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Table S1

Summary of molecular mechanistic studies of Cu-binding proteins in breast cancer, including
the following columns ‘CBP’ (i.e., abbreviated names of the Cu-binding proteins, CBP), ‘study
model” (i.e., in vitro and/or in vivo; cell line studies and/or mice models), ‘treatment’ (i.e.,
genetic and/or chemical), “process (+/-)’ (i.e., the related breast cancer cell process, which is
positively or negatively related with the CBP’s expression, ‘mechanism’ (i.e., details about the
functional and/or molecular mechanism), and ‘Ref.” (i.e., literature references). (ATOX1,
antioxidant 1 copper chaperone; LOX, lysyl oxidase; LOXL2, LOX-like 2; LOXL4, LOX-like
4; SPARC, secreted protein acidic and rich in cysteine; MEMOZ1, mediator of cell motility 1;
MT3, metallothionein 3; MAP2K1, Mitogen-Activated Protein Kinase Kinase 1; PARK?Y,
Parkinson disease protein 7; LTF, lactoferrin; BAPN, beta-aminopropionitrile; BCS,
bathocuprione disulphonate; TIMP1, tissue inhibitor of metalloproteinase-1; MMP9/3, matrix
metalloproteinase-9/3; s.c., subcutaneous; i.v., intravenous; MDSC, myeloid-derived
suppressor cells; IRS1, insulin receptor substrate 1; TM, tetrathiomolybdate; AO, anti-sense
oligonucleotides; KD, knockdown; MICS, membrane invasion culture system; MSC:

mesenchymal stem cells).



CBP Study model Treatment Process Mechanism Ref.
o | MDA-MB-231in wound- | ATOX1 KD migration | ATOX1 accumulates in
ATOX1 | 2 healing assay (SIRNA) ) lamellipodia borders. 1
C
MDA-MB-231, Hs578T LOX KD (AO), invasion Upregulated LOX expression
o | (highly invasive/ LOX activity (+) in metastatic compared with
= | metastatic) and inhibition (BAPN), non-metastatic cell lines. 2
z MCF7, T47D (low LOX expression
~ | invasive/non-metastatic) (mLOX gene)
in MICS assay
MDA-MB-231, Hs578T LOX activity adhesion, LOX facilitates migration
(highly invasive/ inhibition (BAPN), motility, through regulation of cell-
o | Mmetastatic) and LOX expression migration | matrix adhesion formation.
£ | MCF7 (low invasive/non- | (LOX-His32/50 (+) Intracellular LOX -> H202 3
z metastatic) in cell-matrix DNA). production -> FAK/Src
~ | adhesion, Cell Motility pathway activation.
HitKit, and modified
MICS assays.
MDA-MB-231, Hs578T LOX activity - LOX regulates actin
o | (highly invasive/ inhibition (BAPN), polymerization and thus
£ | metastatic) and LOX expression lamellipodia formation. 4
2 | MCF7 (low invasive/non- | (LOX-His32/50 LOX (-> FAK/Src) ->
~ | metastatic) DNA). p130¢®/Crk/DOCK180
pathway -> Rac activity
MCF-7, MDA-MB-231, Inhibition of LOX Migration, | Upregulated LOX expression
AU-565, BT-483 activity (BAPN), invasion in metastatic compared with
© | (cancerous), MCF-10A, and LOX synthesis | (+) non-metastatic cancerous and
S | HBL-100 (normal) in (RNAI, Magnolol) normal cell lines. 5
LOX £ | wound-healing and LOX -> FAK/paxillin
Transwell invasion signaling complex
(Matrigel) assays.
o | MDA-MB-231 in wound- | Inhibition of LOX Migration, | Hypoxia -> secreted LOX ->
£ | healing and Transwell protein expression invasion, FAK activity and cell-matrix
Z invasion (Matrigel coated | (ShRNA) and LOX (+) adhesion.
~ | and uncoated) assays. mRNA (AO),
MDA-MB-231 injected inhibition of LOX | Metastasis 6
9 | s.c. (orthotopic model) activity (BAPN, (+)
'S | and in tail veins (lung BCS or antibody).
£ | metastatic tumor model)
of nude mice.
MDA-MB-231, MCF7, Inhibition of LOX Migration | Extracellular hyaluronan
© | MCF7/Ras, T47D in activity (BAPN) or (+) causes nuclear translocation
S | Transwell and collagen- expression (ShRNA) of CD44 in the cancer cells,
£ | coated microchannels thus triggering LOX
migration assays. transcription and, in turn, 7
° MDA-MB-231 and Growth, LOX stimulates Twist
.= | MCF7/Ras s.c. injected in metastasis | transcription which mediates
Z nude mice. (+) EMT. (MSCs-triggered EMT
- and metastasis)
o | MDA-MB-231 injected Inhibition of LOX Metastasis | -
2 | intracardial in NIH-11I activity (BAPN) (+) 8
< | female mice.
MCF-7 (cancerous), Overexpression of Migration | LOXL2 induces increase in
o | MCF-10A (normal) LOXL2 (cDNA) (+) migration ability of MCF-7
= but not MCF-10A, related 9
Z with altered LOXL2
- localization and processing in
LOXL2 these two cell lines.
MCF7, MDA-MB-231, Inhibition of Migration, | LOXL2 expressed in basal-
© | SkBR3, BT474, BT549 LOXL2 expression invasion like cell lines (MDA-MB-231,
S | (tumorigenic); HBL100 (shLOXL2) ) BT549, HBL100). LOXL2 10
c

(non- tumorigenic).

KD induces a MET phenotype
and suppresses metastasis.




MDA-MB-231 injected in Growth, LOXL2 negatively modulates
mammary fat pad metastasis | the expression and
S | (orthotopic model) or in (+) organization of tight junctions
'S | tail vein (lung metastatic and cell polarity complexes,
= | tumor model) of BALB/c by transcriptional repression
nude mice. of claudinl and Lgl2 genes,
resp., independent of Snaill.
MDA-MB-231, HBL100, | LOXL2 KD Migration, | LOXL2 expression specific
BT549, HS578T (basal- (SIRNA). invasion for basal-like BCCs. LOXL2
like); MCF7, MDA-MB- (+) promotes EMT and
© | 361, BT474, TA7D invasiveness of basal-like
S (Er+/PgR+ luminal), SK- BBCs. LOXL2 contributes 11
£ | BR3 (Her2-positive) in positively to FAK/SRC
wound-healing and activation and influences
Transwel invasion Snail, Snai2, and SPARC
(Matrigel) assays expression.
o | MDA-MB-231 and 4T1 Inhibition of Invasion
£ | in Transwell invasion LOXL2 genetically | (+)
Z | (Matrigel) assay. (shRNA),
- chemically (D- LOXL2 regulates the
MDA-MB-231 and 4T1 | penicillamine) or Metastasis | expression and activity of the |,
o | injected in mammary fat | antibody-mediated. | (+) extracellular proteins TIMP1
; pad of immunocompetent and MMP9.
= | syngeneic BALB/c mice
~ | and immunocompromised
nude mice, respectively.
° MDA-MB-231 in LOXL4 KD migration,
= | Transwell migration (SiRNA) invasion
£ | (uncoated) and invasion *) Weak LOXL4 leads to ECM
(Matrigel) assays remodeling, i.e., altered
LOXL4 MDA-MB-231 injected in growh, .| synthesis, deposition, 13
S marﬂmary fat pgdl . nletastams structure of collagen and
B (o'rt otopic mode ) or n *) increased bundle thickness.
< | tail vein (lung metastatic
| model) of BALB/c nude
mice
MDA-MB-231, BT549 rSPARC and - SPARC plays role in
(invasive); MCF-7 (non- SPARC peptides collagen-induced activation of
o | invasive) MMP2 (and proteolysis) at
E cell surface of the invasive 14
= cancer cell lines (might be
due in part to diminution of
TIMP2 protein).
MCF-7 (non-invasive) in | Stable SPARC Motility, SPARC plays an important
Transwell motility overexpression invasion role in stimulating motility
(uncoated) and invasion (MCF7/SPARC); (+) and invasive behavior of c-
o | (Matrigel) assays Stable c-Jun Jun/MCFT7 cells, but
= overexpression (c- overexpression of SPARC in 15
2 Jun/MCF7); MCF7 is not sufficient to
SPARC | = - S
Inhibition of promote cell migration and
SPARC expression invasion.
in c-Jun/MCF7
(AQ).
MDA-MB-231 in wound- | SPARC expression Proliferati | SPARC slows cell cycle
healing assay induced by on (-) progression to S phase.
doxycycline
o treatment of
S SPARC transfected 16
= MDA-MB-231

BAG cells (using
Tet-On inducible
system)




MDA-MB-231 in Invasion
o | Transwell invasion )
Z | (Matrigel) assay High expression of SPARC in
= MDA-MB-231 inhibits tumor
. ll-platelet interactions,
SPARC expression which combined with the 17
:\:t?;?:\;mz]lzfilnl?éﬁ;?g (cDNA) I(\_/I)etasta5|s reduced invasion, contributes
athymic nude mice o the de_creased
g y metastasis of these cells.
c
MDA-MB-231 in wound- | SPARC protein Migration | SPARC induces undirected
o | healing or Transwell immunopurified (+) breast cancer cell motility,
£ | migration assay. from MDA-MB- through its anti-adhesive 18
Z 468, HBME-1, or properties.
- hFOB cell-
conditioned media.
Murine 4T1 and LM3 SPARC KD Growth, SPARC induces primary
breast malignant cells (shRNA) metastasis | tumor growth by enhancing
implanted in syngeneic ) cell cycle and by promoting a
BALB/c mice. COX-2-mediated expansion
e of MDSC. SPARC facilitates
s metastasis by a COX-2- 19
= independent enhancement of
cell disengagement from the
primary tumor and adherence
to the lungs that fostered
metastasis implantation.
MDA-MB-231, T47D, MEMO1 or Shc KD | Migration | MEMOL facilitates MT
SKBr3 in Transwell (SiRNA); stable (+) outgrowth.
© | migration (Col-1 coated) expression of myc- Upon HRG-mediated
E assay. MEMOL1 in SKBr3 activation of ErbB2, MEMO1 20
= (pcDNA); ErbB2 interacts with phospho-Tyr
inhibitor PK1166 1227 of ErbB2 receptor
through Shc adaptor protein.
T47D, NYPD, SKBr3, MEMO1, PLCy1, or | Migration | MEMOL increases the actin-
MDA-MB-435 in cofilin KD (SiRNA) | (+) polymerizing and actin-
o | Transwell migration (Col- severing activity of cofilin.
= | | coated) assay. Upon HRG-mediated 21
z activation of ErbB2, MEMO1
- interacts with cofilin and
influences PLCy and cofilin
activities.
T47D, SKBr3 in random MEMOL or mDial Migration | Memo —RhoA — mDial
motility assay. KD(siRNA) (+) signaling coordinates the
MEMO1 organization of lamellipodial
actin network, adhesion site
° formation, and MT outgrowth
*’; within the cell leading edge. 29
- Upon HRG-mediated
- activation of ErbB2, MEMO1
contributes to localize the
small G protein RhoA and its
effector mDial to the plasma
membrane.
T47D in Transwell MEMO1 KD Migration, | Upon HRG (ErbB2) and E2
migration (Col-1 coated) (shRNA); proliferati | (oestrogen receptor)
and proliferation assays. expression of myc- | on (+) stimulation, MEMO1
o MEMOL1 (pcDNA) interacts with Src and ERa,
E which results in increased 23
c

Y418-Src, Y537-ERa and
extra-nuclear retention of
ERo. (MAPK and PI3K/Akt
signaling pathway activation)




MCF7, ZR75-1, T47D

Growth

(ER-positive) and SKBR3 (+)
© | (ER-negative) in ) )
S | anchorage-dependent and Eﬁg{gll’(ge':m or MEMOTL interacts with IGF-
assays E, treatment. Ex extra-nuclear function of ER,
antagonist ' including activation of MAPK | 24
MCF7 or ZR75-1 injected | (Tamoxifen, and PKB/AKT, and
o | in mammary fat pad of IC1182,780) integration of function with
2 | female nude mice. nuclear ER.
k=
MDA-MB-231, MCF10A | MEMOL1, IRS1, or Proliferati | MEMOL interacts with IRS1
(IGF1R-positive); SKBr3, | Snail KD (shRNA); | on, which leads to PISBK/AKT
BT474 (IGF1R- MCF10A-MEMOL1 | migration, | signaling pathway activation
negative/HER2-positive) (pcDNA); IGF-I invasion and further Snaill
© | in 3D colony formation treatment (+) upregulation (triggers EMT
E (on Matrigel and soft- program). 25
< | agar), and Transwell
migration and invasion
(Matrigel) assays.
MDA-MB-231, T47D, MEMOL1 KD or Migration, | MEMOL sustains ROS
o | SKBr3in wound healing reconstituted invasion production in response to
£ | and Transwell invasion expression (Myc- (+) NOX1 activation in the
< | (Matrigel) assays MEMO) (shRNA) lamellae.
MDA-MB-231 injected in Metastasis
mammary fat pad (+) 26
(orthotopic model) or tail
9 | vein (lung metastatic
'S | tumor model) of nonobese
£ | diabetic/
severe combined
immunodeficient mice
MCF-7, MDA-MB-231, MT3 Invasion MT3 overexpression increases
(MT3 negative), MDA- overexpression (+) BCC invasion via
o | MB-231/BO2 (MT3 (pcDNA); MT3 and upregulation of MMP3
£ | overexpressing), SK-BR- | MMP KD (siRNA) activity.
2 | 3,and BT-474 in
~ | Transwell invasion
MT3 (Matrigel) assay 27
Cells injected s.c. in - -
S female athymic
'S | Crl:NU-Foxnln mice
= | (nude mice)
MDA-MB-231 in MEK1/2 KD Migration | MEK1/2 - AKT complex
Transwell migration (siRNA), MEK and phosphorylates the migration-
(bFGF) and FN-adherence | inhibitor adhesion related transcription factor
© | assays (PD184352), AKT (+) FoxO1
E inhibitor (AKTi),
= block MEK1-AKTs
interaction (MEK1
MEK1 peptides), EGF 28
stimulation
MDA-MB-231 injected i.v. injection with Metastasis
o | s:Cinfatpad of CD-1 MEK peptide or )
; nude mice. MEK inhibitor
. (PD184352)




PARKY7

MCF-7, TA7D, MDA- PARK7 KD Invasion PARKY represses KLF17
MB-231, MDA-MB-435 (SiRNA); PARK7 or | (+) expression and thereby

in Transwell invasion KLF overexpression negatively regulates the
(Matrigel) assay (pcDNA); Ras KLF17/ID-1 pathway.
inhibition PARKY acts as EMT-positive
(LY294002 or regulator (downregulating E-
PD98059) cadherin and increasing
Snail). PARKY regulates cell
invasion in Ras-dependent
manner.

29

In vitro

MDA-MB-231, MCF-7 in | LTF protein Proliferati | LTF treatment induces growth
thymidine uptake assay (supplement in on (-) arrest at G1 to S transition of
culture medium) cell cycle by modulating 30
expression and activity of key
G1 regulatory proteins.

In vitro

MDA-MB-231 in LTF expression Migration
Transwell migration (pcDNA) )
(uncoated) assay 31

In vitro
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