	
	
	



Dear Editors and Reviewers,

We thank both the Editors and the Reviewers for their insightful comments and questions, which have led to improvements on our manuscript, JoVE 60497. We believe the Reviewers were positive about the manuscript and the contribution our protocol may make to the field of cancer biology and tumor immunology. As a result of the concerns raised here, which we have replied to on a point-by-point basis below, we have added an additional panel in Figure 2 and significant alters in the text to clarify our findings.

Editorial Comments:

• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical errors.

[bookmark: _GoBack]Reply: We have corrected spelling and grammatical errors in our manuscript.

• Protocol Highlight: Please do not highlight any steps describing anesthesia or euthanasia as these will not be filmed.

Reply: We thank the Editor for pointing this out, and have removed the highlighting from steps 2.5-2.8, 2.14 and 3.2 to exclude steps involving anesthesia.

• Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing methods, 4) future applications and 5) critical steps within the protocol.

Reply: We have altered the text on page 10 to emphasize these topics in our Discussion.

• References: Please spell out journal names.

Reply: We have fixed our references to spell out journal names.

• Commercial Language: JoVE is unable to publish manuscripts containing commercial sounding language, including trademark or registered trademark symbols (TM/R) and the mention of company brand names before an instrument or reagent. Examples of commercial sounding language in your manuscript are Jackson Laboratory, Clidox, Optixcare, FUJIFILM Vevo 2100, Covidien Monoject, etc
• Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language in your manuscript with generic names that are not company-specific. All commercial products should be sufficiently referenced in the table of materials/reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names.

Reply: We apologize for this oversight-- commercial product names have been removed and replaced with generic names, and the commercial products are now listed in the Table of Materials.

• If your figures and tables are original and not published previously or you have already obtained figure permissions, please ignore this comment. If you are re-using figures from a previous publication, you must obtain explicit permission to re-use the figure from the previous publisher (this can be in the form of a letter from an editor or a link to the editorial policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may be copied and pasted from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from [citation]."

Reply: All figures and tables are original.

Reviewers' comments:

Reviewer #1: 
Manuscript Summary:
Injection of mouse pancreatic cancer cells. Our lab has done this and we get a better percentage of tumors using matrigel when we inject the tumor cells.

Reply: We agree with the Reviewer that Matrigel can be used as a substrate to enhance the tumor establishment and growth for orthotopic tumor injections. However, for our purposes, we developed a technique that was minimally invasive with high fidelity to the endogenous tissue site at baseline, so we preferred to exclude Matrigel for the establishment of this protocol. Other groups may find the addition of Matrigel to be helpful so we have added text on page 9 to address the potential of using Matrigel in this protocol.

Major Concerns:
None


Reviewer #2: 
Manuscript Summary:
This is a very well written manuscript describing a novel technique of ultrasound guided injection of pancreatic cancer cells to establish pancreatic tumors in a transgenic mouse model. The technique is well described and the figures are excellent. The technique has some advantages over surgical orthotopic injection.

Reply: We thank the Reviewer for these positive comments.

Major Concerns:
None

Minor Concerns:
None


Reviewer #3: 
Manuscript Summary:
This is a well-written and timely manuscript with an important approach to document for the field. The use of ultrasound-guided injection of tumor cells into the pancreas, although quite challenging and requires likely quite a bit of trial and error at first likely, could help others use this model, rather than injecting the cells subcutaneously (which has many additional problems) and could overcome the requirement for surgery. 

Reply: We thank the Reviewer for these positive comments.

There are several key issues however, that should be addressed to improve clarity, accuracy and precision of what has and has not been demonstrated in this study as well as cited studies as follows:

Major Concerns:
Since the needle is puncturing the skin and the abdominal wall, and presumably the needle is also going through ultrasound gel, this seems like it is not sterile and could potentially also introduce contaminating ultrasound gel into the mouse abdomen and potentially infection into the pancreas. Is this the case?

Reply: We appreciate the Reviewer raising this issue, and the Reviewer is correct that the needle passes through the (non-sterile) ultrasound gel during the injection. It is therefore theoretically possible that the gel could lead to infection in the pancreas or in the abdomen. However, we have performed this technique in n=8 independent experiments with n=147 total mice with no evidence of infection, including during the monitoring phase after the UG-OTIM procedure (3-10 weeks of weekly assessment of the mice), so in our experience, the chance of infection appears to be extremely low. To make readers aware of this potential risk of infection, we have highlighted the potential issue raised by injecting through the non-sterile gel in the discussion section on page 9.

In 3.8, they state that if the "formation of the bubble cannot be confirmed, stop the injection, adjust the location of the needle tip and try again." It seems likely that the user then, must have injected the tumor cells elsewhere, likely IP, and that this would be a concern in enrolling that mouse for further study. The authors should indicate this as a possibility and consider not using that mouse for a study.

Reply: We thank the Reviewer for pointing out this confusing statement. Our current protocol is to assess the incorrect seeding of peritoneal wall tumors by ultrasound and exclude the mouse if a tumor develops outside of the pancreas. However, for clarity in this protocol, we have omitted the sentence in 3.8, and we have adjusted the text in the discussion on page 9 to address this point. 

An issue at large is how far backcrossed is the KPC cell line is, which seems to be glossed over a bit. The authors should include exact details as to how far backcrossed this line is, discuss why this is important, as well as if this line is available for other investigators.

Reply: We agree with the Reviewer that the background of the cell line and the mouse the cells are being injected in to is critical for proper interpretation of the tumor growth data. The KPC cell line has been backcrossed for >10 generations on the C57BL/6 background, and this background has been confirmed by SNP analysis at DartMouse (reported in Byrne and Vonderheide, Cell Reports, 2016). To clarify these points for the reader, we have altered the text on page 6. As previously reported, the 4662 cell line was generated in a laboratory supported by NIH funding, so this cell line is available to other investigators (Lo et al., Cancer Research, 2015).

The authors state that they only use "low passage" cells. What is "low passage"? How many passages are acceptable? And what passage number is this 4662 line which has been used for several years now for these studies?

Reply: We appreciate the Reviewer raising this important question. The 4662 KPC cell line used in these studies has been passaged in vitro 6 times, with previous studies using the 4662 cell line with a passage number between 3-5 (Bayne, Cancer Cell, 2012., Olive, Science, 2009 and Byrne, Cell Reports, 2016). While we consider this to be a low passage number, we understand that the difference between high and low passage numbers is open to interpretation and also dependent on individual cell lines. To avoid confusion regarding this point, we have included a more detailed description of our cell line on page 6 and removed the term ‘low passage.’

The authors show that with their surgeries, they observe more peritoneal seeding, which they attribute loosely to the actual surgical procedure (Table 1). Their results are unexpected because it seems surgery would ensuring that the tumor cells are injected specifically into the pancreas rather than injecting the needle through the pancreas. Although anecdotal, to our knowledge, the fact that the surgery procedure causes peritoneal seeding has not been shown rigorously by others. Even the paper they cite to support this finding (citation #29, Erstad et al, 2018) fails to show that this is due to the surgical procedure (although it is possible it is buried somewhere in the paper and we somehow overlooked it). It seems more likely it is injection error or a highly aggressive cell line that is poised to be metastatic (see Erstad et al, 2018) that causes peritoneal metastases, liver metastases, etc....throughout the animal and is independent of the procedure itself. 

Reply: We appreciate the Reviewer bringing to our attention the need for clarification on this issue. We agree that we are also not aware of a rigorous comparison of the two orthotopic techniques by other groups, however, we included the data regarding the peritoneal wall implantation from the two techniques in our experience here in Table 1. In the manuscript by Erstad et al, 2018, the authors state that “An erroneous injection of tumor cells in the retroperitoneal space… is likely to result in the extravasation of the contents in the peritoneal cavity, resulting in carcinomatosis (Figure 1C).” In the figure, the authors include an image of tumor cells “…adhered to the anterior abdominal wall…” which they argue is the result of technical error regarding the angle of tumor cell injection. Thus, the metastatic potential of the cell lines used in the orthotopic implantation is not the only contributing factor to tumor seeding on the peritoneal wall, and the actual injection and surgical technique used can impact the seeding of the tumor cells. This issue with cell leakage during injection is also referred to in the citations by Qiu and Su (Methods in Molecular Biology, 2013) and Moreno et al. (Journal of Visualized Experiments, 2014), in the “Footnotes” and Discussion sections, respectively. Thus the improper seeding of the peritoneal cavity (as opposed to metastatic cell dissemination as part of tumor progression) is a known issue with orthotopic tumor implantation, despite the lack of extensive numbers for this process in previous publications. Here, we show that using the UG-OTIM system, we were better able to limit the occurrence of seeding to the peritoneal wall due to technical error as compared to surgical implantation of the tumor cells. As an indirect contributing factor, many groups have shown that wound healing, and the associated inflammatory signals, are known to contribute to tumor progression (Foster et al., JCI Insight, 2018., Kasper et al., PNAS 2010., Stuelten et al., Cancer Research 2008.). To better clarify that the actual injection technique of the tumor cells—and not simply the wound caused by surgical implantation—contributes to the development of improper peritoneal tumor implantation, we have altered the text on pages 1 and 9.

First, the authors should show images of what peritoneal seeding at the surgical site looks like as it would help readers identify if this is indeed due to the surgical procedure rather than an inaccurate injection of cells into the peritoneum.

Reply: We agree with the Reviewer that an image of a peritoneal wall tumor would be helpful for differentiating a pancreatic tumor from a subcutaneous tumor by ultrasound. We have added a new panel in Figure 2 that shows a peritoneal wall tumor (highlight in yellow, Figure 2D) and adjusted the text on page 6 and 7.

One potential explanations for the abnormally high peritoneal seeding using surgery in their study is that they are injecting logs more KPC tumor cells (>10^6) compared to other studies (typically ~ 10^4 -10^5). This could be why they see peritoneal seeding in the surgical model and an artifact of having to inject so many tumor cells with this particular cell line. 

Reply: We thank the Reviewer for pointing out this important point. We failed to clarify in the text that our surgical implantation injections were performed using 1.25^10^5 cells/mouse, a log lower than the volumes injected in the UG-OTIM procedure we have presented here. Therefore, we used a lower, not a higher, cell count in the surgical model where we observed increased tumor seeding in the peritoneal wall as compared to UG-OTIM. We have updated the text on page 8 to specify the number of cells used in surgical orthotopic injections.

The other possibility is that they are not using matrigel to keep tumor cells within the pancreas. The authors should indicate that these are possibilities for their abnormally high rate of peritoneal seeding using surgery in the discussion. They should also indicate if matrigel can be used in the UG-OTIM approach and why they chose not to use it to help contain tumor cells at the site of injection. 

Reply: We agree with the Reviewer that the addition of Matrigel may be a useful tool to combine with UG-OTIM. However, Matrigel provides an artificial substrate which theoretically can impact the structure and organization of the stroma during tumor development. Investigators have the option of using Matrigel, but this specific protocol had the aim of perturbing the native tissue site as little as possible, so as such we did not troubleshoot using Matrigel. We have added sentences regarding the use of Matrigel in the discussion on page 9.

Further, they should more accurately cite the studies that show surgery causes peritoneal seeding because our review of the papers they cite (#24, 25 and 29) don't show this.

Reply: We regret the confusion to the Reviewer regarding these citations. We do find that all three citations refer to the leakage of cells during the surgical process results in seeding of the peritoneal spread, as we highlighted above. Additionally, the surgery (or ‘wounding’) itself may contribute to the tumor progression in the event of tumor cell leakage during tumor injection (Foster et al., JCI Insight, 2018., Kasper et al., PNAS 2010., Stuelten et al., Cancer Research 2008.). We have edited the manuscript to reflect this distinction on pages 2 and 11.

Their "low titer" (1.25 x 10^6) and "high titer" (5 x 10^6) are not that different- both are high numbers of PDAC cells, yet they still only have ~70% success rate in tumor take using ultrasound guided injection (Table 1) and which is much lower than the surgical approach. They should discuss this limitation of the UG-OTIM approach, and actually titer robustly (10^4 - 10^5 - 10^6) tumor cells using surgery vs. UG-OTIM because their results raise the possibility that there is something unusual about this particular KPC cell line if it requires so many tumor cells for tumor establishment. Rigor and reproducibility would be added to this study if they show experiments with at least one other cell line.

Reply: We agree with the Reviewer that this is not an extensive range of cell numbers for injection, however, each murine pancreatic tumor cell line should be titrated for appropriate cell number to achieve desired growth kinetics in vivo. While 4662 grew at the desired growth rate with >1 x 10^6 cells, other cell lines may require far fewer cells. We have begun the process of titrating other cell lines in the laboratory currently. We have adjusted the text to reflect the need to titrate each cell line used in OTIM studies on page 6.

Is this model metastatic? One advantage of the KPC model is it metastatic, albeit not uniformly. The authors should discuss this limitation and how it could be overcome potentially.

Reply: We thank the Reviewer for raising this important point. While the KPC mouse model has been reported to be grossly metastatic in a subset of mice, the 4662 cell line is not metastatic under the orthotopic conditions that we have tested. We find that the rate of primary tumor growth may prevent a time course that would allow for the establishment of gross metastatic tumors, however, as Aiello et al. (Cold Spring Harbor Protocols, 2016) have reported, a lower cell injection number may result in higher metastatic tumor rate. These points regarding metastases have been added in the text on page 10.

Minor Concerns:
It is unclear what the authors mean on lines 291-293, 294, regarding "clinically relevant" tumor size of 20mm^3. They use the word "clinically" again on line 303. Why is this particular tumor size "clinically relevant"? It seems like they should remove the ambiguous terms "clinically, and clinically relevant" in this methods report.

Reply: We agree with the Reviewer that this terminology was confusing and have removed these statements from the text on pages 1, 6, 10.

In lines 389-391, the authors state the UG-OTIM recapitulates KPC tumors, yet this is not unique to UG-OTIM. This is just a reflection of implanting a cell into the pancreas and this should be indicated here.

Reply: The Reviewer’s point is well taken that other models can also recapitulate salient features of the KPC microenvironment. We have adjusted the text to more accurately reflect this fact on page 9.

	
	
	



