Dear Editors and Reviewers, 

Thank you so much for reviewing our manuscript entitled “Radiosensitivity study of cancer stem cells in lung cancer cell lines”. The comments are very helpful for improving our manuscript. 

The manuscript is revised according to the editors and reviewers’ suggestions. Replies to comments point-by-point are as follows: 


Editorial Comments:

• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical errors.
We proofread the manuscript and correct the spelling and grammatical errors in the new version. 

• Protocol Language:
1) Please split long steps into 2 or more steps. E.g. 1.1.4.
Thanks for the editor’s suggestion. Long steps are split into 2 or more steps in the new version. 
2) Add a single line space between each of your steps.
A single line space is added between steps in the new version.  

• 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) 1.1.4: please describe flow cytometry in greater detail. Unclear what kind of analysis is to be performed.
Thanks for the editor’s suggestion. We provide more details of 1.1.4 in the new version. 

2) 1.2.1: what is the cell density? How much (mL) trypsin should be added?
Digest cells for sorting when they reach 80-90% confluence (about 5-10 × 106 cells per dish). Add 3 ml 0.05% trypsin to each dish (1.2.1 & 1.2.2 in new version). 

3) 1.2.3: mention antibodies and concentrations.
FITC-conjugated 1B50-1 (the antibody of α2δ1) was diluted into 7.5 µg/ml (1.2.5 in new version). 

4) 1.3: greater detail is needed if this section is to be filmed.
Details are added in the new version (1.3). 

5) 2.2.2: how and when are the cells counted?
The number of cells harvested after sorting were counted by the cell sorter automatically (1.3.3). 

6) 2.3.1: mention magnification.
Magnification is added: 4 × objective lens, 10 × eyepiece. 

7) 3.2.3: RPMI 1640?
In this context, completed 1640 refers to conventional RPMI 1640 medium supplemented with 10% FBS. It is mentioned in 3.1.1. 

• Protocol Highlight: 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.
3) Please highlight complete sentences (not parts of sentences). Include sub-headings and spaces when calculating the final highlighted length.
4) Please bear in mind that calculations cannot be filmed.
Steps are highlighted in the new version (1.2; 2.2; 3.2.3-6; 3.3). 

• Results: Mention statistical tests performed and sample sizes.
The following description is added at the end of the Results part: Unpaired two-sided Student’s t-test was performed to evaluate the significance between groups. P<0.05 was considered to be statistically significant. Data are represented with the mean and standard deviation (SD). Representative data from at least 3 biologically independent experiments with similar results are presented.

• 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.
The Discussion part is modified in the new version according to the editors and reviewers’ suggestions. 

• Figures: Define error bars in all figures.
The error bars refer to the standard deviation (SD). It is added in the figure legends. 

• 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 Lightning-Link, LL-Modifier, LL-Quencher,
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.
Commercial information is removed in the new version (1.1). 

• Table of Materials: Please revise the table of the essential supplies, reagents, and equipment. The table should include the name, company, and catalog number of all relevant materials/software in separate columns in an xls/xlsx file. Please include items such as A549 cells, flow cytometer, antibodies along with RRIDs,
These items are added in the table of materials in the new version. 

• 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]."
Figures in this article are original. 
 


Comments from Peer-Reviewers: 


Reviewer #1:

Manuscript Summary:
The manuscript describe a methodology that can be utilized to study the radioresistance of lung cancer stem cells. There are some issues that need to be resoled prior to publication.

Major Concerns:
1. Please discuss how this methodology can be applied to a real-life situation. Do you expect that lung CSC will be identified in lung cancer biopsies prior to treatment, or circulating tumour cells will be assessed for CSC properties? Given a high number of cells required for analysis, can this assay have a clinical application, or it only can provide a basic scientific information?
Thanks for the reviewer’s suggestion. Although this assay has a potential clinical application, it needs to be evaluated in patient tissues and clinical data. For now it only provide basic scientific information. We discussed this issue in the last paragraph of the Discussion part in the new version. 

2. Please provide more information on why the voltage-gated calcium channel α2δ1 subunit isoform 5 is a good representative marker for lung CSC.
α2δ1-positive cells show higher sphere formation capacity compared with α2δ1-negative cells, and the sphere formation efficiency of α2δ1-positive cells increased in subsequent serial propagation (Figure 2 in this manuscript; also in Figure 2 in reference 9). In small cell lung cancer cells, Yu et al reported α2δ1-positive cells have higher tumorigenic capacity when injected subcutaneously into immunodeficient mice (reference 16). In non-small cell lung cancer cells, our colleagues obtained similar results in the mouse model (manuscript under preparation). In this manuscript, we mainly focus on the radiosensitivity study of CSC; therefore we didn’t describe the methods of tumorigenicity experiment. We discussed this point in the second paragraph of the Discussion part. 

3. Has the medium composition for sphere formation has been reported before, or this is a new development from the authors' laboratory?
As it is mentioned in the second paragraph of Discussion part, sphere formation assay has been used to culture neurosphere or mammosphere to characterize the stem cells in glioma or breast cancer cells, and the formula is modified to culture other types of cancer (see references 4,6 and 10). However, basic medium and growth factors may differ for culturing different cell types. In the paper that identified α2δ1 as a CSC marker for hepatocellular carcinoma, EGF, bFGF and HGF (hepatocyte growth factor) are used to support the sphere formation of hepatocellular carcinoma CSC (reference 10). In Yu et al’s paper, same formula is used for sphere formation of small cell lung cancer CSC (reference 16). For non-small cell lung cancer cell lines, we found EGF and bFGF (without HGF) could also support sphere formation (reference 9). Therefore in this manuscript, we just use EGF and bFGF. 
In the new version, we mention that the formula of sphere formation medium may be different for diverse tissue or cell types.  

4. If a mission of JOVE is to provide a video of a described methodology, a video has not been provided.
The video will be provided after the manuscript is revised. 

Minor Concerns:
1. What is the origin of A549 cells?
A549 is a non-small cell lung cancer cell line purchased from American Type Culture Collection (ATCC). This information is added in the Table of Materials. 

2. Please specify the temperature for various steps of the protocol.
Thanks for the reviewer’s suggestion. We added the note for temperature in the first paragraph of Protocol part.

3. Please specify if the irradiation conditions described in the manuscript are particular for the VARIAN linear accelerator.
Thanks for the reviewer’s suggestion. We emphasize this part in the note of 3.2.2: Output factor and PDD differ in different accelerators. Refer to radiation physicists for these parameters.

Reviewer #2:

Manuscript Summary:
This manuscript describes the methods to study the radiosensitivity of cancer
stem cells in lung cancer cell lines.It will be of interest to other scientists.I suggest accepting this paper.

Major Concerns:
none

Minor Concerns:
none



Reviewer #3:

Manuscript Summary:
The manuscript described a detailed protocol for analyzing radioresistance of cancer stem cells (CSCs) in human lung cancer cell line A549 after FACS-based purification with Anti-α2δ1 antibody. The authors demonstrated that Anti-α2δ1 antibody could enrich CSCs by tumor-sphere formation assay and determined radiosensitivity of both α2δ1-high CSCs and α2δ1-low cancer cells by 2D colony formation assay.

Major Concerns:
1. The radiation procedure should be described more detailed;
Thanks for the reviewer’s suggestion. More details are added in the new version (3.2). 

2. For the cells should be cultured further, please describe how to avoid contaminant;
Thanks for the reviewer’s suggestion. Notes were added to describe how to avoid contaminant in step 1, 2, 3 and specially emphasized in step 3.2.3. 

3. For the sphere formation part, whole picture of the well should be provided.
Sphere formation assay is performed in 96-well plates. Therefore, a single well cannot be captured by a single picture or in a single visual field. The magnification in Figure 2A is 10 × objective lens and 10 × eyepiece. However when count the sphere number under a microscope, we recommend to use the magnification of 4 × objective lens and 10 × eyepiece. We describe how to count the number of spheres with more details in step 2.3.1 of the new version: Starting from the upper-left of the well, researchers can count the spheres while move the objective table horizontally towards the right with the joystick of the microscope. Then move the objective table to the middle row of the visual field and count the spheres from right to left. Then move to the lower row and count from left to right. A well of 96-well plate can be counted within 3 rows.


Minor Concerns:
1. For reagent setup, the word "make" should be replaced with "prepare".
Thanks for the reviewer’s suggestion. It is corrected in the new version.  


Reviewer #4:

General comment:

This method article explain the protocol for the isolation of radiotherapy resistant cancer stem cells from lung cancer cell lines, A549. The CSCs was isolated using α2δ1 marker, which previously identified as marker for radio-resistant CSCs. The method article explained the protocol for the isolation of CSCs using the flow cytometry technique (including antibody conjugation with florescence and labeling the cells with the antibody). Only two assays, sphere forming and colony forming assay, were used to characterize the stemness characteristics of the isolated CSCs. Perhaps the author should include more characterization method such as checking the expression of stemness markers (eg SOX2, OCT4, KLF4, NANOG) in the isolated cells using PCR or qPCR methods, proliferation assay and differentiation assay. Comparison between α2δ1-high and α2δ1-low cells population can in those assays will confirm the CSCs characteristics of the isolated cells. Apart from that, the title of the article "Radiosensitivity study of cancer stem cells in lung cancer cell lines" is not fully represent the whole article. Only colony forming assay was performed after the cells being exposed to radiation. Perhaps the study should include testing on the cells before and after exposure to radiation. The result obtained could explain the effect of radiotherapy on the activation and CSCs behavior.
Thanks for the reviewer’s suggestion. α2δ1-positive cells show higher sphere formation capacity compared with α2δ1-negative cells, and the sphere formation efficiency of α2δ1-positive cells increased in subsequent serial propagation (Figure 2 in this manuscript and Figure 2 in reference 9). α2δ1 overexpression upregulates the expression of NANOG (but not OCT4) and several DNA damage repair-related genes (reference 9). In small cell lung cancer cells, Yu et al reported α2δ1-positive cells have higher tumorigenic capacity when injected subcutaneously into immunodeficient mice (reference 16). In non-small cell lung cancer cells, our colleagues obtained similar results in the mouse model (manuscript under preparation). 
We had also tried to explore the mechanism of the radioresistance. Higher efficiency of γH2AX clearance and higher level of phosphorylated ATM after radiation in α2δ1-positive or α2δ1-overexpression cells suggested that α2δ1 imparted the radioresistance to NSCLC cells partially by enhancing the efficiency of DNA damage repair in response to radiation (reference 9). 
QPCR, western blot and immunofluorescence were used to examine the stemness genes and the DNA damage repair-related proteins (reference 9). Considering these experiments were relatively routine, their methods were not included in this manuscript. As we mentioned in the second and the last paragraph of the Discussion part, more experiments are needed to characterise the CSC and to explore the mechanism of radioresistance. This manuscript just provides the initial few steps for the radiosensitivity study of CSCs. 

Major revision:

1. In result section, Figure 1B, the author/s validated the expression of α2δ1 marker in the cells by checking the expression of CACNA2D1 genes that encoded α2δ1. However, the author did not include the detail protocol in method section.
Thanks for the reviewer’s suggestion. The protocol is added in the new version (1.3.4): To confirm the harvested cell popultions have different level of α2δ1 expression, QPCR can be performed. Extract RNA of positive and negative cells with TRIzol reagent and reverse transcript the RNA into cDNA according to the manufacturer’s guide. Perform QPCR with sybrgreen reagent. The sequences of primers are as follows: α2δ1-F, CAGTTGAGATGGAGGATGATG; α2δ1-R, TTGTATGAGCAGTCGTGTGTC; GAPDH-F, GTCGGAGTCAACGGATTTGG; and GAPDH-R, AAAAGCAGCCCTGGTGACC.

Minor revision:

1. Line 109: "Place the tubes at the collection platform of the….."
Please complete the sentence.
Sorry for the mistake. We complete the sentence: Place the tubes at the collection platform of the cell sorter. 

2. Line 130: "Measure the volume of methylcellulose by the scale of the final tube rather than the scale of the tip or straw."
This sentence is confusing. Please re-write in simpler form.
Thanks for the reviewer’s suggestion. We re-write these steps in the new version (2.1.3 and 2.1.4). 


3. Sphere counting and calculation.
Is there any specific criteria to include the sphere in counting for example only sphere that reach certain size will be counted. The result only show the sphere number. Is the sphere size being measured as well? If yes, please include the sphere size as the sphere size is one of the criteria to describe the increase in the self-renewal characteristics.
There are no unified criteria for the size of the sphere. In out study, although it is hard to count the cells of a sphere accurately under a microscope, sphere with more than 50 cells (approximately) or with a diameter more than 100 μm are counted. We added this point in the new version (2.3.1). 

4. If there any reason/s to use the different cells number for different radiation dosage? To see the effect of different radiation dosage on the two different cell type, the cell number should be constant.
[bookmark: _GoBack]The survival fraction is usually less 50% at 4 Gy and is less than 10% at 8 Gy. Therefore, if  the same number of cells were seeded for different radiation dosage, the colonies may be too few to be counted in high dose groups. 

5. Result Figure 3A
Based on the figure, there its look line there is no significant different between the colony forming capability of α2δ1-high and the α2δ1-low.
Experiments were repeated for at least 3 biologically independent experiments. Unpaired two-sided Student’s t-test was performed to evaluate the significance between groups. P<0.05 was considered to be statistically significant. Similar results were shown in reference 9. 

6. The author has include most of the updated and relevant references. However, the author should cite the references that being refer for each method performed in this study.
Thanks for the reviewer’s suggestion. We added reference about clonogenic assay (reference 13) in the new version. 



Thank you very much for your kind consideration. Look forward to hearing from you.



Sincerely Yours,

Wei-Hu Wang
Department of Radiation Oncology
Peking University Cancer Hospital and Institute
52 Fucheng Road, Haidian District
Beijing, China, 100142
(86)10-88196120
wangweihu88@163.com







