Reviewer #1:
Manuscript Summary:
In this manuscript, authors introduce their ex vivo mouse long bone culture method. As they cited, Houston DA et al. described similar method using mouse metatarsal in this journal (Houston DA et al. JoVE. 2016). Comparing to Houston's paper and this, using long bones is the major difference. It is interesting idea that long bone can grow ex vivo, and be useful method for researchers who have interest in cartilage differentiation / bone growth.

Major Concerns:
1. According to abstract, they "explore the potential of co-culturing bones from left and right limbs and separately to address the potential crosstalk between the left and right limbs after unilateral insult." I cannot find data or description relating to this topic

[bookmark: _GoBack]The reviewer is right. Because we finally decided not to include any information on this topic of crosstalk between left and right limbs, we removed this phrase from the abstract and any other references to this topic from the rest of the manuscript. 

2. They only cited researches performed by other groups using ulna (Hirota et al. Sci Rep, 2018) or cranial bone growth plate (Romerein et al. Development, 2014) but not femur or tibia. Citing their original paper(s) using this method should be good help for readers who want to use this method.

We included a few additional references in the introduction (first paragraph, page 3) where long bones from both chicken and mouse were cultured. We also included the reference to our paper.

3. According to Fig.2C, it is useful for readers to show not only growth rate but also real length of tibia before and after culture. Description of the method how they measure the bone length is also helpful.

We included in Figure 2 an additional panel D with the length of the tibia before and after the culture. We also extended the protocol section including information on how the bone measurements were performed (page 5). 

4. According to Fig.3, they described that "EdU labeling showed almost no positive cells" in proximal cartilage. I am not sure it is true or not as I can count more than 20 positive cells in Fig.3A.

To clarify this point, we include some images of EdU labeling in freshly extracted bones of E17.5 fetuses. The pregnant mouse was injected with EdU 1.5 hours before euthanasia and fetuses extraction. As can be observed from the Figure 4, while the amount of proliferative cells in the distal tibia is similar between the freshly extracted and cultured bones (Figure 4D), there is a clear difference in the case of the proximal tibia (Figure 4C), where the incorporation of EdU is much lower in the cultured samples. We include these data in the main text of the Results sections and also modify the phrase the reviewer refers to (second paragraph, page 6).  

Minor Concerns:
1. Positions of scale bars should be reconsidered.

We changed the position of the scales in all the figures to the right bottom corner. 

Reviewer #2:
The ex vivo culture of rodent long bones as a model to mimic endochondral ossification is not new and has been described in many papers and methods chapters. In most of these reports the murine embryonic metatarsal is the bone as choice as it can be maintained and growth can be manipulated (increased e.g. by growth factors and inhibited e.g. by cytokines) in culture for weeks if not months and research ethics perspective you get 6 metatarsals from 1 mouse pup which is helps satisfy the 3Rs. This present study reports an alternative model in which the authors propose to use of embryonic tibiae and femorae. The justification for this approach this is that metatarsals "enter growth plate senescence earlier than long bones". This may be true in vivo and would explain why some bones are bigger than others but its relevance to an ex vivo culture application is tenuous as metatarsals have been kept in culture for months and still grow. This justification is also hard to follow as metatarsals are also long bones.

We thank the reviewer for the feedback. We first wish to clarify that although we know that metatarsals are considered long bones, we reserve the term for the bones in stylopod and zeugopod, due to their different intrinsic properties (such as delayed senescence), regardless of what can be achieved in metatarsal culture. We have made this point clear in the text. We thus suggest that both culture systems complement each other, rather than being redundant. Choosing one or the other depends on the question addressed. Furthermore, we now show that growth of our bone cultures can be as easily manipulated as that of metatarsals, for example by treating them with retinoic acid (new figure 2).

Further limitations of the model are provided in the results. Data is limited to 2 days of culture, which is not long to follow the effects of a growth promoting or inhibititory substances. Growth data over a much longer period of time should be provided to allow others to determine if this model is of use to their particular study. The size of the bone probably limits diffusion of nutrients and the growth of the mineralization zone also appears to be limited. Neither of these are problematic for smaller metatarsal bones.

To address these points of the reviewer, we took several approaches. We included additional references where cultures of mouse tibia and chick femurs were performed for longer time (8 and 10 days, respectively) 1,2. In both cases, they observe a substantial elongation of the epiphyseal region of the bone and almost no ossification. That is similar to what we observe after 4 days in culture, as shown in Figure 1C. We have also included new data of E15.5 tibias cultured for 6 days, and observe a similar result: the total length of the bone increase substantially, but the mineralized region shows very little growth (Figure 5). 
Additionally, the statement that 2 days in culture are not enough to observe any effect of growth promoting and inhibitory substances, is not supported by previous publications. Treatment of fetal rat metatarsal cultures with retinoic acid (RA) leads to decreased length already detectable 2 days after culture 3. We repeated this experiment in our tibial cultures. As can be seen in new Figure 2, already after 2 days in culture RA treatment leads to a significant decrease in the size of the bones. We included the data on RA treatment in the Results section (last paragraph, page 5). 

More enthusiasm for the described methodology would have been forthcoming if the authors described some novel associated techniques as alluded to in the manuscript e.g . live time lapse imaging. Also in the text and the abstract the authors suggest that they explored co-culturing of bones to investigate cross talk. No data on this is provided.
Overall I am not sure what this procedure adds to what is already out there. I am not sure it will be of benefit as many of the advantages of the well described metatarsal culture method are lost with the use of the much larger long bones.

While we agree with the reviewer that metatarsal cultures proved to be a very useful and versatile method to study bone growth, we do not think it is enough reason for not expanding the culturing method to other types of bones. Besides, although the reviewer discarded that differences in the in vivo growth capacity between metatarsal and other bones impacts the outcomes of the ex vivo cultures, it was shown that treatment with IGF, BMP2 and noggin of 3-day cultures leads to different outcomes in terms of proliferation and hypertrophic chondrocytes height of metatarsal bones as compared to tibia or femur 4. These results suggest that the data obtained from metatarsal cultures might not always be extrapolated to other types of long bones and stress the importance of developing ex vivo culture methods for other types of bones. Regarding live imaging, there are some examples in the literature already showing the feasibility of the approach. The co-culture of bones to study their crosstalk was merely mentioned as a possibility, but we have now removed it since we do not show related data.

Other points
1. In the introduction the description of the endochondral process needs some attention. (1) The mineralised matrix facilitates the penetration of blood vessels through which osteoblasts migrate to replace this degraded cartilage with a bone matrix (Mackie et al. 2011). This detail is missing and should be added.

We thank the reviewer for this comment. We included this phrase and the reference in the introduction in the corresponding section (paragraph 2, page 2). 

 (2) The authors are encouraged to read the papers by Farnum and Wlisman as the size of the hypertrophic chondrocytes is correlated to the rate of bone growth and not the final length. 

Our point was that the size of the hypertrophic chondrocytes, as it influences growth rate, when integrated over time it also influences the final length of the bone. We included in the introduction a reference citing the authors mentioned and tried to clarify the sentence (paragraph 2, page 2). 

Also, Line - 63 - remove "closer to the central…… bone". This adds nothing. 

We removed this part of the phrase.

Line 64/65 "secrete the substances that trigger…..". More detail is required to what they mean substances - matrix proteins, phosphatases, Calcium, phosphate etc?????????

We added additional information to this point (paragraph 2, page 2).

2. The authors should expand on what they mean by "tissue sectioning is frequently ridden by technical artefact" but they should bear in mind that many significant advantages have been made on the back of growth plate histomorphometry. They also end this paragraph with reference to time-lapse imaging. Again this study would have benefited by the demonstration of this procedure to the organ culture studies described. Intriguingly, in line 170 the authors recommend that the cultured bones should be fixed and cut for histological sectioning!!!

We changed the phrase referencing the tissue sectioning (paragraph 3, page 2). We only propose tissue sectioning after the ex vivo characterization has been done, as a complementary source of information.

3. Line 104 (and elsewhere) - metatarsals are long bones!
As stated above, we have now clarified the distinction we do between metatarsals and the rest of long bones.

4. Lines 104-106 - not addressed in this study.

We removed the phrase referencing to the studies of crosstalk between paired limb bones. 

5. The authors must have a good look at the protocol and where appropriate make the methods and procedures clearer to allow these techniques to be used by others. More detail is required in certain places

We included additional information in the protocol to address this point. We mention the mouse strains used (Protocol point 1.1, page 3), the stages at which the bones are collected (Protocol point 2.1, page 4), more detail on how the uterus is removed form the mother (Protocol point 2.4, page 4), the fetuses handling before removing the limbs (Protocol point 2.7 and 2.8, page 4), and added an extra critical step alert related to limb transfer to the wells (end of page 4). We also clarified the fixation procedure before the final pictures are taken (Protocol point 2.19, page 5) and added a few new steps describing how the measurement of the bones was done (page 5). 

6. Lines 143/144. Introducing them between the two growth plates? Unclear. Do you mean between the surface cartilage of the tibia and femur?

The reviewer is right about this imprecise terminology. We changed the sentence to the following: Separate the tibia from the femur with fine tweezers by carefully introducing them between the surface cartilage of distal femur and proximal tibia.

7. Line 149. Are the growth plates formed in these embryonic bones - unlikely?

A sandwiched plate has indeed not formed yet. We changed the sentence to the following: It is important to remove as much soft tissue as possible, taking special care in removing the tissue that connects the two cartilage poles, as this will prevent normal growth of the bone, but avoiding damaging the cartilage, the perichondrium and the bones.

8. Line 161- growth factors

We thank the reviewer for noticing this error; we corrected it in the main text.

9. How are the bones measured and how much do they grow (compared with published data from metatarsals)?

We included a new section in the protocol where we explain in detail how the measurement of the bones was done. We included new data with longer 6-day culture of the tibiae (Figure 5) and observe that the average increase in full length is around 1.3 mm. The increase described in metatarsal cultures over the same time period was around 0.9 mm 5. In both cases, the growth is delayed compared to their growth in vivo 5,6. 

10. Line 197. Area?? Did you measure area? If so how?

We meant region of the bone (corrected now in the main text, paragraph 2, page 6).

11. Fig 2C growth rate is over 2 days only - is this really meaningful. Data over a longer period would be required to get a useful model which could be challenged.

As argued above, 2 days can already be meaningful. Moreover, we have now included growth data over a longer period (Figure 5).

Reviewer #3:
Manuscript Summary:
The summary does not state the specific species and age/ gestational stage used.

We agree with this point of the reviewer. We modified the summary to include these details (lines 27-29): 
Here, we present a method for ex vivo culture of long murine bones at both fetal and newborn stages, suitable for analyzing bone and cartilage development and homeostasis in controlled conditions while recapitulating the in vivo process. 

Major Concerns:
The title doesn't reflect well the content of the article (see other comments below).

We changed the title, so now it refers to all the stages analyzed in the protocol.

Minor Concerns:
Title:
Line 3: The details in long bone measurement are not explained in the protocol.

We included a new section in the protocol where the procedure to image and measure bones is explained (page 5). 

The title highlights the fetal mouse but representative results also show the result from postnatal mouse (P1 and P2)?

We changed the title, so now it refers to all the stages analyzed in the protocol.

Introduction:
Line 70: The statement here need to be supported by relevant reference(s).

We changed this statement to a more accurate description of bone growth and introduced relevant citations (paragraph 2, page 2).

Protocol:
Line 121: Correct sub-numbering? 1.4? 

This was corrected in the main text. 

Line 129: Is the same protocol applies to extract long bones from postnatal mouse? 

The reviewer is right that the protocol can be applied to both fetal and newborn mouse bones. We included this information in the protocol (Protocol point 2.1, page 4).

Representative results:
Line 191: Is the data shown in the results? 

We include a new panel in new Figure 3, in which the full length of the bone is shown before the culturing and 2 days after. As can be observed from the numbers, the median increase in length is 18.5%.
 
Line 192: Is any data shown/ any supporting reference(s)?

This data is inferred based on the results obtained by EdU labeling. We included in new Figure 4 EdU labeling of freshly extracted E17.5 bones after injection in the mother 90 minutes before sample collection. As can be observed in this new figure, incorporation of EdU is seriously compromised in the proximal tibia compared to the in vivo situation (Figure 4A,C), while the number of EdU(+) cells is similar in the distal. These new results are included in the main text.
    
Line 194: Is this statement based on the current study or reference(s)? What are the references

We now included a reference in the result section in which we base this statement (paragraph 2, page 6).

Figure and table legend
Line 205: The freshly extracted tibia refers to the figures on the top for each A, B, C, D panels of Figure 1? 

The reviewer is right about this point. We included a clarification in the figure legend (paragraph 3, page 6).

Line 218: The total growth and mineralized part were assessed after 2 day-cuture? 

Yes, the results presented show the growth after two days in culture. We now also include a table where the total length and the mineralization are shown at t=0 and at t final (Figure 2D). 

Line 222: The same scale bar applies for both A and B in Figure 3? 

Yes, the same scale applies to all the panels in Figure 3. We realized that there was a mistake in the number of the scale and now it is corrected. 

Discussion:
Line 237: The statement here seems to be not fully substantiated by the result (line 192).

We now included two lines of evidence that support this statement (also mentioned above): the length of the tibiae before and after the 2-day culture and the EdU incorporation in freshly extracted proximal and distal tibia versus cultured. We hope these new data clarify this point.  
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