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Nature Research wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency in reporting. For further information on Nature Research policies, see Authors & Referees and the Editorial Policy Checklist.
Please do not complete any field with "not applicable" or n/a.  Refer to the help text for what text to use if an item is not relevant to your study.
For final submission: please carefully check your responses for accuracy; you will not be able to make changes later.
Statistical parameters
When statistical analyses are reported, confirm that the following items are present in the relevant location (e.g. figure legend, table legend, main text, or Methods section).
n/a
Confirmed
Our web collection on statistics for biologists may be useful.
Software and code
Policy information about availability of computer code
For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers upon request. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.
Data
Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:
- Accession codes, unique identifiers, or web links for publicly available datasets
- A list of figures that have associated raw data
- A description of any restrictions on data availability
Field-specific reporting
Please select the best fit for your research. If you are not sure, read the appropriate sections before making your selection.
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All studies must disclose on these points even when the disclosure is negative.
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Field work, collection and transport
Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 
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	Double-blind peer review submissions: write DBPR and your manuscript number here instead of author names.: Masato Sato
	initial: 
	revised: 
	final: 
	na: 
	y: 
	Provide a description of all commercial, open source and custom code used to collect the data in this study, specifying the version used OR state that no software was used.: Applied Biosystems 7500 Real-Time PCR System Sequence Detection Software v1.4.1
	Provide a description of all commercial, open source and custom code used to analyse the data in this study, specifying the version used OR state that no software was used.: Microsoft Excel 2013, and R version 3.4.2 with the multcomp package version 1.4-8 for statistical analysis.
	Note the sampling procedure. Describe the statistical methods that were used to predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient.: Source data for figure 3 b, c is provided with the SI file, and the other data that support the findings of this study are available from the corresponding author upon reasonable request.
	Note the sampling procedure. Describe the statistical methods that were used to predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient.: Ten patients who had cartilage defects categorized arthroscopically as Outerbridge grade III or IV were enrolled, and eight patients received the therapy. Two patients were excluded because we were unable to collect a sufficient volume of cartilage in one and were unable to generate layered chondrocyte sheets from the second.
	general: 
	behavioural: 
	eee: 
	If no data were excluded from the analyses, state so OR if data were excluded, describe the exclusions and the rationale behind them, indicating whether exclusion criteria were pre-established.: qPCR was not performed for one of the eight patients because only a very small amount of total RNA could be isolated after the extraction process.
	Describe the measures taken to verify the reproducibility of the experimental findings. If all attempts at replication were successful, confirm this OR if there are any findings that were not replicated or cannot be reproduced, note this and describe why.: The study included only eight patients, who presented with various preoperative conditions. Although regenerative medicine is commonly performed using autologous cells, this requires the sacrifice of healthy cartilage at a nonloading site of the knee, which comprises a limited area. Therefore, it is difficult to perform this procedure more than twice.
	Describe how samples/organisms/participants were allocated into groups. If allocation was not random, describe how covariates were controlled. If this is not relevant to your study, explain why.: Our clinical study was designed as a single-arm, nonrandomized, uncontrolled study. 
	Describe the extent of blinding used during data acquisition and analysis. If blinding was not possible, describe why OR explain why blinding was not relevant to your study.: Cell sheets are fabricated individually for each participant. Therefore, the Principal Investigator, co-investigators of the clinical study, and all participating physicians affiliated with the Department of Orthopaedic Surgery may have access to the identity of participants. Furthermore, clinical data (information on medical charts, pre- and postoperative testing data, imaging data) are all recorded on the electronic chart system of the institution, therefore all physicians working at the Tokai University Hospital have professional access to patient information; in other words, a system of anonymization specific to this clinical study will not be in place. However, anonymity as a general inpatient is maintained, and personal information is handled using a patient identification number. Furthermore, data will be protected by linkable anonymization following the completion of the clinical trial and clinical data will be analyzed and published in adherence with the rules of confidentiality to protect the privacy of participants.
	Briefly describe the study type including whether data are quantitative, qualitative, or mixed-methods (e.g. qualitative cross-sectional, quantitative experimental, mixed-methods case study). : 
	State the research sample (e.g. Harvard university undergraduates, villagers in rural India) and provide relevant demographic information (e.g. age, sex) and indicate whether the sample is representative. Provide a rationale for the study sample chosen. For studies involving existing datasets, please describe the dataset and source.: 
	Describe the sampling procedure (e.g. random, snowball, stratified, convenience). Describe the statistical methods that were used to predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient. For qualitative data, please indicate whether data saturation was considered, and what criteria were used to decide that no further sampling was needed.: 
	Provide details about the data collection procedure, including the instruments or devices used to record the data (e.g. pen and paper, computer, eye tracker, video or audio equipment) whether anyone was present besides the participant(s) and the researcher, and whether the researcher was blind to experimental condition and/or the study hypothesis during data collection.: 
	Indicate the start and stop dates of data collection, noting the frequency and periodicity of sampling and providing a rationale for these choices. If there is a gap between collection periods, state the dates for each sample cohort. Specify the spatial scale from which the data are taken: 
	State how many participants dropped out/declined participation and the reason(s) given OR provide response rate OR state that no participants dropped out/declined participation.: 
	If participants were not allocated into experimental groups, state so OR describe how participants were allocated to groups, and if allocation was not random, describe how covariates were controlled.: 
	Briefly describe the study. For quantitative data include treatment factors and interactions, design structure (e.g. factorial, nested, hierarchical), nature and number of experimental units and replicates.: 
	Describe the research sample (e.g. a group of tagged Passer domesticus, all Stenocereus thurberi within Organ Pipe Cactus National Monument), and provide a rationale for the sample choice. When relevant, describe the organism taxa, source, sex, age range and any manipulations. State what population the sample is meant to represent when applicable. For studies involving existing datasets, describe the data and its source.: 
	Describe the data collection procedure, including who recorded the data and how.: 2
	Describe the measures taken to verify the reproducibility of experimental findings. For each experiment, note whether any attempts to repeat the experiment failed OR state that all attempts to repeat the experiment were successful.: 
	Describe the study conditions for field work, providing relevant parameters (e.g. temperature, rainfall).: 
	State the location of the sampling or experiment, providing relevant parameters (e.g. latitude and longitude, elevation, water depth).: 
	Describe the efforts you have made to access habitats and to collect and import/export your samples in a responsible manner and in compliance with local, national and international laws, noting any permits that were obtained (give the name of the issuing authority, the date of issue, and any identifying information).: 
	Describe any disturbance caused by the study and how it was minimized.: 
	Describe any restrictions on the availability of unique materials OR confirm that all unique materials used are readily available from the authors or from standard commercial sources (and specify these sources).: 
	Describe all antibodies used in the study; as applicable, provide supplier name, catalog number, clone name, and lot number.: For immunohistochemistryanti-human type I collagen antibody, Daiichi Fine Chemical, Cat No.F-56anti-human type II collagen antibody(clone:II-4C11), Kyowa Pharma Chemical Co., Ltd., Cat No.F-57 lot FF00208goat anti-Type I Collagen, SouthernBiotech, Cat No.1310-01Anti-Fibronectin Antibody, Merck Millipore, (clone:DH1), Cat No.MAB1940, lot21081121Goat Anti-Human Aggrecan Antigen Affinity-purified Polyclonal Antibody, R&D Systems, Cat No. SC006Alexa Fluor 488-conjugated goat anti-mouse Ig, Thermo Fisher Scientific, Cat No. A-11001Alexa Fluor 546-conjugated donkey anti-goat Ig, Thermo Fisher Scientific, Cat No. A-11056For flow cytometryCD31–FITC (clone: 5.6E), Beckman Coulter, Inc., Cat No. IM1431U, lot 34CD45–FITC (clone: J.33), Beckman Coulter, Inc., Cat No. A07782, lot 20APC Mouse Anti-Human CD81 (clone: JS-81), BD Pharmingen, Cat No. 551112, lot 54940APC Mouse Anti-Human CD90 (clone: 5E10), BD Pharmingen, Cat No. 559869, lot 76155PE Mouse Anti-Human CD49a (clone: SR84), BD Pharmingen, Cat No. 559596, lot 13378Purified Mouse Anti-Human Disialoganglioside GD2 (clone: 14.G2a), BD Biosciences, Cat No.554272, lot 79193CD146–PE (clone: F4-35H7 (S-Endo 1)), BioCytex, Cat No.5050-PE100T, lot 091971FITC-labeled mouse IgG1 (clone: 679.1Mc7), Beckman Coulter, Cat No. A07795, lot11PE- labeled mouse IgG1 (clone: 679.1Mc7), Beckman Coulter, Cat No. A07796, lot21APC-labeled mouse IgG1 (clone: 679.1Mc7), Beckman Coulter, Cat No. A07797, lot25FITC-conjugated goat anti-mouse IgG, BD Biosciences, Cat No. 349031, lot 28812
	Describe the validation of each primary antibody for the species and application, noting any validation statements on the manufacturer’s website, relevant citations, antibody profiles in online databases, or data provided in the manuscript.: All antibodies are commercially available and are raised against human antigen. The specificity and cross-reactivity of monoclonal and polyclonal antibodies were confirmed by the manufacturers.
	State the source of each cell line used.: 
	Describe the authentication procedures for each cell line used OR declare that none of the cell lines used were authenticated.: 
	Confirm that all cell lines tested negative for mycoplasma contamination OR describe the results of the testing for mycoplasma contamination OR declare that the cell lines were not tested for mycoplasma contamination.: 
	Name any commonly misidentified cell lines used in the study and provide a rationale for their use.: 
	Provide provenance information for specimens and describe permits that were obtained for the work (including the name of the issuing authority, the date of issue, and any identifying information).: 
	deposition: 0
	If new dates are provided, describe how they were obtained (e.g. collection, storage, sample pretreatment and measurement), where they were obtained (i.e. lab name), the calibration program and the protocol for quality assurance OR state that no new dates are provided.: 
	datescheck: 0
	For laboratory animals, report species, strain, sex and age OR state that the study did not involve laboratory animals.: 
	Provide details on animals observed in or captured in the field; report species, sex and age where possible. Describe how animals were caught and transported and what happened to captive animals after the study (if killed, explain why and describe method; if released, say where and when) OR state that the study did not involve wild animals.: 
	For laboratory work with field-collected samples, describe all relevant parameters such as housing, maintenance, temperature, photoperiod and end-of-experiment protocol OR state that the study did not involve samples collected from the field.: 
	Describe the covariate-relevant population characteristics of the human research participants (e.g. age, gender, genotypic information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study design questions and have nothing to add here, write "See above.": All participants were Japanese, and completed follow-up of at least 3 years. The median age of the patients was 48 years (range, 30–59 years), the median duration of symptoms was 11.8 years (range, 5–20 years), the median size of each cartilage defect was 3.44 cm2 (range, 2.25–4.10 cm2/defect), and the median follow-up was 54 months (range, 36–67 months). 
	Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and how these are likely to impact results.: The contents of the clinical study was notified to the hospital homepage. Eligible patients who visited our hospital were selected according to the ‘Selection, exclusion, and Withdrawal/Discontinuation criteria’ described in the clinical protocol. Free and informed written consent for enrollment as a study participant is to be obtained prior to the initiation of this clinical study using the information sheet provided by the Clinical/Principal investigator or co-investigator physicians of the clinical study according to the ‘Methods for obtaining consent of participants’ described in the clinical protocol. And the Clinical/Principal investigator decided the participants without any bias on a first-come-first-served basis.
	graphfiles: 0
	For "Initial submission" or "Revised version" documents, provide reviewer access links.  For your "Final submission" document, provide a link to the deposited data.: 
	Provide a list of all files available in the database submission.: 
	Provide a link to an anonymized genome browser session for "Initial submission" and "Revised version" documents only, to enable peer review.  Write "no longer applicable" for "Final submission" documents.: 
	Describe the experimental replicates, specifying number, type and replicate agreement.: 
	Describe the sequencing depth for each experiment, providing the total number of reads, uniquely mapped reads, length of reads and whether they were paired- or single-end.: 
	Describe the antibodies used for the ChIP-seq experiments; as applicable, provide supplier name, catalog number, clone name, and lot number.: 2
	Specify the command line program and parameters used for read mapping and peak calling, including the ChIP, control and index files used.: 
	Describe the methods used to ensure data quality in full detail, including how many peaks are at FDR 5% and above 5-fold enrichment.: 
	Describe the software used to collect and analyze the flow cytometry data. For custom code that has been deposited into a community repository, provide accession details.: BD CellQuest Software Ver.3.3 (BD Biosciences)
	axislabels: 1
	axisscales: 1
	plots: 1
	numberpercentage: 1
	Describe the sample preparation, detailing the biological source of the cells and any tissue processing steps used.: Chondrocyte sheets were digested with TrypLE Express (Thermo Fisher Scientific, Waltham, MA, USA) at 37 C for 15 min and then incubated with 0.25 mg/ml collagenase-P (Roche, Basel, Switzerland) at 37 C for 30 min. The dispersed cells were washed with Ca++/Mg++-free phosphate-buffered saline (PBS) containing 0.2% human serum albumin (Sigma-Aldrich, St. Louis, MO, USA) and 1 mM ethylenediaminetetraacetic acid (EDTA; Wako Pure Chemical Industries, Ltd.), and then immunostained with the antibodies.
	Identify the instrument used for data collection, specifying make and model number.: FACSVantage SE (BD Biosciences)
	Describe the abundance of the relevant cell populations within post-sort fractions, providing details on the purity of the samples and how it was determined.: All cells analyzed by flow cytometry were derived from cell sheets.
	Describe the gating strategy used for all relevant experiments, specifying the preliminary FSC/SSC gates of the starting cell population, indicating where boundaries between "positive" and "negative" staining cell populations are defined.: Cell sheet derived cells were stained by single fluorescent conjugated antibodies. Propidium iodide was used to exclude dead cells. Single cells were gated according to forward and side scatter. Cells were counted as surface marker antigen positive if they had a fluorescence intensity over the threshold value. The threshold value was set by including 99% of cells stained by fluorescent mouse IgG as negative control.
	gatingcheck: 1
	Indicate task or resting state; event-related or block design.: 
	Specify the number of blocks, trials or experimental units per session and/or subject, and specify the length of each trial or block (if trials are blocked) and interval between trials.: 
	State number and/or type of variables recorded (e.g. correct button press, response time) and what statistics were used to establish that the subjects were performing the task as expected (e.g. mean, range, and/or standard deviation across subjects).: 
	Specify: functional, structural, diffusion, perfusion.: 
	Specify in Tesla: 
	Specify the pulse sequence type (gradient echo, spin echo, etc.), imaging type (EPI, spiral, etc.), field of view, matrix size, slice thickness, orientation and TE/TR/flip angle.: 
	State whether a whole brain scan was used OR define the area of acquisition, describing how the region was determined.: 
	Specify # of directions, b-values, whether single shell or multi-shell, and if cardiac gating was used.: 
	Provide detail on software version and revision number and on specific parameters (model/functions, brain extraction, segmentation, smoothing kernel size, etc.).: 
	If data were normalized/standardized, describe the approach(es): specify linear or non-linear and define image types used for transformation OR indicate that data were not normalized and explain rationale for lack of normalization.: 
	Describe the template used for normalization/transformation, specifying subject space or group standardized space (e.g. original Talairach, MNI305, ICBM152) OR indicate that the data were not normalized.: 
	Describe your procedure(s) for artifact and structured noise removal, specifying motion parameters, tissue signals and physiological signals (heart rate, respiration).: 
	Define your software and/or method and criteria for volume censoring, and state the extent of such censoring.: 
	Specify type (mass univariate, multivariate, RSA, predictive, etc.) and describe essential details of the model at the first and second levels (e.g. fixed, random or mixed effects; drift or auto-correlation).: 
	Define precise effect in terms of the task or stimulus conditions instead of psychological concepts and indicate whether ANOVA or factorial designs were used.: 
	whole: 
	ROI: 
	both: 
	Describe how anatomical locations were determined (e.g. specify whether automated labeling algorithms or probabilistic atlases were used).: 
	Specify voxel-wise or cluster-wise and report all relevant parameters for cluster-wise methods.: 
	Describe the type of correction and how it is obtained for multiple comparisons (e.g. FWE, FDR, permutation or Monte Carlo).: 
	Report the measures of dependence used and the model details (e.g. Pearson correlation, partial correlation, mutual information).: 
	Report the dependent variable and connectivity measure, specifying weighted graph or binarized graph, subject- or group-level, and the global and/or node summaries used (e.g. clustering coefficient, efficiency, etc.).: 
	Specify independent variables, features extraction and dimension reduction, model, training and evaluation metrics.: 



