Downregulation of CYB5D?2 is associated with breast cancer progression
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Figure S$1
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Figure S1. TAM-R cells are resistant to tamoxifen-induced
cytotoxicity. MCF7 and TAM-R cells were treated with either
DMSO or tamoxifen at 3 uM for 2 days, followed by culture in a
TAM-free medium for 3 days. Cells were then stained with
crystal violet (0.5%). Experiments were repeated at least three
times; typical images from one repeat are included.
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Figure S2. Reduction of CYB5D2 mRNA expression in breast cancer. Data were
extracted from the indicated datasets within Oncomine™ (Compendia Bioscience,
Ann Arbor, MI). Mean + SD are graphed. *p<0.05 by a 2-tailed Student's #-test in
comparison to normal breast tissues (Breast).
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Figure S3. Downregulation of CYB5D2
correlates with reductions in overall survival
(OS) in patients with breast cancer. The
CYBS5D2 mRNA expression data and survival
information in a follow-up period
approximately 30 years were extracted from the
Curtis dataset. The effects of CYB5D2
downregulation on OS for BC and the indicated
subtypes were evaluated using Kaplan-Meier
curve. Statistical analysis was performed using
Logrank Test.
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Figure S4. Characterization of CYB5D2 downregulation-associated shortening of OS. Data were extracted
from the Curtis dataset [6] within the cBioPortal database. The impact of CYB5D2 mRNA reduction at level
less than 1SD (A), 1.5SD (B) and 2SD (C) from the reference population mean on OS for patients with breast
cancer (n=1980) was analyzed. Statistical analysis was performed using Logrank Test. Total#: total number of
cases; dec#: number of deceased cases; MMS: median months survival. The follow-up period was for 350
months (left panels) and 120 months (right panels), respectively.
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GFP-CYB5D2 48 hours

Figure S5

Figure S5. CYB5D2
expression induced
apoptosis in MCF7
cells. MCF7 cells
were transiently
transfected with GFP
or GFP-CYB5D2 for
48 hours, followed
by TUNEL staining.
Experiments were
repeated three times;
typical images are
shown. Arrows
indicated the
corresponding GPF
and TUNEL positive
cells.
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Figure S6. Signature #1 associates with decreases in OS and disease free survival
(DFS) in patients with breast cancer. Data were extracted from the TCGA-Cell
dataset (n=817). The effects of Signature #1 on OS (A) and DFS (B) in the indicated
follow-up period of 300 and 80 months are determined. Statistical analysis was
performed using Logrank Test. dec: deceased cases; relap: relapse cases.
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Figure S7. Alterations in Signature #2 in breast cancer. Data were derived from the Curtis dataset. Gene

expression for the indicated genes along with OS status are included.
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Figure S8. Characterization of Signature #2 with respect to OS. Data were derived
from the Curtis dataset (n=1980). The effects of Signature #2 on OS for patients with
ER-negative (A), HER2+ (B), and normal-like (C) breast cancer within the indicated
follow-up period were determined. Statistical analysis was performed using Logrank
Test. dec: deceased cases.
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Figure S9. Elevations in gene expression in the enriched gene sets in common-DEGs. Enrichment
analysis for gene sets with respect to common-DEGs was performed using the Gage package in R.
Scatter plots show increases in expression for genes in a cell cycle gene set (A), oocyte-meiosis gene
set (B), and progesterone-mediated oocyte maturation gene set. See Table S4A-C for the individual
genes.
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Figure S10. CYB5D2 downregulation-associated
DEGs are enriched in pathways related to essential
aspects of cell proliferation. Data on differentially
expressed genes (DEGs) in CYB5D2 downregulated
tumors were extracted from the TCGA-Cell (n=817)
and Curtis (n=1980) datasets within the cBioPortal
database. DEGs occurred in both datasets (common-
DEGs) were identified (see Table S3C for details).
Pathway enrichment for the three populations of
DEGs was performed using the R Reactome
package. Barplots for the top 12 enriched pathways
are generated .
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Figure S11

Figure 11. Relationship of specific common-DEGs with those of enriched pathways. Analysis for
pathway enrichment was carried out using the Reactome package in R. Enriched individual
pathways are placed in centers with the connected individual DEGs at outside. The enriched
pathways are for M Phase (#1), Mitotic Prometaphase (#2), Resolution of Sister Chromatid
Cohesion (#3), Mitotic Anaphase (#4), and Mitotic Metaphase and Anaphase (#5).



Figure S12

Figure S12. Relationship of specific TCGA-Cell-DEGs with those of enriched pathways. Analysis
for pathway enrichment was performed using the Reactome package in R. Enriched individual
pathways are placed in centers with the connected individual DEGs at outside. The enriched
pathways are for M Phase (#1), Mitotic Prometaphase (#2), Resolution of Sister Chromatid Cohesion
(#3), Cell Cycle Checkpoints (#4), and Checkpoint activation of ATR in response to replication stress
(#5).



Figure S13

Figure S13. Relationship of specific Curtis-DEGs with those of enriched pathways. Analysis for
pathway enrichment was performed using the Reactome package in R. Enriched individual pathways
are placed in centers with the connected individual DEGs at outside. The enriched pathways are for
Transcription Regulation by TP53 (#1), Mitotic Prometaphase (#2), Resolution of Sister Chromatid
Cohesion (#3), S Phase (#4), and Mitotic/G1 —G1/S phase (#5).



Figure S14
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Figure S14. The intact Western blot from which the Fig 1B inset was
derived. Note: the relevant lanes are the 3rd (MCF7 cells) and fourth
(TamR cells) lanes from the left marker lane. The top and bottom bands are
for Actinand CYB5D2, respectively.
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Figure S15. The intact
Western blot from which the
Fig 2D inset was derived.



Table S1. Co-alterations in mutations with CYB5D2 mRNA downregulations

Gene locus Altered” Unchanged® | Log R® | p-value g-value
TP53 1713.1 70 (86.4%)™ | 794 (34.7%)° | 1.32 4.23e-21 | 7.32e-19
217 (80.6%)%" | 647 (30.8%) | 1.39 2.95¢-56 | 5.11e-54
404 (68.8%)" | 460 (25.8%) | 1.41 1.73e-77 | 1.34e-74
CDH1 16022.1 0 (0%)"° 236 (10.3%) | <-10 1.74e-4 | 0.015
5 (1.86%)%" 231 (11.0%) |-2.57 |3.61e-8 |2.08e-6
37 (6.3%)" 199 (11.2%) |-0.83 | 2.62e-4 | 5.66e-3
GATA3 10p11 1(1.23%)™ | 268 (11.7%) |-3.25 |5.67e-4 |0.033
5(1.86%)%" | 264 (12.6%) |-2.76 | 8.42e-10 | 7.29e-8
26 (4.4%)" 243 (13.6%) | -1.62 | 3.05e-11 | 2.63e-9
PIK3CA 3026.3 71 (26.4%)9%" | 904 (43.1%) |-0.71 |6.52e-8 |2.82¢-6
191 (32.5%)" | 786 (44%) -0.44 | 158e-7 |2.21e-5
CBFB 16022.1 0 (0%) %" 109 (5.19%) | <-10 1.42¢e-6 | 4.90e-5
13 (2.2%) 96 (5.4%) -1.28 | 537e-4 |9.29-3
MAP3K1 5q11.2 11 (4.1%)%" | 225(10.7%) |-1.39 |1.47e-4 |4.25e-3
25 (4.3%)" 211 (11.8%) |-1.48 |7.93e-9 |4.5%-7
MUC16 19p13.2 135 (23%)" 274 (15.4%) | 0.58 2.56e-5 |7.81le-4
SYNE1 6025 101 (17.2%)" | 193 (10.8%) | 0.67 5.24e-5 | 1.51e-3
AKAP9 7q21-22 56 (9.5%)" 82 (4.9%) 0.97 6.14e-5 | 1.52e-3
RB1 13q14.2 26 (4.3%)" 30 (1.7%) 1.4 2.99e-4 | 5.75e-3
CACNA2D3 | 3p21.1 18 (3.1%)" 18 (1%) 1.6 8.12e-4 | 0.0131
CTCF 16021-22.3 | 4 (0.68%)" 50 (2.8%) -2.04 |9.8e-4 0.0131
BRCAL1 17921 20 (3.4%)" 22 (1.2%) 1.46 1.0e-4 0.0134
RYR2 1943 57 (9.1%)" 104 (5.8%) | 0.73 1.77e-3 | 0.0145
AHNAK?2 | 14032.33 | 120 (20.4%)" | 275 (15.4%) |0.41 3.27e-3 | 0.0355
CASP8 2033-34 14 (2.4%)" 14 (0.8%) 1.6 3.81e-3 | 0.0355
THSD7A 7p21.3 25 (4.3%)" 36 (2%) 1.08 3.5e-3 0.0356
BIRC6 2p22.3 45 (7.7%)" 83 (4.7%) 0.72 452e-3 | 0.434

a: CYB5D2 mRNA reduction at levels < -1SD, -1.5SD, and -2SD (standard derivation); co-alterations

in mutation were derived from the Metabric dataset (n=2509) within the cBioPortal database
b: altered (with the indicated CYB5D2 downregulations) and unchanged (without the indicated
CYB5D2 downregulations) group

c: log2-based ratio of percentage in altered group/percentage in unchanged group; positive and negative

ratios are for co-occurrence and mutual exclusiveness, respectively
d: number of mutation cases/number of cases with CYB5D2 downregulation x100

e: number of mutation cases/number of cases without CYB5D2 downregulation x100

f-h: downregulation of CYB5D2 mRNA < -2SD (f), -1.5SD (g), and -1SD (h), respectively
p-values were determined by Fisher Exact Test (cBioPortal)

g-value were derived from Benjamini-Hochberg procedure (cBioPortal)




Table S2. Components of Signature #1 and their functions

Gene locus Function Reference
CYB5D2 17p13.2 Potential tumor suppressor Xie et al, 2016
TP53 17p13.1 Tumor suppressor Well-established
CDH1 16022.1 Tumor suppressor Well-established
BRCA1 17g21 Tumor suppressor Well-established
THSD7A 7p21.3 -Promotes endothelial cell Wang et al, 2010
Thrombospondin migration and filopodia formation | Kuo et al. 2011
Type-1 Domain during angiogenesis Stahl et al, 2017
containing 7A -Potential tumor antigen

BIRC6 2p22.3 Antiapoptotic protein Low et al., 2013
Baculoviral IAP repeat Tang et al., 2015
containing 6

RB1 13q14.2 Tumor suppressor Well-established
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Major, P., 2016. CYB5D2 displays tumor suppression activities towards cervical cancer. Biochimica et
Biophysica Acta (BBA)-Molecular Basis of Disease, 1862(4), pp.556-565.
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