






Supplementary data to
NONO interacts with nuclear PKM2 and directs histone H3 phosphorylation to promote triple-negative breast cancer metastasis
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[bookmark: OLE_LINK1]Figure S1. Expression levels of NONO or PKM2 in human breast cancer tissues from the Gene Expression Omnibus repository GSE76275. 
(A) Quantitative analysis of NONO expression levels in non-TNBC (n = 67) and TNBC (n = 198) tissue samples. The data are presented as the mean ± SD. ***P < 0.001. (B) Quantitative analysis of PKM2 expression levels in non-TNBC (n = 67) and TNBC (n = 198) tissue samples. The data are presented as the mean ± SD. ***P < 0.001.
[image: Supplementary materials_02]
[bookmark: OLE_LINK2][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Figure S2. NONO and PKM2 promote cell proliferation and metastasis by upregulating SERPINE1 transcription in BT-549 cells.
 (A) The relative mRNA level of SERPINE1 normalized to that of GAPDH was examined by RT‒qPCR in NC and NONO-KD BT-549 cells. The data are presented as the mean ± SD (n = 3). *P < 0.05, ****P < 0.0001 compared to NC. (B) The protein expression of PAI-1 in NC and NONO-KD BT-549 cells was assessed by western blot analyses with the indicated antibodies. (C) Western blot analysis of the indicated proteins in BT-549 cells treated with NC, NONO-KD, or NONO-KD + PAI-1. GAPDH served as a loading control. (D) Cell proliferation was examined by a CCK-8 assay in BT-549 cells treated with NC, NONO-KD, or NONO-KD + PAI-1. The data are presented as the mean ± SD (n = 5). ***P < 0.001 compared to the NONO-KD group. (E) Colony formation ability of BT-549 cells treated with NC, NONO-KD, or NONO-KD + PAI-1 was determined. The data are presented as the mean ± SD (n = 3). *P < 0.05, **P < 0.01 compared to the corresponding control. (F) Representative images of the migration (top panels) and invasion (bottom panels) of BT-549 cells treated with NC, NONO-KD, or NONO-KD + PAI-1. The data are presented as the mean ± SD (n = 5). ***P < 0.001, ****P < 0.0001 compared to the corresponding control. (G) The relative mRNA level of SERPINE1 (normalized to that of GAPDH) in NC and PKM2-KD BT-549 cells was examined by RT‒qPCR. The data are presented as the mean ± SD (n = 3). ****P < 0.0001 compared to NC. (H) The protein expression of PAI-1 in NC and PKM2-KD BT-549 cells was assessed by western blot analyses with the indicated antibodies. (I) Western blot analysis of the indicated proteins in BT-549 cells treated with NC, PKM2-KD, or PKM2-KD + PAI-1. GAPDH served as a loading control. (J) Cell proliferation was examined by a CCK-8 assay in BT-549 cells treated with NC, PKM2-KD, or PKM2-KD + PAI-1. The data are presented as the mean ± SD (n = 5). ***P < 0.001 compared to the PKM2-KD group. (K) Colony formation was determined in BT-549 cells treated with NC, PKM2-KD, or PKM2-KD + PAI-1. The data are presented as the mean ± SD (n = 3). *P < 0.05, ***P < 0.001 compared with the PKM2-KD group. (L) Representative images of the migration (top panels) and invasion (bottom panels) of BT-549 cells treated with NC, PKM2-KD, or PKM2-KD + PAI-1. The data are presented as the mean ± SD (n = 5). **P < 0.01, ****P < 0.0001 compared to the corresponding control. (M) Representative images of IHC staining of PAI-1 in matched normal tissues (n = 60) and TNBC tissues (n = 60). Scale bar, 50 μm. (N) Quantitative analysis of PAI-1 expression levels in matched normal tissue (Normal) and TNBC tissue (Tumor) samples. The data are presented as the mean ± SD. ***P < 0.001.
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[bookmark: OLE_LINK4][bookmark: OLE_LINK3]Figure S3. Prediction of crucial amino acids of PKM2 that interact with NONO. 
(A) The molecular docking model for NONO (green) and PKM2 (yellow) was predicted using the ZDOCK server (https://zdock.umassmed.edu/). (B) Predicted amino acid residues responsible for the interaction between NONO and PKM2.
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[bookmark: OLE_LINK6][bookmark: OLE_LINK5]Figure S4. Genomic tracks of NONO and H3T11ph in MDA-MB-231 cells. 
(A) CUT&Tag profiles for NONO enrichment in NONO knockdown and NC control MDA-MB-231 cells, and H3T11ph enrichment in PKM2 knockdown and NC control MDA-MB-231 cells aligned with human chromosomes. (B) Correlations between enrichment changes in NONO and H3T11ph, H3T11ph and H3K27ac, or NONO and H3K27ac at promoters in MDA-MB-231 cells. Each dot indicates a single promoter. r, correlation coefficients that were assessed by Pearson product-moment correlation.
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[bookmark: OLE_LINK8][bookmark: OLE_LINK7]Figure S5. PKM2 transcriptionally activates KAT5, which results in H3K27ac in MDA-MB-231 cells. 
(A) Western blot analysis of the indicated proteins in NC and PKM2-knockdown MDA-MB-231 cells. GAPDH served as a loading control. (B) The relative mRNA level of KAT5 normalized to that of GAPDH was examined by RT‒qPCR in NC and PKM2-silenced MDA-MB-231 cells. The data are presented as the mean ± SD (n = 3). **P < 0.01, ****P < 0.0001 compared to the NC group. (C) IGV tracks showing the enrichment of H3T11ph signals at KAT5 loci from CUT&Tag data in NC and PKM2-KD MDA-MB-231 cells. (D) ChIP‒qPCR was used to assess the enrichment of H3T11ph at KAT5 loci in NC and PKM2-KD MDA-MB-231 cells. IgG served as a negative control. The data are presented as the mean ± SD (n = 3). ***P < 0.001 compared to the NC group. (E) The relative mRNA level of SERPINE1 normalized to that of GAPDH was examined by RT‒qPCR in NC and TIP60-silenced MDA-MB-231 cells. The data are presented as the mean ± SD (n = 3). ****P < 0.0001 compared to the NC group. (F) Western blot analysis of the indicated proteins in NC and TIP60-KD MDA-MB-231 cells. GAPDH and histone H3 served as loading controls. (G) Western blot analysis of the indicated proteins in MDA-MB-231 cells treated with NC, PKM2-KD, or PKM2-KD + TIP60. GAPDH and histone H3 served as loading controls. 
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[bookmark: OLE_LINK9]Figure S6. PKM2 transcriptionally activates KAT5, which results in H3K27ac in BT-549 cells. 
(A) The relative mRNA level of KAT5 (normalized to that of GAPDH) was examined by RT‒qPCR in NC and PKM2-KD BT-549 cells. The data are presented as the mean ± SD (n = 3). **P < 0.01, ****P < 0.0001 compared to the NC group. (B) Western blot analysis of the indicated proteins in NC and PKM2-silenced BT-549 cells. GAPDH served as a loading control. (C) The relative mRNA level of SERPINE1 normalized to that of GAPDH was examined by RT‒qPCR in NC and KAT5-KD BT-549 cells. The data are presented as the mean ± SD (n = 3). **P < 0.01, ***P < 0.001 compared to the NC group. (D) Western blot analysis of the indicated proteins in NC and KAT5-KD BT-549 cells. GAPDH and histone H3 served as loading controls. (E) Western blot analysis of the indicated proteins in BT-549 cells treated with NC, PKM2-KD, or PKM2-KD + TIP60. GAPDH and histone H3 served as loading controls. (F) Pearson correlation scatter plot of PKM2 and KAT5 in human TNBC tissues (n = 198). The mRNA expression of PKM2 and KAT5 was extracted from the GEO dataset GSE76275.
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[bookmark: OLE_LINK11][bookmark: OLE_LINK10]Figure S7. NONO or PKM2 knockout reduces tumor weight and SERPINE1 transcription in MMTV-PyMT mice. 
(A) Tumor weights of control and NONO-KO mice. All data are the mean ± SD. **P < 0.01. (B) RT‒qPCR analysis of SERPINE1 mRNA normalized to GAPDH in mammary tumors from control and NONO-KO mice. All data are presented as the mean ± SD. *P < 0.05. (C) Tumor weights of control and PKM2-KO mice. All data are presented as the mean ± SD. **P < 0.01. (D) The mRNA level of SERPINE1 (normalized to that of GAPDH) in mammary tumors from control and PKM2-KO mice was analyzed by RT‒qPCR. All data are presented as the mean ± SD. *P < 0.05.


















[bookmark: _GoBack][bookmark: OLE_LINK55]Table S1. Mass spectrometry results (Top 30)
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Table S2. Clinicopathologic characteristic of NONO expression in TNBC patients
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Table S3. Clinicopathologic characteristic of PKM2 expression in TNBC patients
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Table S4. List of antibodies
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Table S5. Real-time PCR primer sequences
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Table S6. ChIP-qPCR primer sequences
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Table S7. PCR primer sequences used for genotyping of transgenic mice
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‘Antibodies Soure. Identifier
Rabbit polycionalto NONO. Abcam 70335
NONO rabbit monocional antbody HuABIO EmTioest
PKM2-specifc polyclonal antibody Profeintech 15822.1.0P
PKM2-specifc monoclonal anfbody Proteintech s0268-14g
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Genes Forward primer (5-3') Reverse primer (5-3')
NONO CTAGCGGAGATTGCCAAAGTG GTTCGTTGGACACATACTGAGG
PKM2 TGGAGAAACAGCCAAAGGGGACTAT | CACGGCGGTGGCTTCTGTGGGGTCG
SERPINE1 CTGACAACAGGAGGAGAAACCC AGATCCCGCTGGACGAAG

KATS AACAAACGTCTGGATGAATGGG AGGAAGTCCGTTCTTAGTGGG

L1 GACCTACTGTCCTACCTGCG AGTCTTCAGCAGCAGCAGTC

CCN2 GTTTGGCCCAGACCCAACTA GGCTCTGCTTCTCTAGCCTG

RCN1 CTGGGTTTTATCAGAACGGGAG CCAGTGGCGAATCTCATCTTT
VDAC1 ACGTATGCCGATCTTGGCAAA TCAGGCCGTACTCAGTCCATC
CDKN1A TGTCCGTCAGAACCCATGC AAAGTCGAAGTTCCATCGCTC
ADAMTSL4 CATCAAGCCAGGAATGTTCGG AGGGGACGGAATAGCCTCTTC
MATN2 GATCCTCGGACAGATCGTCCT CTGCCCGCTTGTTCTCACA

FERMT2 CAGACACCCCGAAGAACTTTC GCCCCTCTAATTCAAGTGCCT

MCAM AGCTCCGCGTCTACAAAGC CTACACAGGTAGCGACCTCC
GAPDH GAGCCACATCGCTCAGACAC CATGTAGTTGAGGTCAATGAAGG
SERPINE1 (mouse) | TTCAGCCCTTGCTTGCCTC ACACTTTTACTCCGAAGTCGGT
GAPDH (mouse) AGGTCGGTGTGAACGGATTTG TGTAGACCATGTAGTTGAGGTCA
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SERPINE1-P1-NONO
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SERPINE1-P1-H3T11ph
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SERPINE1-P3-H3K27ac
SERPINE1-NC

KATS.

GGAGGAGAGGGGACAGGAGGGAAGG
CAGTGAGTGGGTGGGGCTGGAACAT
GCAGGTGGCAGAGTGAATGTCCCCC
CATGGAAAATCTGAGTGTGATCTAC
CAGTGAGTGGGTGGGGCTGGAACAT
CACTTGACTGGCACACACCCCTCCG
CGGCTCTCCCAGTGAAATCACCAGG
CAGTGAGTGGGTGGGGCTGGAACAT
TCCCCCATCATGTGGCCCAACTCTC
AGAAGAAGAAAGAAAGAAAGAGAGA
GAGGCTGCAGTGAGCGGAGATTGTG

CCTTCCCACCACCCATCGCCCCCTG
TGGAGGGGGGCGTGTGGGTCTTCTT
TAAACAAGTCACCTACACTCCAAAA
TTCCGGAGGGTCAGAGATAAGAGAG
TGGAGGGGGGCGTGTGGGTCTTCTT
CTGTCCCCCCACTCCGTCCTTTTGA
TGGAATCCCAGAATCCCTTTTACAG
TGGAGGGGGGCGTGTGGGTCTTCTT
TAAACAAGTCACCTACACTCCAAAA
GCTGAAATTACAGTCATAAGCCACC
GCTCTTGACCTCGTGATCCGCCCGE
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MMTV-Cre-5' am
MMTV-Cre-WT
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PKM2-flox
MMTV-PyMT-Transgene (B6)
MMTV-PyMT-Control (B6)
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GGGCAGTCTGGTACTTCCAAGCT
CAGCAAAACCTGGCTGTGGATC
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image3.tiff
Green: NONO
Yellow: PKM2

Interacting pairs of amino acids Distance Interaction force The nature of interaction

PKM2:ARG400:HH22 - NONO:ARG270:0 2246 Hydrogen Bond Conventional Hydrogen Bond
PKM2:SER406:CB - NONO:TYR265:0 3.12881 Hydrogen Bond Carbon Hydrogen Bond
PKM2:THR412:HG1 - NONO:ASP232:0D2 239423 Hydrogen Bond Conventional Hydrogen Bond
NONO:ARG256:HN - PKM2:ASP476:0D2 267587 Hydrogen Bond Conventional Hydrogen Bond
NONOILYS198:NZ - PKM2:ASP487:0D2 441711 Electrostatic Attractive Charge
PKM2:TRP515 - NONO:LEU205 522131 Hydrophobic Pi-Alkyl

PKM2:ARG526:NH1 - NONO:GLU238:0E2 493211 Electrostatic Attractive Charge
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