
Federico Rojo
IIS-Fundación Jiménez Díaz

IMIM-Hospital del Mar

Curso Corto de Patología Mamaria
Nuevos Fenotipos del Cáncer de Mama
¿Nuevos Problemas para el Patólogo?

XXV Congreso de la Sociedad Española de Anatomía Patológica y 
División Española de la Academia Internacional de Patología (SEAP-IAP)

Zaragoza, Mayo 2011

¿Son iguales todos
los carcinomas

de mama HER2+?



Cuatro carcinomas de mama con sobreexpresión de HER2
54 años
CDI 20mm, pN0
ER+/PR-
HER2 3+, ratio 3
FACx6
Herceptin 1 año
No recidiva tras 8 años

47 años
CDI 18mm, pN0
ER+/PR+
HER2 3+, ratio >15
FACx6
Herceptin 1 año
Recidiva local a 4 años

52 años
CDI 22mm, pN0
ER-/PR-
HER2 3+, ratio 7
FACx6
Herceptin 1 año
Mx hepáticas a 3 años

49 años
CDI 18mm, pN0
ER+/PR-
HER2 3+, ratio >15
FACx6
Herceptin 1 año
Mx óseas a 4 años
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n=1711

Distribution of HER2 gene copy number and chromosome 17 
number in breast cancer

Barlett JMS et al. Anatomic Pathology 2008



Perez, EA et al. J Clin Oncol 2010

HER2 gene copy number does not predict response to 
trastuzumab: the N9831 adjuvant trial (n=1888)
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Perez, EA et al. J Clin Oncol 2010

HER2 gene copy number does not predict response to 
trastuzumab: the N9831 adjuvant trial (n=1888)

HER2+ patients

HER2+, ER+ patients HER2+, ER- patients



Dowsett, M et al. J Clin Oncol 2009

HER2 gene copy number does not predict response to 
trastuzumab: the HERA trial (n=2071)



Chromosome 17 polysomy without HER2 amplification not

predict response to trastuzumab or lapatinib

Downey, L et al. Clin Cancer Res, 2010

Hofmann, M et al. J Clin Pathol, 2008



Poor prognostic significance of unamplified
chromosome 17 polysomy in breast cancer

Krishnamurti, U et al. Modern Pathol 2009
Ya, M et al. Clin Cancer Res 2005
Watters, Ad et al. Breast Cancer Res Treat 2003



Does chromosome 17 centromere copy number predict polysomy
in breast cancer?

Marchio, C et al. J Pathology 2009

CGH in HER2+ breast cancer with/without cromosome 17 polysomy

No change
Gain
Amplification



aCGH

Does chromosome 17 centromere copy number predict polysomy
in breast cancer?

Marchio, C et al. J Pathology 2009
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Amplification of HER2 is a marker for global genomic instability

Rojo, F et al. Submitted 2011 Ellsworth, RE et al. BMC Cancer 2008
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10,000 repared DNA damage (SSB) 
every day per cell

BER (Base Excision Repair)

Yélamos, J et al. Trends Mol. Med. 2008

Poly (ADP-Ribose) Polymerase repairs single strand 
DNA breaks

Types of DNA damage and repair



DNA-binding 
domain

Automodification
domain Catalytic domain
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Catalytic domain

Poly(ADPribose)Polymerases Family

Schreiber et al. Nat. Rev. Mol. Cell Biol. 2006



Dobzhansky T. Genetics 1946
Ashworth A. J Clin Oncol 2008

The synthetic lethality concept



Ashwoth, A. J Clin Oncol 2009

The synthetic lethality concept

DNA Damage

Normal
Cells

BRCA-Deficient
Cells

PARP-Deficient
Cells

BRCA and PARP
Deficient Cells

Repair
by HR

Alternative
repair
(BER)

Repair
by HR

Alternative
repair
(BER)

Repair
by HR

Alternative
repair
(BER)

Repair
by HR

Alternative
repair
(BER)

Genomic
stability
Survival

Gross genomic
instability
Survival

Gross genomic
instability
Survival

Cell death with
chromosomal

deletions or exchanges



PARP1 overexpression in breast cancer predicts survival and 
correlates with genomic instability

Rojo, F et al. Submitted 2011



BRCA1 CpG island hypermethylation and silencing 
ocurrs in breast cancer

Veeck, J et al. J Clin Oncol 2010



Inhibiting PARP-1 increases double-strand DNA damage
PARP1 inhibitors in clinical development

Ashwoth, A. J Clin Oncol 2009
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Fridlyand, JA et al. BMC Cancer 2008
Al Kuraya, K, J et al. Cancer Res 2006

High resolution genomic of copy number aberrations 
in HER2-amplified breast cancer

EMSY
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FGFR
IkB
PRDM14
MTDH
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N=976, HT-treated

N=196, CT-treated

Prognosis of HER2 patients with hormone receptor expression

Cheang, MCU et al. J Natl Cancer Inst 2009



• 10-17% of tumors (depending

threshold of IHC)

• 15% of tumors

• 100% TN • 80-100% TN 

• 8-29% are normal-like, apocrine

or claudin-low 

• 15–45% express ER, 14% express

HER2

• <50 years • Young patients  

• Often present as interval cancer • Often present as interval cancer 

• Aggressive behavior: peak of risk

of recurrence 1-3 years after dx and

majority of deaths in first 5 years

following therapy 

• More aggressive clinical behavior

when compared with either ER,

non-basal-like cancers or with

grade-matched non-basal-like

cancers

• No correlation between tumor

size and presence of lymph node

metastasis

• Disseminate to axillary nodes and

bones less frequently and to favor

a hematogenous spread with a

peculiar proclivity to develop

metastatic deposits in the brain

and lungs

• 10% grade I, apocrine,

pleomorphic lobular, mixed

carcinomas

• High grade ductal, medullary,

adenoid-cystic, secretory,

metaplastic carcinoma

• Elevated mitotic count, high

apoptotic raise, central fibrosis,

78% pushing margin, 46%

lymphocitic response, metaplasia 

• 76% elevated mitotic count, high

apoptotic raise, 51% central

necrosis, 34% pushing margin, 61%

lymphocitic response, metaplasia 

• 78% genomic instability • 82% genomic instability 

Carey, L et al. Nature Reviews 2010

HER2 in basal-like breast cancer

BLBCTNBC

BRCA1-associated
breast cancer

~75% concordance

↑vimentin
↓AR

↑ caveolins
↑ p-cadherin

↑ kit
↓Rb1

↑EGFR
p53 abnormalities
Genomic instability

↑cyclinE1

BRCA1 deficiency
or dysfunction

Basal
cytokeratins
(CK5/14/17)

ER, PR and
HER2 negative

↑cyclinD1 ↑ crystallin
↑ p-cadherin

↑p16

Expression array/
IHC phenotype

Clinical
(IHC)

↑caspase3
↓cyclinD1

↓p27
BRCA1 methylated
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N=58

Identification of subtypes in HER2 amplified breast cancer 
reveals gene signatures prognostic of outcome

Staaf, J, et al. J Clin Oncol 2010



Hallmarks of cancer

Hanahan D and Weinberg RA. Cell 2011



Identification of subtypes in HER2 amplified breast cancer 
reveals gene signatures prognostic of outcome



Berns, K et al. Cancer Cell, 2007

Sensitivity to HER2 therapies:
PI3K pathway is a major determinant of trastuzumab 
resistance in human breast cancer



Berns, K et al. Cancer Cell, 2007

Sensitivity to HER2 therapies:
PI3K pathway is a major determinant of trastuzumab 
resistance in human breast cancer



logFC t P.Value Description

2,431532 6,64246 7,41E-005 immunoglobulin J polypeptide

1,462103 5,68524 0,000246833 taste receptor, type 2, member 50

1,439652 11,3372 7,95E-007 coiled-coil domain containing 80

1,318685 5,6802 0,000248483 ankyrin repeat domain 26-like 1

1,282294 6,40051 9,93E-005 HBV preS1-transactivated protein 4

1,259337 5,1395 0,000518383 nexilin (mediates cell motility)

1,255715 3,26687 0,009081039 chromosome 5 ORF 13 

1,231438 4,29658 0,001773256 ABI family, member 3 (NESH) binding protein

1,203075 4,67857 0,001002801 chromosome 5 open reading frame 13

1,10695 8,55906 9,18E-006 insulin-like growth factor binding protein 5

1,099819 3,78578 0,003922591 CD36 molecule (thrombospondin receptor)

1,014269 4,6789 0,001002311 interleukin 1 receptor, type I

1,000403 4,74937 0,000904342 ovarian cancer-related protein 1

0,964626 3,65179 0,004857852 SPARC-like 1

0,85458 4,14657 0,00223071 matrix metallopeptidase 16 

-0,8098 -4,3938 0,0015307 dual specificity phosphatase 1

-0,83387 -5,42923 0,000347777 mucin-like 1

-0,83767 -3,24858 0,009358498 serpin peptidase inhibitor, clade A member 1

-0,89784 -3,72294 0,004335209 stanniocalcin 1

-0,92997 -3,33742 0,008088064 S100P 

-0,94177 -3,49619 0,006243835 chemokine (C-C motif) ligand 3-like 1

-0,99455 -4,13313 0,002277382 ATPase family, AAA domain containing 4

-0,99751 -3,30033 0,008595254 interleukin 1, alpha

-1,00116 -3,98446 0,002868548 chemokine (C-C motif) ligand 3-like 1

-1,07639 -3,69335 0,004545022 secretoglobin, family 2A, member 2

-1,10141 -3,27503 0,008960016 peptidase inhibitor 3, skin-derived

-1,15434 -3,89873 0,00328119 chemokine (C-C motif) ligand 3

-1,28668 -4,95976 0,000668049 tissue factor pathway inhib. 2

-1,41591 -3,91126 0,003217192 chemokine (C-X-C motif) ligand 5

-1,84778 -3,9169 0,003188778 serpin peptidase inhibitor,

-2,47515 -4,13645 0,002265774 interleukin 1, beta

Gonzalez-Navarrete, I et al. In preparation

ERK signaling is differentially regulated in HER2 breast 
cancer tumors



Gonzalez-Navarrete, I et al. In preparation

ERK signaling inhibition potentiates HER2-therapy 
effects in breast cancer



downregulation upregulationGonzalez-Navarrete, I et al. In preparation

ERK signaling inhibition induces apoptosis and cell cycle 
stop in breast cancer tumors



¿Son iguales todos los carcinomas 
de mama HER2+?

• Existe una alta heterogeneidad clínica, fenotípica y molecular en 

los carcinomas de mama HER2+

• La amplificación de HER2 se asocia a inestabilidad cromosómica, 

y, con frecuencia, a una alteración de otros oncogenes o vías de 

señalización intracelular (conveniencia oncogénica)

• Se está trabajando en la identificación de nuevas dianas 

terapéuticas en cáncer de mama como co-tratamiento contra 

HER2


