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Integrin signalling (in normal and cancer cells)
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Breast cancer subtypes

Invasive Ductal Carcinomas

~ 80% of invasive breast cancers
Unclassified

Sandhu et al., 2013
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pl1l30Cas and p140Cap scaffold proteins as opposite key
players for transformation and cancer progression
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The p140Cap adaptor
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The SRCINI gene, coding for p140Cap, is altered

TCGA data sets from human cancer
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p140Cap protein suppresses tumour cell
properties, regulating Csk and Src kinase activity
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I
In the ER+ breast tumors, the direct binding of p140Cap with Src and

Csk allows the regulation of Src activity, and of E-cadherin-dependent
EGFR activity

Integrin
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Di Stefano et al., 2007; Damiano, Di Stefano et al., 2010



Gain of function of p140Cap in highly metastatic breast
cancer cells inhibits in vivo metastasis formation

Oncogene (2011) 1-10
© 2011 Macmillan Publishers Limited All rights reserved 0950-9232/11

Www. nature. comfonc
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p140Cap in HER2+ breast tumors

Invasive Ductal Carcinomas
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In the ligand-free state, HER1, HER3, and HER4 have a closed conformation.
Binding of ligand, involving subdomains I and IIT, creates an extended
conformation, allowing for receptor homo- and heterodimerization. Receptor
dimerization leads to C-terminal tyrosine phosphorylation, creating
phosphotyrosine binding sites for binding of adaptors, sighaling molecules and
regulatory proteins.

Ligand

Inactive Ligand-bound Active heterodimer ErbB2 monomer
monomer monomer
(EGFR, ErbB3, ErbB4)

HER?2 is unique in that it is fixed in the active conformation ready to interact
with other HER receptors



Normal vs. Cancerous HER2+

Yes, normal cells
have HER2

The difference:
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1.) receptor overexpression
2.) dysregulation of receptor activation
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HER2 amplicon is localised on chrl7
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p140Cap gene sits near the HER2 amplicon

Srcinl (the human p140Cap gene) is localised on chrl7, close to the HER2 amplicon
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Alteration in the copy of Srcinl gene is specific for
nearly 50% of the HER2+ patients
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SRCIN1 amplification together with HER2 improves
the survival of HER2+ patients
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p140Cap expression in 622 consecutive breast tumor samples
associates with good prognosis marker
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Patients with high expression of p140Cap display a lower risk of
developing distant metastases and of death from breast cancer
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p140Cap protein over-expression limits tumorigenicity
in the NeuT mice

Generation of p140-NeuT double Tg mice
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Morphological differences in the appearance of the
two types of tumours
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p140Cap limits EMT in the NeuT cells
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p140Cap limits metastasis in NeuT
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p140Cap attenuates NeuT-driven migratory ability
and Rac activation
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Cell Movement
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pl40Cap attenuates ERBB2-driven migratory ability
and Rac activation
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Rho family dependent circuitries
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p140Cap limits the activation of the Racl GEF Tiaml
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p140Cap/Tiam1 association may impact on the
activity of Tiam1l negatively regulating Racl
circuitries in HER2 tumors
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SRCIN1 mRNA is a prognostic risk factor for NB

A B
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SRCINI mRNA is a risk factor independent from the other known risk factors, such as
MYCN oncogene amplification, INSS stage and age at diagnosis, so far the strongest
indicators of aggressive tumor behavior in NB patients.
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Case 1- Gain 17q12-25.3 (Chr17: 36696338-81029941, 44.33 Mb)

(Chr17: 31571877-40588363, 9.01 Mb)

(Chr17: 25569094-42949451, 17.38 Mb)
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cnLOH
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The SRCINI gene is located
on chromosome 17q12, a
region frequently altered in
NB, and associated with poor
prognosis.

The 17q gain, the most
frequent chromosome
imbalance occurring in 50-70%
of all high stage

NB, associates with poor
prognosis as an independent
indicator of adverse outcome.

The status of the SRCINI
gene in NB was assessed by
high-resolution oligonucleotide
a-CG6H and SNP-array on 225
NB primary tumors of all
stages with 17q gain.



Table 1 SRCINI lossfen-LOH or disruption in the breakpoint on 17

NB patients

NB patients

SRCINI gene status

Chromosomal coordinates

Case 1

Case 2

Case 3

Case 4

Case 5

Case 6

Case 7

Case 8

Case 9

Case 10

Case 11

Case 12

Case 13

Case 14

Case 15

Case 16

Case 17

Size: 44.40 Mb

disrupted in the
breakpoint

disrupted in the
breakpoint

loss

disrupted in the
breakpoint

disrupted in the
breakpoint

copy neutral LOH

copy neutral LOH

copy neutral LOH

loss

loss

disrupted in the
breakpoint

disrupted in the
breakpoint

disrupted in the
breakpoint

disrupted in the
breakpoint

loss
disrupted in the
breakpoint

disrupted in the
breakpoint

Chr17: 36696338-81029941
Cytoband: 17q12-g25.3
Size: 44.33 Mb

Chr17: 36694901-80943345
Cytoband: 17g12-g25.3
Size: 44.24 Mb

Chr17: 25311574-36777884
Cytoband: 17g11.1-q12
Size: 11.46 Mb

Chr17: 36696338-80969424
Cytoband: 17g12-g25.3
Size: 44.27 Mb

Chr17: 36696279-8 1029941
Cytoband: 17¢12-g25.3
Size: 44.33 Mb

Chr17: 25569094-42949451
Cytoband: 17q11.1-q21.31
Size: 17.38 Mb

Chr17: 29149425-45297941
Cytoband: 17g11.1-q21.31
Size: 16.14 Mb

Chr17: 31571877-40588363
Cytoband: 17q11.2-q21.2
Size: 9.01 Mb

Chr17: 25278114-37876263
Cytoband: 17g11.1-q12
Size: 12.59 Mb

Chr17: 25278114-68301170
Cytoband: 17q11.1-q24.3
Size: 43.02 Mb

Chr17: 36696279-81029941
Cytoband: 17q12-¢g25.3
Size: 44.33 Mb

Chr17: 36696338-81029941
Cytoband: 17q12-q25.3
Size: 44.33 Mb

Chr17: 36740844-80943189
Cytoband: 17q12-¢g25.3
Size: 44.20 Mb

Chr17: 36740903-80993001
Cytoband: 17q12-q25.3
Size: 44.25 Mb

Chr17: 25278114-81029941
Cytoband: 17q11.1-q25.3
Size: 55.75 Mb

Chr17: 36672992-77470237
Cytoband: 17q12-g25.3
Size: 40.79 Mb

Chr17: 36694044-8 1099040
Cytoband: 17g12-g25.3

in 4 patients SRCINI1 was hemizygously
deleted

in 3 patients was subjected to copy-

neutral Loss Of Heterozigosity (cn-
LOH)

in 10 patients was disrupted because
located at breakpoint of 17q segment
involved in generation of 17q gain



p140Cap is expressed in human neonatal adrenal gland
and in NB cell lines
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p140Cap negatively affects tumorigenic features
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Tumor Volume (mm*3)

p140Cap dampens in vivo tumor growth and
spontaneous metastasis formation

A B
sm- x*
& ACN p140Cap (N=13) - KkDa mock p140
ACN mock (N=12) ’ 2 s 0140 ;
50-1‘ G — — _|tubulin 6-
c L 4]
kDa  mock p140 £
R ©o
60— - pSrc E o
<]
60— M S | Src g
0-
mock  p140
E10_ Ll
@ 8
8
é 6
§ 44 j -
S At e
£ 21 Q P mock
0- "

mock 7 p140

2
=
p140 2
2
K.
w
B
Q
£

mock  p140



p140Cap impairs the Src/p130Cas and the STAT3/
Jak2 signaling pathways
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p140Cap limits the ability of NB cells to induce
survival pathways upon anoikis
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p140Cap increases NB cell sensitivity to chemotherapeutic treatment with a
significant decrease in cell viability
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p140 cells display an increased sensitivity to drug-dependent DNA damage.
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Etoposide and
doxorubicin prevent
ligation of the

DNA strands, stopping
the process of
replication.



p140Cap sensitizes cells to combined treatment with
chemotherapy and Src kinase inhibitors
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The combination of
Src inhibitors with
doxorubicin

or etoposide,
sensitize mock
cells, reducing cell
viability

to that of p140
cells treated with
chemotherapy
alone



The combined treatment was synergistic both in mock and
p140 cells, because the Combination Index (CI) values

computed for the different combinations of drugs were <1
in all the experimental settings

trealment Cell line Cl DRIS0 r Cell line Cl DRI50 r
Doxo,Sug | mock | 0.08838 gﬁ;‘f{ oo | oorass | ptao | 047652 gﬁ;‘ggf;gﬁl 0.93442
Doxo,Sara | mock | 0.1775 ggf;ffggq 098675 | p140 | 03368 E:f;:;f:fé 0.95530
Eto, Sug mock | 0.277 EL‘ES”[?M 0.99194 0140 | 0.07017 Etu‘;'félaﬁg 0.96845
Eo.Sara | mock | 008899 | 0200 |og7es9 | pMO | 007185 | g ol | 0.92728




Conclusion II

Oncosuppressive function of SRCIN1/p140Cap in NB tumors.

SRCINI gene expression correlates with good outcomes in NB, likely due o the
ability of the p140Cap protein to negatively regulate molecular pathways exploited
for tumor progression.

High levels of SRCINI mRNA are clinically relevant in NB patients, positively
correlating with good prognosis and high survival rate, both OS and EFS, meaning
that SRCINI1 expression correlates with decreased metastatic recurrences in NB
patients.

SRCINI expression is a risk factor independent from the other known risk factors,
such as MYCN oncogene amplification, INSS stage and age at diagnosis, recognized
as the strongest indicators of aggressive tumor behavior in NB patients.

Thus, SRCINI could provide a useful, additional marker for better stratifying NB
patient cohorts.
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To gain insight on p140Cap interacting proteins in breast cancer and the underlying
molecular complexes:
p140Cap interactome from ERBB2-positive breast cancer cells
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TABLE 1 | Top enrichment terms for cancer P140Cap interactoma.

Annotation Annotation terms P.adjust

type

G0 Co Call-substrate junction 4. 96E-39
Focal adhasion B8.47E-39
Proteosome complex 1.32E-27
Endopephidase complax 1.32E-27
Extrinsic component of plasma membrana 1.20E-12

GO BP Wt signaling pathway, planar cell polarity pathway 2.95E-33
Positive regulation of ubiquitin-protein igase activity 2.83E-30
involved in reguiation of mitatic cell cycle transition
Regulation of mREMNA stability 1.50E-23
TNF- regulated signaling pathway 4. ME19
Positive regulation of callular catabolic process 3.05E-16

&0 MF Cadherin binding involved in call-call adhesion 2.31E-25
Threonine-type endopeptidasa activity 3.16E-13
TP binding 1.02E-10

Heactome Vif-mediated degradation of APOBEC3G 8.20E-32
Regulation of activated PAK-2p34 by proteasome 1.14E-30
mediated degradation
Regulation of apoptosis 1.29E-30
Ubiquitin-dependent degradation of Cyclin D1 1.29E-30
Stabilization of p53 4.05E-30
1/5 DNA damage checkpoints 2.09E-28




Within the interactome, we identified 15 communities (clusters) with topology-

functional relationships.

8 aa



Comparing the breast cancer to the synaptic interactome

Environmental
Information
Processing

Geneﬁg
Information
Processing

Human
Diseases

Metabolism

st Cellular
Systems Processes

Signal Translation

Transduction

Folding,
Sorting and
Degradation

| Cytoskeleton Vesicular
| transport

Genetic
Information
Processing

Environmeptal
Information

Processing

Human
Diseases

Cellular
Processes

Metabolism

Organismal
Systems

Signaling
Mtﬁecule%

and y
Interaction =

Folding,
Sorting and

Signal Degradation

Transduction

Vesicular
transport

Cytoskeleton

Nervous
System

39 overlapping proteins

Cell adhesion and remodeling

of actin cytoskeleton clearly
emerge as common terms in the
shared subset.

The functional signature of the
two interactomes is primarily
determined by organ/tissue and
functional specificity.

The overlap provides a list of
shared functional terms, which
might be linked to both cancer and
neurological functions.



p140Cap localizes at the cell membrane and forms

a macromolecular
complex with E-Cadherin and EGFR

.
. .

p140Cap-RFP E-Cadherin EGFR-ECFP Merge

Damiano, Di Stefano et al., 2010
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