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Breast cancer is the most 
common cancer in women

2  Breast Cancer Facts & Figures 2017-2018

The Surveillance, Epidemiology, and End Results (SEER) 
Summary Stage system is more simplified and is 
commonly used in reporting cancer registry data and for 
public health research and planning.

According to the SEER Summary Stage system:

• In situ stage refers to the presence of abnormal cells 
that have not invaded nearby tissues (corresponding 
to stage 0 in the TNM staging system).

• Local stage refers to cancers that are confined to the 
breast (corresponding to stage I and some stage II 
cancers).

• Regional stage refers to tumors that have spread to 
surrounding tissue or nearby lymph nodes (generally 
corresponding to stage II or III cancers, depending 
on size and lymph node involvement).

• Distant stage refers to cancers that have 
metastasized (spread) to distant organs or lymph 
nodes above the collarbone (corresponding to some 
stage IIIc and all stage IV cancers).

What are the types of breast cancer?
In Situ
There are two main types of in situ breast cancer: ductal 
carcinoma in situ (DCIS) and lobular carcinoma in situ 
(LCIS), also known as lobular neoplasia. Other in situ 
breast cancers have characteristics of both ductal and 
lobular carcinomas or have unknown origins.

• Ductal carcinoma in situ. DCIS (83% of in situ cases 
diagnosed during 2010-2014) refers to a condition in 
which abnormal cells replace the normal epithelial 
cells that line the breast ducts and may greatly 
expand the ducts and lobules. DCIS may or may not 
progress to invasive cancer; in fact, sometimes DCIS 
grows so slowly that even without treatment it would 
not affect a woman’s health. Long-term studies of 
women whose DCIS was untreated because it was 
originally misclassified as benign found that 20%-
53% were diagnosed with an invasive breast cancer 
over the course of 10 or more years.3-7 

• Lobular carcinoma in situ. LCIS (13% of in situ 
cases) refers to abnormal cells growing within and 
expanding some of the lobules of the breast. LCIS is 
generally not thought to be a precursor of invasive 
cancer, but is a strong risk factor for developing 
invasive cancer. 

See pages 13 and 24 for additional information on 
DCIS and LCIS. More information can also be found in 
the Cancer Facts & Figures 2015, Special Section: Breast 
Carcinoma In Situ.

Invasive 
Most (80%) breast cancers are invasive, or infiltrating, 
which means they have broken through the walls of the 
glands or ducts where they originated and grown into 
surrounding breast tissue. Although breast cancer 
generally has been referred to as a single disease, there 
are up to 21 distinct histological subtypes and at least 
four different molecular subtypes that differ in terms of 
risk factors, presentation, response to treatment, and 
outcomes.8-10 Gene expression profiling techniques have 
allowed better understanding of the molecular subtypes of 
breast cancers; however, this is a costly and complicated 

Figure 1. Age-specific Female Breast Cancer Incidence 
Rates by Race/Ethnicity, 2010-2014, US
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Note: Rates are per 100,000 and age adjusted to the 2000 US standard 
population.
Sources: Incidence: North American Association of Central Cancer Registries 
(NAACCR), 2017. Mortality: National Center for Health Statistics, Centers for 
Disease Control and Prevention, 2017.
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About 1 in 8 U.S. women 
( a b o u t 1 2 . 4 % ) w i l l 
develop invasive breast 
cancer over the course of 
her lifetime. 



Breast cancer is the most 
common cancer in women
• Leading cancer in women (23% of all 
new cases)  
• Leading cause of cancer death in women 
(14% of all cases)  
• 1.2 mi. new cases and 500,000 death 
every year with an increasing trend.  
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Metastatic breast cancer
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The missing heritability of breast 
cancer 

5731490 coding mutations  
in cancer (COSMIC) 



Nature. 2009. 461(7265): 747–753.

The missing heritability of breast 
cancer 



Breast cancer metastasis markers
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Exome sequencing of 
breast cancers

22 HRM  

(high-risk for distant metastasis)

56 LRM  

(low-risk for distant metastasis)

SNPs
Indels



de novo mutations



Distribution of mutations

53 HRM-specific  
mutations detected



Distribution of HRM mutations



Candidate driver mutations

max
c jx j
M

− λ
Kj=1

n

∑ ⋅
cij x j xi
ci ⋅Kj=1, j≠i

n

∑
i=1

n

∑

x j = K ,x j ∈{0,1}
j=1

n

∑s.t.



RNA sequencing breast 
cancers

22 HRM  

(high-risk for distant metastasis)

56 LRM  

(low-risk for distant metastasis)

Read counts



Inconsistency between mutations and 
gene expression



Identification of driver mutations 
of breast cancer metastasis

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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Rank Gene Target TF In the list of mathematic 
model?

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 SEPT8 IRF8

13 KLHL6 E2F6

Identification of driver mutations 
of breast cancer metastasis



wound healing assay
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Supplementary Figure 4. Wound healing assay results of nine mutations 

 

 

 

 

Experimental validation of 
driver mutations



Figure 4 Experimental validation for the effect of selected mutations on metastasis. (a) Relative percentage of wound recovery.
Scratch wound-healing assay was performed using MDA-MB-231 cells expressing the wild-type (WT) and mutant (MT) proteins
of 13 selected genes. The relative recovery of wound region was calculated by cell confluency and is presented as bar graph.
***Po0.001; **Po0.01; and *Po0.05. (b) Relative percentage of migratory cells penetrating into the surrounding space.
Transwell migration assay was carried out with MDA-MB-231 cells expressing the WT and MT proteins of eight selected genes.
The representative staining images of migratory cells (upper) and the relative percentage values (lower) are shown, respectively.
***Po0.001; and **Po0.01. (c) EMT markers affected by the WT and MT protein expression. MDA-MB-231 cells were
transfected with each plasmid encoding the WT and MT proteins, and the cell lysates were collected and subjected to the sodium
dodecyl sulfate–polyacrylamide gel electrophoresis and immunoblotting. The gels have been run under the same experimental
conditions.

Ji-Hyun Lee et al.

7

Cell Discovery | www.nature.com/celldisc

Experimental validation of 
driver mutations

wound healing assay



Experimental validation of 
driver mutations

transwell migration assay



Experimental validation of 
driver mutations

markers for metastasis

Rank Gene Target TF In the list of mathematic 
model?

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 SEPT8 IRF8

13 KLHL6 E2F6



Validation in other datasets



Potential metastasis driver 
pathways
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