Dear Editor,	

Please find attached our manuscript “An efficient method for directed hepatocyte-like cell induction from human embryonic stem cells”. All the authors wish to submit this paper for publication in JOVE-JOURNAL OF VISUALIZED EXPERIMENTS. The manuscript or any parts of its content has not been published previously and is not under consideration in whole for publication elsewhere.

First of all, I want to express my sincere acknowledgement to you for recognizing the merits of our work and recommending revisions to our manuscript. We believe in this protocol can provide stable and efficient method for hepatic differentiation.
[bookmark: _GoBack]
The editor’s constructive advice is very useful to improve the quality of our manuscript. We revised our manuscript according to the advice, and all the revised places were highlighted by using the 'track changes' tool in MS Word. I hope that the revised manuscript will meet your needs.
 
Please feel free to contact me if you have any question.

Thank you for considering our manuscript for publication. We look forward to hearing from you.

Sincerely yours,

Xiaoling Zhou, Ph.D
Stem Cell P2 Laboratory, Research Center for Reproductive Medicine,
Guangdong Provincial Key Laboratory of Infectious Diseases 
and Molecular Immunopathology 
Shantou University Medical College, China 515041
Tel.: +86 754 88900497 
E-mail: xlzhou@stu.edu.cn





Editorial comments:
Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Response: Yes.

2. Please provide an email address for each author.
Response: email address for each author.
Qi Zhou 1479288377@qq.com
   Xiaoling Xie  xxling1995@163.com
Zhiqian Zhong 969482235@qq.com
Pingnan Sun  pnsun@stu.edu.cn
Xiaoling Zhou xlzhou@stu.edu.cn

3. Please revise the following lines to avoid overlap with previously published work: 92-93, 95, 96, 153-154, 177-191, 207-218.
Response:
92-93 Thaw the cryopreserved hESCs in a 37°C water bath for 3 min without shaking, then immediately transfer the cells by pipetting into a 15 mL centrifuge tube containing 4 mL prewarmed 37 °C mTesR medium, pipet up and down gently 2 times.

95 Centrifuge the hESCs  at 200 x g for 2 min at room temperature (RT).
96 Aspirate the supernatant and gently resuspend the cell in 1 mL mTesR medium.

97-98 Aspirate the DMEM /F12 medium from the plate and seed the cells into a well of 6-well plate at a density of 1 x 105 cells in 2 mL mTesR.

[bookmark: _Hlk68692480]153-154 After 18 days of differentiation, differentiated cells should express characteristic markers of hepatocytes.

177-191 
1. Prepare 1X PBST washing buffer by adding 0.1% Tween-20 to PBS.
2. Aspirate medium from adherent cells and wash briefly with PBS at RT on a shaker. 
3. Aspirate PBS and incubate cells with ice-cold methanol to fix the cells at -20°C overnight. 
4. Remove the methanol and wash the cells 3 times with PBS on a shaker, 10 min each time, at RT. 
5. Block cells with 5% bovine serum albumin prepared in PBS for 1 - 2 h at RT on a shaker. 
6. Dilute primary antibody in the same solution used for blocking. 
7. Incubate the fixed cells in primary antibody solution overnight at 4°C on a shaker. 
8. After overnight incubation, wash cells 3 times with PBST, for 10 min each time, at RT on a shaker. 
9. Prepare secondary antibody solution in blocking solution at 1:1000. 
10. Incubate in secondary antibody solution protected from light for 1 h at RT on a shaker.
11. Aspirate secondary antibody solution and wash cells 3 times with PBST, for 10 min each time, at RT on a shaker. 

207-218
5. Block the membrane with 3% bovine serum albumin prepared in TBST for 1 h at RT on a shaker.
6.  Incubate in primary antibody solution (1:1000 dilution) overnight at 4 °C on a shaker. 
7. After overnight incubation, wash blotting membrane 3 times with TBST for 15 min per time at RT on a shaker. 
8. Incubate in secondary antibody solution (1:2000 dilution) for 2 h at RT on a shaker.
9. Discard secondary antibody solution and wash the membrane 3 times with TBST, for 15 min each time, at RT on a shaker. 
10. Immunoreactive bands are visualized using a chemiluminescence reagent followed by autoradiography.
11. β-Actin is used as the loading control.

4. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using bullets, alphabets, or dashes.
Resposnsezz: Yes. 


5. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.”
Responses: Yes. 

6. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed?
Response: Yes.

7. Please include a single line space between each step of the protocol and highlight 3 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.
Response: Yes, we have highlighted the protocol within 3 pages. 

8.JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents. For example: Promega, Matrigel, Accutase, etc.
Response: We have revised it accordingly. 

9. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
Response: We created in Biorender software.

10. As we are a methods journal, please ensure that the Discussion explicitly cover the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique
Response: We arranged the discussion accordingly. 

11. Figure 1: Please include a scale bar for panel B.
Response: We have included a scale bar for panel B.

12. Please sort the materials table in alphabetical order.
Response: We have revised it accordingly. 

Reviewer #1: 
Minor Concerns:
Please, revised the manuscript according to the following comments:

Line 62: The full name of hiPSCs should be given.
Response: human induced pluripotent stem cells

The authors should discuss if this protocol can be easily applied to other lines, and if not, which steps should be considered and modified. Also, can the cells be cultured with other maintenance medium such as E8 and passaged with other reagents beside accutase, such as EDTA, etc.
Response: This protocol can be easily applied to other lines such as H1, H9. The cells can be passaged with other reagents such as dispase.

Line 108: For cell passaging, the authors mentioned the seeding density. If cells are passaged as single cells why ROCK inhibitor is not added for the first 24h? Do they consider substantial cell death when they decided the seeding density? If ROCK inhibitor is used, does the seeding density need to be reduced since ROCK inhibitor decreases cell death?
Response: When we used accutase, we can passage hESCs into single cells, and there was no obvious cell death.

Line 125: The authors should specify which typical endoderm markers should be analyzed at this stage or refers to a figure.
[bookmark: _Hlk68700146]Response: After 3 days of differentiation, differentiated cells should express markers of definitive endoderm cells, such as FOXA2, SOX17, GATA4, CRCR4, FOXA1 and FDZ8. And the cells express lower pluripotency(OCT4) and mesoderm markers (MSX1, MSGN1, CDX1,EVX1, MESP2, NKX2.5, ISL1).

Line 132: The authors should specify the concentrations of 2-mercaptoethanol and P/S.
Response:100 μM 2-mercaptoethanol and 1X penicillin/streptomycin (P/S)

Line 138: I believe the authors meant the medium needs to be changed every other day and not every 2 days.
Response: Yes, every other day.

Line 139: The authors should specify which typical hepatic progenitor markers should be analyzed at this stage or refers to a figure.
[bookmark: _Hlk68700235]Response: After 8 days of differentiation, differentiated cells should express appropriate markers of hepatic progenitor cells, such as HNF4α, AFP, TBX3, TTR, ALB, NTCP, CEBPA.

Line 143: In which buffer those stock solutions should be prepared?
Response: with DBPS (contain 0.2% BSA)

Line 145: The authors should specify the concentrations of hydrocortisone and P/S.
Response: Prepare Stage III differentiation basic medium (HepatoZYME-SFM (HZM) medium supplemented with 10 µM hydrocortisone-21-hemisuccinate and 1X P/S).

Line 151: Also, here I believe the authors meant the medium needs to be changed every other day.
Response: Yes.
[bookmark: _Hlk68700383]
Line 153: The authors should specify which typical hepatocyte markers should be analyzed at this stage or refers to a figure.
Response: After all stages of differentiation, the cells should express the corresponding markers of hepatocytes. Such as AAT, ALB, TTR, HNF4α, NTCP, ASGR1, CYP3A4. 

Line 160: How much chloroform?
60 µl chloroform

Line 167: How much DEPC-treated water?
40 µl

Line 177: How much methanol?
500 µL per well of a 24-well plate


Line 181: How much 5% BSA solution? Also, for later solutions the authors need to specify the volumes.
500 µL 5% BSA solution, we also specify the volumes of later solutions.
	

Sullivan's group published a more recent version of their protocol, which should also be discussed and cited (Mathapati S, Siller R, Impellizzeri AA, Lycke M, Vegheim K, Almaas R, Sullivan GJ. Small-Molecule-Directed Hepatocyte-Like Cell Differentiation of Human Pluripotent Stem Cells. Curr Protoc Stem Cell Biol. 2016 Aug 17;38:1G.6.1-1G.6.18. doi: 10.1002/cpsc.13. PMID: 27532814).
Response: We have cited this reference in the discussion.

Make sure the same abbreviations are used in the main-text as well as the Table.
Response: We did it accordingly.

The Table lacks information for reagents such as DEPC-water, Tween, BSA, antibodies, indocyanine, beyotime kit, PAS staining kit, H&E staining kit, and P450-Glo assay kit.
Response: We have added the information for reagents in the table.

English polishing should be performed.
Responses: Prof. Stanley Lin helped us to revise the English.


Reviewer #2: 
Manuscript Summary:
The authors are describing a protocol to differentiate human embryonic stem cells (hESCs) into hepatocyte-like cells. As the authors state in their discussion there are many protocols published, some in great details for example see Robust generation of hepatocyte-like cells from human embryonic stem cell populations. Medine CN, Lucendo-Villarin B, Zhou W, West CC, and Hay DC, https://www.stembook.org/protocols/endoderm. However, they rarely show the morphology of the cells or their density at critical steps (beginning-end of each stage) that are essential for good progression of the differentiation, therefore a video showing these aspects would be of great value to researchers trying to establish that protocol in their lab.

Major Concerns:
On the other hand, the authors have used for this protocol only one hESCs line hES03, the authors should discuss if their protocol can be used with the same efficiency with other hESCs lines and human induced pluripotent stem cells (hiPSCs).
Responses: This protocol can be easily applied to other lines such as H1, H9. However, the efficiency may differ between different cell lines. 

Minor Concerns:
Introduction:
Incorrect use of English and meaning:
line 42 ''secreting protein synthesis''line 4, it should be:…including….secretion and synthesis of proteins.
Responses: Revised accordingly. 

Line 43: its functions
Responses: Revised accordingly.

Line 50: high degree of self-renewability
Responses: Revised accordingly.
[bookmark: OLE_LINK1]
Line 51: ''seed cells'' source cells would be more appropriate
Responses: Revised accordingly.

Line 54: Do the authors mean that in their protocol hESC form embryoid bodies while being differentiated towards endoderm? Could the authors give a reference for that sentence? Or maybe remove it if not necessary
Responses: Removed it.


Line 69: Could the authors give a range of percentage of sox17 compiling several differentiations in addition to the maximum percentage achieved? Percentage range of hepatocytes obtained would be useful too.
Responses: About 89.7±0.8% SOX17-positive cells. We revised it in the manuscript.


1. Stem cell maintenance
Typographical errors:
Lines 85 and 86: matrige l
Line 90: 4°C f for overnight
Line 93: 15 mLcentrifuge
Line 96: the cells
Response: Revised accordingly. 


2. Stem Cell passage And Differentiation
Line 106: 1. prewarmedto 37C.
Response: Revised accordingly.


3. Definitive Endoderm Formation
Line 115 1. Prepare 100 μg/mL activin A and 3 mM CHIR99021 stock solutions.
Could the authors explained how they prepare those stock solutions, in which solutions? Filtered?
[bookmark: OLE_LINK3]Response:The Activin A powder was dissolved in 0.2% BSA solution and filtered with a 0.22 μm filter membrane to obtain the stock solution of Activin A. The CHIR99021 powder was dissolved in DMSO to obtain the stock solution of CHIR99021.
[bookmark: _Hlk68683675][bookmark: _Hlk68684545]
Line 125: After 3 days of differentiation, differentiated cells should express markers of definitive endoderm cells. Could the authors precise which markers? Which analysis? Any cut off value? e.g. minimum % of sox17 needed for proceeding?
The markers of definitive endoderm cells were SOX17, FOXA2, CXCR4 etc. Those marker could be analysis by qPCR, IF or WB. The percentage of SOX17 should be as much as possible, usually needed more than 80%. 
[bookmark: OLE_LINK2]
4. Differentiation of Hepatic Progenitor Cells
Line 131 2. Prepare Stage II differentiation medium containing 1% DMSO, 1X GlutaMAX, 1X non essential amino acid (NEAA) solution, 2-mercaptoethanol and penicillin/streptomycin (P/S) to the appropriate 133 volume of KOSR/knockout DMEM. Could the authors precise which exact concentration of GlutaMAX, NEAA, 2-mercaptoethanol and P/S.
[bookmark: _Hlk68684506]Prepare Stage II differentiation medium containing 1% DMSO, 1X GlutaMAX, 1X non essential amino acid (NEAA) solution, 100 μM 2-mercaptoethanol and 1X penicillin/streptomycin (P/S) to the appropriate volume of KOSR/knockout DMEM.
[bookmark: _Hlk68685209]
Line 139 6. After 8 days of differentiation, differentiated cells should express appropriate markers of hepatic progenitor cells. Could the authors precise which markers? Which analysis? Any cut off value?
[bookmark: _Hlk68685179]The markers of hepatic progenitor cells were HNF4a, AFP, TBX3, CEBPA, TTR etc. Those marker could be analysis by qPCR, IF or WB. The percentage of HNF4A should be as much as possible, usually needed more than 80%.

5. Hepatocyte differentiation
Line 143 1. Prepare 10 μg/mL hepatocyte growth factor (HGF), 20 μg/mL Oncostatin (OSM) stock solutions. Could the authors explained how they prepare those stock solutions, in which solutions? Filtered?
[bookmark: _Hlk68684935]The HGF powder was dissolved in 0.2% BSA solution and filtered with a 0.22 μm filter membrane to obtain the stock solution of HGF. The OSM powder was dissolved in 0.2% BSA solution and filtered with a 0.22 μm filter membrane to obtain the stock solution of OSM.
[bookmark: _Hlk68685111]
Line 145.2. Prepare Stage III differentiation basic medium (HepatoZYME-SFM (HZM) medium supplemented with hydrocortisone-21-hemisuccinate and P/S. Could the authors precise which exact concentration of hydrocortisone-21-hemisuccinate and P/S.
Prepare Stage III differentiation basic medium (HepatoZYME-SFM (HZM) medium supplemented with 10 μM hydrocortisone-21-hemisuccinate and 1X P/S.

Line 153 6. After 18 days of differentiation, differentiated cells should express appropriate markers of hepatocytes. Could the authors precise which markers? Which analysis? Any cut off value?
The markers of HLCs were AAT, ALB, TTR, NTCP etc. Those marker could be analysis by qPCR, IF or WB. The percentage of Albumin-positive cells usually is more than 90%.

6. RNA Isolation, cDNA Synthesis and RT-PCR Analysis
Line 157 1. Aspirate medium from cells and add the proper amount of RNAiso Plus reagent, (e.g.0.3 mL per well of a 24-well plate), collect the supernatant in an EP tube and let stand at RT for 5 min… Could the authors describe EP?
Could the authors provide the primers sequences used?
EP tube is 1.5 ml tube.

7. Immunofluorescence Validation of Differentiation. And 8. Western Analysis
Could the authors provide the antibodies used and their concentrations?
Yes, we provided accordingly. IF concentration is 1：200, and WB is 1：1000.
[bookmark: _Hlk68685632]
Representative results:
Line 248: Could the authors describe the typical hepatocyte phenotype?
The typical hepatocyte phenotype is polygon, and the cells were evenly and regularly distributed.

Discussion:
Line 311: The HLCs obtained are actually closer to fetal hepatocytes as AFP is higher expressed than ALB at day 18, this should be noted in discussion.
[bookmark: _Hlk68699811][bookmark: OLE_LINK4]We have mentioned “The HLCs obtained are actually closer to fetal hepatocytes as AFP is higher expressed than ALB at day 18” here. In order to promote the maturation of HLCs and reduce their heterogeneity, the researchers used two different strategies. One strategy is to use three dimensional (3D) culture, another strategy is to add small molecules that promote differentiation [23003670] [29861165].
[bookmark: _Hlk68685779]
Line 325: Activin is essential for this protocol, have the authors observed any variation of efficiency depending on batches, or for other molecules used?
Yes. We observed some variation of differentiation efficiency in different batches. 

Figure 1: Could the authors provide higher magnification images for day 3, 8, 14 and 18.
Yes. We revised accordingly. 

Figure 2: Could the authors explain AC and give the full name of each gene maybe in the table with the primers sequences for each of them?
Yes. AC means Activin A plus CHIR99021. We arranged primer sequences in Table 2. 

Figure 3 A and B: Could the authors provide higher magnification images?
Yes.

Table 1: Typographical error: 2-Mecapto etheanl
Revised accordingly.
