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Dear Angela, 


I would like to re-submit our manuscript entitled “Derivation of Late Outgrowth Endothelial Progenitor Cells from Adult Human Peripheral Blood Mononuclear Cells” for review and publication after peer review. I have carefully considered the reviewers comments and have made adjustments to the manuscript text, as well as provided additional data that strengthen the manuscript. In the text below I will address the comments provided by the four reviewers. 

Editorial comment; “Figures: missing scale bars on figures 1 and 2”


I have added scale bars to figures 1 and 2 as requested. The size of the scale bars is provided in the figure legends. 

Reviewer’s comments (I indicated the reviewers comments in bold and follow the comments with my response): 
Reviewer 1: “Unfortunately, the Methods section is sloppy and lacks sufficient detail as to the antibodies used. Here FACS analysis to validate the imaging results and to clearly distinguish the two populations is interesting…In Fig. 2 especially (isotype/or a negative control-unstained control would be useful), esp. in a Methods paper. Also which antibodies are used?” 


We appreciate the frank nature of the reviewer’s comments and agree with the conclusion that the protocol is not clear regarding details to characterize late outgrowth endothelial progenitor cells. Proper assessment of the late outgrowth EPCs is a critical quality control step to assure the cells obtained are truly an endothelial cell, match the results of others in the literature, and do not express markers found in lymphocytes or monocytes. 


I have addressed the reviewer’s criticism in two ways: 1) I have added an additional pair of images to Figure 2 illustrating expression of von Willebrand Factor protein in late outgrowth EPC cultures at low and high magnification to illustrate two points; A) the expression of intracellular von Willebrand Factor (vWF) is noted throughout the culture which supports that the derived cells are homogenously endothelial in nature. B) The higher magnification image of cells stained with vWF show a hallmark property of endothelial cells; concentration of the protein in punctate needle like structures known as Weibel Palade bodies, a feature specific to endothelial cells. 2) I have included representative flow cytometry analysis of late outgrowth EPCs from one individual (Figure 3). The figure includes unstained cells and cells stained with Mouse IgG conjugated with APC, FITC and PE to assess the background staining of the cells. Data are also provided to indicate the cells express hallmark antigens of endothelium, and importantly lack expression of lymphocyte and monocyte antigens. We feel the combination of the added microscopy data showing intracellular vWF and homogenous nature of the cultures by flow cytometry provide evidence of the robust nature of the protocol. We do not observe two populations of cell types after initial derivation of the cells as documented by the homogenous staining of the cells and the lack of staining for lymphocyte and monocyte markers as suggested by the reviewer. The antibodies used for the microscopy and flow cytometry experiments are indicated in the table of reagents. 

“Fig. 1 is a key figure. However, there is no effort to assess the angiogenic ability of the cells identified. Eg. Through isolation and wound healing or tube formation.” 

There are multiple additional assays that may be employed to document the angiogenic ability of late outgrowth EPCs including migration assays, tube formation in Matrigel. Additional proof that the isolated cells are late outgrowth EPCs includes the lack of absorption of fluorescent-labeled bacteria, and colony formation under clonogenic plating conditions. While these experiments are important, the space provided to describe the methods involved in these assays does not allow for us to provide these data.  We have previously published the methods and data for Matrigel tube formation and clonogenic colony formation of porcine late outgrowth EPCs in our paper entitled “Statins enhance clonal growth of late outgrowth endothelial progenitors and increase myocardial capillary density in the chronically ischemic heart” in PLoS One (reference 15 in the current manuscript). We can provide evidence to document these properties in adult human late outgrowth endothelial progenitor cells but description of the assays in detail will require further space in the protocol section of the manuscript. 
“The methods are not well written and not clear”


While this comment is not specific regarding what areas are unclear I have extensively refined the protocol section of the manuscript to improve the clarity. I have reworded statements that lack clarity and precision, and I have made clear reference to the table of reagents to guide the reader more clearly. I have also included a section in the methods detailing how I perform immunofluorescent staining of the cells to characterize the cells properly by microscopy. 
“In short. Apart from providing a nice review of EPC isolation from human samples and the current thinking in the field, the methods do not provide sufficient detail that would. i) allow a researcher to determine the efficacy of the method described over another; and ii) allow a researcher to reproduce the data in a manner that might derive similar results.”


As stated above, we have refined the protocol section to provide the essential details required to obtain late outgrowth EPCs from adult human subjects. We have provided examples of pitfalls that are essential for troubleshooting the technique and have arisen in the protocol in our experience. We did not endeavor to provide a comparison of available methods versus our approach. We feel the protocol has been revised with adequate detail for a researcher to reproduce the data that will derive similar results.
Reviewer 2-Major concerns;

“Why the range of cell density to be plated in a well is so large (10-50 million/well)?”

We routinely obtain 10-50 million mononuclear cells per blood draw of 80 mLs per subject. We have no found a significant difference in the number of late outgrowth EPCs derived based on the plating density within this range. 

“Do the authors routinely plate 10 or 50 millions?”

We routinely plate 10 million mononuclear cells per well on a 6 well plate to derive late outgrowth EPCs. I have updated the protocol text to clarify this point (point 6.2 on page 6 of the manuscript). 

“While the results can be expressed as number of colonies per mL of blood, cell density might be critical for a colony to appear and therefore might not be a linear relationship between amount of blood, cell density, and number of colonies. Have the authors tried different cell densities?” 

The reviewer raises an interesting point. We have tested the plating density and efficiency of colony derivation at lower plating densities, but not higher than 100 million cells per well of a 6 well dish. We find the lowest plating density that supports the appearance of late outgrowth EPC colonies at 10 million cells per well. We did not observe a significant increase in the number of colonies derived when plating at higher densities up to 100 million. We have not gone beyond this plating density as this would require drawing larger quantities of blood from each donor.
“In general, discussion of troubleshooting lacks important information: i) is there any demonstration that non-fasted samples are less efficient for deriving late EPC?” 
We have not directly tested if fasted versus non-fasted samples result in higher or lower numbers of EPC colonies derived. We do note (and it is generally known) that blood drawn in the post-prandial state will result in significant turbidity in the serum layer from lipoproteins that make separation of the plasma layer and buffy coat after centrifugation challenging to discern properly. I have removed this point from the discussion section on page 12 since we have not formally tested this concept specific to EPC colony derivation, however it is our general practice to obtain blood from human subjects only in the fasted state for this reason. 

“ii) 80 mL of blood is very much and it is unclear what the authors mean for “it may require a larger volume of blood sampling to obtain late outgrowth EPC colonies”
Late outgrowth EPCs are a rare cell contained in the blood stream in adults (see Arterioscler Thromb Vasc Biol (2012) 32: 1045-53). In our hands we derive 1.9 ( 0.4 (mean ( SEM, n=10) colonies per subject from 80 mL of blood. Given that late outgrowth EPCs are a rare cell type in peripheral blood we surmise (but have not formally tested) that a larger number of cells would result in a greater number of colonies derived. I have deleted this statement from the discussion section for clarity since we have not tested this concept formally. 

“iii) cell density”
We addressed the considerations of cell density above; within the range of 10 million to 100 million cells per well of a six well dish we have noted no discernable difference in the derivation of colonies when blood from the same donor was used. 

“iv) factors that can be used to stimulate formation of colonies and be used as positive controls”
Specific factors in human subjects that stimulate formation of late outgrowth EPC colonies have not been identified to my knowledge. We previously showed treatment of pigs with the HMG-CoA reductase inhibitor pravastatin increases the number of late outgrowth EPC colonies obtained in vivo, and increases the number of colonies derived when pravastatin is added to blood mononuclear cells at the time of plating in vitro. We have not further tested the effects of pravastatin on the derivation of human late outgrowth EPC colonies. 

The best positive control available for the derivation of late outgrowth EPCs is umbilical cord blood mononuclear cells as the number of colonies derived per mL of blood is >8 fold higher in cord blood than in adult human blood. Alternatively, we use blood derived from a donor known to reliably produce late outgrowth EPC colonies as a positive control. 
“The 1st sentence of the long abstract and intro should read “Coronary artery disease is the leading cause of heart failure and death in the United States”
We made the suggested change to the first sentence of the long abstract.

“Which is the meaning of the sentence “A lack of late outgrowth EPC colony formation, or lack of detection of endothelial specific antigens is uninterpretable for the experiment”

We clarified this sentence in the discussion to read “A lack of late outgrowth EPC colony formation, or lack of detection of endothelial specific antigens suggests a problem with reagents (growth medium, serum, or collagen solution).
Reviewer #3:

“This paper describes the methods for the isolation and characterization of late outgrowth EPCs from humans and large animal models. Briefly, they isolate mononuclear cells from human blood and through a specific culture of the cells they obtain what they call “late outgrowth EPCs”. The results demonstrate the authors isolate and culture cells which express surface antigens PECAM, CD34, CD146, and VE-Cadherin. In general it is worrying that the authors do not discuss the fact that the term EPC is up for discussion since no one so far has convincing shown the in vivo differentiation of EPCs to endothelial cells. Moreover, these so called EPCs are now being thought to represent population of monocytes sharing many characteristics of endothelial cells that affect existing cells through paracrine mechanisms. Also the authors should go through the references again since I do not find good correlation with the text and references in general. Overall, as a reviewer I do not find the approach for conducting this study relevant.”

We thank reviewer #3 for reminding us that the field of EPC biology is controversial and several important issues remain to be determined to understand the contribution of EPCs to new blood vessel formation. Unfortunately, the late outgrowth EPCs that are the subject of the current study do not have specific distinguishable antigens that would facilitate a lineage mapping study that would allow one to understand the function of late outgrowth EPCs in angiogenesis models in vivo. This does not mean that the cells and the model are irrelevant. As discussed in the introduction, the growth properties of late outgrowth EPCs have shown good correlation with subjects who have myelodysplastic disorders who have a propensity for thrombosis (page 4). Additionally, the cells themselves may be used for cell therapy in animal models and eventually human subjects studies in diseases of vascular insufficiency like coronary disease or peripheral vascular disease. Additionally, the reviewer states that EPCs are a resident population of monocytes. These features refer to the early outgrowth EPCs and are a key feature that distinguishes the late outgrowth EPC. The late outgrowth EPC does NOT have monocyte like features. These points are discussed in the introduction of the article (see page 3 of the introduction). I have reviewed the references and do not find any significant discrepancies between the manuscript text and the reference list as noted by the reviewer. 

Reviewer #4:
“The manuscript ‘Derivation of Late Outgrowth Endothelial Progenitor cells from Adult Human Peripheral Blood Mononuclear Cells’ describes research methodology to isolate and culture a specific subtype of endothelial progenitor. Although the methodology is not novel, it is of great importance to standardize research practice and protocols, therefore I believe this manuscript will be extremely useful for researchers in the Vascular Biology field. Nevertheless, there are some issues that will certainly need to be clarified before this manuscript is accepted for publication”

1) As mentioned before, this is not a novel protocol; therefore previous similar protocols isolating these late outgrowth endothelial progenitor cells should be highlighted. As a minimum, these two papers appearing in JoVE should be cited….”

We appreciate the reviewer recognizing the importance of standardization of the methodology to derive late outgrowth endothelial progenitor cells, and its potential usefulness to vascular biologists. We have added the following sentences to the end of the introduction (bottom of page 4) to acknowledge how this manuscript fits in the context of the two JoVE articles previously published: 

“Importantly, our goal is to standardize the approach to derivation of late outgrowth 
EPCs, and place our approach with adult human blood in the context of other leaders in 
the field of late outgrowth EPC biology to provide insights into our approach that may be 
compared and contrasted with the approach of others in the field (16, 17).”

The two relevant JoVE articles are now referenced in the current manuscript. 

2) What is the efficiency/success rate for the isolation of these late EPCs? Authors indicate vaguely that “generally most subjects will derive one or two colonies from 80 mL of blood, and that some subjects will generate no colonies at all”. Based on the five human subjects used for this study, can authors state the efficiency of isolation in percentage? It is commonly accepted in the EPC research community that isolation efficiency from human peripheral blood is very low (~5-50%). Authors should clearly state this, as readers can be mislead into believing that isolation of these EPCs is very easy. 
We agree with the reviewer that 1) our findings were stated vaguely, and 2) that it may be misleading to researchers that isolation of these cells is “easy” when it is not. 

We modified the first two sentences of the representative results section (top of page 8) in the following manner to address the comments: 


“The number of late outgrowth EPC colonies derived from each subject varies between 
individuals, and between blood draws due to the fact that the cells are a rare event in the 
blood stream (0.0001% of mononuclear cells). Most subjects will derive one to two 
colonies from 80 mLs of blood. In our experience, we derive 1.9 ( 0.4 (mean ( SEM, 
n=10) colonies per subject from 80 mL of blood, with an efficiency of 36%.”

3) “In the first and third paragraph for the discussion section, it is stated that late outgrowth EPCs cannot be cultured beyond 3-4 passages before becoming senescent. This is probably not always the case as other labs have successfully grown cells for over 10 passages.” 

The reviewer astutely points out that late outgrowth EPCs do not always become senescent in culture and refers to two previously published papers. The referenced paper by Ingram et al studied the derivation and characterization of late outgrowth EPCs from adult human peripheral blood and umbilical cord blood. Only the umbilical cord blood derived cells, but not the adult human EPCs, could be passaged sequentially in medium containing fetal bovine serum. More recently we have adopted a method using human platelet lysate in place of fetal bovine serum that facilitates expanded passaging and growth of adult human late outgrowth EPCs to passage 9 in our hands with no appreciable change in the quality or character of the cells, and no apparent senescence. I have modified the text of the discussion (middle of page 12) to reflect these findings as shown below: 

“Generally late outgrowth EPCs obtained from adult humans will tolerate replating 
to passage 3 or 4 without becoming senescent in fetal bovine serum containing medium. 
We have had success passaging cells to passage 9 using EBM2 medium supplemented 
with human platelet lysate with no appreciable changes in the quality or character of the 
cells (20).”
4) “It is indicated that after isolation, late outgrowth EPCs should be characterized to assure their endothelial phenotype. This is of critical importance and while authors suggest the use of immunofluorescence for CD31, CD34 and CD146, it is well accepted that flow cytometry-based immunophenotyping is required not only to identify endothelial and progenitor markers, but also to exclude the possibility of hematopoietic/mesenchymal cell contamination in the mass culture. This point should be highlighted in the results section.”
 Again we agree with the viewpoint of the reviewer. We have included flow cytometry characterization of the cells in the representative results (Figure 3), and provided the antibodies used and catalog numbers in the table of reagents. 
Minor concerns: 

1) “page 4, protocol step 4.1. Details concerning the breaks in the centrifuge for density gradient centrifugation should be added.”

We agree with the reviewer that this oversight should be corrected; We amended this line of the protocol with the following statement: 


“4.1) Spin the blood collection tubes at 1500 x g for 30 minutes at room temperature 
with no brake to prevent disturbing the separated layers of blood.” 
2) “Page 4, protocol step 6.2. Details on the volume used in a single well from a six well plate should be added as research groups use 2-4 mLs.” 

We modified the protocol to read:


“6.2) Gently transfer 10 x 106 cells of the lymphocyte/monocyte fraction in a 2.5mL 
volume to one well of a six well plate. Distribute the cells throughout the culture well and 
return the dish to the culture incubator.”
3) “Page 7, first paragraph is not very clear and should be re-written. “when late EPC colonies are not obtained in culture, only the background of phase bright mononuclear cells are obtained. A lack of late outgrowth EPC colony formation, or lack of detection of endothelial specific antigens is uninterpretable for the experiment”. What do the authors exactly mean by this comment?” 
We agree with the reviewer that the statement above is unclear. We modified this sentence (top of page 8, end of first paragraph) to clarify this statement in the following manner: 


“When late outgrowth EPC colonies are not obtained in culture only the background of 
lack of detection of endothelial specific antigens suggests a problem with reagents 
(growth medium, serum, or collagen solution). Troubleshooting steps for the technique 
are outlined in the Discussion section.”

4) “Page 7, second paragraph. It is stated that “other cell types generally will not expand under the culture conditions used”. This is not completely accurate as it has been reported that some mesenchymal cell types can be easily amplified under this very same culture conditions.” 
We agree with the reviewer that others have reported derivation of mesenchymal cell types from umbilical cord blood mononuclear cells, and it is plausible one may observe this result in adult human mononuclear cells, although we have not thus far. Additionally, we have refined the methods section to passage the initial outgrowth colonies using cloning cylinders or by directly picking the colonies from the plate with a micropipettor to avoid potential contamination issues suggested above. To address this issue we have modified this sentence (end of second paragraph, page 8) in the following manner: 


“Cells that do not express these antigens may be found from contamination of dermal 
fibroblasts, mesenchymal cells, or monocytes. In our hands other cell types are not 
obtained using the culture conditions and colony focused passaging techniques 
described.”
We worked diligently to take into account all of the reviewer’s comments and feel the manuscript is significantly improved and a valuable addition to the vascular biology literature at this point. We hope you are in agreement. Please contact me if there are further questions regarding the manuscript. 

Sincerely, 

[image: image1.jpg]



Assistant Professor
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University at Buffalo School of Medicine and Biomedical Sciences

[image: image3.png]361 Biomedical Research Building, Buffalo, NY 14214-8024
Tel: (716) 829-2663 Fax: (716) 829-2665





[image: image2.png][image: image3.png][image: image4.png]S i3

University at Buffalo
The State University of New York

Division of Cardiovascular Medicine
Department of Medicine
School of Medicine and Biomedical Sciences



