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Breast cancer is the most
common cancer in women

Figure 1. Age-specific Female Breast Cancer Incidence
Rates by Race/Ethnicity, 2010-2014, US
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Breast cancer is the most
common cancer in women

* Leading cancer in women (23% of all
Nnew cases)

» Leading cause of cancer death 1n women
(14% of all cases)

e 1.2 mi. new cases and 500,000 death
every year with an increasing trend.
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Breast cancer is the most
common cancer in women
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Breast cancer is the most
common cancer in women
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Metastatic breast cancer

WHAT YOU MAY NOT KNOW ABOUT BREAST CANCER BUT SHOULD

FE004
R EE
THIRTY PERGENT

of woman who have had early breast cancer will
eventually develop metastatic breast cancer !

TS ESTIMATED THAT

150,000 - 250,000

WOMEN AND MEN
in the U.S.

are living with ——

METASTATIC
BREAST CANCER

MEDIAN SURVIVAL

after a

METASTATIC
BREAST CANCER

diagnosis is

3 YEARS

DESPITE ITS PREVALENCE. A RECENT SURVEY OF MORE THAN 2,000 ADULTS FOUND THAT

MORE THAN 60%
SAY THEY KNOW

LITTLE TO NOTHING

about

METASTATIC
B BREAST CANCER'

BELIEVE THAT
BREAST CANCER

in the

ADVANGED STAGES
S CURABLE

@

IF DIAGNOSED EARLY

BELIEVE BREAST CANCER

PROGRESSES

BECAUSE PATIENTS

either did not take the

RIGHT THEATMENT
PREVENIATIVE MEASURES
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Metastatic breast cancer
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The missing heritability of breast
cancer
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The missing heritability of breast
cancer

Effect size
50.01

3.0/

Low-frequency
variants with
intermediate effect

Intermediate -

1.5

T Rare variants of
\_' small effect
very hard to identify
1.1 by genetic means
low| | SN0 < TN 4
0.001 0.005 0.05
Veryrare | | Low frequency| * " [Gommon|

Allele frequency Nature. 2009. 461(7265): 747-753.
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Breast cancer metastasis markers

Table 2 | Breast cancer metastasis prognostic markers

Marker

Tumour size

Axillary lymph-
node status

HisIClogical grade

Angioinvasion

uPA/PAI protain
level

Sterold-receptor
expression

ERBB2 gene
amplfication and
protesn expression

Gene-expression
profiling

Use In clinic

Established

Established

Estatlished

Established in
patients with
lymph-node-
negative tumours

Nowly established
marker

Established for

adjuvant therapy
decision

Establishad for
adjuvant therapy
decision

Currently being
tested

Metastatic determinants

Tumours under 2 cm in diameter
have a low risk of metastasis;
tumours of 2-5cm have a high risk
ol metastasis: tumours over 5 cm
have a very high risk of metastasis

If there are no lymph-node
metastases, the risk of metastasis
is low; if lymph-node metastases
are present, the riek of metastasis
is high; the presence of over

4 lymph-node metastases is
associated with very high
metastasis risk

Grade 1 iumours have a low nsk of
metastasis, grade 2 tumours have
an intermediate nsk of metastasis;
grade 3 tumours have a higr nsk of
metastasis

The presence cf tumour emboli in
over 3 blood vessels is assodiated
with metastasic

Hgh protein levels of uPA and PAI
are associated with high metastasis
rsk

Low sterold-receptor levels are
asscciated with metastasis

ERBB2 amplification/overexpression
I8 asscciated with metastasis

A'good signature’ of 70 geres is
asscciated with low metastasis risk;
a'poor signatue’ of 70 genes is
assoclated with high metastasis risk

PAlT, plasminogen acltivator inhibitor 1; uPA, urckinase-type plasmnogen activator,

Institute of Science and Technology for Brain-Inspired Intelligence

Detalls

Independent
prognosis marker

Reated to tumour
size

Reated 1o tumour
size

In patients with
lymph-node-
negative tumours

Independent
prognesis marker

Short-term
predictor of
metastasis risk (5
years); related to
histological grade

In patients with
lymph-node-
pestive tumours

Tested in patients
with lymph-node-
negative tumours
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Breast cancer metastasis markers
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Exome sequencing of
breast cancers

56 LRM 22 HRM
(low-risk for distant met (high-risk for distant metastasis)
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de novo mutations
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Distribution of mutations
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Distribution of HRM mutations
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RNA sequencing breast
cancers

56 LRM 22 HRM
(low-risk for distant metastasis) (high-risk for distant metastasis)
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Inconsistency between mutations and

gene expression
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Identification of driver mutations
of breast cancer metastasis

[ RNA Sequencing J ‘ Exome Sequencmg}

Co-expression network DEGs for HRM HRM-specific somatic mutations
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Integrative analysis of mutational and transcriptional profiles reveals driver
mutations of metastatic breast cancers. Cell Discovery, 2:16025, 2016.



Identification of driver mutations
of breast cancer metastasis
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Identification of driver mutations
of breast cancer metastasis

Rank Gene Target TF In the Iis:n t())fdlzle‘l?thematic
1 ADPGK PAX5
2 SLC22A5 PAX5
3 PCGF6 PPARG Yes
4 DYRK1B SP1
5 NUP93 E2F6 Yes
6 PKP2 USF2 Yes
7 LIMK1 PPARG Yes
8 TIE1 PPARG Yes
9 CDC27 CEBPA Yes
10 DLL4 ELK1 Yes
11 HAX1 CEBPA
12 SEPTS8 IRF8
13 KLHLG E2F6
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Experimental validation of
driver mutations

wound healing assay

ADPGK CDC27 LIMK1
Start End Start End Start End
WT WT ' WT
MT MT I MT
NUP93 PCGF6 PKP2
Start End Start End Start End
WT WT WT
MT MT MT

SEPT8 SLC22A5

Start End Start End
WT WT
I I S MT MT
[ ]




Experimental validation of
driver mutations

wound healing assay
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Experimental validation of
driver mutations

transwell migration assay

ADPGK CDC27 LIMK1 NUP93 PCGF6 PKP2 SEPT8  SLCZ22A5
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Experimental validation of
driver mutations

markers for metastasis

C Rank Gene Target TF In the Iis:n %fdr:I??thematic
1 ADPGK PAX5
2 SLC22A5 PAX5
3 PCGF6 PPARG Yes
Sna 4 DYRK1B SP1
Claudin- 5 NUP93 E2F6 Ves
ER 6 PKP2 USF2 Ves
7 LIMK1 PPARG Yes
GFl 8 TIE1 PPARG Yes
9 CDC27 CEBPA Yes
10 DLL4 ELK1 Yes
11 HAX1 CEBPA
B-acti 12 SEPT8 IRF8
13 KLHL6 E2F6
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Validation in other datasets
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Potential metastasis driver
pathways
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