Editorial Comments

1. [bookmark: _GoBack]Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.

Authors’ Response: We have now thoroughly proofread the manuscript and have corrected any spelling or grammatical errors. 

2. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line spacings: single. Please include a single line space between each step, substep and note in the protocol section. Please use Calibri 12 points

Authors’ Response: Paragraph indentation has now been set to 0 and all other indentations have been corrected. We have now included a single line space between each step, substep and note in the protocol section. Calibri 12 points font is used throughout the manuscript.

3. Please rephrase the Short Abstract/Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Presented here is a protocol …”

Authors’ Response: We rephrased the Summary to describe the protocols and their application as follows.

“Presented here is a protocol for determining equilibrium uptake, depth of penetration and non-equilibrium diffusion rate of cationic peptide carriers in cartilage. Characterization of transport properties is critical for ensuring an effective biological response. These methods can be applied for designing optimally charged drug carriers for targeting negatively charged tissues.”

4. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.”

Authors’ Response: Thank you for highlighting this. We have modified the protocol to ensure all steps are written in the imperative tense. Text not written in the imperative tense have been added as a note. All instances of “could be,” “should be,” and “would be” have been removed from the protocol section.

5. 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.
For example: Kimwipes, Eppendorf, etc.

Authors’ Response: All commercial language has been removed from the manuscript and generic terms have been used instead. The Table of Materials and Reagents has been updated accordingly.

6. The Protocol should contain only action items that direct the reader to do something.

Authors’ Response: The protocol has been edited to remove phrasing that does not direct the reader to perform an action.

7. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections.

Authors’ Response: The protocol is written with discrete steps and we have ensured that there are no large paragraphs of text between sections.

8. Please include volume and concentrations for all the solutions used.

Authors’ Response: Thank you for your comment. We have now added concentrations and volumes for each solution used in the protocol.

9. Please ensure that individual steps of the protocol should only contain 2-3 actions sentences per step.

Authors’ Response: Thank you. The protocol has now been adjusted to meet this requirement. 

10. Please ensure you answer the “how” question, i.e., how is the step performed?

Authors’ Response: We have made the appropriate changes throughout the protocol to ensure the “how” has been addressed. We have included additional figures to aid in this process. 

11. What kind of tissue explants are used? How do you get it? Human/animal origin? Please include ethics statement accordingly before the start of the protocol.

Authors’ Response: Bovine cartilage explants were used for these experiments, however, the experimental setups are compatible for use with most cartilage species including human. Bovine cartilage explants are ideal for evaluation of solute transport because of their similarity in composition and thickness to human cartilage, however explants obtained from other large animals such as horses and pigs can be used as well [Bajpayee et al. Nature Reviews Rheumatology, 2017]. The bovine cartilage explants used in our experiments were extracted using dermal punches from the femoropatellar grooves of bovine knee joints supplied from Research 87 (Boylston, MA, USA). Using the slicing fixture shown in Figure 2, explants were sliced to 1 mm thickness, inclusive of the superficial zone. We have added a section (“Cartilage Explant Extraction”) to the protocol to describe this process. 

12. There is a 10-page limit for the Protocol, but 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.

Authors’ Response: We have now highlighted filmable content of the protocol.

13. 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].”

Authors’ Response: We have received explicit copyright permission for use of figures from the following publications:

Vedadghavami, A., Wagner, E. K., Mehta, S., He, T., Zhang, C., & Bajpayee, A. G. (2019). Cartilage penetrating cationic peptide carriers for applications in drug delivery to avascular negatively charged tissues. Acta biomaterialia, 93, 258-269.

Bajpayee, A. G., Wong, C. R., Bawendi, M. G., Frank, E. H., & Grodzinsky, A. J. (2014). Avidin as a model for charge driven transport into cartilage and drug delivery for treating early stage post-traumatic osteoarthritis. Biomaterials, 35(1), 538-549. 

14. 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
b. Any modifications and troubleshooting of the technique
c. Any limitations of the technique
d. The significance with respect to existing methods
e. Any future applications of the technique

Authors’ Response: Thank you for detailing these requirements. We have discussed critical steps involving explant hydration, use of protease inhibitors and prevention of solute evaporation to ensure accurate representation of solute transport through cartilage. We have also indicated the potential outcomes should these critical steps not be followed and provided methods for troubleshooting these issues if they occur. In addition, we have now mentioned the importance of using a translucent transport chamber for non-equilibrium diffusion studies in order to obtain real-time fluorescence measurements. However, in the case that this is not possible, we have provided an alternative method by taking aliquots from the downstream chamber for fluorescence measurements using a plate reader instead. We have also addressed the limitations of the protocol as the transport experiments used do not fully encompass the in vivo environment. The convective flow present within the joint has not been included here, however the transport chambers can be modified to incorporate fluid flow using a piston. Uptake due to convective flow can increase by 2-fold [Sampson et al. Journal of Biomechanics, 2019], however due to electrostatic interactions, uptake increases 100-400x [Vedadghavami et al. Acta Biomaterialia, 2019; Bajpayee et al. Nature Reviews Rheumatology]; therefore, even though convective flow has not been included here, our experimental setups will provide a very good estimate for charged-based transport and uptake. Further, our model has used 1x PBS instead of synovial fluid as the medium for transport experiments. We have addressed this in the Discussion section and detailed the possible changes in transport properties as a result of charge-based binding between positively charged drug carriers and negatively charged synovial fluid hyaluronan chains. Further, we have added discussion on the limitations of our analytical models and presented comparisons to pre-existing methods. We have now included more details on the significance of our methods and commented on how our methods can be applied to a variety of cartilage sizes and other negatively charged tissues.


15. Please include a completer list of materials, reagents, equipment used in the table of materials. Please sort the table in alphabetical order.

Authors’ Response: We have now included more complete list of materials, reagents and equipment used in the table of materials. It has also been sorted in alphabetical order.
Reviewer #1 Comments

Manuscript Summary:

In this article, the authors describe a protocol to evaluate the transport of cationic peptide carriers into cartilage, with the goal of developing drug carriers that exploit electrostatic interactions with the tissue. In recent years, there has been increased interest in the design of drug delivery systems that can target or improve bioavailability of therapeutics to cartilage - as such, this article is informative and timely. Overall the paper is clear and well-written. Some additional details are needed in the protocol and representative results sections as well as discussion on limitations.

Authors’ Response: We appreciate the reviewer’s interest and are encouraged by their comments. We have addressed their concerns below. 

Major Concerns:

In several parts of the protocol, the authors mention custom-made items (for example, the custom-designed 1-dimensional transport chamber and custom-designed slicing fixture). Please provide the specifications for these such that they can be reproduced if needed.

Authors’ Response: Thank you for informing us of this. We have now included detailed schematics for each of the custom designed fixtures. The slicing fixture, 1-D transport chamber and non-equilibrium diffusion transport chamber can be found in Figures 2, 4 and 6, respectively. Further Figure 7 now depicts the order of assembly for the non-equilibrium diffusion transport chamber as well as specifications for the plastic inserts and rubber gaskets. 

Under Representative Results and Discussion Sections:

The authors frequently refer rather vaguely to the dynamics of binding and "unbinding" as well as carriers binding "too strongly" - are there dissociation constants that have been determined based on previous experiments for optimal, weak, and strong binding that can be used as a reference?

[bookmark: _Hlk37163992][bookmark: _Hlk36734153]Authors’ Response: Weak and reversible binding is essential for solutes to reach the deep zones of cartilage. From the confocal images obtained from the depth of penetration studies, the distances that solutes travel through the matrix of cartilage can be observed. If the solute reaches the deep zone, it is considered to have ‘weak’ binding; conversely, if a solute remains stuck in the superficial zone it is considered ‘strong’ binding. These terms are relative to the protein being used based on their charge and composition. For example, Avidin (7 nm diameter, 66 kDa, pI 10.5) binding with negatively charged matrix glycosaminoglycans (GAGs) has a dissociation constant (KD) of 150 μM, which is considered to be weak enough to enable the reversible binding necessary for full thickness penetration. Despite the weak binding, Avidin shows high retention and uptake in cartilage due to presence of a high density of negatively charged GAGs (Binding density NT = 2900 μM) [Bajpayee et al. Nature Reviews Rheumatology, 2017]. Further, using thermophoresis, we have recently determined the dissociation constants of CPCs. We noted that CPC +14 had approximately 90-fold stronger binding with cartilage GAGs compared to CPC +8 (KD = 3 μM vs 272 μM). We intend to present this data in a future publication.

Can the authors provide a size range for what they consider "small" and "large" molecules/carriers?

Authors’ Response: Thank you for emphasizing this point. We have now modified the manuscript (lines 362-368) to provide examples of both small and large sized solutes as follows:

“Values >>1 indicate enhanced uptake due to charge interactions, whereas values <1 indicate low uptake. Larger, neutral solutes such as Neutravidin (60 kDa, pI 7) show RU<1 due to steric hinderance with cartilage matrix [Bajpayee et al. Nature Reviews Rheumatology, 2017], while smaller (neutral solutes are expected to show RU1 as they are able to diffuse into the cartilage reaching equilibrium. In contrast, Avidin (pI 10.5), the positively charged counterpart of Neutravidin, shows an RU180 in cartilage [Bajpayee et al. Nature Reviews Rheumatology, 2017]. Further, small-sized CPCs (2.5-4 kDa) can show an RU up to 400 [Vedadghavami et al. Acta Biomaterialia, 2019]. As shown by Figure 9, the uptake ratios should show a charge-dependent response [Vedadghavami et al. Acta Biomaterialia, 2019].”

The authors appropriately acknowledge limitations of the experimental set-up to mimic in vivo conditions and include the possibility of using synovial fluid rather than PBS-PI. The authors should comment on the potential impacts of synovial fluid on transport properties and interactions between the carrier and the cartilage tissue, which can further comprise electrostatic interactions.

Authors’ Response: We have now detailed the potential impacts of synovial fluid on the transport properties of charged carriers in cartilage in Lines 584-595 as follows:

“It is estimated that the uptake of cationic carriers in cartilage would decrease in synovial fluid compared to in 1x PBS due to the presence of hyaluronan chains with negatively charged carboxyl groups in synovial fluid. It is possible that cationic carriers competitively bind with the hyaluronan chains of the synovial fluid in addition to the GAGs of cartilage. However, the density of negatively charged groups is significantly higher in cartilage compared to synovial fluid, due to the presence of both negatively charged carboxylated hyaluronan chains and sulfated GAGs in cartilage [He et al. Journal of Controlled Release, 2020]. Thus, although the uptake in cartilage in presence of synovial fluid will be lower than in 1x PBS, it is still expected to maintain high intra-cartilage uptake. In vivo, Avidin has shown high intra-cartilage uptake in both rat and rabbit cartilage in presence of synovial fluid [Bajpayee et al. Journal of Orthopaedic Research, 2014; Bajpayee et al. Journal of Orthopaedic Research, 2015]. Further, Avidin has shown high uptake and retention in cartilage up to 2 weeks following intra-articular injection in a rabbit anterior cruciate ligament transection model [Bajpayee et al. European Cells and Materials, 2017].”

Minor Concerns:

In protocol section 1 "Equilibrium Uptake of CPCs in Cartilage"

1.1 Please describe the method used to obtain the cartilage explants. Do the explants need to be obtained from the same region/layer of the cartilage? Should there be an intact superficial layer and/or comprise all the layers of the cartilage?

Authors’ Response: Bovine cartilage explants were extracted using dermal punches from the femoropatellar grooves of bovine knee joints supplied from Research 87 (Boylston, MA, USA). We have included a section at the beginning of the protocol to detail this process (“Cartilage Explant Extraction”). Explants extracted from the femoropatellar groove are randomly assigned to experimental groups to prevent bias based on location. The explants are sliced to 1 mm thickness (using the slicing fixture shown in Figure 2) inclusive superficial, middle and deep zones of cartilage. Depending on the species of cartilage, the thickness of the explant may need to be adjusted to obtain multiple zones of cartilage.

1.2 What is the concentration of the protease inhibitor in PBS?

Authors’ Response: We have used one mini-tablet in 50 mL of 1x PBS. This information is now included in the protocol for clarity.

1.5 Please specify what is considered "gentle rotation"? Fr example, please provide a reference speed (e.g. 50 RPM with a 0.3cm circular orbit)

Authors’ Response: Thank you for highlighting this. We have now added specific rotation requirements in the protocol. Gentle rotation refers to 50 RPM with a 15 mm orbit.

1.6 Should the standard curve be generated at the same time as when you measure your experimental samples ideally? Currently, the protocol reads that they can be done on two different days. Please indicate if timing matters.

Authors’ Response: We have clarified this section of the protocol by including a note which reads as follows:

“NOTE: To limit variability in fluorescence readings, incubate the CPC stock solution under the same conditions as the sample plate prior to generation of the standard curve.”

In protocol section 2 "Depth of Penetration of CPCs in Cartilage"

2.7 Please specify the rpm used for plate shaker.

Authors’ Response: This step of the protocol now has specifications for RPM of rotation.

In protocol section 3 "Non-Equilibrium Diffusion Rate of CPCs in Cartilage"

3.1 typo: "bring" should be "bringing"

Authors’ Response: Thank you for noting this error. We have adjusted this step in the protocol to read as follows:

“Bring the two halves of the custom-designed transport chamber (Fig. 6) together to assemble and close the chamber. Use washers, nuts and bolts to tightly close the chamber with a wrench.”

3.2 s this 0.5% v/v or w/v?

Authors’ Response: The concentration of non-fat bovine milk is 0.5% w/v. We have corrected the manuscript for all such instances to avoid confusion.

3.4 In Figure 4, please indicate where the plastic disk and gaskets go, as well as dimensions for the chamber.

Authors’ Response: Thank you highlighting this. We have now included Figure 7 which details the dimensions of the plastic inserts and rubber gaskets. The figure also shows the order of assembly for the two halves of the transport chamber. Transport chamber dimensions can now be found in Figure 6.

3.6 Please clarify if the spectrophotometer needs to be modified or any considerations for construction of the chamber in order to obtain these measurements.

Authors’ Response: The spectrophotometer used in the non-equilibrium diffusion experiments is a custom designed unit made from translucent PMMA. The CPCs used in these experiments were fluorescently labelled with 5-FAM dye and thus the spectrophotometer laser was designed with a bandpass excitation filter (AT480/30m) with a wavelength of 480 nm in order to excite the fluorescent protein. The receiver was also modified to be equipped with a long pass emission filter (ET515lp) to transmit fluorescent signal emitted from the dye. The laser and receiver brands and wavelengths are now listed in the “Table of Materials” file. We have also added a note to Step 4.7 to detail these requirements. These filters should be chosen in accordance with the excitation and emission of the fluorescent dye used to label the drug carrier.

In the protocol presented, real-time fluorescence measurements are obtained from the custom-designed spectrophotometer which shoots a laser through the translucent transport chamber. However, aliquots from the downstream chamber can be obtained and assessed for fluorescence using a NanoDrop spectrophotometer or plate reader.


Reviewer #2 Comments

Major Concerns:

No major concerns.

Minor Concerns:

Abstract can be improved (more informations about the experiment).

Authors’ Response: Thank you for providing your feedback. We have now included further detail about the experimental setups in the abstract as shown below.

“Several negatively charged tissues in the body, like cartilage, present a barrier to targeted drug delivery due to their high density of negatively charged aggrecans and therefore require improved targeting methods to increase therapeutic response. Using the high negative fixed charge density (FCD) of cartilage, drugs can be modified with positively charged drug carriers to take advantage of electrostatic interactions, allowing for enhanced intra-cartilage drug transport. Studying the transport of drug carriers is therefore crucial towards predicting the efficacy of drugs in inducing a biological response. We show the design of three experiments which can quantify the equilibrium uptake, depth of penetration and non-equilibrium diffusion rate of cationic peptide carriers in cartilage explants. Equilibrium uptake experiments provide a measure of solute concentration within cartilage compared to its surrounding bath, which is useful for predicting the potential of a drug carrier in enhancing therapeutic concentration of drugs in cartilage. Depth of penetration studies using confocal microscopy allow for visual representation of 1-D solute diffusion from the superficial to deep zone of cartilage, which is important for assessing whether solutes reach their matrix and cellular target sites. Non-equilibrium diffusion rate studies using a custom-designed transport chamber enables measurement of the strength of binding interactions with the tissue matrix by characterizing the diffusion rates of fluorescently labeled solutes across the tissue; this is beneficial for designing carriers of optimal binding strength with cartilage. Together, the results obtained from the three transport experiments provide a guideline for designing optimally charged drug carriers which take advantage of weak and reversible charge interactions for drug delivery applications. These experimental methods can also be applied for transport evaluation of drugs and drug-drug carrier conjugates. Further, these methods can be adapted for use in targeting other negatively charged tissues such as meniscus, cornea and the vitreous humor.”

In the limitations section also please discuss about the limitations of analytical methods and some new references can be added:(computational methods)

[bookmark: _Hlk36748314]J Biomech Eng. 2018 Feb 1;140(2). doi: 10.1115/1.4038716.
Finite Element Framework for Computational Fluid Dynamics in FEBio.
Ateshian GA1, Shim JJ1, Maas SA2, Weiss JA2.

J Biomech. 2012 Apr 5;45(6):1023-7. doi: 10.1016/j.jbiomech.2012.01.003. Epub 2012 Jan 26.
Solute transport across a contact interface in deformable porous media.
Ateshian GA1, Maas S, Weiss JA.

J Vis Exp. 2017 Apr 23;(122). doi: 10.3791/54984.
An Experimental and Finite Element Protocol to Investigate the Transport of Neutral and Charged Solutes across Articular Cartilage.
Arbabi V1, Pouran B2, Zadpoor AA3, Weinans H4.

J Biomech. 2016 Jun 14;49(9):1510-1517. doi: 10.1016/j.jbiomech.2016.03.024. Epub 2016 Mar 21.
Multiphasic modeling of charged solute transport across articular cartilage: Application of multi-zone finite-bath model.
Arbabi V1, Pouran B2, Weinans H3, Zadpoor AA4.

Authors’ Response: Thank you for your suggestions. We have added discussion on the limitations of our analytical methods and referenced the aforementioned papers for alternative computational modeling techniques.
