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Methods
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ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

were aligned to the hg38 genome using the Bowtie 2v2.2.9. Peak calling was performed using MACS2 v2.1.1 with default parameters except ‘-q 0.001’. The GREAT
software v4.0.4 (http://great.stanford.edu/public/html/ ) was used to assign peaks to genes (within 500 bp up- or downstream of the TSS). DAVID bioinformatics
Database v6.8 can be accessed through .https://david.ncifcrf.gov/tools.jsp). Source data are provided with this paper.

No statistical method was used to calculate sample size. Sample size was determined to be adequate based on the magnitude and consistency

of measurable differences between groups. The size of animal studies was included in the figure legends. Sample sizes were chosen as large as

possible while taking into account the experimental effort required to generate the respective data

No data was excluded from the experiments.

All experimental findings were reliably reproduced. Multiple independent repeats were included for related experiments. Each experiment

was performed for at least twice to make sure similar results are reproducible. Animal-related xenograft studies have been done once for
each breast cancer cell line but repeated using different xenograft models.

For all in vivo experiments, animals were randomly assigned into different treatment groups after tumor inoculation. The starting tumor

burden in the treatment and control groups was similar before treatment. For experiments other than in vivo studies, samples were randomly
assigned into experimental groups.

The investigators were not blinded to group allocation during data collection and/or analysis because we measured the value of tumor size

and gave different treatments among groups.

Antibodies used in this study are as follows: anti-RB1 (#9309), anti-CDK2 (#2546), anti-CDK4 (#12790), anti-CDK6 (#3136), anticyclin

D1 (#2978), anti-cyclin E1 (#4129), anti-SKP2 (#4358), anti-WEE1 (#4936), anti-BRAF (#9433), anti-Cullin 1(#4495), antipRB1(

S807/811) (#9308), anti-AKT2 (#3063), anti-SP1 (#9389), anti-GAPDH (#2118), anti-cyclin A2 (#4656), anti-TrCP1 (#4394),

anti-K48-Ubquitin (#4289), anti-CDC6 (#3387), anti-Myc (#2278), anti-GST (#2625), anti-HER2 (#2242), anti-Lamin A/C (#4777),

anti-MEK (#9122), anti-PCNA (#2586), anti-p16 (#80772) and anti-GFP (#2555) were purchased from Cell Signaling Technology.

Anti-cyclin D3 (sc-6283), anti-XPO7 (sc-390025), anti-PTEN (sc-7974), anti-CDH1 (sc-56312), anti-E2F1 (sc-251), anti-cyclin B1

(sc-7393), anti-CDC20 (sc-13162), anti-CK1sc-, anti-CK1(sc-6471), anti-CK1(sc-6474), anti--

Tubulin (sc-5286), anti--Actin (sc-47778), anti-p53 (sc-126) and anti-BrdU (sc-32323) were purchased from Santa Cruz. Anti-HA

(H6908), anti-Flag (F3165) and anti-Vinculin (V9131) were purchased form Sigma. Anti-p27 (610242) was purchased from BD

Biosciences. Anti-Thiophosphate ester antibody (ab133473) and anti-FBW7 (ab109617) were purchased from abcam. Alexa fluor®
488 (Cat #710369) was purchased from Invitrogen.
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Validation anti-RB1 antibody used for immunoblotting was validated by shRNA-based knockdown in MCF7 cells.

anti-CDK6 antibody used for immunoblotting was validated by CRISPR/Cas9-mediated knockout in MCF7 and MDA-MB-231 cells.

anti-CDK4 antibody used for immunoblotting was validated by CRISPR/Cas9-mediated knockout in MCF7 and MDA-MB-231 cells.

anti-CK1a, CK1e and CK1d antibody used for immunoblotting was validated by CRISPR/Cas9-mediated knockout in MDA-MB-231 cells.

anti-CDC20 antibody used for immunoblotting was validated by shRNA-based knockdown in MCF7 cells.

anti-Cullin1 antibody used for immunoblotting was validated by shRNA-based knockdown in MCF7 cells.

anti-bTrCP1 antibody used for immunoblotting was validated by shRNA-based knockdown in MCF7 and MDA-MB-231 cells.

anti-CDH1 antibody used for immunoblotting was validated by shRNA-based knockdown in MCF7 and MDA-MB-231 cells.

anti-cyclin D1 and D3 antibody used for immunoblotting was validated by shRNA-based knockdown in MCF7 and MDA-MB-231 cells.

anti-CDK2 antibody: https://www.cellsignal.com/products/primary-antibodies/cdk2-78b2-rabbit-mab/2546.

anti-cyclin E1 antibody: https://www.cellsignal.com/products/primary-antibodies/cyclin-e1-he12-mouse-mab/4129?site-search-
type=Products&N=4294956287&Ntt=%234129&fromPage=plp&_requestid=2668756.

anti-SKP2 antibody: https://www.cellsignal.com/products/primary-antibodies/skp2-antibody/4358?site-search-
type=Products&N=4294956287&Ntt=%234358&fromPage=plp&_requestid=2668796.

anti-WEE1 antibody: https://www.cellsignal.com/products/primary-antibodies/wee1-antibody/4936.

anti-BRAF antibody: https://www.cellsignal.com/products/primary-antibodies/b-raf-55c6-rabbit-mab/9433?site-search-
type=Products&N=4294956287&Ntt=%239433&fromPage=plp&_requestid=2668950.

anti-pRB1 (S807/811) antibody: https://www.cellsignal.com/products/primary-antibodies/phospho-rb-ser807-811-antibody/9308?
site-search-type=Products&N=4294956287&Ntt=%239308&fromPage=plp&_requestid=2669034.

anti-AKT2 antibody: https://www.cellsignal.com/products/primary-antibodies/akt2-d6g4-rabbit-mab/3063.

anti-SP1 antibody: https://www.cellsignal.com/products/primary-antibodies/sp1-d4c3-rabbit-mab/9389?site-search-
type=Products&N=4294956287&Ntt=%239389&fromPage=plp&_requestid=2669105.

anti-GAPDH antibody: https://www.cellsignal.com/products/primary-antibodies/gapdh-14c10-rabbit-mab/2118.

anti-cyclin A2 antibody: https://www.cellsignal.com/products/primary-antibodies/cyclin-a2-bf683-mouse-mab/4656?site-search-
type=Products&N=4294956287&Ntt=%234656&fromPage=plp&_requestid=2669200.

anti-K48-Ubiquitin antibody: https://www.cellsignal.com/products/primary-antibodies/k48-linkage-specific-polyubiquitin-
antibody/4289?site-search-type=Products&N=4294956287&Ntt=%234289&fromPage=plp&_requestid=2669250.

anti-CDC6 antibody: https://www.cellsignal.com/products/primary-antibodies/cdc6-c42f7-rabbit-mab/3387?site-search-
type=Products&N=4294956287&Ntt=%233387&fromPage=plp&_requestid=2669304.

anti-Myc-Tag antibody: https://www.cellsignal.com/products/primary-antibodies/myc-tag-71d10-rabbit-mab/2278?site-search-
type=Products&N=4294956287&Ntt=%232278&fromPage=plp.

anti-GST antibody: https://www.cellsignal.com/products/primary-antibodies/gst-91g1-rabbit-mab/2625?site-search-
type=Products&N=4294956287&Ntt=%232625&fromPage=plp&_requestid=2669405.

anti-HER2 antibody: https://www.cellsignal.com/products/primary-antibodies/her2-erbb2-antibody/2242?site-search-
type=Products&N=4294956287&Ntt=%232242&fromPage=plp&_requestid=2669441.

anti-Lamin A/C antibody: https://www.cellsignal.com/products/primary-antibodies/lamin-a-c-4c11-mouse-mab/4777?site-search-
type=Products&N=4294956287&Ntt=%234777&fromPage=plp&_requestid=2669475.

anti-MEK1/2 antibody: https://www.cellsignal.com/products/primary-antibodies/mek1-2-antibody/9122?site-search-
type=Products&N=4294956287&Ntt=%239122&fromPage=plp&_requestid=2669511.

anti-PCNA antibody: https://www.cellsignal.com/products/primary-antibodies/pcna-pc10-mouse-mab/2586?site-search-
type=Products&N=4294956287&Ntt=%232586&fromPage=plp&_requestid=2669549.

anti-p16 antibody: https://www.cellsignal.com/products/primary-antibodies/p16-ink4a-d7c1m-rabbit-mab/80772?site-search-
type=Products&N=4294956287&Ntt=%2380772&fromPage=plp&_requestid=2669586.

anti-GFP antibody: https://www.cellsignal.com/products/primary-antibodies/gfp-antibody/2555?site-search-
type=Products&N=4294956287&Ntt=%232555&fromPage=plp&_requestid=2669620.

anti-a-Tubulin antibody: https://www.cellsignal.com/products/primary-antibodies/a-tubulin-dm1a-mouse-mab/3873?site-search-
type=Products&N=4294956287&Ntt=tubulin&fromPage=plp.

Anti-b-Actin antibody: https://www.cellsignal.com/products/primary-antibodies/b-actin-8h10d10-mouse-mab/3700?site-search-
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Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)

Authentication

Mycoplasma contamination

Commonly misidentified lines
(See ICLAC register)

Animals and other organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals

Wild animals

Field-collected samples

Ethics oversight

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

type=Products&N=4294956287&Ntt=actin&fromPage=plp.

anti-XPO7 antibody: https://www.scbt.com/p/exportin-7-antibody-a-11?productCanUrl=exportin-7-antibody-
a-11&_requestid=4043181.

anti-PTEN antibody: https://www.scbt.com/p/pten-antibody-a2b1?requestFrom=search.

Anti-E2F1 antibody: https://www.scbt.com/p/e2f-1-antibody-kh95?requestFrom=search.

anti-cyclin B1 antibody: https://www.scbt.com/p/cyclin-b1-antibody-d-11?requestFrom=search.

Anti-p53 antibody: https://www.scbt.com/p/p53-antibody-do-1?requestFrom=search.

anti-BrdU antibody: https://www.scbt.com/p/brdu-antibody-iib5?requestFrom=search.

anti-HA antibody: https://www.sigmaaldrich.com/US/en/product/SIGMA/H6908.

anti-Flag antibody: https://www.sigmaaldrich.com/US/en/product/sigma/f3165?context=product.

anti-Vinculin antibody: https://www.sigmaaldrich.com/US/en/product/sigma/v9131?context=product.

anti-p27 antibody: https://www.bdbiosciences.com/en-us/products/reagents/microscopy-imaging-reagents/immunofluorescence-
reagents/purified-mouse-anti-p27-kip1.610242.

anti-Thiophosphate easter antibody: https://www.abcam.com/thiophosphate-ester-antibody-51-8-ab133473.html.

anti-FBXW7 antibody: https://www.abcam.com/fbxw7-antibody-ab109617.html.

anti-Alexa fluor 488 polyclonal antibody: https://www.thermofisher.com/antibody/product/Alexa-Fluor-488-Antibody-Polyclonal/
A-11094.

MCF7, MDA-MB-231, SK-BR-3, HFF1, MCF10A, HCC1954, Hs587T, WI-38, IMR-90, BT-474, MDA-MB-453, HCC1143, CAL51,
BT-549, Hs587T, BT-20, HEK293T, HEK293, and HeLa were purchased from ATCC.

All cell lines used in this study were authenticated by STR profile report.

All cell lines in our laboratory were routinely tested for mycoplasma contamination and cells used in this study were
mycoplasma free.

Among all the cell lines, only BT-20 was listed by ICLAC in the Table 2, indicates that“cell lines where some stocks have been

shown to be misidentified, but where authentic stock is known to exist”.We have shown the ATCC authentication report (STR

method, 100% match to ATCC cell line HTB-19 (BT-20)) in our previous work (Gao Y. et al, 2020, Nat Cell Biol, doi: 10.1038/

s41556-020-0562-4). The reason we use BT-20 in our study is because this cell line is less sensitive to CDK4/6 inhibitor
treatment than MCF7 and MDA-MB-231. We want to test if our finding also works in CDK4/6 inihibitor less sensitive cell lines.

Female 6- to 8-week-old BALB/c or BALB/c nude mice, Female and male 6- to 8-week-old ICR mice.

The study did not involve wild animals.

The study did not involve samples collected from field.

Animal studies were approved by Dana-Farber Cancer Institute Institutional Animal Care and Use Committee (IACUC; protocol

number 11-009) and by Beth Israel DeaconessMedical Center Institutional Animal Care and Use Committee (IACUC; protocol

number 043-2015), and performed in accordance with guidelines established by NIH Guide for the care and use of laboratory

animals.




