May 13, 2021

To the Reviewers, 

Thank you for reviewing our manuscript entitled “Tissue collection and RNA extraction from the human osteoarthritic knee joint” for the Journal of Visualized Experiments (JoVE). We have carefully considered each comment and concern that was raised, and revised the manuscript accordingly. Below we outline each of the editors’ and reviewers’ comments in red and our detailed responses in black. 

We hope you find our improved manuscript suitable for publication in JoVE. 


Editorial comments
We thank the editor for preparing this detailed list of feedback and apologize for any formatting oversight in our original submission. We have carefully revised the manuscript to meet all standards outlined below. 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

Thank you for the opportunity to proofread our manuscript. We confirm that there are no spelling or grammar issues to the best of our knowledge. 

2. 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. For example: Falcon, TRIzol, RNAse Away, Glycoblue, Qiagen, miRNeasy, Nanodrop, Pro Scientific 200, etc.

We apologize for including commercial language in our original submission. We have now removed all commercial language and brand names from our manuscript and figures and replaced these with generic terms. Specifically, “Falcon” is now referred to as “conical”, “TRIzol” is now referred to as “acid-guanidinium-phenol”, RNAse Away is now referred to as “RNAse decontaminant”, Nanodrop is now referred to as “spectrophotometer”, Bioanalyzer is now referred to as “electrophoresis device”, “Pro Scientific 200” is now referred to as “hand-held homogenizer”, and Glycoblue is now referred to as “glycogen coprecipitant”.

3. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using bullets or dashes.

Numbering throughout the Protocol has been adjusted to follow the specified guidelines (see tracked changes). Accordingly, we have removed all instances of bullets or dashes. 

4. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).

All phrases previously containing personal pronouns have been revised to avoid use of these terms. For example, in the Abstract on Lines 32-33, where we previously stated, “We found pulverization appropriate for “hard tissues” and homogenization appropriate for “soft tissues”.”, we now state, “It was found that pulverization was appropriate for “hard tissues” and homogenization appropriate for “soft tissues”.”. Similar edits were made throughout the manuscript. 

5. Please include an ethics statement before the numbered protocol steps, indicating that the protocol follows the guidelines of your institution’s human research ethics committee.

The ethics statement previously included as point 1 in Part 1 has now been moved to the top of the numbered protocol steps as follows, “This study protocol was approved and follows institutional guidelines set by the Henry Ford Health System Institutional Review Board (IRB #13995)”. 

6. 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.” However, notes should be concise and used sparingly. Please include all safety procedures and use of hoods, etc.

All text in the protocol section has been carefully revised to the imperative tense, using complete sentences. Several notes have been removed or consolidated in order to use notes sparingly. We include safety procedures and use of hoods on Lines 152-154, 267, 302-303, 370-371 and 414-415. For example, Lines 152-154 states, “NOTE: All tissue processing must be performed in a class II biosafety cabinet and sterile technique followed. Appropriate PPE (nitrile gloves, lab coat, safety googles) must always be worn when processing human samples.”

7. For time units, please use abbreviated forms for durations of less than one day when the unit is preceded by a numeral throughout the protocol. Do not abbreviate day, week, month, and year. Examples: 5 h, 10 min, 100 s, 8 days, 10 weeks

All time units have been updated based on these guidelines (see tracked changes). 

8. The Protocol should contain only action items that direct the reader to do something. Please move the discussion about the protocol to the Discussion (Line 198-200/214-215/222-224/230-231)

Non-action items have been reworded or removed from the protocol section. For example, the discussion previously found on Lines 198-200/214-215/222-224/230-231 have been removed and are now described in the Figure 2 legend as follows, “(A) Anterior femoral bone cut with arrow pointing to articular cartilage to be collected. Cartilage is identified by a whitish layer found on the surface of the bone. (B) Anterior femoral bone cut with arrow pointing to subchondral bone to be collected. (C) Meniscus. Avoid collecting burnt sections caused by electrocauterization during TKA. (D) Infrapatellar fat pad (yellow in color). (E) Anterior cruciate ligament (white, fibrous, spongy tissue). (F) Synovium. One side will appear light colored and fibrous, often containing fat tissue, while the opposite side will appear pinkish and less fibrous. The pink side of the membrane contains the synovial lining. (G) Vastus medialis oblique muscle (red). This may often be the smallest tissue portion (5-10 cm2) and may contain some fat tissue. Scale bar = 2 cm.”

9. Line 325: Please include more details about homogenization. How long is it performed? Are there any other specific conditions to be maintained?

We apologize for not previously including this detail. Additional information regarding homogenization has been included on Page 9, Line 352-353 as follows, “Homogenize tissues in 30 s pulses, keeping on ice during and between pulses. Repeat until tissue is visually dissolved or for a maximum of five 30 s pulses.”

10. Please include a one-line space between each protocol step and then highlight up to 3 pages 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 now include a one-line space between each protocol step and have highlighted key steps in the protocol that could be visualized in the video, including identification of seven distinct tissues (Lines 173-188) and methods of homogenization for each tissue type (Lines 310-366). This is within the 3-page limit. 

11. 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].”

The legend for Figure 1 states the following, “Image accessed and modified from OpenStax College under a creative commons license.” The relevant copyright information can be accessed at this website: https://creativecommons.org/licenses/by/3.0/legalcode [Source: OpenStax College (https://commons.wikimedia.org/wiki/File:908_Bursa.jpg), „908 Bursa“, Modified from original.] If this is not sufficient for use in this publication, please advise and we will revise the figure.

12. Please do not use the &-sign or the word “and” when listing authors. Authors should be listed as last name author 1, initials author 1, last name author 2, initials author 2, etc. Title case and italicize journal titles and book titles. Do not use any abbreviations. Article titles should start with a capital letter and end with a period and should appear exactly as they were published in the original work, without any abbreviations or truncations.

Our original reference formatting utilized the JoVE settings on EndNote. We have now revised the reference formatting according to the guidelines specified here. 

13. Figure 3: Please remove all commercial language from the image and use generic terms instead (Qiagen, Nanodrop, Pro Scientific 200, etc.)

Commercial language has been removed from Figure 3. Specifically, “Qiagen” and “NanoDrop” were removed and Pro Scientific 200 is now referred to as “hand-held homogenizer”.  


Reviewers' comments
Reviewer #1
Manuscript Summary:
This manuscript describes protocols to extract RNA from human osteoarthritic (OA) joint tissues. Since a joint is considered as a whole organ including articular cartilage, subchondral bone, meniscus, synovium and that OA may affect surrounding tissues, several tissues with blood and synovial fluid have been processed for RNA extraction. Different protocols for hard or soft tissues are proposed.

Minor Concerns:
Since all the B tissues show RIN values inferior to A tissues, the authors suggest that the B patient is likely more affected by OA (e.g. degradative processes higher in B than in A). This is perhaps true (and interesting) but the authors compare only two subjects, and sampling may be another cause of difference (sample conservation). It would be interesting to add the OA score of A and B patients (international grading system, OARSI, ICRS...) to support the view that disease factors (or the degree of the disease) may impact RNA quality. Obviously, it would have been advantageous to collect more samples.
	
We thank the reviewer for thoroughly reviewing our manuscript and providing these useful comments for improvement. Since submitting our manuscript for consideration at JoVE, we continued to collect samples and perform RNA isolations. Therefore, we are now able to increase the number of samples shown in Table 1. Whereas we previously showed representative values for each of samples A and B, we now show average values for N=8-10 “High quality” samples and N=3-4 “Low quality” samples (Table 1). “High quality” samples consist of patients from which all tissue types yielded RNA with RIN > 6 and “Low quality” samples consist of patients from which multiple tissue types yielded RNA with RIN < 6.

We agree with the reviewer that the possibility of RNA quality correlating with the degree of disease severity is quite interesting and would require OA scoring to confirm. Unfortunately, we do not have access to sufficient histological sections that would enable OARSI or ICRS grading as suggested by the reviewer. We attempted to assess OA severity based on Kellgren-Lawrence (KL) radiographic grading (ranging from 0 as least severe to 4 as most severe), but since these are all end-stage knee OA patients, the range of grades was quite narrow (KL 3-4) as shown in the table below, and precluded any correlation analyses between disease severity and RNA quality. 

	High quality KL grades for N=10
	Low quality KL grades for N=4

	4
	3

	3
	3

	4
	4

	4
	4

	4
	

	4
	

	4
	

	4
	

	4
	

	4
	



As noted by the reviewer, the degree of disease severity could be one of many factors that impact the quality of RNA, thus we have re-worded our discussion accordingly on Page 13, Lines 562-564, as follows:
“While there are many factors that could be contributing to the quality of RNA isolated from a given patient sample, among them may be the level of disease severity.”

This was also added as a potential limitation of the protocol on Page 14, Lines 591-593, as follows:
“A third limitation is our inability to confirm potential correlations between patient disease severity and RNA quality in the current report.”

Through the manuscript: It is indicated that benchwork places, scalpels, ... should be washed by 70% ethanol then by water etc...It would be wise to indicate that any spot, instrument, to be in contact with tissues should be first cleaned by water/detergent, DEPC water, etc... then with ethanol 70%. Ethanol 70% will precipitate (and not wash away) any DNA/RNA already present on a surface/instrument, leaving therefore a source of contamination.

We thank the reviewer for this excellent comment regarding cleaning methods using 70% ethanol. This was an oversight on our part in the original submission. We have now added appropriate details regarding ethanol, which is used as both the first and last step in our cleaning methods. By first using ethanol to precipitate any DNA/RNA, we are then able to remove it by washing steps, and then finish with another ethanol step for disinfection of surfaces and instruments. We also wipe any residual liquids with Kimwipes prior to use. This is now specified on Page 4, Lines 164-168, as follows:

“Disinfect all work surfaces and equipment with 70% ethanol, RNAse decontaminant, DEPC-treated water, and again with 70% ethanol. Wipe away residual liquid with clean, lint-free tissues. Forceps, bone cutters and scalpels are either autoclaved or soaked in 70% ethanol for at least 10 min prior to use.” Similar instructions are provided on Lines 305-308, 332-334, 340-342 and 377-380.


Reviewer #2
Manuscript Summary:
This manuscript provided the protocol to harvest and process the seven tissues and two biofluid components from total knee arthroplasty patients.

Major Concerns:
(1) Not enough replicates: This protocol only tested on two biological samples, which were subject A & subject B. 

We thank the reviewer for reviewing our manuscript in detail and providing these helpful comments for improvement. Since submitting our manuscript for consideration at JoVE, we continued to collect samples and perform RNA isolations. Therefore, we are now able to increase the number of samples shown in Table 1. Whereas we previously showed representative values for each of samples A and B, we now show average values for N=8-10 “High quality” samples and N=3-4 “Low quality” samples (Table 1). “High quality” samples consist of patients from which all tissue types yielded RNA with RIN > 6 and “Low quality” samples consist of patients from which multiple tissue types yielded RNA with RIN < 6.

Based on table 1, there was only subchondral bone (8.7), fat pad (8.9), synovium (9.8) and vastus medialis oblique from subject A showed RIN more than 8. 

Here we define RIN > 7 as sufficient integrity for RNA-sequencing which is consistent with previous reports by Li et al. (2014), Nazarov et al. (2017), and Madissoon et al. (2019). We acknowledge that other protocols require a RIN > 8, which we have been able to accomplish for most “soft tissues” as noted by the reviewer, but not consistently for the “hard tissues”. Given the low cellularity and high matrix content of the “hard tissues”, RIN > 7 can be considered high quality and sufficient for sequencing. We now describe this in the manuscript on Page 13, Lines 557-558 as follows: 

“For the purposes of RNA-sequencing, a minimum RIN of 7 is often recommended32-34.” 

	32. Li, S., et al. Multi-platform assessment of transcriptome profiling using RNA-seq in the ABRF next-generation sequencing study. Nature Biotechnology. 32 (9), 915-925, doi:10.1038/nbt.2972, (2014).
	
33. Nazarov, et al. RNA sequencing and transcriptome arrays analyses show opposing results for alternative splicing in patient derived samples. BMC Genomics. 18 (1), 443, doi:10.1186/s12864-017-3819-y, (2017).

34. Madissoon, et al. scRNA-seq assessment of the human lung, spleen, and esophagus tissue stability after cold preservation. Genome Biol. 21 (1), 1, doi:10.1186/s13059-019-1906-x, (2019).

Moreover, the subchondral bone from subject A showed poor A260:A230 (1.6) result, which indicated may have nucleic acid or phenol contamination. Was it because of a technical/protocol problem during the RNA isolation?

We agree with the reviewer that A260:A230 values in the range of 1.8-2.2 are expected. While this is routinely achieved in our “soft tissue” isolations, there is considerable variability when isolating from the “hard tissues”. As the reviewer noted, a low A260:A230 ratio is caused by contaminants that absorb at 230 nm, whether residual phenol from the isolation or protein carryover from the starting sample. As this seems to occur primarily in the low-cell, high-matrix tissues, we suspect that the rich protein content of these tissues impacts this ratio greater than the presence of phenol contamination. To reduce protein contamination as best as possible (while maintaining RNA yield), we perform two rounds of phenol-chloroform phase separation. Our revised Table 1 now shows the average ratios we have been able to measure in each tissue from N=8-10 “High quality” samples and N=3-4 “Low quality” samples. In addition, we now discuss the A260:A230 ratios observed for the “hard tissues” on Page 13, Lines 558-562, as follows:

 “Data presented in Table 1 reveals that these A260:A280, A260:A230, and RIN thresholds were met across all tissues from the patient samples in the “High quality” RNA group compared to patient samples in the “Low quality” RNA group, with the exception of some A260:A230 values, which may reflect protein contamination of RNA in the low-cell, high-matrix tissues.”

Lines 521 & 522 have stated that "Comparing Subject B to Subject A in Table 1 reveals worse values across all 522 tissues, suggesting that disease factors may impact RNA quality." The data provided by this study are not sufficient to prove the efficacy of the developed protocol. Therefore, I will suggest recruiting three biological specimens (harvest the specimens from three similar demographic and severity of osteoarthritis patients). Each biological specimen should be repeated with three technical replicates. In total, at least to generate nine sets of data for comparison.

We thank the reviewer for this important comment and agree that the data provided in the original submission was insufficient to support the claim that disease factors impact RNA quality. Originally, Table 1 presented representative values for a “high quality” (Subject A) and a “low quality” (Subject B) patient. As suggested by the reviewer, we have now increased the sample size. In our revised Table 1, Subject A has been replaced by “High quality” samples which consists of average integrity and purity values for n= 8-10 patients for each tissue. Subject B has been replaced by “Low quality” samples which consists of average integrity and purity values for n= 3-4 patients for each tissue. Also noted by Reviewer 1, many factors may be at play in determining the overall quality of isolated RNA so to clarify this point, we have now revised the Discussion on Page 13, Lines 562-564, as follows:
“While there are many factors that could be contributing to the quality of RNA isolated from a given patient sample, among them may be the level of disease severity.” 

We also added this point as a potential limitation of the protocol on Page 14, Lines 591-593, as follows:
“A third limitation is our inability to confirm potential correlations between patient disease severity and RNA quality in the current report.”

(2) NO quality control for the two biofluid components: I don't understand why the authors want to isolate the RNA from the plasma? In fact, a high concentration of RNA can be easily isolated from the whole blood. Anyway, the authors can perhaps compare the proteins or extracellular vesicles in both plasma and synovial fluid as quality control.

We appreciate the reviewer’s comment regarding the lack of quality control for our biofluid components. We agree that a higher concentration of total RNA can be isolated from whole blood versus plasma, but since we have not tested this, we have decided to remove the biofluid description from the current manuscript. We thank the reviewer for helping to focus the current manuscript on knee OA tissues. 

Minor Concerns:
(1) No gene expression (qPCR and RNA-sequencing) was performed in this study, but it was stated in figure 3.

We thank the reviewer for pointing out this inconsistency between Figure 3 and the data presented in this manuscript. Since this is a methods manuscript focused on RNA isolation, we did not include qPCR and RNA-sequencing data. Therefore, we have now removed the “Gene expression” step from the original Figure 3 to avoid misleading readers. However, we have now conducted qPCR experiments to demonstrate the utility of the isolated RNA and present the Ct values for standard housekeeping genes ACTB and GAPDH below, obtained from “High quality” RNA from N=3 patients per tissue. The range of Ct values for ACTB were 23.1 to 27.2, and the range for GAPDH was 21.1 to 26.7, each with a standard deviation below 1 for all tissues, showing consistent expression of these reference genes as recommended by Stephens et al. (2011). If the reviewers suggest we include these qPCR data in the manuscript, we are happy to do so, but do not think it contributes significantly to the main focus of the manuscript as a description of an RNA isolation method. 

	Tissue
	Average ACTB Ct (SD)
	Average GAPDH Ct (SD)

	Cartilage
	27.2 ± 0.54
	26.7 ± 0.42

	Bone
	23.1 ± 0.33
	24.3 ± 0.31

	Meniscus
	24.4 ± 0.29
	23.8 ± 0.62

	Fat Pad
	25.0 ± 0.74
	26.2 ± 0.08

	ACL
	23.2 ± 0.04
	23.5 ± 0.25

	Synovium
	23.9 ± 0.43
	24.4 ± 0.18

	VMO
	25.1 ± 0.15
	21.1 ± 0.17




Stephens, A. S., et al. Internal control genes for quantitative RT-PCR expression analysis in mouse osteoblasts, osteoclasts and macrophages. BMC Res Notes. 4 410, doi:10.1186/1756-0500-4-410, (2011).

(2) How long for the "flash freeze" in liquid nitrogen?

Thank you for pointing out this missing information, we submerged the tissues in liquid nitrogen for 30 seconds prior to storage at -80C. We have added this information to the protocol on Page 7, Lines 258-261, as follows:

“Transfer smaller pieces to a 2 mL cryovial, secure caps tightly, flash freeze by submerging in liquid nitrogen for 30 s, then transfer to a -80°C freezer for long term storage (up to 4 months tested in current protocol).” 

(3) According to the Thermo Fisher website: (https://www.thermofisher.com/order/catalog/product/AM7021#/AM7021)
Advantages of using RNAlater RNA Stabilization Solution:
* Effectiveness—stabilize RNA for 1 day at 37°C, 1 week at 25°C, 1 month at 4°C, or indefinitely at -20°C
In the manuscript, line 245-246: Sample stored in RNAlater should not be flash frozen, instead store at 4° C for 1 week. After 1 week, discard RNAlater from vial and store the tissue at -80 °C.
I am not sure whether the tissues were stored using the correct method? 

We acknowledge the reviewer’s concern regarding correct use of RNAlater. Per the source that was provided by the reviewer, the effective times recommended by Thermofisher are their maximum guaranteed storage times at these conditions, removing the necessity for sample storage in a -80C freezer. As our general protocol entails freezing tissue samples immediately following processing, we added the use of RNAlater as a potential method to improve RNA stabilization prior to freezing.

Per the user guide (https://assets.fishersci.com/TFS-Assets/LSG/manuals/7020M.pdf), tissues can be “stored at 4C, followed by removal of RNAlater and long-term freezer storage”. We increased the time spent at 4C from “overnight” as mentioned in this guide, to one week, to allow for extra time to penetrate the “hard tissues”, and this time period is within the recommend maximum storage time at 4C (1 month as indicated by the source identified by the reviewer).

In our experiments, we found that tissues stored in RNAlater did not exhibit any marked improvement to RNA integrity or purity. To reduce the possible confusion that this may cause for readers, we have removed mention of RNAlater from the manuscript.

In addition, how long the tissues were stored at -80 °C prior to Part 3 (tissue homogenization)?
	
We thank the reviewer for identifying this missing detail. The longest duration these tissues were stored at -80°C before homogenization was approximately 4 months. In general, the time varies from a few weeks to a few months. We have not observed any decrease in RNA quality with longer storage time, however, our study has not existed long enough to do any longitudinal evaluations (i.e. 1 year+). We have now specified this in the protocol on Page 6, Lines 258-261 as follows: 
“Transfer smaller pieces to a 2 mL cryovial, secure caps tightly, flash freeze by submerging in liquid nitrogen for 30 s, then transfer to a -80°C freezer for long term storage (up to 4 months tested in current protocol).” 
