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Re: Rebuttal Letter for JoVE62478 "Modeling the effects of hemodynamic stress on circulating tumor cells using a syringe and needle"


Dear Dr. Krishnan,

We thank the reviewers for their comments.  Below we respond to their concerns in red.

Reviewer #1
Major Concerns:
1) The protocol is literally injecting cells through a syringe and needle. It seems self-explanatory based on the authors' original paper, and I would ask what the added advantage of publishing this very simple protocol might be to readers and anyone with any reasonable skill in cell culture. Perhaps the authors can clearly lay out in their intorduction why this protocol is needed over and above published papers. For example, I see that the authors have included a table to calculate FSS based on needle diameter and flow rate. While this can be calculated based on the authors previous work; perhaps having it in a protocol would make it more convenient / adoptable. Please outline the challenges that new users might face when trying this out, and therefore motivate the need for this protocol to be available.

We appreciate the reviewer’s point.  Although this is a relatively straightforward protocol, we do get questions from time to time about implementing this model, reproducibility, etc. where a video would be helpful.  We have added additional information on calculating maximum and minimum levels of FSS exposure (see below).  Challenges are outlined in the Discussion as directed by the Instructions to Authors.

2) From a theoretical fluid mechanics point of view, it seems like cells in the laminar flow region of the needle would experience different FSS depending on their radial position within the needle. The authors acknowledge this in the context of in vitro larger vessels; but they do not acknowledge it as a limitation / source of error in their experimental system. The inner diameter of a 30G needle is 160 microns, which is 16x bigger than average diameter of a circulating cells. Hence, I would strongly recommend that this error be characterized and reported, as FSS can range from ZERO at the channel center to the max value at the wall, resulting in highly heterogenous stimulation profiles. This heterogeneity is also likely the cause for repeated pulses causing increased loss of viability with pulse cycles - the gradual reduction in viability may be due to some cells being sheared while others are not each cycle.

[bookmark: _Hlk68180342]Yes, the cells are exposed to a range of FSS in the conduit and we do note this as a limitation in paragraph 3 of the Discussion: “One limitation of our model, or any that involve passing fluid through a conduit, is that the precise level of FSS that cells experience within the range from the maximum wall shear stress and the minimum at the center of the conduit is not known.”  We also refer readers to other models where uniform levels of FSS can be applied and cite other relevant work in the field on inertial focusing in our type of model which will tend to drive cells toward the center of the flow, away from the walls.   We further address the reviewer’s comment by expanding Table 1 to include minimum levels of FSS at the axis of flow which is a function of cell diameter.  We have included several cell diameters in this table and report the formula for calculating this for any cell diameter.  As cells are not dimensionless, FSS at the axis of flow never reaches zero.  Thus, at each pulse all of the cells do not experience the same level of FSS, and over repeated pulses, individual cells would be expected to experience different levels of FSS at each pulse within the range specified.  We have added this sentence to paragraph #3 of the discussion for clarity. 

Reviewer #2
Major Concerns:
There is a significant body of literature on the effect of hydrodynamic forces on cells, many focused on bioprocessing. Several studies have attempted to summarize those studies and it would be very valuable for the current manuscript to not only mention this, but put there cell data in context (compare) to those other studies. Further, there are a number of studies in last 10 years looking at the effect of potential pumps to pump human blood. Obviously, fluid forces are important in those devices, and the current would should also be put in the context of those studies.
[bookmark: _Hlk68185916]
Some of those studies:

A cost-effective and reliable method to predict mechanical stress in single-use and standard pumps; Ina Dittler, Stephan C. Kaiser1, Katharina Blaschczok, Christian Löffelholz, Pascal Bösch, Wolfgang Dornfeld, Reto Schöb, Jürgen Rojahn, Matthias Kraume, Dieter Eibl; Eng. Life Sci. 2014, 14, 311-317

Mixing, aeration and cell damage, 30+ years later: what we learned, how it affected the cell culture industry and what we would like to know more about;
Jeffrey J Chalmers; Current Opinion in Chemical Engineering 2015, 10:94-102

We understand the Reviewer’s comment but, respectfully, find it difficult to integrate this additional large field of important literature into this much narrower description of our method here.  The objective of much of the work in the bioreactor field is to understand and minimize the effects of fluid shear stress on cellular damage to optimize production.  Generally speaking, bioreactors work at much lower levels of FSS for much longer durations (hours-weeks) than does our model.  Additionally there much more literature that one could review on the effects of fluid shear stress on cells (and how to model it) that we see as outside the scope of this methods paper and instead have tried to focus on models specifically aimed at mimicking the effects of fluid shear stress on circulating tumor cells.  However, in deference to the reviewer’s comment we have added the following sentence citing the reference above:  “Although the bioprocessing field has long studied the effects of FSS on mammalian cells in suspension, this information may be of limited value for understanding the effects of FSS on CTCs as it generally focuses on much lower levels of FSS applied over a long duration.”

Minor Concerns:
There is significant literature data that shows that not all CTC are as large as 10-15 microns claimed in the manuscript.

Yes, we acknowledge this and have provided a supporting reference.  The size of CTCs is heterogeneous and some smaller CTCs are detected.  

What enzyme viability assay was used??

This is a Cell Titer Blue (Resazurin) assay, which is now specified.

Reviewer #3
Major Concerns: None.

Minor Concerns: None.
[bookmark: _GoBack]

Sincerely, 
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Michael Henry
Professor
Depts. of Molecular Physiology and Biophysics and Pathology and Urology and Radiation Oncology
Deputy Director for Research, Holden Comprehensive Cancer Canter
The University of Iowa
Iowa City, IA 52242
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