We are grateful for the opportunity to submit a revised version of our research article entitled “An affordable whole body inhalation system to study cigarette smoke exposure in mice” to JOVE. We thank the referees for the positive comments and excellent remarks concerning our manuscript. We hereby provide you with a detailed response to the comments mentioned by the reviewers. To fully address their remarks about “dosimetry” of mice with our DIY system we included quantification of cotinine from serum of mice.

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.
2. Please revise the title to be more concise. Suggestion: A whole body inhalation system to study cigarette smoke exposure in mice
3. Please do not include references in the Abstract.
4. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents.
5. Please spell out the journal titles in the references.

We have made the necessary changes in the revised manuscript.

Reviewer #1:
Manuscript Summary:
The authors describe the development of/an instruction on how to build a DIY animal exposure system and attempt to verify its functionality by demonstrating that using the DIY system, cigarette smoke exposures of a suitable mouse model results in the induction of biological responses comparable to the ones observed when a commercially available system is used.
The availability of affordable scientific instrumentation and/or instructions to build it is highly desirable in any field of research; it disconnects the ability of conducting research from the financial capacity of institutions, which increases the overall amount of research that can be conducted within institutions, countries and worldwide and hence increases the scientific progress and the robustness of the findings. In addition, it potentially eliminates conflicts of interest that may arise as soon as extensive funding is involved. This may increase the quality of the research conducted and increases the confidence in the results and the public and scientific acceptance.
The system appears to be well designed, and clearly the field of inhalation toxicology may benefit from its development. I therefore believe that the presented work is scientifically relevant and that the design of the exposure system should be published and made publicly available.

We are grateful to the reviewer for these positive comments and the recognition of the value of this work for the scientific community.

Major Concerns:

1) Affordable scientific instrumentation only reveals its advantages if there is a certain level of standardization realized. It is ultimately up to the scientific community to decide which model of a DIY system is most widely used, but in any case, the instruction for building them should be clear/unambiguous, so every research group builds the same system.
Section 1 does at its current level of detail not meet this requirement as it leaves a couple of design options to the reader/the person building the system, for instance:
a) What are the exact dimensions of the exposer chamber (L x H x W)?
b) Where are the two holes exactly located in the chamber walls?
c) What is the exact location/geometrical arrangement of the 5 3mm holes in the CPVC cap?
To eliminate such ambiguities, it is proposed to include more detailed graphics, preferably one for each sub-part of the system in the written manuscript. 2D CAD drawings may be considered. (this request may be ignored if it is intended to share details 3D plans in the JoVE video, although I tend to prefer printable versions).

R1. As suggested by the reviewer we incorporated additional information to the manuscript to improve the description of assembly. For instance, we have now included more specific dimensions of the exposure chambers. These chambers are 11.25 x 7.75 x 6 in and have a volume of 8.5L. The location of the holes is centered on each side. We have added the specification that the five 3 mm holes on the CPVC cap are arranged on a quincunx pattern. We expect that the video portion of this manuscript will provide up-close details of each of the components to further clarify the final assembly. We added a statement that we will be happy to provide more detailed graphics/photos of each part in written form to any reader who contacts us.

2) From the written manuscript, it is not clear how the accumulation of smoke in the cigarette chamber is achieved, and how it is ultimately brought to the exposure chamber. This should be explained in more detail, unless it will be explained in detail in the video.

R2. This is an important point.  Descriptive arrows have been added to Figure 1 to show the flow of smoke and/or air throughout the system.  We also made changes to the text of the manuscript.  Lastly, the video portion of this manuscript describes how smoke accumulates in the chamber.

3) The approach for system verification/validation is flawed:
3.1) It is unfortunate that the test exposures were not conducted under standardized conditions (applying standardized smoking regimes and using standardized test products). This drastically decreases the comparability to published literature and should be addressed in a more extensive discussion (put the system in a global context)

R3. We thank the reviewer for the comment. Using our smoke protocol, mice are exposed whole body to the smoke of four cigarettes (Marlboro Red 100’s with filter), once a day, with smoke-free intervals of 10 minutes in between smoke exposures. We have shown that our DIY system promotes inflammation in the lung and alveolar damage/emphysema (Figure 2). We apologize if this was not clear in the initial submission, but we have published studies using this exact DIY system with the same regimen as far back as 2011 to study the pathophysiologic effects of cigarette smoke on lung emphysema after 4 to 5-months exposure. For example, we found that cigarette smoking produces reproducible effects on Th17 responses and furthermore we used our system to study the requirement of miR-22 (Lu 2015), Osteopontin (Shan 2012), and Ppar (Shan 2014) in experimental emphysema. From our initial publication on the murine model of emphysema to the present, we have used commercially available Marlboro Red 100s with filters, which has many advantages, including its clinical relevance, filters out larger particles, it is easily available, and epidemiologically is the most popular brand in the continental US but our system is versatile and accommodate virtually any cigarette.

Standardization of smoking regimens is indeed desirable but historically has been a difficult proposition. For example, European, Australian, and Asian, North American laboratories may use commercially available machines or homemade system(s) specific to each region or country. Furthermore, the “dosing” and duration of whole-body cigarette smoking regimens used by labs around the world range in length and intensity depending on the system used. Whole-body exposure systems vary widely, in regimen and dosing, ranging from 4 to 10 cigarettes per-day over a range of 3 to 6-months of exposure. Nose-only exposure systems are also marketed as quicker alternatives, however they cost over $100,000 to set up. The goal of our study is to introduce a new highly customizable affordable system for exposing mice to air toxicants such as CS. We have added additional context to the discussion including that investigators who use our DIY system can use our suggested dosing as a starting point or they can easily adjust dosing for example by administering upwards of 10-cigarettes per day or shortening/lengthening the duration of treatment and/or switching to unfiltered Kentucky 3RF4 cigarettes all of which can be done easily with our DIY system. Furthermore, the timer and pressure can be easily adjusted to adjust puffs/cigarette for dosing intensity adjustments. Ultimately each lab will need to empirically carry out their own pilot studies after assembly of our system.	

3.2) Although there is no doubt that the system technically works, I believe the authors fail to demonstrate that for the animals, the exposures in the DIY system are equivalent to the exposures in the commercially available system:
3.2.1) The exposure durations are not the same for the two tests. Exposures in the DIY system were conducted for 16 weeks, exposures in the commercial system for 5 weeks. It is well possible that the effects observed in the DIY system would not have arisen under a shorter, but more intensive exposure regime.

R4. We have published work demonstrating that our DYI exposure system results in emphysema in mice exposed 3 to 4 months of smoke (Lu 2015, Shan 2012, Shan 2014). In this repost, we did not perform a side-by-side comparison with the commercial system but as noted, the dosing and regimen of our DIY system is completely different. Further, the commercial system shown in Figure 3C is not intended to demonstrate equivalence to our DIY system, especially given the large differences in dosing. The perfect comparison would require access to two machines by the same laboratory and standardization of downstream methodologies not only in the bone marrow but also in the lungs with parameters such as MLI, BALF cell differentials, and qPCR to be carried out by same individuals & same reagents in identical manner. Our inclusion of bone marrow experiments done in DIY and SciReq systems (Figure 3) is meant to indicate that both regimens are sufficient to promote bone marrow hematopoietic progenitor cell expansion after cigarette smoke exposure. Our bone marrow data is also consistent with a prior study that showed a 9-months’ whole-body CS exposure altered bone marrow homeostasis (Siggins 2014). Thus, the comparison of the two systems is not meant to show equivalent exposures but rather to demonstrate that the system is sufficient to induce physiologic changes that have been reported in other systems. We cannot comment on whether our DIY or SciReq elicits a stronger effect and the molecular mechanisms are beyond the scope of this manuscript. Furthermore, our DIY system has been extensively validated by us for molecular and immunologic mechanisms of lung emphysema in mice and humans (see above). However, we have also removed language from the manuscript indicating the term “validation”.

3.2.2) Exposures in the DIY system were not conducted with the same test product as the exposures in the commercial system. Although it is unlikely that the changing the product would have

R5. Please see above.

3.2.3) No details on the smoking regime applied in the commercially available system are listed. If the smoke was not generated under the same settings (puff volume, puff frequency, puff number per cigarette/cigarette butt length), a 1-to-1 comparison is flawed

R6. We have included additional details on the SciReq system dosing and parameters in the revision.  Indeed the dosing and regimen is completely different compared to our DIY system.  We believe that our comparative bone marrow HSPC data in Figure 3 (one panel for DIY and one panel for our SciReq system) mainly highlights that whole-body exposure to cigarette smoke has a predictable effect on the bone marrow compartment as has been previously shown in another study (Siggins 2014). The most important aspect highlight that our DIY system can be used to study not only emphysematous changes in the lung but also peripheral effects in other organ systems.  A comparison of the strength of one approach vs the other by including data on the same axis was not done because the ages of the mice are not identical at the time of euthanasia and chronological age has a robust effect on baseline HSPC and HSC numbers.

These are rather profound differences in the experimental procedures applied for the test and the reference, the possibility that the observed biological responses have the same physiological appearance, but different molecular causes can under these circumstances not be ignored.
Proposed action:
 Option 1 (preferred): A repetition of either the test or the reference exposure under aligned conditions is, to obtain conclusive evidence that the DIY system is equivalent to the commercial system (preferred option) alternatively
 Option 2: Elimination of the claim that the system is equivalent to commercial systems and limitation to the fact that the system is of low costs but still allows exposing animals under controlled, repeatable conditions. Data generated using the commercially available system could be omitted in this case, but dosimetry data need to be included to demonstrate (amongst other parameters) the stability of the smoke concentration in the chamber or the relevance of the achieved concentrations.
 Option 3: Substantiation of the claim that the system is equivalent to the commercial system by including literature on how mice respond to cigarette smoke generated and exposed under various conditions. This will require a detailed dosimetry in the system to be established.

R7. We appreciate the flexible recommendations and made corrections to the manuscript. Our intention is not to make any assumptions about the equivalency of our system to the commercial system (please see above answers) but to merely introduce a relatively affordable and reliable system to treat mice in a controllable manner to study the effects of air toxicants on organ systems. The design of our system does not allow easy measurements of particulate matter. But achieve an objective measure of our smoking protocol, we quantified cotinine in the serum of cigarette smoke-exposed mice by ELISA. While cotinine could not be detected in serum of air-exposed mice, the serum cotinine levels after 16 weeks smoke exposure (see new Figure 2F) were comparable to published cotinine levels in other smoke models (Ha et al., PLoS One 2015; Moreno-Gonzales et al., Nat Comm. 2013). Also, the cotinine level in human active smokers is >10 ng/ml and can reach up to 500 ng/ml in heavy smokers.

4) There is a complete lack of dosimetry
4.1) Data on smoke concentration, inlcuding particle density, nicotine concentration and a set of relevant other, toxicologically well described smoke constituents, in the exposure chamber (the overall challenge/smoke burden the mice were exposed to), but preferably also in the cigarette chamber should be provided. A comparison between the two systems and to literature data (and a comparison between Marlboro red and 3R4F) is highly recommended, as otherwise a comparison to literature data on the biological responses is not conclusive (respones do not need to be identical to the literature data, but differneces shuld be attributable to the dosimetry).

R8. Please see above regarding the inclusion of cotinine serum measurements from our DIY system.  We have also reported cotinine serum measurements of cigarette smoke treated mice using our DIY system in the past (Madison 2019).

4.2) Data on the delivered dose (referring to tissue absorbed doses, the dose ending up in the animals blood/tissues) are missing. Relevant exposure markers (e.g. nicotine, cotinine) levels at least in the mouse serum and urine, should be reported and compared between the two systems and put into relation to each other and to literature data. Evidently this would require repetition of the exposures. If a detailed animal free dosimetry (as requested above) can be established and put into a close relation to literature values, the absence of the quantification of the delivered dose may be acceptable. Alternatively, the claim of equivalence to commercially available systems may be removed and a new claim may be formulated, stating that a low-cost system, which allows conducting stable and repeatable exposures resulting in biological responses that are in line with literature-based expectations, was developed.

R8. Please see the above response.

If the above-mentioned issues can be addressed and resolved I would recommend to consider the manuscript for publication.

Minor Concerns:
Overall, the manuscript is well written and very focused. The text may merely benefit from a proofreading for eliminating a couple of slips of the pen (e.g. abstract, line 66: remove the extra 'system', section 1.1.1: 'pipe into eight 4 segments', line 198: 'eoxin', and a couple more)

R9. We made corrections to the manuscript.

Reviewer #2:
Manuscript Summary:
This paper describes a protocol for assembling a cigarette smoke (CS) exposure apparatus that can be assembled with do-it yourself components. It is designed to provide a substitute for research CS exposure devices currently in use in the research community that are available from limited manufacturers. A limited comparative analysis using the DIY apparatus vs a commercial available apparatus (SCIREQ) is presented.

Major Concerns:
The major point of consideration is whether the device as described can effectively act as a substitute for current research WBIS used in academic labs, and produce equivalent results. Some comparative responses are shown in the display data indicating comparable results with respect to measured parameters related to bone marrow cell compositions. A key question is whether emphysema response is equivalent. Side by side comparison of emphysema response would have been supportive. If not possible, the authors should describe how the emphysema response at 4 months CS compares to published studies that document emphysema generation in 4-6 months. Is the degree of airspace enlargement shown greater or equivalent to that reported in published studies?

[bookmark: _GoBack]R10. We thank the reviewer for the suggestions. As detailed above we have published extensively using our DIY system at 4-5-months to elicit emphysematous changes in mice. Airspace enlargement and other parameters of emphysema are comparable to those we and others have reported in the past. Our low cost system can thus be used to reliably elicit biological changes in line with published literature in the lung and other systems. We have incorporated these points into the Discussion accordingly.

Minor Concerns:
CS exposure apparatus are commonly used to model COPD/emphysema in mice. Given the importance of COPD as a public health burden a few additional sentences on the incidence and prevalence of COPD and its rank as a world health burden can be added to the introduction.

R11. We thank the reviewer for the suggestion and have included a statement in the Introduction.

Marlboro reds are used as the test cigarette, which is not standard practice. What is the reason for selecting Marlboro? Are other labs using this now instead of Kentucky research cigarettes? Is some information available on the tar and nicotine content of these?

R12. Please see above regarding choice of Marlboro Red 100s. The tar and nicotine contents of these cigarettes are 15 mg/cig of Tar and 1.1 mg/cig of nicotine according to Federal Trade Commission. Kentucky 3R4F contains 9.5 mg/cig tar and 0.726 mg/cig nicotine. 

What accounts for the higher baseline of HSBCs in air treated controls for the DIY apparatus?

R13. Please see above. The relative and absolute number of HSPCs and HSCs populations in the bone marrow are impacted by aging.  Specifically, HSPC and HSC numbers increase with age. The DIY and commercial system studies made use of mice of different ages, and this accounts for baseline differences between the two methods. For this reason they are presented in separate bar graphs and Figure panels.    

What is the relative cost savings? How much does one DIY system cost?

R14. This is an excellent question.  The approximate value of our DIY system in the continental USA is $6,000 for parts.  We included this information in the manuscript.

WBIS: This abbreviation should be defined in the abstract also.

R15. This has been corrected.
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