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Human research participants
Policy information about studies involving human research participants and Sex and Gender in Research. 

Reporting on sex and gender

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

Blinding

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.

GSM5623768-GSM5623790. Reference genome mm10 (Ensembl release 93) for transcript annotation is publicly available on Ensembl, including a gtf file [http://
ftp.ensembl.org/pub/release-93/gtf/mus_musculus/Mus_musculus.GRCm38.93.gtf.gz] and a fasta file [http://ftp.ensembl.org/pub/release-93/fasta/mus_musculus/
dna/Mus_musculus.GRCm38.dna_sm.primary_assembly.fa.gz].

N/A

N/A

N/A

N/A

No statistical method was used to predetermine sample size. We chose the numbers of mice based on the similar research in the field
(NatCommun 11:332, 2020, NatCommun 13:4166, 2022). These sample size give good standard errors of the mean and good statistics to
make it unlikely that we miss a biologically important difference between groups.

Some of the data were excluded from the study because of the pre-established criteria such as problems or failures in identifying correct
genotypes or birth dates, and issues unrelated to the intervention of the study such as spontaneous malnutrition. In any case, we consistently
used littermate controls with corresponding genotypes in analysis.

For all data presented in the manuscript, we examined at least three independent biological samples (three different mice) to ensure the
reproducibility. For each series of the experiments, all attempts at replication were successful.

The experiments were not randomized. We used all the available mice of the desired genotypes. Mice were allocated to particular groups
based on results of PCR-genotying typically performed around one week after birth. Covariates were controlled by considering multiple
factors, such as genotypes and general phenotypical data (i.e. body weight). On principle, we did not observe any particular difference among
groups.

The investigators were not blinded to allocation during experiments and outcome assessment because it was impossible due to following
reasons: samples were allocated to particular groups before experiments were initiated based on genotyping results, and given unique
identifiers highlighting groups throughout experiments i.e. housing in cages, tissue collections, sample preparation and data acquisition.
However, we did not pay particular attention to groups when we were measuring and counting.
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Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

Animals and other research organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals

Wild animals

Reporting on sex

ThermoFisher/eBioscience

eFlour450-conjugated CD31 (390, Cat# 48-0311-82, Lot# 4301770)

eFlour450-conjugated CD45 (30F-11, Cat# 48-0451-82, Lot # 4295770)

eFlour450-conjugated Ter119 (TER-119, Cat# 48-5921-82, Lot# 4295840)

Allophycocyanin (APC)-conjugated CD31 (390, Cat# 17-0311-82, Lot# 4330203)

Allophycocyanin (APC)-conjugated CD45 (30F-11, Cat# 17-0451-82, Lot # 1966484)

Allophycocyanin (APC)-conjugated Ter119 (TER-119, Cat# 17-5921-82, Lot# 4295921)

ThermoFisher/Invitrogen

Alexa Fluor 647 donkey anti-rabbit IgG (H+L) (Cat# A31573, Lot# 1322326)

Alexa Fluor 647 donkey anti-goat IgG (H+L) (Cat# A21082, Lot# 1301819)

Abcam

Rabbit anti Cathepsin K polyclonal antibody (Cat# ab19027, Lot# GR189688-30)

Sigma

Rabbit anti perilipinA/B polyclonal antibody (Cat# P1873, Lot# 018M4869V)

Rabbit anti Aggrecan polyclonal antibody (Cat# AB1031, Lot# 3253326)

R & D systems

Goat anti ALPL polyclonal antibody (Cat# AF2910, Lot# WYM0116081)

Goat anti GAS1 polyclonal antibody (Cat# AF2644, Lot# VFH0120051)

Goat anti Gremlin polyclonal antibody (Cat# AF956, Lot# GBF0721071)

Goat anti LepR polyclonal antibody (Cat# AF497, Lot# BFU021610B)

Santa Cruz Biotechnology

Rabbit anti-FGFR3 polyclonal antibody (Cat# sc-123, Lot# J2315)

All antibodies used here are commercially available. More detailed information about these antibodies is available on these
manufacturers’ websites. Briefly, Antibodies purchased from eBioscience were tested by flow cytometric analysis of mouse
splenocytes and/or bone marrow cells. Antibodies from invitrogen were evaluated by Immunocytochemistry in A431 cells. Antibodies
from Abcam were evaluated by Immunocytochemistry in mouse hepatocytes. Antibodies from Sigma were evaluated by Western
Blot on Mouse Brain lysates. Antibodies from R&D systems were validated by immunohistochemistry in mouse embryonic tissue.
Antibodies from Santa Cruz were validated by immunohistochemistry in HeLa cells.

We used genetically modified mice (mus musculus) for this study. Most of the mouse line have been backcrossed to C57BL/6
background. We used female breeder mice in a FVB/N background. Mice with both sexes were used throughout their lifespan (up to
2 years of age). Mouse strains used in the study were as following: Gas1-creER mice were generated in house, Rosa26-CAG-loxP-stop-
loxP-tdTomato (Ai14: R26R-tdTomato, JAX007914), Rosa26-CAG-loxP-stop-loxP-ZsGreen (Ai6: R26R-ZsGreen, JAX007906), Prrx1-cre
(JAX005584), Lepr-cre (JAX008320), Col2a1-creER (JAX006774), Fgfr3-icreER (JAX025809), Gli1-creER (JAX007913), Col1a1(2.3kb)-GFP
(JAX013134), Osteocalcin-GFP (JAX017469), Osterix-mCherry (JAX024850), Ctnnb-floxed (JAX004152), Trp53-floxed (JAX008462),
NOD scid gamma (NSG) (JAX005557), FVB/NJ (JAX001800) and C57BL/6J (JAX000664) mice were acquired from the Jackson
laboratory. Fgfr3-GFP (MMRRC:031901-UCD) mice were acquired from the Mutant Mouse Resource and Research Centers. Osx-
creER mice were provided from H.M. Kronenberg. Cxcl12GFP/+ mice were provided from Takashi Nagasawa. Animal rooms were
climate controlled to provide temperatures of 22-23°C, 40-65% of humidity on a 12 h light/dark cycle.

no wild animals were used in the study.

Data has not been disaggregated for sex. The number provided in the Reporting Summary includes both male and female mice. For
the mice analyzed during postnatal periods, information regarding sex has been collected; however, the data from both sexes were




