Additional file 1
Figure S1. Relationship between hypoxia and genomic instability
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(A) For each tissue type, hypoxia score was estimated using mRNA-based hypoxia signature [1]. Our choice of hypoxia signature was driven by a recent comprehensive study assessing the robustness of different hypoxia signatures[2]. We choose the best performing signature in that study which was a signature previously developed by our group and has been validated in several independent studies (reviewed in [3]). The hypoxia signature score was compared between tumour (T) and normal (N) samples of each tissue type using two-sided Wilcoxon test, and P values are displayed. Tissue types were sorted on the basis of largest to smallest median hypoxia score in tumour samples.
(B) Mean (+/- standard error) of fraction of low-hypoxia (red) and high-hypoxia (blue) samples altered (gain/amplified) in metabolic genes. For each cancer type, hypoxia score was estimated using mRNA-based hypoxia signature. Patients in the top quartile were classed as Hypoxia-High group, and the patients in the bottom quartile were classed as Hypoxia-Low group. Difference between the low- and high-hypoxia groups was statistically quantified using one-sided Wilcoxon test; *p<0.05, **p<0.01, ***p<0.001. Test statistic is displayed only for those cancer types whereby high-hypoxia group showed higher mean genomic instability compared to low-hypoxia group.
(C) Same as (B), demonstrating genomic losses in metabolic genes.
(D) Mean (+/- standard error) of fraction of low-hypoxia (red) and high-hypoxia (blue) samples altered (Mutated) in metabolic genes. Statistical tests same as in (B).
Figure S2. Genome-wide copy-number profiles of xenografts with- and without Bevacizumab treatment
[image: SupplementaryFigure2.pdf]
(A) Protein staining of two hypoxia markers in HCT116-derived xenografts (n=5 in each group). Cells were grown as mice xenografts and treated with Bevacizumab; an anti-angiogenic drug inducing hypoxia[4]. Statistical comparison was performed using unpaired Wilcoxon test, confirming hypoxic induction in Bevacizumab-treated xenografts.
(B) Copy number aberrations as log R ratio of individual probes (in black) across the human genome. Of the ten samples in (A), six samples were selected for copy-number profiling and are displayed here (3 HCT116-derived xenografts, 3 HCT116-derived xenografts treated with Bevacizumab). Green lines show segmented mean log R ratio. Red box indicates chromosome 12 gains which were exclusive to Bevacizumab-treated xenografts. 
(C) Fraction of altered genome in Bevacizumab-treated (Bev+) and untreated groups (Bev-) from HCT116-derived xenografts (n = 3) (Methods: Pre-processing of Affymetrix Cytoscan HD data). Data is displayed as total fraction altered as well as fraction altered due to copy-number gains and losses separately. These data demonstrated small but insignificant increase in the overall fraction of copy-number aberrations in Bevacizumab-treated samples (mean = 0.15, SD = 0.02, n=3) compared to untreated samples (mean = 0.12, SD = 0.004, n=3) (P=0.2, unpaired t-test) (Additional files 1 and 2: Table S20, segmented profiles). The increased aberrations were primarily contributed by the fraction of genomic gains (untreated mean = 0.056, SD = 0.002; Bevacizumab-treated mean = 0.082, SD = 0.02) (P=0.2, unpaired t-test) while the fraction of genomic losses remained unchanged (P=0.5, unpaired t-test). Genes with genomic gains exclusive to Bevacizumab-treated group (gain present in at least 2/3 Bevacizumab-treated samples and absent from all untreated samples) (Additional files 1 and 2: Table S21a), which represent early aberrations caused by tumour hypoxia.
(D) Overlap of genes between all metabolism genes and genes with copy-number gains induced in Bevacizumab-treated xenografts.
Figure S3. Schematic overview of analytical and experimental strategy
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(A) Stepwise overview of computational discovery process followed by prioritisation and experimental validation of pan-cancer metabolism signatures. 
Figure S4. Overview of pan-cancer metabolism signature
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(A) Bar plot showing distribution of number of candidate metabolic genes identified in ten tumour types. Scatter plot showing enrichment analysis of candidate metabolic drivers. 10,000 random genesets were sampled matching the size of correlated genes (y-axis) observed in each cancer type. For each random geneset, correlation between mRNA and copy-number (log2 ratio) profiles was estimated, and probability values of expecting the observed correlation were computed (x-axis). Dashed gray line indicates P = 0.05.
(B, C) Pan-cancer mRNA abundance profiles and SCNA with rows representing genes and columns representing patients. mRNA profiles for each tumour type was z-transformed and patients were ordered using hierarchical clustering within each cancer separately. Somatic copy-number profiles of candidate metabolic drivers. Patients (columns) were ordered using hierarchical clustering. 
 
Figure S5. Hypoxic-dependence of candidate metabolic drivers
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(A) Boxplot showing cancer-wise correlations (Spearman’s correlation coefficients) of copy-number (log2 ratio) profile of core metabolic signature (44 genes, ‘Sig.’ group) and mRNA-based hypoxia score, and compared to the correlations between non-selected metabolic genes (Other) and hypoxia score. For each cancer type, distribution of both sets of correlation coefficients was compared using one-sided Wilcoxon test with P values displayed. Box plots are sorted (high/left to low/right) by the median correlation coefficient in the signature (Sig.) group. To avoid bias, three genes common in metabolism signature and hypoxia signature, and another up to 17 genes (depending upon the cancer type) common in non-selected metabolic and hypoxia signature were removed.
(B) Mean (+/- standard error) of fraction of low-hypoxia (red) and high-hypoxia (blue) samples altered (gain/amplified) in core metabolic signature (44 genes). For each cancer type, hypoxia score was estimated using mRNA-based hypoxia profile. Patients in the top quartile were classed as Hypoxia-High group, and patients in the bottom quartile were classed as Hypoxia-Low group. For each cancer type, difference between the groups was statistically quantified using one-sided Wilcoxon test; *p<0.05, **p<0.01, ***p<0.001. 
(C) Same as (B) except showing mean (+/- standard error) of fraction of low-hypoxia (red) and high-hypoxia (blue) samples altered through somatic mutations in core metabolic signature (44 genes). Note, COADREAD and UCEC had less than 3 samples in either low- or high-hypoxia groups due to small overlap of samples between mRNA and mutational profiles.
(D) Heatmap displaying difference in proportions of samples harbouring only SCNAs and only somatic mutations in the core metabolic signature. The significance of the difference was assessed using proportion test, and P-values (<0.05) are displayed as asterisks. Blank (empty) boxes correspond to the absence of that gene from the respective cancer type as shown in Figure 1A. Overall, all genes showed higher number of samples having just SCNAs and no mutations compared to mutation-only samples.

Figure S6. Validation of breast cancer prognostic classifier
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(A) Kaplan-Meier analysis of risk groups derived using the risk scores predicted by the multivariate molecular classifier based on 11 most frequently selected genes by TCGA BRCA cohort (see Figure 3B). Classifier was trained on TCGA BRCA cohort, and results of validation in Metabric are shown here. Risk groups (Q1-Q4) represents quartiles of predicted risk scores. Groups Q2-Q4 were compared to Q1 which was treated as a low-risk group. (B) Classifier’s performance was tested by adjusting the model for clinical stage.


Figure S7. Drivers overlap between breast cancer subtype-specific candidate metabolism drivers
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(A) Overlap between breast cancer candidate metabolism drivers (validated in Metabric cohort, discovered in TCGA cohort) and previously reported cancer drivers. The bold red title (All) indicates validation on complete Metabric cohort. The gene names in red italics indicate the overlapping genes between candidate metabolism genes (All) and each of the previously reported cancer drivers resource.
(B-E) Same as (A) but analyses were performed on each of the breast cancer subtypes (PAM50) separately.
(F) Overlap of candidate metabolic signatures discovered in PAM50 subtypes separately. Genes labelled in red indicate core breast cancer metabolism driver genes which were present in all subtypes.
Figure S8. Survival analysis of SQLE in TCGA breast cancer cohort
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(A) Copy-number-based Kaplan-Meier analysis of SQLE in TCGA breast cancer cohort. 18 cases with copy-number state = heterozygous loss were merged with copy-number diploid (NEUT, n = 360) group. Genomic gains and amplifications were collapsed in one group (GAIN).
(B) Same as (A) except the Cox model was adjusted for TP53 mutation status (wild-type, mutant).
(C) Same as (A) except the Cox model was fitted to TP53 wild-type cases only, to remove the effect of TP53 mutation.
(D) mRNA-based Kaplan-Meier analysis of SQLE in TCGA breast cancer cohort. Samples were split into four groups based on 75th-percentile, median and 25th-percentile of log2 mRNA abundance of SQLE (lowest = Q1, highest = Q4).
(E) Same as (D) except the Cox model was adjusted for TP53 mutation status.
(F) Same as (D) except the Cox model was fitted to TP53 wild-type cases only, to remove the effect of TP53 mutation.
Figure S9. Breast cancer genomic gains/amplifications in cell lines
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(A,B,C,D) DNA copy-number fraction of putative gains/amplifications (pink) and losses (blue) for all the genes in chromosome 8q24 in human breast cancer cell lines (CCLE). Each panel shows the fraction of cell lines altered in all breast cancer cell lines (A), basal-like (B), Her2-enriched (C) and Luminal B (D) cell lines respectively. Cell lines classification annotations[5] did not map any cell line to Luminal A subtype. Candidate metabolism drivers and MYC are highlighted with red markers.
Figure S10. DNA and mRNA level correlation of metabolism genes on MYC locus
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(A,B,C,D) Spearman correlation between DNA (log2 ratio) and mRNA abundance data of candidate metabolism drivers on MYC locus, and MYC in human breast cancer cell lines (CCLE). Each panel shows the correlation plots in all breast cancer cell lines (A), basal-like (B), Her2-enriched (C) and Luminal B (D) cell lines respectively. Cell lines classification annotations[5] did not map any cell line to Luminal A subtype. Red line shows the linear regression fit.


Figure S11. In-vitro validation of metabolic genes on MYC locus
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(A-D) The normoxic and hypoxic (1% O2) expression, at 24 hours, of (A) TSTA3, (B) PYCRL, (C) SLC39A4 and (D) CYC1 in a panel of cell lines. 
(E-H) The relative expression of (E) TSTA3, (F) PYCRL, (G) SLC39A4 and (H) CYC1 for a panel of cell lines. 
(I) The normoxic and hypoxic expression, at 24 hours, of TSTA3 and PYCRL, - is normoxia + denotes 1% Oxygen in a panel of cell lines. 
(J,K) The relative genomic copy-number of (J) TSTA3 and (K) PYCRL in a panel of cell lines. Validation of TSTA3 and PYCRL knockdown by siRNA in HCC1806 and DLD-1. 
(L-O) The effect of TSTA3 and PYCRL knockdown on cell viability over 72 hours in normoxia and hypoxia in (L) DLD-1 and (M) HCC1806. The effect of TSTA3 and PYCRL knockdown in the clonogenic assay over 72 hours in normoxia and hypoxia in (N) DLD-1 and (O) HCC1806. 
[bookmark: _GoBack](P) siRNA knockdown western blots results of TSTA3 and PYCRL.  ***P<0.001, **P<0.01, *P<0.05, n=3. 
(Q) siRNA knockdown western blots results of SQLE in hypoxia and normoxia. The two SQLE bands correspond to different isoforms of SQLE (UCSC Hg20 assembly). The top band shows the abundance of long isoform (574 amino acids) and bottom band shows the abundance of short isoform (479 amino acids).
Figure S12. MYC and SQLE genomic copy-number relative to genome ploidy in a selected panel of cell lines
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Statistical significance between normal DNA and each of the cell lines was estimated using t-test.


References

[bookmark: _ENREF_1]1.	Buffa FM, Harris AL, West CM, Miller CJ: Large meta-analysis of multiple cancers reveals a common, compact and highly prognostic hypoxia metagene. Br J Cancer 2010, 102:428-435.
[bookmark: _ENREF_2]2.	Fox NS, Starmans MH, Haider S, Lambin P, Boutros PC: Ensemble analyses improve signatures of tumour hypoxia and reveal inter-platform differences. BMC Bioinformatics 2014, 15:170.
[bookmark: _ENREF_3]3.	Harris BH, Barberis A, West CM, Buffa FM: Gene Expression Signatures as Biomarkers of Tumour Hypoxia. Clin Oncol (R Coll Radiol) 2015, 27:547-560.
[bookmark: _ENREF_4]4.	Rapisarda A, Hollingshead M, Uranchimeg B, Bonomi CA, Borgel SD, Carter JP, Gehrs B, Raffeld M, Kinders RJ, Parchment R, et al: Increased antitumor activity of bevacizumab in combination with hypoxia inducible factor-1 inhibition. Mol Cancer Ther 2009, 8:1867-1877.
[bookmark: _ENREF_5]5.	Prat A, Karginova O, Parker JS, Fan C, He X, Bixby L, Harrell JC, Roman E, Adamo B, Troester M, Perou CM: Characterization of cell lines derived from breast cancers and normal mammary tissues for the study of the intrinsic molecular subtypes. Breast Cancer Res Treat 2013, 142:237-255.

image7.emf
Kandoth Tamborero

Tamborero
B4GALT3 CYC1, SLC25A10 B4GALT3 CYC1, SLC25A10 B4GALT3 CYC1, SLC25A10

Kandoth Tamborero

LumA CGC CANT? LumB CGC canT1

o

Tamborero Tamborero
B4GALT3 cyc1t B4GALT3 CYC1, SLC25A10

UCK2, SLC39A4, B4GALT3, FH, FLAD1, SQLE,
MFSD3, BPNT1, CYB561, NMRAL1, PMM2, SEPHS2










A

D

B C

           B4GALT3      CYC1, SLC25A10            B4GALT3      CYC1, SLC25A10            B4GALT3      CYC1, SLC25A10  

                CANT1           CANT1, COX6C         CANT1, COX6C 

         B4GALT3              CYC1            B4GALT3      CYC1, SLC25A10 

                CANT1            CANT1 

UCK2, SLC39A4, B4GALT3, FH, FLAD1, SQLE, 

MFSD3, BPNT1, CYB561, NMRAL1, PMM2, SEPHS2 

E

F


image8.emf
>
w
g

SQLE - All BC SQLE - All BC (TP53 Adjusted) SQLE - All BC (TP53 Wild-type)

~ 1.0 _ ~ 1.0 —_ ~ 1.0 —.
g 0 = &8 g 'l B = &R
S ) S
> 0.8; > 0.8; > 0.8;
S 0.6 2 0.6 2 0.6
Qo o ]
o o o
8. 0.4 g 0.4 c 0.4
s S S
'S 0.2 'S 0.2 S 0.2
5 HR = 1.74 (1.08 — 2.81) 5 HR = 1.55 (0.95 — 2.55) 5 HR = 1.74 (0.97 - 3.13)
@ .0/ P=0.021 @ ool P=0.082 ® oo P=0.06

6 2 4 6 8 10 6 2 4 6 8 10 6 2 4 6 8 10

Time (years) Time (years) Time (years)
-/NEUT 378 151 74 35 19 10 -/NEUT 378 151 74 35 19 10 -/NEUT 318 126 59 31 19 10
GAIN 545 210 105 53 30 17 GAIN 545 210 105 53 30 17 GAIN 329 132 65 33 18 11
D
SQLE - All BC SQLE - All BC (TP53 Adjusted) SQLE - All BC (TP53 Wild-type)

o 1.0 o 1.0 — a1
e e -
2> 0.8 2> 0.8 4
g 0.6 3 0.6
o] Q2
<) [<)
8 0.4 8 0.4
g g g
= 0.2 = 0.2; = 0.2

6 2 4 6 8 10 6 2 4 6 8 10 6 2 4 6 8 10

Time (years) Time (years) Time (years)

Qi 232 85 46 23 13 5 Qi 232 85 46 23 13 5 Q1 163 62 34 19 13 5
Q2 229 97 50 22 15 9 Q2 229 97 50 22 15 9 Q2 161 52 24 12 8 6
Q3 231 86 a1 21 10 8 Q3 231 86 41 21 10 8 Q3 161 72 35 16 9 5
Q4 231 93 42 22 11 5 Q4 231 93 42 22 1 5 Q4 162 72 31 17 7 5









A

D

E F

B C

SQLE	-	All	BC	 SQLE	-	All	BC	(TP53	Adjusted)	 SQLE	-	All	BC	(TP53	Wild-type)	

SQLE	-	All	BC	 SQLE	-	All	BC	(TP53	Adjusted)	 SQLE	-	All	BC	(TP53	Wild-type)	


image9.emf
A All BC Fraction Gain/Loss (CCLE) B Basal-like Fraction Gain/Loss (CCLE) C  Her2 Fraction Gain/Loss (CCLE) D Luminal B Fraction Gain/Loss (CCLE)

0.4 00 02 04 06 08 1.0 0.4 00 02 04 06 08 1.0 0.4 0.0 02 04 06 08 1.0 0.4 00 02 04 06 08 1.0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
HAS2- UTP23- UTP23 UTP23]
ZHX2-] RAD21- RAD21- RAD21]
myc-{ @l SLC30A8 SLC30A8 SLC30A8
yTP23] MED30] MED30-] MED30-]
RAD21-] EXT1 EXT1 EXT1-]
SAMD12-] SAMD12-] SAMD12- SAMD12-]
DSCC1] TNFRSF11B- TNFRSF118-] TNFRSF118]
DEPTOR COLEC10 COLEC10] COLEC10-]
COL14A14 AL2 MAL 2 -
RPL13- OV NOV- -
MTBP ENPP2 ENPP2-] ENPP2-
SNTB1-] AF2-] TAF2 AF2-
DERL1 DSCC1 SCC1 DScCl
DR67 DEPTORH DEPTOR- R}
SLC30A8 COL14A1- COL14A1 COL14A1-]
MED30-] MRPL13-] MRPL13 MRPL13]
EXT1-] MTBP- MTBP MTBP
TNFRSF11B SNTB1] SNTB1 HAS2
COLEC10- HAS2 HAS2- ZHX2
MAL 2 ZHX2] ZHX2] DERL1-]
NOV— vyc- @i DERL1- DR67-]
ENPP2-] GSDMCH R67 FAMB3A-]
TAF2- FAM49B— FAMB83A-] 80rf76-]
FAMB3A-] SAP1-] 76 ZHX1
C8orf76- ADCY8 HX1- ATAD2
ZHX1] ST3GAL1] D2 WDYHV1-
ATAD2- C8orf33 FBX032- FBX032+
FBX032 DERL1 ANXA13-] AN -
FAM91AT-] WDR67-] FAM91AT FAM91A1]
TMEM65-] FAMB3A-] TMEM65- TMEM65
TRIB1 C8orf76-1 TRMT12 TRMT12-]
GSDMCH ZHX1 RNF139- RNF139
WDYHVi- ATAD2 NDUFB9- NDUFB9-]
ANXA13- WDYHV1- MTSS1- MTSS1
TRMT12-] FBX032 LOG157381 LOC157381
RNF139 FAM84B— ZNF572 ZNF572-]
NDUFB9-] PVT1] SQLE- SQLE-| @m
MTSS1- EFR3A- KIAA0196 KIAA0196-]
Lo e o ]
SQLE-| am HPYR1] vyc- @ FAM84B
1AA0196 | RRC6-] PVTi- - @
SMCE2- TMEM?71 SDMC] SNTB1]
FAM84B PHF20L 1] FAMA49B PVT1-
PVT1 TG} WDYHV1 GSDMCH
FAMA49B- SLA ASAP1- FAMAQE
ASAP1] WISP1-] FAM84B- ASAP1-]
KENQ3- NDRG1+ ADCY8-] KCNK9-
ADCY8 ZFAT EFR3A- TRAPPC9-]
HHL A1 KHDRBS3 HHLA1 CHRAG1
HPYR1- FAM135B KCNQ3-] EIF2G2
| RRC6-] COL22A1-] HPYR1 DENND3-
MEM71] KCNK9- LRRC6- PTK2]
PHF20L 1 TRAPPC9- TMEM71-] SLCA45A4
KCNK9- CHRAC1 PHF20L1] GPR20-]
TRAPPC9-] DENND3 ADCK5-] LOC731779+
CHRAG1 SLCA45A4 CPSF1] PTP4A3
ENND3 GPR20] DGAT1 EFR3A-]
SLCA5A4 LOC731779 FBXL6] HHLA1-
GPR20] P4A3 HSF1-] KCNQ3-
LOC731779] CYP11B2 SCRT1 HPYR1-
TG LY6E-] TG LRRC6-]
A-] C8orf31+ LA MEM?71
WISP1- LY6H-] WISP1] PHF20L 1]
1 ZFP41+ — TG
ST3GAL1-] GLI4-] ST3GAL1] SLA-]
FAM135B ZNF696-] T WISP1]
COL22A1] TOPIMT KHDRBS3- NDRG1+
TF. RHPN1- FAM135B ST3GAL1-
PTK2] ZC3H3 COL22A1] ZFAT-
PTP4A3 GSDMDH KCNK9- KHDRBS3
CYP11B2- C8orf73- TRAPPC9-] FAM135B
LY6E EEF1D— CHRAG1- OL22A1-]
C8orfa1- NAPRT1-] EIF2C2- LINC00051]
LY6H TIGD5-] DENND3- NARE1-]
ADCK5- PYCRL- @m PTK2+ BAI1+
CPSF1- TSTA3- @ SLC45A1 ARC
DGAT1 BREA2] GPR20] PSCA-]
FBXL6-] FAM83H LINC00051] LY6K]
HSF1- MAPK15-] LOC731779 SLURP1]
SCRT1] ZNF707 A3 G
EFR3A SCRIB TSNARE1 cYP11B1-
ZFAT-] PUF60] 11 CYP11B2-
KHDRBS3 NRBP2-] ARC— LY6E-]
BAI1H PLEC JRK- C8orf31-
ARC-] PARP10-] PSCA- PLECH
PSCA-] GRINA-] LY6K] PARP70-]
LY6K SPATC1 SLURP1 GRINA-]
SLURP1] OPLAHH LY6D-] SPATC1
ML EXOSC4 LYNX1 OPLAHA
CYP11B1+ GPAAT ML EXQSC4-
ZFP41 cYC1-| am CcYP11B1- GPAA1-
GLI4-] SHARPIN-] CYP11B2] cYCi-|am
ZNF696-] KIAA1875-] LY6E SHARPIN-]
TOPINTH MAF1- C8orf3i- KIAA1875-]
RHPN1-] HEATR7A- Y6H] MAF1-]
ZC3H3- ADCK5-] GPIHBP1] HEATR7A-]
GSBMD ARHGAP39 ZFP41- ADCK5-]
C8orf73- C8orf82 GLI4- ARHGAP39-
EEF1D- COMMD5 ZNF696 CPSF1
NAPRT1] CPSF1 TOP1MT CYHR1+
1GD5 CYHR1- RHPN1-] DGAT1
PYCRL- &= DGAT1 ZC3H3+ FBXL6-]
= FBXL6-] GSDMD— FOXH1-]
PARP10-] FOXH1-] C8orf73- HSF1-
GRINA-] PT] EEF1D- KIFC2]
SPATC1 HSF1- NAPRT1- RPL8-
AH- KIFC2-] TIGD5] SCRT1-
EXQSC4+ LRRC14+ PYCRL-| @m SLC39A4- @l
GPAAT] MESD3 TSTA3-| @m TONSLH
CYC1- @m PPP1R16A-] BREA2- VPS28-]
SHARPIN- RECQL4] FAM83H-{ ZNF251]
KIAA1875- RPL8 MAPK15-] ZNF34-
MAF1+ SCRT1] ZNF707- ADCY3
HEATR7A- SLC39A4-| @l SCRIB] JRK]
ARHGAP39- TONSL] PUF60-] LY6D-]
C8orf33- VPS28-] NRBP2-{ LYNX1-
- ZNF16-] PLECH LY6H]
FOXH1+ ZNF250-] PARP10- ZFP41-
2] ZNF251-] GRINA- GLI4-]
SLC39A4-| @m ZNF34-] SPATC1 ZNF696]
TONSL F7 OPLAH TOP1MT
VPS28- ANXA13- EXOSC4- RHPN1]
LINC00051 FAM91A1 ] GPAA1- ZC3H3
TSNARE1] TMEM65 CcYC1- @m GSDMD-
JRK TRIB1 SHARPIN- C8orf73-
LY6D] EIF2C2- KIAA1875- EEF1D-]
GPIHBP14 PTK2 MAF1| NAPRT1]
BREA2- LINC00051} HEATR7A-] TIGD5-]
FAMS3H TSNARE1+ ARHGAP39- PYCRL-{@m
MAPK15- BAI1-] C8orf33- BREA2
ZNF707-] ARCH C8orfg2- FAM83H
SCRIB- RK— COMMD5- MAPK15-]
PUF60-] CA—] CYHR1 ZNF707-]
NRBP2-] K+ FOXH1- CRIB—]
C8orfs2 SLURP1] PT- PUF60-]
GPT- LY6D KIFC2-] NRBP2-]
LRRC14 LYNX1+ LRRC14- C8orf33-]
MFSD3 GML— MFSD3 C8orfs2-]
PPP1R16A] cYP11B1- PPP1R16A] cO| s
RECQL4- GPIHBP1 RECQLA4-] GPT-
RPL8-] TRMT12-] RPL8- LRRC14+
ZNF16-] RNF139 SLC39A4-| @ MESD3-]
ZNF250-] NDUFB9-] TONSL PPP1R16A-]
ZNF251-] MTSS1 VPS28-] RECQL4]
ZNF34- LOC157381 ZNF16 ZNF16-]
LYNX1 ZNF572 ZNF250 ZNF250]
COMMD5- SQLE-] - ZNF251- NF7
ZNF7-] KIAA0196-] ZNF34- GPIHBP14
TSTA3-{@E NSMCE2- NF7- TSTA3-{ @











image10.emf
A All BC B Basal-like (CCLE)
S SQLE
rho = 0.7, P =7.72e-10 . rho =0.54, P =0.017 . <
1.0 * * .
. o . .
< .
- _05
< <
z z
e o .
° 200 .,
=1 =
[ [ ¢
-] 505
o s
1.0
B . . .
. .
8 9 10 1 12 8 9 10 1
MYC MYC
2.51 rho = 0.41, P = 0.001 . 1.5{ rho = 0.68, P = 0.001 .
&
2.0
g . ’<ZE1 0
&1 . . g
2 2
=1 B
10 [
=] 505
o o
0.5
0.0 0.0; . .
7 9 10 11 12 13 10 11 12 13
PYCRL PYCRL
rho=052,P=197e05 * . tho=0.72, P =5.43¢-04
1.0
< <
P4 4
Qo. Qo5
2 o
B, S
-] -] .
8 oo
1.0 .
1.5 0.5
. .
55 60 65 70 75 80 85 60 65 70 75 80 85
TSTA3 TSTA3
tho = 0.69, P = 1.13e-09 rho = 0.71, P = 6.23e-04 . .
1.0 W
1.0 ° .
.
_05 _ o "
< < *
= z .
Qoo Qo5
2 o
- - . .
Sos5 g .
-] <] .
8 oo
1.0 .
1.5 0.5
. .
8 10 1 12 95 100 105 11.0 115 12.0
2 CYC1 CYC1
tho = 0.76, P = 2.65e-12 . rho = 0.79, P = 5.47e-05 . .
* .
1.0 c 0t .
.
g < o0
4 4
S Cos :
k] -]
® ® . .
[ [
-] S >
o o000 *
0.5
. .
10 11 12 13 10.0 11.0 12.0 13.0
SLC39A4 SLC39A4
1.51 rho = 0.5, P = 4.65e-05 *. rho =0.71, P = 7.12e-04 .
.
. . o«
10 1.0
205 I
) g
e Cos
500 °
= =
[ [
0.5 . ~
g . Soo
1.0
-1.5 0.5
.
4 5 6 10 11 6 7 10 1

7 8 9
log> mMRNA

8 9
log, mMRNA

C Herz-enrlchesgL‘ECCLE)

1.6

Luminal-B (CCLE)
SQLE

tho =0.21, P = 0.61 . 16l o =0:86,P=1.47e:04 .
1.4 . 14 >
— — .
] . Sz
C1.2 Q .
2 210 .
g . 5 .
$1.0 $0.8
g . 8
o s |, .
06
0.8 °
0.4 .
. ° . .
10.0 10.5 11.0 95 100 105 11.0 115
MYC MYC
25 tho =0.76, P = 0.028 . tho =0.26, P = 0.384
. 1.6 .
.
2.0 14
E 3 e
o o 1.2
2 ]
§15 % 1.0 /
~ ~ .
=3 > .
o Sos
. .
1.0 .
.t 0.6 . .
. * 0.4 .
7 [] 10 1 12 [] 10 11 12
PYCRL log, mRNA
rho = 0.43, P = 0.289 .o tho = 0.48, P = 0.094 ee Ce
1.0 .2 .
05 . .
0.8 .
- . eel =
Zos Zoo
e Qe
.
204 o
0 505 .
[ [
502 . >
o 2.1.0
.
0.0
02 1.5
.
75 8.0 55 60 65 7.0 75 80 B8F
TSTA3 1.0 TSTA3
1,0/ Tho=0.88,P=0.004 .. “| tho=0.64, P =0.019 s,
: .
05
_05 —_
! Zoo
e Qe
©0.0 o
= =05
g s
~ ~
o =
205 210
1.5
1.0
. .
95 100 105 110 115 ] [ 10 1 12
CYC1 CYC1
tho = 0.6, P = 0.12 . tho = 0.67, P = 0.012
1.0 .
0.8
he S
k] 04 o
0. -1
e [
] -]
002 . o
0.0
0.2 .
11.0 115 12.0 125 10 1 12 13
SLC39A4 SLC39A4
10 tho =-0.02, P = 0.955 1.5 rhoz0.32, P =0.28 .
K .
1.0 . .
. .. P— .
. .
Z05 Z05 . ////
z z _—
e Q .
g . o
Too . ®
e '$0.5
i-J =
o o
1.0
0.5
15
. .
EL) 7 10

7 8
log, mRNA

8 9
log> mMRNA









All	BC	(CCLE)	 Basal-like	(CCLE)	 Her2-enriched	(CCLE)	 A B C Luminal-B	(CCLE)	 D


image11.emf
A B
TSTA3 Expression PYCRL Expression
5m
5 Il Normoxia 5 Il Normoxia
w4 Il Hypoxia I Il Hypoxia
17 n
g_ 34 g_ 3-
x x
w w
o 24 o 24
2 2
=] =]
Kb S 14
[} [
4 4
0- 0-
'ef;- \"’@ )‘;, '®Q‘b 51'3’\ /\\\b \95 '99;- & g,‘b @b :1'3’\ «\,@ \9.'\
(OO I AR A AR o O ¢ O @9
o N & N o N o N
IR g ¥ A N A3 N
S S »
E Relative TSTA3 Expression F Relative PYCRL Expression
4
c c
k] o
a 23
2 2
a o
3 3 2
i ]
o o
2 >
5 5 !
& &
i
é,,b ,3:@ )(,;5 &bb 1{?\ /\\,@ &
R A A R
I & Ry &
S S
¥ o
D 9 y ) Y
I @ O ¥ & ¥ e
NS SIS SN

TSTA3 . »
PYCRL . y

P-actin e s e

+ - +- + - +
Al ] -

Cell Viability

L
DLD-1 M HCC1806
120+
100
> >
g Z s
: !
3 ®
o O 40
° ° 20+
0-
."_\’b %’b #’b .igb
& o
& & &L
& £ LT g
P HCC1806 DLD-1
> > N
&~ K F & & E
O L R L K NS
2 % 2 % 2 2
TSTAS— —  — - —
PYCRL - ” -
L]
.
— -

BActin

SLC39A4 Expression

Il Normoxia
B Hypoxia

L

Relative Expression
b

(0}

Relative SLC39A4 Expression

Relative Expression
o - N w »
a E

Copy Number Ratio of

CYC1 Expression

5
5 Il Normoxia
» 4 Il Hypoxia
17
g o
x
1}
o 21
=
s
£ 14
)
o

0+

PO D> e N o N

& E P S P K%

A AR A R4 & 9
RN R

4 4

H Relative CYC1 Expression
<
o
o 4
g
o 3

x
]
o 2
2
-]
8 9
&

Copy Number Ratio of
Genome Ploidy

S H o N o AN
S PR
» O O (ORI ANIRY
¢ F S FEEFTEN T
N & ¥ 4 ®
Clonogenic survival
N DLD1 0 HCC1806
1401 1401
1204
» 100 x
2 R}
s 0 s
3 0] ]
S =
204
4@& <~*°$ @& Qd& QO‘.}Q Q°$
& & E
D
) \6\\« é\\,. .xoqy é\o .&é\v' .Q_\(:
D) ‘;\& Q\Q >3 o
- -+ + 1% hypoxia

+ SQLE RNAi

e

HIF-1a

s &O_‘}’b QO.‘_\o QO'& Qd(go
& & F S
W NN

QW A \alo o

O (9& _\(, > K& Q-k

] 2 &

o









TSTA3 Expression

HCC1954HCC1569

MDA-MB-453

HCC1806

MDA-MB-231

HCT116DLD-1

0

1

2

3

4

5

R

e

l

a

t

i

v

e

 

E

x

p

r

e

s

s

i

o

n

Normoxia

Hypoxia

PYCRL Expression

HCC1954HCC1569

MDA-MB-453

HCC1806

MDA-MB-231

HCT116DLD-1

0

1

2

3

4

5

R

e

l

a

t

i

v

e

 

E

x

p

r

e

s

s

i

o

n

Normoxia

Hypoxia

SLC39A4 Expression

HCC1954HCC1569

MDA-MB-453

HCC1806

MDA-MB-231

HCT116DLD-1

0

1

2

3

4

5

R

e

l

a

t

i

v

e

 

E

x

p

r

e

s

s

i

o

n

Normoxia

Hypoxia

CYC1 Expression

HCC1954HCC1569

MDA-MB-453

HCC1806

MDA-MB-231

HCT116DLD-1

0

1

2

3

4

5

R

e

l

a

t

i

v

e

 

E

x

p

r

e

s

s

i

o

n

Normoxia

Hypoxia

TSTA3 Relative Genomic Copy Number

Normal DNA

HCC1954HCC1569

MDA-MB-453

HCC1806

MDA-MB-231

HCT116DLD-1

0

1

2

3

4

5

C

o

p

y

 

N

u

m

b

e

r

 

R

a

t

i

o

 

o

f

 

G

e

n

o

m

e

 

P

l

o

i

d

y

**

****

*

PYCRL Relative Genomic Copy Number

C

o

p

y

 

N

u

m

b

e

r

 

R

a

t

i

o

 

o

f

 

G

e

n

o

m

e

 

P

l

o

i

d

y

Normal DNA

HCC1954HCC1569

MDA-MB-453

HCC1806

MDA-MB-231

HCT116

DLD-1

0

1

2

3

4

5

**

***

****

***

***

DLD-1

siCTL Normoxia TSTA3 Normoxia

PYCRL Normoxia

siCTL Hypoxia

TSTA3 Hypoxia PYCRL Hypoxia

0

20

40

60

80

100

120

%

 

C

e

l

l

 

V

i

a

b

i

l

i

t

y

*

HCC1806

siCTL Normoxia TSTA3 Normoxia

PYCRL Normoxia

siCTL Hypoxia

TSTA3 Hypoxia PYCRL Hypoxia

0

20

40

60

80

100

120

%

 

C

e

l

l

 

V

i

a

b

i

l

i

t

y

*

HCC1806

siCTL Normoxia

siTSTA3 Normoxia siPYCRL Normoxia

siCTL Hypoxia

siTSTA3 Hypoxia

siPYCRL Hypoxia

0

20

40

60

80

100

120

140

%

 

C

o

l

o

n

i

e

s

*

DLD1

siCTL Normoxia

siTSTA3 Normoxia

siPYCRL Normoxia

siCTL Hypoxia

siTSTA3 Hypoxia

siPYCRL Hypoxia

0

20

40

60

80

100

120

140

%

 

C

o

l

o

n

i

e

s

*

Relative TSTA3 Expression

R

e

l

a

t

i

v

e

 

E

x

p

r

e

s

s

i

o

n

HCC1954HCC1569

MDA-MB-453

HCC1806

MDA-MB-231

HCT116DLD-1

0

1

2

3

Relative SLC39A4 Expression

R

e

l

a

t

i

v

e

 

E

x

p

r

e

s

s

i

o

n

HCC1954HCC1569

MDA-MB-453

HCC1806

MDA-MB-231

HCT116DLD-1

0

1

2

3

4

Relative PYCRL Expression

R

e

l

a

t

i

v

e

 

E

x

p

r

e

s

s

i

o

n

HCC1954HCC1569

MDA-MB-453

HCC1806

MDA-MB-231

HCT116DLD-1

0

1

2

3

4

Relative CYC1 Expression

R

e

l

a

t

i

v

e

 

E

x

p

r

e

s

s

i

o

n

HCC1954HCC1569

MDA-MB-453

HCC1806

MDA-MB-231

HCT116DLD-1

0

1

2

3

4

5

Cell Viability Clonogenicsurvival

I

A B C D

E

F

G

H

J

K

P

L

M

N

O

Q


image12.emf
A SQLE Relative Genomic Copy Number B MYC Relative Genomic Copy Number

8+ 6+ -
5 H *
o o
S >6 28
3 *x
¢ ) *k ok kxk &“34- * *ok k
o S
-8 044 3 ° * %k
g8 *kk % g8
S 0 S O
ze Z £2
2821 28
o o
o o
0-
PO > P AN e N
Qév. r@" \6’0 )‘" '&Q :{".: «\\ \9,
L L E O &
o"& ¥R N ? Nl o«*o
= S S -









B SQLE Relative Genomic Copy Number

C

o

p

y

 

N

u

m

b

e

r

 

R

a

t

i

o

 

o

f

 

G

e

n

o

m

e

 

P

l

o

i

d

y

Normal DNA

HCC1954HCC1569

MDA-MB-453

HCC1806

MDA-MB-231

HCT116

DLD-1

0

2

4

6

8

*

***	

MYC Relative Genomic Copy Number

C

o

p

y

 

N

u

m

b

e

r

 

R

a

t

i

o

 

o

f

 

G

e

n

o

m

e

 

P

l

o

i

d

y

Normal DNA

HCC1954HCC1569

MDA-MB-453

HCC1806

MDA-MB-231

HCT116

DLD-1

0

2

4

6

**	

A

**	

***	

*	

*	

*	

***	

**	

**	


image1.emf
- Hypoxia-High

. Hypoxia-Low

a
=]
o
(O]
3 L(N) AO
3 T= I _avay¥avod
I . -
5 e o JE
=) L
e F B
T L
© n
R SR I "
3 )
v —f Wvoss 5 e
8o
=3 T LN) avn g S osmn
g | O
€ |w = AO
o jeem T e—
-4
* _osn1
gl 8 -(N) voe £ .I
— o % J _voud S
m D__| |A|_.v <0|_m _ 1 1 1 1 72} Lw M
S | = ™ o~ - o o 3 3
E o | Py Pt s P g g
m\ X _.=|. (N) 939N o (ss07) passyy 1oyo  jo uonoesy uesp mmm
.m y .I__I. : L(1) 939N
% | 2 -(N) avadavoo
| I =
| -(1) avadavoo s
g [<}]
3 -} L(N) QU @ e
M c I _INgo ] . _Ingo
P | W) Oouiy S o T e . _oaon
g ) = _
% -(N) oSN 55 T 3 ' _avauavoo
« w o .w '
st o M i M o
=} _—
MA. (N) OSNH t .I _JSNH T i _oun
: wonw .
o
1 I _voug H .voug
T 8 2 e o o “ - 5 2 g
e e 5 e =] =] =] =] =]
< 2109 eixodAH 2Boj o (uten) passyy Hoyoy jo uonoel4 uesiy Q (suoneiniy onewos) paial|y 10YoD Jo UOHIEIS UESIN









A

P = 2.3x10

-11 

P = 1.6x10

-36  

P = 1.7x10

-11

P = 5.6x10

-27

P = 2.1x10

-5

P = 1.2x10-30 P = 8.5x10-11 P = 0.004   P = 4.0x10-36 P = 0.0001

B

C

*** ***    ***     ***   0.01  0.9

*** ***    ***     ***    ***    ***

Metabolic Genes Metabolic Genes

Hypoxia Score (TumourvsNormal)

D

*** ***    ***   0.75


image2.emf
A

801

Staining intensity

201

Log ratio ‘Lolg ratio

‘Lolg ratio

_Lo_g ratio

‘Lo‘g ratio

HCT116-derived xenografts

O

HCT116

60

40-

5

-

3]
3

—1

[=]

-

(=)
r

1 Wilcox P=0.008

Wilcox P=0.02

o
=)
aQ

T

Fraction of copy-number altered genome o

o
o
=]

~ e~ e~ e~~~

HCT116-derived xenografts

Total (Bev-
Total (Bev+
Gain (Bev-
Gain (Bev+
Loss (Bev-
Loss (Bev+

HIF1a (Bev-)

HIF1a (Bev+)
CA9 (Bev-)
CA9 (Bev+)

| M
1 2 3 4 5 6 7_8 9 1011 121131415 1 X Y

Chromosome :

HCT116-derived xenografts (Bevacizumab-treated)

8 9 10 11
Chromosome '

Metabolism (All) Bevacizumab-induced

149
P=0.03

.
-










L

o

g

	

r

a

t

i

o

L

o

g

	

r

a

t

i

o

L

o

g

	

r

a

t

i

o

1													2												3									4									5								6								7							8						9						10			11				12			13		14		15							17			19 21						X				Y

L

o

g

	

r

a

t

i

o

L

o

g

	

r

a

t

i

o

L

o

g

	

r

a

t

i

o

1													2												3									4									5								6								7							8						9						10			11				12			13		14		15							17			19 21						X				Y

HCCT116	derived	xenografts

HCCT116	derived	xenografts(Bevacizumab-treated)

Chromosome

Chromosome

Wilcox	

P	

=	0.02

Wilcox	

P

=	0.008

C

D

HCT116

P=	0.03

A

B

HCT116-derived	xenografts

HCT116-derived	xenografts	(Bevacizumab-treated)

HCT116


image3.emf
Metabolism genes

!

Identify RNA ~ DNA
positively correlated genes
(Rho > 0.3, g <0.001)

10 TCGA cancer types
mMRNA and DNA profiles

|

Metabric breast cancer
cohort

!

|

mRNA Filtering
Limit to top 10% over-
expressed genes (tumour vs
normal samples)

Breast cancer subtype
specific validation

l

!

DNA Filtering
Limit to genes with >20%

gain/amplification

Breast cancer subtype
specific cell lines and Colon
cancer cell lines validation,

in hypoxia and normoxia











image4.emf
Number of genes

1401

1204

]
?

©
i

=3
i

IS
L

n
i

BRCA
LUSC
BLCA
LUAD

COADREAD

HNSC

|I nm

=
m
(O]

140

Number of genes .
B [+2] -] o N
o o o o o

N
o

UCEC
KIRC

o UCEC

Pan cancer enrichment (DNA~RNA)
SOV

BRCA
o LUSC .

o BLCA

LUAD
° o HNSC o COADREA

GBM

o+ KIRC

mRNA abundance

ge
0
T2
N

TPI
| TSTA3
. UCK2
| GPI
GAPDH
PYCR1
L TKY
| | LPCAT1
||| FLVCR1
| SRD5A1
SLC25A10
NME1
DHRS13
SLC5A6
SQLE
SLC12A8
ABCC5
| GMPS
KCNMB3
| SLC25A13
SLC4A2
| PDE7A

SRD5A1
SLC25A10
NME1
DHRS13
SLC5A6
SQLE
SLC12A8
ABCC5
GMPS
KCNMB3
SLC25A13
SLC4A2

PIG
B4GALT3
SL039A11 L]

| TTYH3
11 | | 1IN ' | | DHCR7
| .| TYmMs

-4 2 0 2 4 2 -1 0 1
Copy number status









B mRNA abundance SCNA

A

z-score

Copy number status

COADREAD

C


image5.emf
Hypoxia and Metabolism Association (Core Signature Genes)

: 5
4T
0w < 2 o
282 =
37z <5 o o
= < [a N8
(O] .. 0o<I=nlagp_ W
2 L(19430) AVIHAVOD 25382532338
S ¥ ®  SWAL
] H(BIS) avaHavoD —al > x % IHOHQ
IH _wgo [ | + ® EHALL
N : .|=|. -(19410) AO " ¥ * m LLV6EDTS
o [ _avn * u ENOH
a .|=|. -(B1S) AO S i HE B elvord
© — I =" Lol
! -(leui0) vo1g o * x # 1OMLHa
= = ' _o39n M = vdll
a -(Bis) voa 8 _ C ® 2waa3
© ' _avayavoo . .. LOAD
e +——J}—- [uewo)ozon > _ o #  tHadwi
S = l.“ A0 “ x x - AQHV
1 ] (‘61 * LIMoN
I AT IE)
0 .|-|. -(1oy10) NED (&) ) J voua ll lm €LVS2O1S
; . £ I €QINNOX
¢ A r(ois) neo o E EE sduo
I §008V
g -(4au10) OSNH o & . . . . B N svelols
N (Big) g 5 3 g g HE @ 310s
o i w OWZI Aw:O_um«_._S_ o_u&Eva pa.43}]y }31oyo) Jo uoljdoe.i4 ues|y _ﬂ i . VSIS
< H « x % €1SHHA
S -(lay10) oSN avaavos  HE ®E  1INN
s = & =& K= olvsots
! -(‘B1s) oSN A0 * EEE vsads
= 00 B R o
H(1eui0) vousg @ o HE NE LLVOd
c - * EEE L
(‘61 ) * EE® 1HOAd
e (1o 2 HE._ 1d9
% (12u10) OHIM = § I ~230n “l I“l 230N
© (- ] [ | HE EmevisL
7 D__. (‘61S) oHI © & .II _osn1 = ¥ - * x K “ Hdl
= [T} | B HENvveeOTs
3 -(1au10) avn s x 0w EEY EH EE HOO
2 5 o Ex N =HE 2NO1D
" -(B1s) avn s . II _OSNH O | EEEN 1avd
& o ExEE EE  Hdsd
: : : : : £ ' _avm ¥ EEEE B+ LLANN
¥ & & & = * E¥ N *EEEcoV
S o©o o© ¢ o $ II _vous EET B HEEENHOAd
d s,ueweadg | | : i
VNOS 0 (yen) _owhmu_e. tom_,oo Jo :omumhn_ :mmoE Q

0.4 0.6 0.8

0.2
Fraction of Exclusive SCNAs —Fraction of Exclusive Mutations










***    ***      *      **    

0.2   0.19  0.57

Hypoxia and Metabolism Association (Core Signature Genes)

P = 1.9x10-7  P = 6.1x10-8   P = 0.01 P = 0.16 P = 0.52

P = 6.6x10

-9

P = 0.0004 P = 0.9   P = 0.56 P = 0.99

S

C

N

A

A

B

**

C

D

Fraction of Exclusive SCNAs ➖Fraction of Exclusive Mutations


image6.emf
>

Survival probability (OS)
© ° o o -
» - @ @ )

o
)

Metabric Validation B Metabric Validation — Stage Adjusted
1.0
o
S 0.8
3
506
Q2
(<]
2 0.4
E
Q2: HR = 1.41, P = 0.004 S 0.2/ Q2:HR=1.06, P=0.692
Q3: HR =1.76, P = 9.23e-07 S5 Q3: HR=1.4, P =0.011
Q4:HR=2.49,P =1.11e-16 * Q4: HR =1.89, P = 6.45e-07
0.0
0 2 4 6 8 10 0 2 4 6 8 10
Time (years) Time (years)
497 466 426 337 281 213 Qi 497 466 426 337 281 213
497 461 400 290 229 176 Q2 497 461 400 290 229 176

497 445 367 291 233 168 Q3 497 445 367 291 233 168
497 429 319 240 185 142 Q4 497 429 319 240 185 142










