages include the
option to perform continued live imaging at different stages, including in vivo imaging of adult
zebrafish?, and the ability to perform high throughput drug screens in zebrafish larvae3.
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Additionally, zebrafish possess a high regenerative capacity in a variety of organs and tissues
including bone, and thus serve as a useful system to study skeletal disease and repair®>.

Glucocorticoid-induced osteoporosis (GIO) is a disease that results from long term treatment
with glucocorticoids, for example in the course of autoimmune disease treatment such as of
asthma or rheumatoid arthritis. GIO develops in about 30% of glucocorticoid-treated patients
and represents a major health issue®; therefore, it is important to investigate the impact of
immunosuppression on bone tissue in great detail. In recent years a variety of zebrafish models
dealing with the pathogenesis of GIO have been developed. Glucocorticoid-mediated bone loss
has been induced in zebrafish larvae, for example, which led to the identification of
counteractive compounds increasing bone mass in a drug screen’. Furthermore, glucocorticoid-
induced bone inhibitory effects have been mimicked in zebrafish scales both in vitro and in
vivo®®. These assays are very convincing approaches, especially when it comes to the
identification of novel immunosuppressive and bone anabolic drugs. However, they only partly
take into account the endoskeleton and have not been performed in a regenerative context.
Thus, they do not allow the investigation of glucocorticoid-mediated effects during rapid modes
of adult, regenerative bone formation.

Here, we present a protocol enabling researchers to study glucocorticoid-mediated effects on
adult zebrafish bones undergoing regeneration. Injury models include partial amputation of the
zebrafish caudal fin, trepanation of the skull, as well as the creation of fin ray fractures (Figures
1A-1C), and are combined with glucocorticoid exposure via incubation (Figure 1E). We have
recently used a portion of this protocol to describe the consequences of exposure to
prednisolone, one of the commonly prescribed corticosteroid drugs, on adult zebrafish
regenerating fin and skull bone'®. In zebrafish, prednisolone administration leads to decreased
osteoblast proliferation, incomplete osteoblast differentiation and rapid induction of apoptosis
in the monocyte/macrophage lineage'®. In this protocol, we also describe how fractures can be
introduced into single bony fin ray segments??, as this approach may be useful when studying
glucocorticoid-mediated effects on bone occuring during fracture repair. The methods
presented here will help to further address underlying mechanisms of glucocorticoid action in
rapidly regenerating bone and may also be employed in other settings of systemic drug
administration in the context of zebrafish tissue regeneration.

PROTOCOL:

All methods described here were approved by the Landesdirektion Dresden (Permit numbers:
AZ 24D-9168.11-1/2008-1, AZ 24-9168.11-1/2011-52, AZ 24-9168.11-1/2013-5, AZ 24-9168.11-
1/2013-14, AZ DD24.1- 5131/354/87).

1. Preparation of Materials and Solutions

Note: Prednisolone, like other glucocorticoids, leads to immunosuppression. Thus, precaution
must be taken to prevent infection in treated animals during the experiment. To this end,
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autoclave glass ware and 'fish water' (i.e., the water that is used to rear adult zebrafish) before
starting the experiment.

1.1. Calculate the number of zebrafish to be used in the experiment. Be sure to include the
individuals that serve as controls.

1.2. Autoclave 600 mL glass beakers that are covered with aluminum foil with autoclave
tape. Zebrafish will be treated individually, thus 1 glass beaker is required per zebrafish.

1.3. Calculate the amount of fish water needed for the experiment. 300 mL are required per
individual and day. Take into consideration the length of the experiment (e.g., 1 week/7 days).

1.4. Fill glass bottles with fish water, close them and autoclave the bottles with autoclave
tape. Ideally, use 2 L bottles, but other bottles like 1 L or 5 L can be used as well.

Note: If experiments are long (e.g., 4 weeks/28 days) and the amount of glass bottles is limited,
make sure to prepare bottles for a minimum of several days at a time and repeat the process
(1.3 to 1.4) throughout the experiment.

1.5. Prepare a prednisolone stock solution of sterile-filtered 100 mM prednisolone in
dimethylsulfoxide (DMSO). Freeze the stock in 1 mL or 2 mL microcentrifuge tube aliquots.

CAUTION: Always wear protective clothing when working with prednisolone (protective gloves,
safety goggles, lab coat).

1.6. On the first day of the experiment, prepare incubation solutions with prednisolone and
DMSO, respectively. To this end, thaw the required amount of 100 mM prednisolone stock
solution and add prednisolone to autoclaved fish water at a final concentration of 50 uM.

1.6.1. For the control treatments, add the corresponding volume of DMSO to autoclaved fish
water. As an example, to produce 2 L prednisolone containing fish water, add 1 mL of 100 mM
prednisolone stock to 2 L fish water. In another 2 L bottle of fish water, add 1 mL DMSO,
correspondingly.

1.6.2. Work in an appropriate place that is designated to perform drug treatments, ideally in a
room at 27 °C.

2. Generation of Injuries in Zebrafish Fins
Note: To injure bone in zebrafish fins, perform resection of the fin (amputation, usually in the
caudal fin) or fracture individual bony fin rays (fracture model). To this end anaesthetize adult

zebrafish first.

2.1. Amputation
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2.1.1. To anaesthetize adult zebrafish, prepare a 100 mm diameter Petri dish containing 0.02%
MS-222 (Ethyl-3-aminobenzoate methanesulfonate) in fish water (this water does not need to
be autoclaved).

2.1.1.1. Transfer one zebrafish at a time to the MS-222 containing Petri dish by using a
fish net and incubate it until it lies on its side without movement and does not respond to
touch. Test the latter by touching the anal fin with blunt forceps.

2.1.1.2. Wait until level 4 of anesthesia is reached which is the appropriate level for fin
resection 12, At this stage, the rate of opercular movement is decreased, muscle tone is lost and
the fish does not move upon touch 2.

2.1.2. Take blunt forceps and transfer the anaesthetized zebrafish carefully to the inversed lid
of the 100 mm Petri dish. Place the zebrafish on its lateral side. Make sure the zebrafish always
lie in the same orientation, for example on their right body side. With a scalpel or a razor blade,
resect 50% of the fin (Figure 1A, 2A).

Note: The speed of zebrafish fin regeneration depends on the amount of resected fin tissue,
i.e., the more fin tissue is resected, the faster the fin regenerates!2. Thus, to minimize variations
in fin regeneration make sure to always resect the fin at the same level in all zebrafish.

2.1.3. Transfer the injured zebrafish to an autoclaved glass beaker containing 300 mL of
prednisolone or DMSO containing autoclaved fish water. Cover the glass beaker with aluminum
foil to avoid escape of the zebrafish.

2.1.4. Repeat steps 2.1.2 to 2.1.3 until the required number of zebrafish for the experiment is
reached.

2.2. Fin fracture

2.2.1. Prepare an agarose-coated 100 mm Petri dish by heating a 2% agarose solution in fish
water or E3 (embryo media 3, 50 mM sodium chloride, 0.17 mM potassium chloride, 0.33mM
calcium chloride, 0.33mM magnesium sulfate). Carefully pour roughly 10-15 mL of the solution
into the Petri dish. The bottom of the dish should be completely covered. Let the agarose
solidify.

2.2.2. Anaesthetize zebrafish as described in section 2.1.

2.2.3. Take blunt forceps and transfer the anaesthetized zebrafish carefully to the agarose-
coated 100 mm Petri dish. Place the zebrafish on its lateral side. Under the dissection
microscope, spread the caudal fin completely to be able to identify distinct bony fin rays and fin
ray segments. Make sure the zebrafish always lie in the same orientation, for example on their
right body side.



175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218

2.2.4. With an injection needle (0.3 x 13 mm) introduce a fracture in the center of a bony fin
ray segment (Figure 1B). To do this, the needle is pushed slightly onto the segment until a crack
appears (arrow in Figure 2B). While gentle pressure leads to fracture of only one of the two
opposing hemirays stronger pressure will lead to fracture of both hemiray segments.

2.24.1. Do not introduce too many fractures in fins, since this will greatly impair stability
of the fin. As a suggestion, apply fractures only in 3 to 5 fin rays.

2.24.2. Always produce fractures in corresponding segments across different fin rays
and zebrafish, for example in dorsal fin rays 3, 7 (or 8) and ventral fin ray 3. The proximal-distal
level of fracture is ideal at 3 segments proximal to the fin rays' bifurcation point **.

2.2.5. Transfer the injured zebrafish to an autoclaved glass beaker containing 300 mL of
prednisolone or DMSO containing autoclaved fish water. Cover the glass beaker with aluminum
foil to avoid escape of the zebrafish.

2.2.6. Repeat steps 2.2.2 to 2.2.5 until the required number of zebrafish for the experiment is
reached.

3. Generation of Calvarial Skull Injuries (Trepanation)

Note: The calvariae in zebrafish are homologous to calvarial bones in mammals. Thus, these
exoskeletal bones!4 represent a tissue of special interest when studying the pathogenesis of
GIO. To injure the skull, trepanation is performed by drilling a hole in the Os frontale and/or Os
parietale (Figures 1C, 2C) with the help of a microdrill!.

3.1. Anaesthetize the zebrafish according to section 2.1.

3.2. Hold the anesthetized zebrafish upright with forceps, so that the calvarial bones are well
visible under a dissection microscope from above (Figure 1C).

3.3. Locate the rotating microdrill on the center of the frontal bone (Os frontale) and touch
the bone. The produced hole is of the size of the microdrill burr (500 um, Figures 2C, 3B).

Note: Be sure to not move the microdrill laterally while producing the injury. Also stop
immediately when the resistance of the bone suddenly drops. Do not drill any further,
otherwise the brain will be damaged *.

3.4. Transfer the injured zebrafish to a cage filled with fish water until it fully recovers from
anesthesia. Watch it carefully.

3.5. Transfer the injured zebrafish to a fish water plus prednisolone or DMSO containing
glass beaker.
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4, Treatment of Zebrafish During Incubation

Note: During application of prednisolone/DMSO, the drug containing fish water needs to be
changed daily, and zebrafish need to be fed regularly.

4.1. Water changes

4.1.1. To exchange the fish water, thaw 100 mM prednisolone stock and prepare the required
amount of 50 uM prednisolone in autoclaved fish water fresh every day of the treatment
period. Prepare DMSO containing fish water for the control zebrafish accordingly.

4.1.2. Take a glass beaker containing a single housed zebrafish in its incubation solution and
transfer the solution including the zebrafish into an appropriate container, for example a
temporal housing cage.

Note: Always use separate interim containers for prednisolone and DMSO treated zebrafish,
respectively, to make sure DMSO control zebrafish do not get exposed to prednisolone and vice
versa.

4.1.3. Refill the glass beaker with fresh drug containing fish water (300 mL).

4.1.4. Transfer the zebrafish from the interim container to the glass beaker containing fresh
incubation solution using a fish net. Put back the foil to avoid escape of the zebrafish.

4.1.5. If the time of the experiment exceeds 2 weeks, exchange the glass beakers.

4.2. Feeding

4.2.1. During short treatments (for up to 2 days) do not feed zebrafish. During longer
experiments, feed zebrafish. Take special care to avoid pollution of the incubation solution.

Thus, feed with Artemia ssp. rather than with flake food, and only on every second day.

Note: Artemia are regularly used to feed young zebrafish, and should be available in the
zebrafish haltering unit.

4.2.1.1. Roughly 2 h before the fish water is exchanged, feed zebrafish with Artemia ssp
in their glass beakers. To do so, use a plastic pipette and feed 0.5 to 1 mL of hatched Artemia

solution per glass beaker.

4.2.2. Wait for 2 h and exchange the incubation solution with fresh drug containing fish water
according to section 4.1.

5. Analyses of Samples
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Note: After incubation of injured zebrafish in prednisolone and DMSO containing fish water,
respectively, either perform bone mineralization/calcification analyses on fixed tissue (5.1 to
5.3) or carry out live imaging of zebrafish under the dissection microscope (5.4)%1%16 Use live
imaging to determine fin regenerate length and to detect differences in reporter gene
expression in transgenic zebrafish.

5.1. Fixation of tissues of interest

5.1.1. For fixation of fins and/or skulls prepare 4% paraformaldehyde (PFA) in PBS and freeze
at -20 °C for storage. Use freshly prepared 4% PFA in PBS or thaw the required amount before
use. Alternatively, 2% PFA in PBS can be used.

CAUTION: PFA is toxic and should be handled carefully under a fume hood. Wear protective
clothing.

5.1.2. For fixation of fins prepare a small Petri dish (e.g., 30 mm) with cold 4% PFA in PBS and
make sure that the bottom of the dish is fully covered. For fixation of skulls, prepare a little
glass jar with lid or a tube with cold 4% PFA in PBS.

CAUTION: Handle PFA containing solutions only under the fume hood as it is toxic. Wear
protective clothing.

5.1.3. Harvest the tissue of interest.

5.1.3.1. To harvest regenerating fin tissue or fins with fractures anaesthetize the
zebrafish according to section 2.1 or euthanize the zebrafish according to section 5.1.5.

5.1.3.2. Transfer the anaesthetized zebrafish to the lid of a Petri dish. By using a scalpel
or razor blade, harvest the fin regenerate. Make sure to include stump tissue in regenerating
fins to facilitate handling of the harvested tissue.

5.1.4. Fix fins flat in the PFA contain Petri dish at 4 °C overnight. Flat fixation avoids curling up
of the fin tissue during fixation.

5.1.4.1. To fix flat, grab the fin tissue with one fine forceps at the dorsal or ventral edge
of the stump and immerse it in the fixation solution. Grab the opposite edge of the stump with
a second fine forceps and slightly depress the tissue onto the bottom of the dish.

5.1.4.2. Hold for 10 to 20 s before releasing. The fin tissue should not curl up anymore. If
it does, repeat.

5.1.5. Euthanize zebrafish in order to harvest injured skull tissue. Prepare a 100 mm diameter
Petri dish containing 0.1% MS-222 in fish water. Transfer one zebrafish at a time to the MS-222
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containing Petri dish by using a fishing net. When level 6 of anesthesia (medullary collapse) is
reached wait at least 10 min to assure death of the specimen??.

5.1.6. Using a scalpel cut off the head plus a little trunk tissue from the rest of the body.
Immerse the harvested tissue in the prepared 4% PFA solution in the glass jar or plastic tube.
Fix for 24 h at 4 °C with gentle rocking.

5.1.7. To store samples long-term after fixation, wash them with PBS (3 x 20 min at RT) and
methanol-treat in an increasing methanol series (1x 30%, 1x 50%, 1x 70%, 2x 100% methanol in
PBS for 20 min each).

5.1.7.1. Store them in 100% methanol at -20 °C. Otherwise, directly proceed with bone
staining or other analyses after washing with PBS.

5.2. Bone staining techniques | (alizarin red staining)

Note: This staining is performed according to van Eeden et al. 1996and Walker & Kimmel
2007 with modifications.

5.2.1. To perform alizarin red staining on adult fins or skulls, harvest and fix tissue as described
in sections 5.1.

5.2.2. If samples were stored in methanol at -20 °C, rehydrate samples by doing an inverse
methanol series (70%, 50% and 30% in PBS, each 1x20 min) and wash twice 20 min with PBS.
Wash samples for 5 min minimum with deionized water.

5.2.3. To do alizarin red staining in skulls, treat samples with 50 mg/mL trypsin in 30%
saturated Na;B407 at room temperature overnight. Rock samples during this time. Rinse
samples in 30% saturated Na2B4O7 solution. Wash samples with deionized water 2 times for 5
min each. This step is not performed for fin tissue.

5.2.4. Add alizarin red solution (Part B: 0.5% alizarin red S powder, 10% glycerol in deionized
water) and rock the samples during incubation at RT. Check for staining after 1, 2, 4 h or
overnight.

5.2.5. To clear samples treat them with a decreasing 1% potassium hydroxide:glycerol series
(3:1 overnight, 1:1 overnight, 1:3 overnight).

5.2.6. Store the samples in a 1:1 solution of 0.1% potassium hydroxide:80% glycerol and
mount them with 80% glycerol for imaging.

Note: For combined Alcian blue/alizarin red staining treat samples with Alcian blue staining
solution (Part A: final 0.02% Alcian blue, 50 mM MgCl,, 70% ethanol) after rehydration (section
5.9) for 2 h at RT. Treat fins with a decreasing ethanol series in 50 mM MgCl, (70%, 50%, 30%,
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each 1x 15 min) and wash them for a minimum of 1h (3x 20 min) in deionized water. Proceed
with alizarin red staining (section 5.2).

5.3. Bone staining techniques Il (calcein staining)

Note: To detect calcium deposition in fin fractures and skull injuries, live fish are incubated in
calcein containing solution.

5.3.1. Prepare the required amount of 0.2% calcein in deionized water (pH 7.5). Make sure the
pH is neutral. Use 1 M NaOH to adjust the pH.

5.3.2. Incubate up to 3 zebrafish simultaneously in 100 mL of calcein solution for 20 min in a
glass beaker covered with aluminum foil.

5.3.3. Transfer the zebrafish to a beaker with fish water. Let them swim briefly before
transferring them to a new beaker with fish water. Let them swim in this new beaker for 20 min
to wash. Take pictures (see sections 5.4).

5.4. Live imaging of zebrafish

5.4.1. Use this approach to acquire images of regenerating bone tissue such as in the fin or
skull throughout the experiment without sacrificing the zebrafish. Anaesthetize the zebrafish
according to section 2.1.

5.4.2. To acquire images of fin regenerates, transfer the anaesthetized zebrafish onto an
agarose-coated Petri dish (see section 2.7 and Figure 1B).

5.4.3. To acquire images of regenerating skull bones, place the zebrafish upright in a sponge
(Figure 1D) or place it in an agarose-coated dish that has been prepared to hold the trunk of the
zebrafish.

5.4.4. Acquire images at the desired magnification and resolution using a stereomicroscopic
setup.

5.4.5. Return the zebrafish to a container with fresh or drug containing fish water.

REPRESENTATIVE RESULTS:

The protocol presented here has been used repeatedly to induce rapid bone formation in the
course of regeneration of the zebrafish fin and skull*%*%1 |n combination with the presented
method of prednisolone administration, studies on prednisolone's effects during bone
regeneration can be pursued. For example, studies on bone formation and mineralization in the
regenerate can be performed. Prednisolone, as other glucocorticoids®?°, leads to overall
inhibition of fin regeneration, including bone formation, as detected by alizarin red staining on
fixed caudal fin tissue (Figure 3A). Similarly, prednisolone has a delaying effect on (calvarial)



395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438

skull injury closure, which can be illustrated by alizarin red (Figure 3B) or in vivo calcein staining
(not shown). In addition, prednisolone exerts a profound anti-inflammatory effect in both fin
and skull tissue, by triggering apoptosis in the monocyte/macrophage lineage. Reduced
macrophage numbers can be detected by immunohistochemistry on frozen tissue sections, e.g.,
by using an anti-mcherry antibody in transgenic mpeg1:mCherry zebrafish (Figure 3C)192%,
Similarly, the number, distribution, proliferation and apoptosis of other cell types of interest
both in the exo- and the endoskeleton (e.g., vertebrae) can be analyzed with the help of
immunohistochemistry.

FIGURE LEGENDS:

Figure 1: Procedures carried out in zebrafish. A. Resection of the caudal fin (amputation) in
anaesthetized zebrafish with the help of a scalpel. The red dashed line indicates the amputation
level. B. Fin ray fracture in anaesthetized zebrafish carried out with an injection needle under
the stereomicroscope. The fish is laying on an agarose-coated Petri dish during the procedure.
Agarose-coated Petri dishes are also used to acquire images of zebrafish fins during
regeneration or fracture repair. C. Trepanation of the calvariae (skull injury) performed in
anaestetized zebrafish with the help of a microdrill under the stereomicroscope. D. Image
aquisition of regenerating skull bone after injury. The anaesthetized zebrafish is placed upright
in a sponge and images are acquired with the help of a stereomicroscope. The Petri dish is filled
with fish water containing 0.02% MS-222. E. Incubation of zebrafish in prednisolone or DMSO
containing fish water.

Figure 2: Microscopic live view of injuries at 0 h post injury (hpi). A. Amputated caudal fin.
Scale bar 200 um. B. Fractured fin ray. The fracture is indicated by the red arrow. Scale bar 100
pum. C. Trepanated skull. The injury site is indicated by the white arrowhead. Scale bar 500 um.

Figure 3: Representative results of prednisolone treatment in adult zebrafish. A. Alizarin red
stained fin regenerates at 14 days post amputation (dpa) and days of treatment (dt).
Prednisolone treated fin regenerates are shorter (not shown), and a smaller domain of alizarin
red positive bone matrix is detected. Scale bar 500 um. B. Alizarin red stained skulls at 7 days
post injury (dpi) and dt. Scale bar 100 um. This figure has been modified with permission?®. C.
Cryosection view of uninjured skull and brain tissue of treated (prednisolone) and untreated
(DMSO) Tg (mpeg1:mCherry) x Tg (osterix:nGFP) transgenic reporter fish, in which macrophages
(innate immune cells) are labeled in red 2* and bone forming osteoblasts are labeled in green??.
The number of macrophages significantly drops in prednisolone treated zebrafish.
Immunohistochemistry was performed as described in Geurtzen et al.*°. Nuclei are labeled in
blue (DAPI). Scale bar 20 um. BF = bright field, epid = epidermis, bn = bone. This figure has been
modified with permission®®.

DISCUSSION:

Zebrafish have proven useful in skeletal research in many regards. Selected mutants mimic
aspects of human disease such as osteogenesis imperfecta or osteoarthritis?>27, and larvae as
well as scales are being used to identify bone anabolic compounds in small molecule
screens’?82% Treatments of zebrafish with drugs that are applied in clinical practice are



439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482

furthermore ideally suited to study putative adverse effects, for example in bone tissue. In this
context, the presence of rapidly regenerating bone is advantageous to investigate the
underlying mechanisms of medication-induced bone deficiencies. Here, we present a protocol
in which drug treatment with the glucocorticoid prednisolone, a commonly used anti-
inflammatory drug with adverse effects in bone tissue, is combined with adult bone
regeneration regimes. This protocol has successfully been used to induce immunosuppressive
and bone inhibitory effects in regenerative tissues of zebrafish, and can also be adapted for
studies on the impact of prednisolone and other drugs in adult such as the spine. The following
details should be taken into account when immunosuppressive drug treatments are performed
in zebrafish undergoing fin or skull regeneration.

Reproducibility of injury assays

During fin regeneration, regeneration speed (i.e., regrowth of fin tissue, including bone, per
time unit) depends very much on the amount of fin tissue that is being resected*3. In order to
avoid unwanted variability of fin regeneration, make sure to always resect equivalent amounts
of fin tissue in all specimens.

Execution of bony fin ray fractures is carried out by slightly pushing an injection needle onto the
center of a chosen bony fin ray segment. As bony fin rays consist of 2 opposing hemirays, the
amount of pressure used determines whether only one or both hemirays are fractured. We
prefer to apply low pressure to fracture only one hemiray, because fracture of both hemirays
tends to destabilize the fin ray, which as a result may detach during the following day(s).
Calvarial injuries of the skull by microdrilling should be performed cautiously. If damage is done
to the brain (i.e., the cerebellum) postural and locomotory deficits will become apparent by
erratic swimming of the specimen®®. Zebrafish with cerebellar injury may show adverse
reactions to drug treatment and should not be used to study bone regeneration.

Considerations regarding drug treatments

To produce a consistent immunosuppressive and anti-regenerative effect in adult zebrafish we
employ a dose of 50 uM prednisolone in fish water. We identified this dose during initial dose-
response experiments in larval and adult zebrafish. Thus, dose-response experiments should be
carried out to identify the required dose of other immunosuppressive agents that might be
applied. For adults, we recommend combining these initial experiments with the fin
regeneration regime, as fin regenerate length is a highly sensitive and easy-to-detect readout
for tissue alterations.

Immunosuppressive treatment predisposes treated specimens to microbial infections.
Therefore, single housing in autoclaved beakers containing autoclaved fish water is important.
Although these conditions are more cumbersome to carry out and are not sterile, they help to
minimize infection in treated zebrafish. We did not pretreat ('sterilize') Artemia eggs. However,
this might be an additional measure to prevent infection in zebrafish, if necessary.
Furthermore, antiseptic substances such as methylene blue (1%) can be added to fish water
before use.
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Experiments with prednisolone, both short- and long-term, require daily changes of fish water.
We have treated adult zebrafish for up to 8 weeks. Treatment of a large number of individuals
for such a long time can lead to a certain experimental 'burden’, and should be planned
carefully. It is pivotal to always have the required amounts of autoclaved fish water and glass
ware ready. Although this has not been tested in zebrafish (to our knowledge), implantation of
slow release pellets for drugs of interest might represent a valuable alternative for long term
drug exposure in zebrafish.

Analyses in transgenic zebrafish

Here, we present 2 methods to stain for mineralization/calcification of bone tissues by alizarin
red and calcein staining. Additionally, we show how to image regenerating fin and skull tissue in
vivo with the help of a stereomicroscope. The latter technique is very useful, if transgenic
zebrafish reporting the number or activity of selected cells, such as osteoblasts or immune cells,
are being imaged. For example, before sacrificing injured and prednisolone-treated zebrafish to
perform alizarin red staining, fin regenerates or trepanated skulls undergoing repair can be
photographed to look for the presence, number and activity of bone forming osteoblasts in the
transgenic reporter line Tg (osterix:nGFP)?2. Likewise, epidermal wound closure, which occurs
within a day, can be visualized in transgenic fish, which express a fluorophore in epidermal
tissue. Also, accumulation of immune cells at the site of injury (or their absence in prednisolone
treated individuals) can be monitored easily with a stereomicroscope equipped with the
required light source and filters.

In sum, the protocol presented here can be used to study effects of immunosuppressive agents
and other drugs after systemic administration in zebrafish that are undergoing bone
regeneration either in the fin or skull. This will be useful to delineate the pathogenesis of GIO
and to investigate the mechanisms underlying successful bone regeneration.
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Name of Material/ Equipment Company Catalog Number | Comments/Description
Prednisolone Sigma-Aldrich |P6004
Dimethylsulfoxid (DMSO) Sigma-Aldrich |D8418
Ethyl-3-aminobenzoate
methanesulfonate (MS-222) Sigma-Aldrich [A5040
Blunt forceps Aesculap BD027R
Fine forceps Dumont 91150-20
Scalpel Braun 5518059
Agarose Biozym 840004
BD Beckton
Injection needle (0.3x13 mm) Dickinson 30400
Cell Point distributed e.g. by
Micro drill Scientific 67-1000 Harvard Apparatus
Fine Science
Steel burrs (0.5 um diameter) tools 19007-05
Artemia ssp. Sanders 425GR
Pasteur pipette (plastic, Pastette) [Alpha Labs Lw4111
Paraformaldehyde Sigma-Aldrich |158127
Alizarin red S powder Sigma-Aldrich |A5533
Alcian blue 8 GX Sigma-Aldrich |A5268
Calcein Sigma-Aldrich |C0875
Trypsin Sigma-Aldrich |T7409
with QIMAGING RETIGA-
Stereomicroscope Leica MZ16 FA SRV camera
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Author(s):

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

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

Item 2 (check one box):

/| Standard Access D Open Access

?UI The Author is NOT a United States government employee.

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

course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video Licer.\se
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 2
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 2a
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”
mearis 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.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

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

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

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

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under ail applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author {or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

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

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

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

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

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Response to editorial comments and reviewers' comments

Editorial comments:
Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammar issues.
— We have proofread the manuscript thoroughly and also asked an English native
speaker to correct grammar and spelling issues.

2. Note that, in the signed Author License Agreement (ALA), two boxes are checked in
item 2. Please check one box only, sign and upload the revised ALA to your Editorial
Manager account.

— We have corrected this mistake and uploaded the revised ALA.

3. Please obtain explicit copyright permission to reuse any figures from a previous

publication. Explicit permission can be expressed in the form of a letter from the editor

or a link to the editorial policy that allows re-prints. Please upload this information as a

.doc or .docx file to your Editorial Manager account. The Figure must be cited

appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
— We have done accordingly.

4. Please rephrase the Introduction to include a clear statement of the overall goal of this
method.

— We thank the editors for this comment, but are convinced that we have stated the
purpose of the method clearly in the introduction. In L63/64 we write: " Here, we
present a protocol enabling researchers to investigate glucocorticoid-mediated
effects in adult zebrafish bones undergoing regeneration. " In L73-76 we
furthermore add: " The methods presented here will help to further address
underlying mechanisms of glucocorticoid action in rapidly regenerating bone and
may also be employed in other settings of systemic drug administration in the
context of zebrafish tissue regeneration.”

5. Please use SI abbreviations for all units: L, mL, pL, h, min, s, etc.
— We have corrected the abbreviations to SI standards wherever necessary.

6. Please include a space between all numbers and their corresponding units: 15 mL, 37
°C, 60 s; etc.
— We have included spaces accordingly.

7. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we",
"you", "our” etc.).
— We have replaced personal pronouns in the protocol section and restricted their

limited use to the introduction and discussion part.

8. 2.1: Please specify what level 4 of anesthesia is.
— We have added the following sentence in section 2.1 (L131-133): "At this stage,
the rate of opercular movement is decreased, muscle tone is lost and the fish does
not move upon touch 12."
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9. Lines 226-230: Please write the text in the imperative tense and include it in step 4.6.

In the edited version of the manuscript (Lines 233 to 236) we have included the
text in step 4.6 and have written it in the imperative tense:

" Feeding

4.6 During short treatments (for example 2 days) do not feed zebrafish. During
longer experiments feed zebrafish. Take special care to avoid pollution of the
incubation solution. Thus, feed with Artemia ssp. rather than with flake food, and
only on every second day. Artemia are regularly used to feed young zebrafish, and
should be available in your zebrafish haltering unit."

10. The Protocol should contain only action items that direct the reader to do something.
Please move the discussion about the protocol to the Discussion. See lines 240-245, 329-

332.

We thank the editors for this suggestion. We have changed these paragraphs:

The section in lines 329-332 (original version of the manuscript) we have now
included in protocol step 5.17 in the imperative tense (L339-341):

"Live imaging of zebrafish

5.17 Use this approach to aquire images of regenerating bone tissue such as in
the fin or skull throughout the experiment without sacrificing the zebrafish.
Anaesthetize the zebrafish according to section 2.1."

The paragraph in lines 240-245 (original version of the manuscript) is necessary
to inform the reader on the 2 following types of protocols that are possible to do.
We have written this paragraph in the imperative tense (L244-249):

"5. Analyses of samples

After incubation of injured zebrafish in prednisolone and DMSO containing fish
water, respectively, either perform bone mineralization/calcification analyses on
fixed tissue (5.1 to 5.16) or carry out live imaging of zebrafish under the
dissection microscope (5.17 to 5.21) 10.11,15 Use live imaging to determine fin
regenerate length and to detect differences in reporter gene expression in
transgenic zebrafish."

Similarly, we have instructed the reader to either perform fin resection
(amputation) or fin fracture to injure bone in the fin (L120-123):

"2. Generation of injuries in zebrafish fins

To injure bone in zebrafish fins, perform resection of the fin (amputation, usually
in the caudal fin) or fracture individual bony fin rays (fracture model). To this
end anaesthetize adult zebrafish first."

11. 5.10: Please explain what RT O/N and dH20 mean.

We have replaced the term RT O/N, which is an abbreviation, with the full phrase
'room temperature over night' in the revised manuscript, and the abbreviation
O/N with 'over night'. We have also replaced the term dH20 by 'deionized water".

12. 5.14: Please specify how to adjust pH if it is not neutral.

We have added the sentence "Use 1 M NaOH to adjust the pH." to section 5.14
(L328-329).



13.5.19: Should be Figure 1D instead of Figure 1C.
— We have corrected the mistake.

14. There is a 2.75 page limit for filmable content. Please highlight 2.75 pages or less of
the Protocol (including headings and spacing) that identifies the essential steps of the
protocol for the video, i.e., the steps that should be visualized to tell the most cohesive
story of the Protocol. Remember that non-highlighted Protocol steps will remain in the
manuscript, and therefore will still be available to the reader.

— We have reduced the filmable content to 2.75 pages.

15. Please ensure that the highlighted steps form a cohesive narrative with a logical flow
from one highlighted step to the next. Please highlight complete sentences (not parts of
sentences). Please ensure that the highlighted part of the step includes at least one
action that is written in imperative tense. Please do not highlight any steps describing
euthanasia.

— We have done accordingly.

16. Please revise to explain the Representative Results in the context of the technique
you have described, e.g., how do these results show the technique, suggestions about
how to analyze the outcome, etc. The paragraph text should refer to all of the figures.
However for figures showing the experimental set-up, please reference them in the
Protocol.

— We have revised the representative results accordingly, i.e. we made clear which
types of analyses have been performed in/for the respective figure. We have also
suggested further alternative analyses, e.g. regarding cell proliferation. The
paragraph now reads the following (L355-370):

"REPRESENTATIVE RESULTS:

The protocol presented here has been used repeatedly to induce rapid bone
formation in the course of regeneration of the zebrafish fin and skull 10.11.15 [n
combination with the presented method of prednisolone administration, studies
on prednisolone's effects during bone regeneration can be pursued. For example,
studies on bone formation and mineralization in the regenerate can be
performed. Prednisolone, as other glucocorticoids 18 19, leads to overall inhibition
of fin regeneration, including bone formation, as detected by alizarin red staining
on fixed caudal fin tissue (Figure 3A). Similarly, prednisolone has a delaying
effect on (calvarial) skull injury closure, which can be illustrated by alizarin red
(Figure 3B) or in vivo calcein staining (not shown). In addition, prednisolone
exerts a profound anti-inflammatory effect in both fin and skull tissue, by
triggering apoptosis in the monocyte/macrophage lineage. Reduced macrophage
numbers can be detected by immunohistochemistry on frozen tissue sections, e.g.
by using an anti-mcherry-antibody in transgenic mpeg1:mCherry zebrafish
(Figure 3C) 10. 20, Similarly, the number, distribution, proliferation and apoptosis
of other cell types of interest both in the exo- and the endoskeleton (e.g.
vertebrae) can be analyzed with the help of immunohistochemistry."

17. As we are a methods journal, please revise the Discussion to explicitly cover the
following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol



Critical steps within the protocol are discussed in the paragraphs
"Reproducibility of injury assays" and "Considerations regarding drug
treatments" of the discussion. The critical steps include the resection of fins at
always the same level (L425-428; "During fin regeneration, regeneration speed
(i.e. regrowth of fin tissue, including bone, per time unit) depends very much on
the amount of fin tissue that is being resected 13. In order to avoid unwanted
variability of fin regeneration, make sure to always resect equivalent amounts of
fin tissue in all specimens."), the fact that the brain can be damaged during
trepanation, which should be avoided (L434-437; " Calvarial injuries of the skull
by microdrilling should be performed cautiously. If damage is done to the brain
(i.e. the cerebellum) postural and locomotory deficits will become apparent by
erratic swimming of the specimen 5. Zebrafish with cerebellar injury may show
adverse reactions to drug treatment and should not be used to study bone
regeneration."), and vulnerability of immunosuppressed zebrafish (L447-453; "
Immunosuppressive treatment predisposes treated specimens to microbial
infections. Therefore, single housing in autoclaved beakers containing autoclaved
fish water is important. Although these conditions are more cumbersome to
carry out and are not sterile, they help to minimize infection in treated zebrafish.
We did not pretreat ('sterilize') Artemia eggs. However, this might be an
additional measure to prevent infection in zebrafish, if necessary. Furthermore,
antiseptic substances such as methylene blue (1 %) can be added to fish water
before use. "

b) Any modifications and troubleshooting of the technique

We discuss troubleshooting of immunosuppressive treatment in the paragraph
"Considerations regarding drug treatments" of the discussion (L447-453, see
above). Increased mortality due to infections was the main occasion on which we
needed to troubleshoot.

c) Any limitations of the technique

We mention in the discussion that long term treatment by immersion in
individual beakers is cumbersome and that alternative methods, such as
prednisolone pellet implantation might be superior to our technique (L454-460;
"Experiments with prednisolone, both short- and long-term, require daily
changes of fish water. We have treated adult zebrafish for up to 8 weeks.
Treatment of a large number of individuals for such a long time can lead to a
certain experimental 'burden’, and should be planned carefully. It is pivotal to
always have the required amounts of autoclaved fish water and glass ware ready.
Although this has not been tested in zebrafish (to our knowledge), implantation
of slow release pellets for drugs of interest might represent a valuable alternative
for long term drug exposure in zebrafish.")

d) The significance with respect to existing methods

In the new version of the manuscript we have included a phrase in the discussion
(L417-420) emphasizing the fact that our protocol can be used to study adult
endoskeletal bones: "This protocol has succesfully been used to induce
immunosuppressive and bone inhibitory effects in regenerative tissues of
zebrafish, and can also be adapted for studies on the impact of prednisolone and
other drugs in adult endoskeletal bones such as the spine.”" We have put this into
context in the introduction part, stating (L54-62):



"Glucocorticoid-mediated bone loss has been induced in zebrafish larvae, for
example, which led to the identifcation of counteractive compounds increasing
bone mass in a drug screen 7. Furthermore, glucocorticoid-induced bone
inhibitory effects have been mimicked in zebrafish scales both in vitro and in vivo
89, These assays are very convincing approaches, especially when it comes to the
identification of novel immunosuppressive and bone anabolic drugs. However,
they only partly take into account the endoskeleton and do not work in a
regenerative context. Thus, they do not allow the investigation of glucocorticoid-
mediated effects during rapid modes of adult, regenerative bone formation."

We very much value other existing methods to study the effects of drugs on the
zebrafish skeleton, and would not like to emphasize the significance of our
method beyond what we have written.

e) Any future applications of the technique
— We mention the fact that our protocol can be used to study other anti-

inflammatory drugs as well as other drugs of interest on 3 different occasions.
These are:
i. at the end of the introduction (L73-76): "The methods presented here will help
to further address underlying mechanisms of glucocorticoid action in rapidly
regenerating bone and may also be employed in other settings of systemic drug
administration in the context of zebrafish tissue regeneration.",
ii. in the section 'Considerations regarding drug treatments' in the discussion
(L441-444): "Thus, dose-response experiments should be carried out to identify
the required dose of other immunosuppressive agents that might be applied.”,
and
iii. at the very end of the discussion (L476-479): "In sum, the protocol presented
here can be used to study effects of immunosuppressive agents and other drugs
after systemic administration in zebrafish that are undergoing bone regeneration
either in the fin or skull. This will be useful to delineate the pathogenesis of GIO
and to investigate the mechanisms underlying successful bone regeneration.".

18. References: Please do not abbreviate journal titles. Please include volume and issue
numbers for all references.
— We have changed the formating style of the bibliography to Jove.ens style and
hope that this style fulfills the requirements.



Reviewers' comments:

Reviewer #1:

JoVE manuscript review JoVE58429

Title: Adult zebrafish injury models to study the effects of prednisolone in regenerating
bone tissue

Authors: Karina Geurtzen, Franziska Knopf

Zebrafish is able to regenerate various organs, including tissues of the appendages (fins)
after amputation. Regeneration of appendages and skull accompanies the regeneration
of bones, and thus this type of tissue regeneration is a good model for investigating the
underlying molecular and cellular mechanism. In this article, the authors describe the
use of these 3 injury models, fin amputation, fin ray bone fracture and calvarial skull
injury, using adult zebrafish and their combined application with systemic chemical
treatment to dissect bone inhibitory and immunosuppressive effects.

Overall, they described the respective injury models and their step-by-step protocols in
sufficient detail, so the article is useful for people who would like to follow and/or newly
start the similar studies. [ do not have any special comments on the manuscript.
However, if they could provide videos that show the actual procedures for making
respective injuries, it would be very helpful for people who are not familiar to these
models.

Response:
— We thank the reviewer for his/her positive response. Of course, we are going to

demonstrate the injury procedures in the video version of the article.

Reviewer #2:

Manuscript Summary:

This manuscript is based on two articles previously published by the authors, where
damages of the zebrafish skeleton are performed to examine intramembraneous bone
regeneration under normal conditions (Development 2014) or upon immune system
suppression (JBMR 2017).

Here, the authors present a series of detailed protocols allowing three types of bone
damages to be performed (fin amputation, trepanation of calvarial bones, and fin
fractures) and the subsequent examination of bone regeneration using in vivo staining
techniques (including transgenic lines) and histological procedure.

They further show that their protocol can be used to study the effect of drugs inhibiting
the function of the immune system, such as prednisolone.

Major Concerns:
[ have no major concerns regarding the described protocol.

Response:
— We thank the reviewer for his/her positive evaluation and valuable comments.
We have addressed each of the comments below.

Minor Concerns:
While the text reads fluidly, there are many grammatical mistakes and unusual phrasing



that should be corrected. [ recommend the text to be edited by a native English speaker.
Some examples: L34 "In here"; L45 "genetically highly amenable", L61 "do not perform"
etc...
— We have corrected the mistakes and unusual phrasing to our best knowledge
with the help of a native English speaker and a person with a long residence time
in the UK. We hope that the text now reads well.

L.148: Replace "by heating 2% agarose" with "by heating a 2% agarose solution
prepared in fish water or E3".
— We thank the reviewer for pointing out this mistake to us. We have replaced the
phrase accordingly (L152).

L179: calvaria is classified as exoskeleton. Please correct and cite: Zoological Lett. 2015
Jan 13;1:2. doi: 10.1186/s40851-014-0007-7. Hirasawa & Kuratani.
— We apologize for the confusion of terms. We have corrected the mistake in
protocol section 3 and cite Hirasawa & Kuratani 2015 Zoological Letters (L186).

L277 Perhaps "body" is better suited than "corpse"?
— We have replaced the word "corpse" by the word "body" in section 5.6 of the
protocol (L283).

L379: Replace "Cryosection view of uninjured skull and brain tissue of treated" by
"Cryosection view of uninjured skull and brain tissue of treated (Pred.) and untreated
(DMSO0)..."
— We thank the reviewer for this suggestion and have changed the sentence
accordingly (L397-398).

Fig3: indicate that BF means "bright field" in the legend. Indicate the position of the bone
and brain tissues on the bright field image.

— We have changed the legend accordingly (L402). We have also changed Figure 3C
and indicated the position of epidermis (epid) and bone (bn) in the bright field
image. The brain is not visible on the images since it usually detaches from the
bone during fixation and cryosectioning.

— Again, we would like to thank the reviewers and editors for their positive and
constructive feedback.



Supplemental File (Figures, Permissions, etc.) Click here to download Supplemental File (Figures,
Rightslink® by Copyright Clearance Center Permissionshéps: )/sé%n@rigl;@gdtp@fppmspatchServlet#formTop

& & RightsLink = A i &8

Title: Immune Suppressive and Bone LOGIN
Inhibitory Effects of £ vou' iah
Prednisolone in Growing and If you're a copyright.com
. X R user, you can login to
Regenerating Zebrafish Tissues RightsLink using your

Author: Karina Geurtzen, Aude Vernet, copyright.com credentials.

Andrew Freidin, et al Already a RightsLink user
or want to learn more?

Publication: Journal of Bone and Mineral
Research

Publisher: John Wiley and Sons

Date: Sep 13, 2017
Copyright © 2017, John Wiley and Sons

Quick Price Estimate

Please review the credit line for the requested figure/table.

If the figure/table you wish to reproduce is credited to a source other than the author of the
publication (i.e third party material) you will need to obtain permission from that copyright holder,
book or journal before making any use of the material. For the avoidance of doubt — any and all third
party content is expressly excluded from this permission.

Otherwise please proceed with your order.

John Wiley and Sons grants a license for all orders, including $0 orders. Please select the Continue
button and place an order for this reuse.

As the Author of this content you retain the right to re-use the final version (or parts thereof) in any
new publication you are authoring, co-authoring or editing (excluding journal articles) where the
re-used material constitutes less than half of the total material in the publication. In such case, any
modifications should be accurately noted.

If you still require a license, please proceed with your order. You will not be charged for this
permission.

I would like to... @ reuse in a journal/magazine B Content Delivery:
A copy of this

Requestor Type @ Author of this Wiley article B content may be
purchased

Is the reuse sponsored by or No B following

associated with a completion of your

pharmaceutical or medical permissions order.

High Res Image

2 @
products company? files - please

Format @ Print and electronic |4 contact Wiley
Portion @ Figure/table B

Number of 8

figures/tables o

Will you be No B

translating? @

Circulation o

Select your currency EUR - € B

Quick Price 0.00 EUR

1 von2 04.04.18, 16:46


http://www.editorialmanager.com/jove/download.aspx?id=854786&guid=800d329a-98d2-4e5e-92ae-b51d6a2d51ca&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=854786&guid=800d329a-98d2-4e5e-92ae-b51d6a2d51ca&scheme=1

Rightslink® by Copyright Clearance Center https://s100.copyright.com/AppDispatchServlet#formTop

QUICK PRICE CONTINUE

Information regarding permissions for developing countries.

Copyright © 2018 Copyright Clearance Center, Inc. All Rights Reserved. Privacy statement. Terms and Conditions.
Comments? We would like to hear from you. E-mail us at customercare@copyright.com

2 von 2 04.04.18, 16:46



Supplemental File (Figures, Permissions, etc.)
Rightslink® by Copyright Clearance Center

1 von 2

4 = Copyright
"0 Clearance
D Center
=

Inhibitory Effects of

Author:
Andrew Freidin, et al

Order Completed

Research
Publisher: John Wiley and Sons

Date: Sep 13, 2017
Copyright © 2017, John Wiley and Sons

Thank you for your order.

Prednisolone in Growing and
Regenerating Zebrafish Tissues

Karina Geurtzen, Aude Vernet,

Publication: Journal of Bone and Mineral

Click here to download Supplemental File (Figures,
Permissions, etc.) refttpsds Eheopytight. com/AplespatchServlet

Account
Info

Title: Immune Suppressive and Bone

Logged in as:

Franziska Knopf

Medizinische Fakultat der TU
Dresden Zentrale
Eingangsrechnungsprufung
CRTD, AG Knopf

LOGOUT

This Agreement between Medizinische Fakultat der TU Dresden Zentrale Eingangsrechnungsprufung
CRTD, AG Knopf -- Franziska Knopf ("You") and John Wiley and Sons ("John Wiley and Sons") consists
of your license details and the terms and conditions provided by John Wiley and Sons and Copyright

Clearance Center.

Your confirmation email will contain your order number for future reference.

printable details

License Number
License date

Licensed Content
Publisher

Licensed Content
Publication

Licensed Content Title

Licensed Content
Author

Licensed Content Date

Licensed Content
Volume

Licensed Content Issue
Licensed Content Pages
Type of use

Requestor type

Is the reuse sponsored
by or associated with a
pharmaceutical or
medical products
company?

Format
Portion

Number of
figures/tables

Original Wiley
figure/table number(s)

Will you be translating?
Order reference number
Title of new article

Publication the new
article is in

4321980034269
Apr 04, 2018
John Wiley and Sons

Journal of Bone and Mineral Research

Immune Suppressive and Bone Inhibitory Effects of Prednisolone in Growing and Regenerating

Zebrafish Tissues
Karina Geurtzen, Aude Vernet, Andrew Freidin, et al

Sep 13, 2017
32

12

13

Journal/Magazine

Author of this Wiley article
no

Print and electronic
Figure/table
8

parts of Figure 1-4 and Supplemental Figure 1-4

No
20180404_FK_Rightslink

Adult zebrafish injury models to study the effects of prednisolone in bone tissue

JoVE

04.04.18,17:10


http://www.editorialmanager.com/jove/download.aspx?id=854787&guid=cc352fb5-12f8-4283-b175-6ab517b4fac6&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=854787&guid=cc352fb5-12f8-4283-b175-6ab517b4fac6&scheme=1

Rightslink® by Copyright Clearance Center

2 von 2

Publisher of new article MyJove Corp.

Author of new article Geurtzen, K., Knopf, F.
Expected publication Mar 2019

date of new article

Estimated size of new 14

article (pages)

Attachment
Requestor Location Medizinische Fakultat der TU Dresden Zentrale Eingangsrechnungsprufung CRTD, AG Knopf
Fetscherstr. 74
Dresden, 01307
Germany
Attn: Anke Weber
Publisher Tax ID EU826007151
Total 0.00 EUR

Would you like to purchase the full text of this article? If so, please continue on to the
content ordering system located here: Purchase PDF

If you click on the buttons below or close this window, you will not be able to return to the
content ordering system.

ORDER MORE CLOSE WINDOW

Copyright © 2018 Copyright Clearance Center, Inc. All Rights Reserved. Privacy statement. Terms and Conditions.
Comments? We would like to hear from you. E-mail us at customercare@copyright.com

https://s100.copyright.com/AppDispatchServlet

04.04.18,17:10



