Thank you for revising our manuscript. The review process substantially improved readability and clarity of the manuscript. Please find below the line-by-line response to each of the editorial and reviewer comments. 
Editorial Comments:

Q1: Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical errors.

A1: Thank you for this comment. We proofread the manuscript to correct spelling and grammatical errors. 

Q2: Protocol Detail: Please note that your protocol will be used to generate the script for the video, and must contain everything that you would like shown in the video. Please add more specific details (e.g. button clicks for software actions, numerical values for settings, etc) to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol. Some examples:
1) 1.3: How long after surgery? How was the artery handled immediately post surgery? What is the cord buffer temperature?
2) 4.3: Describe all steps in text within the protocol.

A2: We have edited the manuscript and provided more details when needed. Please refer to the marked-up version of the manuscript.

Q3: Protocol Numbering: Please add a one-line space after each protocol step.

A3: A one-line space has been added after each protocol step. 

Q4: Protocol Highlight: After you have made all of the recommended changes to your protocol (listed above), please re-evaluate the length of your protocol section. Please highlight ~2.5 pages or less of text (which includes headings and spaces) in yellow, to identify which steps should be visualized to tell the most cohesive story of your protocol steps. 

1) The highlighting must include all relevant details that are required to perform the step. For example, if step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be included in the highlighting.
2) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow from one highlighted step to the next.

A4: We highlighted the following section:
1. isolation of primary pulmonary artery endothelial cells
2.1. seeding of PAECs in commercially available microslides
3. preparation of whole blood sample
4. perfusion of whole blood over primary PAEC

Q5: 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.

A5: We completely rewrote the discussion according to the proposed format. 

Q6: References: Please spell out journal names.

A6: Journal names were spelled out. 

Q7: 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 CellBIND®, ibidi, ibidi µ-slide V, MESA+ institute, falcon tube,
1) 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.
2) Please remove the registered trademark symbols TM/R from the table of reagents/materials.

A7: We have deleted commercial language. 

Q8: 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]."

A8: Our figures are original and not copied or published previously. The lung and umbilical vein images in Figure 1A are modified from Servier Medical Art. The images are licensed under a Creative Common Attribution 3.0 Generic Licence. http://smart.servier.com/. We referenced to it in the legend of Figure 1 in the manuscript.  




Comments from Peer-Reviewers: 
The line numbers from the revised manuscript are provided for the line-by-line discussion. 

Reviewer #1:

Manuscript Summary:
This manuscript by Manz and colleagues describes a method for culturing endothelial cells inside commercial and custom microfluidic channels and perfusing diluted whole blood over these cells to monitor thrombus formation. The major strength of the manuscript is the description of the isolation and culture of primary pulmonary artery endothelial cells from patients. There are some technical details that could use further clarification and non-standard nomenclature that should be addressed prior to publication as described below.

Major Concerns:

1. To call this a model of thrombosis is misleading. The assays are not performed until occlusion of the channel, the hallmark of thrombosis. It would be more accurate to describe as a model to measure the thrombogenicity of a given cell line / set of primary cells.

We have changed the name to a model to study thrombogenic properties of primary endothelial cells and adjusted the manuscript in accordance. It is worth mentioning that the system can be used to study thrombus formation, e.g. in the stenotic custom-made slides, by adjusting duration of blood perfusion.

2. Lines 110-113. Changes in hemodynamics and shear stress almost always lead to changes in endothelial cell phenotype, so the state the 'endothelium is unaffected' is misleading.

Line 113 – we changed ‘unaffected’ to ‘undamaged’. The endothelium is activated, but still forms a monolayer as confirmed by VE-cadherin staining. 

3. Line 158. Please provide more information on how to detect the level of purity of isolated cells and when you would need to use a MACS type assay.

Line 173 – section 1.8. We added to the manuscript how we detect he level of purity. Generally, a culture is defined pure when flow cytometry detects ≤10% contaminating cells. Examples of a pure culture are given in Figure 1A. 

4. Line 273. The rationale for diluting the whole blood 1:1 with buffer needs to be stated explicitly. Platelet adhesion is a function of hematocrit. By diluting the blood to low hematocrits characteristic of anemia the dynamics of thrombus formation will be significantly different than with undiluted whole blood at physiologic hematocrits.

Line 336 – section 3.3. Hemodilution with a maximum of 50% does not influence coagulation reaction, and in that case we need less blood from the patient. 

Tobias, M. D., Wambold, D., Pilla, M. A. & Greer, F. Differential effects of serial hemodilution with hydroxyethyl starch, albumin, and 0.9% saline on whole blood coagulation. Journal of Clinical Anesthesia. 10 (5), 366-371, (1998)

5. Line 294. This equation is incorrect. The units are do not work out (the left hand side is not equal to the right hand side). The shear rate is equal to the viscosity multiplied by the shear rate. The relationship between the shear rate and flow rate depends on the geometry of the devices, but in general involves dividing the flow rate by the product of geometric parameters of the cross-sectional that result in units of volume (e.g. width x height^2/6 for channels with high aspect ratios). If the authors used this equation, then they have miscalculated their shear stresses.

Line 358 – section 4.4. Initially we used the equation provided by the manufacturer of the slides we used. I agree that the units left and right do not fit, where factor A was undefined.
After some discussion we decided to use the standard equation for a rectangular shaped channel to calculate shear stress and defined them as follows: 

	

τ = shear stress
η = dynamical viscosity
Q = volumetric flow rate 
h = channel height 
w = channel width

By using this formula, the calculations are correct. 

6. There are too many grammatical and spelling errors to enumerate. Please have this manuscript copy edited.

Thank you for this remark. We thoroughly proofread the manuscript to ensure that there are no spelling and grammatical errors.

7. Line 350. The micrometer to pixel conversion depends on the resolution, which is a function of not only on the objective magnification, but its numerical aperture (NA). Please list the NA of the objective used.

Line 444 – we added the numerical aperture of 0.45 to the manuscript. 

8. Line 389. What are the characteristics of 'stressed phenotype' that the reader should see in Figure 1?

Line 486 – Stressed has been changed to elongated. Especially in the stenotic region, cells show a more stretched and elongated phenotype in Figure 1D. 

9. Line 403. The statement that endothelial cell type is more important than the microfluidic channel geometries is perhaps an overstatement. Owing to the Fahreus and Fahreus-Lindquist effects, the channel size, especially at this length scale, can strongly influence hematocrit and viscosity, which in turn affects endothelial cell-platelet interactions.

We agree with you and removed our statement. 

10. What concentration of dabigatran used and why it chosen?

Line 515 – We used a concentration of 10 nM after we did a titration where it turned out that a dosage of 10 nM was minimal toxic and showed maximal effect in reduction of fibrin aggregates. 

11. It would be useful if the authors could compare and contrast their protocol with similar ones in the literature for thrombus formation or platelet adhesion on cultured endothelial cells: Michels et al., J. Vis. Exp. (126), e55917, 2017; Barendrecht et al. J. Vis. Exp. (125), e55658, 2017; Vejen et al. J. Vis. Exp. (134), 2018; Myers et al, J. Vis. Exp. (64), e3958, 2012.

To our opinion, this is discussed in the introduction (line 102 – 110) and discussion (line 607 – 615) 

Minor Concerns:
1. There are instances where the authors confuse coagulation and platelet function: Line 396, VWF may weakly promote activation of the contact pathway, but I think the authors intend to mean that VWF promotes platelet adhesion. Line 510, Platelet inhibitors act on platelets (not coagulation), maybe 'primary phase of hemostasis'.

Line 493, we changed the sentence to that histamine induces VWF release and consequently platelet adhesion. 
Line 621, we changed that platelet inhibitors act in the primary phase of hemostasis. 

2. Line 316. What are the locations of the 3 ROI's relative to the channel inlet?

Line 385 - ROI positions are chosen in the beginning, middle and end of every channel. The beginning and end should be at least 3 mm away from the in- and outlet of the channel. 

3. Line 476. No data was presented that shows thrombus formation in 'vascular geometries' (e.g. stenosis), so perhaps modify this statement.

Line 567 - We modified our statement that we presented an in vitro assay as a method to investigate thrombogenic properties of endothelial cells under flow. 




Reviewer #2:

Manuscript Summary:
The manuscript describes a method to assess thrombosis on microfluidic straight channels lined with primary endothelial cells derived from patients

Major Concerns:
Since the major novelty and emphasis is on the patient-specific aspect of the endothelial cells, this protocol should include 1 or 2 methods that assess the "patient-specificity" of the endothelial cells. For example, barrier function, gap measurement, and adhesion molecules on the endothelium

Thank you for your comment. We agree with your comment and removed patient-specificity from the manuscript as the emphasis of our protocol is on characterizing thrombogenic potential of endothelial cells rather than barrier function and gap formation. These are certainly important cell properties that influence thrombus formation, and we would refer you to other protocols that measures for example barrier function (reference 38). To define patient-specificity is outside the scope of the presented protocol. We did experiments to assess barrier function and measured adhesion molecules to be different from healthy control endothelium, but this is in a manuscript in preparation.  

Minor Concerns:
Please provide protocol on measurements made to characterize the quality of the endothelial lumen formed in this device.

The channels we have used in our protocol do not form a lumen. Endothelial cells form a monolayer on the bottom of the flow slide. 
We have shown in Figure 3 how we assess the quality of the EC monolayer by immunofluorescence staining for VE-cadherin. 


Reviewer #3:

Manuscript Summary:

In this manuscript, the authors describe their protocol that leverages microfluidics (commercial and custom made via microfabrication/photolithography) to study the influence of endothelial cells on thrombus dynamics in a pathobiologically meaningful context. They demonstrate the usage of these systems by describing experiments involving he development of a thrombus that is recorded in real-time and quantitatively characterized by platelet adhesion and fibrin deposition.

The effect of endothelial function in altered thrombus dynamics is determined by via post hoc analysis through immunofluorescence staining of specific molecules. The authors have constructed a well written protocol that can be useful for the fields of bioengineering and hematology and they should be commended for their efforts. However, several significant issues need to be addressed to enable this article to be accessible to the target audiences

Major Concerns:

First, the authors should better place their system, protocol, and experiments in better context of the field. For example, papers by Zheng et al PNAS, Tsai et al JCI 2012, and numerous other groups who study thrombosis and vascularized fluidic systems should be cited and discussed.

We have referenced similar papers in the introduction (Line 102 – 110) and discussion (Line 607 – 615) and cited the recommended papers in our manuscript. 

Importantly, while use of patient endothelial cells is extremely important, attaining patient pulmonary artery tissue is not trivial and few investigators have this capability at their institutions. As such, the authors should include other protocols and ways to obtain patient endothelial cells - from other patient types, other anatomic regions, etc. The goal is to provide several or a generalized protocol that most researchers will be able to adapt and apply at their own institution. 

That is an important suggestion and we have adapted the manuscript and included references that refer to protocols to isolate HUVEC, MVEC and ECFCs (Figure 1A)(Line 141, 470). Since we introduced the isolation of PAECs as main technique, we focused the protocol on PAEC isolation and performed experiments with these cells but agree that our protocol is meant to be modular and adjustable to the needs of the scientist. 

Moreover, as culture of primary patient cells is non-trivial and more detailed protocol regarding this process is needed including what quality metrics the authors use to ensure that the cultured cells are in fact functional endothelial cells and have not altered phenotype (e.g. become fibroblast-like), ceased exhibiting endothelial attributes, or become pro-inflammatory due to culture conditions

Reviewer 1, Q3 also asked for a quality control of purity of cell population. In accordance with this, we have added an immunofluorescence staining in Figure 1B.  ECs were positive for VE-cadherin, CD31 and Tie2, which are endothelial specific proteins. Furthermore, these cells are negative for SMA, which is a smooth muscle cell marker and  pancytokeratin for epithelial cells (Line 475).

Some discussion of the attributes of the different commercially available microfluidic systems should be compared, contrasted, and discussed to help the readers decide which might be most suitable for their specific research.

We provided information in Line 196 why we decided to use a 6-well flow channel. We were not allowed to use commercial language, and therefore decided not to further explain and compare the available microslides. 

In depth discussion of how altering the geometry of the microfludics affects the shear is needed and ideally this section should offer the readers some guidance on how to design their channels and what the consequences regarding the flow dynamics are.

[bookmark: _GoBack]We have added more detailed discussion about how the geometry of microfluidics changes the shear (line 577). For example, flow decreases at branch points or increases at sites of stenosis or vasoconstriction consequently alter platelet activation. Please refer to the updated equation 1 for more details on how the channel design changes shear stress. Parameters to consider are viscosity of the flow through, geometry and diameter of the channel, and flow rate. 

Minor Concerns:

1) endothelial cell concentration at "seeding" of the microfluidics is likely important and should be included

We seed 1.5 cm2 of confluent cells per channel, this is overconfluent as the channel has a surface area of 0.6 cm2. We further culture these cells for 6 days within the channels, where they reach maximum confluency before starting the experiment. 

2) the blood samples seem to be citrated and the recalcified. is there any other anticoagulation used? if so, this should be discussed. if not, the sample will only be usable for a short time period before clotting in the sample tube begins, rendering the experiment to be unreliable and this should be discussed.

No there are no other anticoagulants used in the blood samples (line 326, section 3.1). However, the tubes are pre-treated with wash buffer that contains 5 mM EDTA to prevent clotting in the flow tubes (line 342, section 4.1). However, endothelial cells are not washed with this buffer, and therefore can interact with the blood to form a clot. We further elaborate on the use of citrated blood in the discussion as a critical step for the protocol (Line 636)
