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Breast cancer therapeutic targets

Estrogen receptor
HER2



Evolution of breast cancer therapeutic targets

• Estrogen receptor
• HER2

• Subtype specific therapy
• Targeting through synthetic lethality

(PARPi for HR defects)



Synthetic lethality

How can you target loss of function?
(BRCA1 mutation, p53, etc)



Science 1997







Requires 
model system 
in which genes 
can be easily 
silenced

Human

Yeast modelYeast model

Identify SL target

Identify human counterpart

Screen drug



Synthetic lethality screening to identify 
chemotherapeutic targets

(Seattle Project - Hartwell and Friend)
Simon et al, Cancer Research, 60:328, 2000

• Screening of sensitivity of panel of 
isogenic yeast strains with selective 
mutations in DNA repair or cell cycle mutations in DNA repair or cell cycle 
checkpoint function to 23 
chemotherapeutic agents approved by 
FDA



Chemotherapy drug

Cause specific damage

Synthetic lethality screening to identify chemotherapy targets

Activation of specific 
damage repair gene

Yeast survive

If gene mutated

Death



Nucleotide excision repair

Mismatch repair

Base excision repair

Mutagenic replication bypass

Reversal of O6-methhylguanine

Postreplication repair

Mutagenic replication bypass

Double strand break repair

DNA damage checkpoint

Spindle assembly checkpoint

BLM-related DNA helicase



Synthetic lethality screening
• 3 types of agents identified

– Selective agents
• cisplatin, cytarabine phosphate, camptothecin sodium, mitoxantrone, 

and idarubicin

– Broadly selective agents
• mitomycin C, thiotepa, lomustine, carmustine, streptozotocin, 

mechlorethamine, bleomycin,hydroxyurea, and X-rays

– Non-selective agents
• methotrexate, trimetrexate, fluorouracil, fluorodeoxyuridine, 

pentostatin, dacarbazine, actinomycin D, daunorubicin, and 
doxorubicin

• Daunorubicin, doxorubicin, and actinomycin D, for example, are 
capable of generating free radicals, which target membranes in 
addition to DNA



Many chemotherapeutic agents are non-selective
Simon et al, Cancer Research, 60:328, 2000





PARP required



Inhibition of PARP1 selectively kills BRCA deficient cells

Wild type

BRCA deficient





BRCAness = defects in DNA double 
strand break (DSB) repair pathway



Progression-Free Survival 

BSI-201 + Gem/Carbo (n = 57)
Median PFS = 6.9 months
Gem/Carbo (n = 59)
Median PFS = 3.3 months

P < 0.0001
HR = 0.342 (95% CI, 0.200-0.584)

19



Now this can be 
achieved in cancer 
cell lines with RNA 
interference







RNA interference strategy to 
identify key determinant of 

treatment response









PTEN loss or PIK3CA activation confers resistance to trastuzumab
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ER*tam interaction: 
p-value=0.0006

Association of Quantitative ER Expression by 
QRT-PCR and Tamoxifen Benefit
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Role of DTC in adjuvant setting



HER2 positive 
(IHC 3+ or FISH ratio over 2)

by any lab
In US or Canada 

NSABP B31

Chemo Chemo + 
trastuzumab



Impact of adjuvant trastuzumab on Disease-Free Survival

NSABPB-31

HR=0.45, 2P=1x10-9HR=0.45, 2P=1x10-9
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B-31, distribution of cases according to 
central HER2 assay

IHC=0 IHC=1 IHC=2 IHC=3 unk

FISH- 25 87 62 31 2

FISH+ 9 32 84 1457 6

“Central assay negative”



DFS 
interaction p= 0.47

HER2 neg

HER2 pos

NSABP B31
(Paik et al, NEJM 2009)

OS 
interaction p= 0.08

0.00 0.25 0.50 0.75 1.00 1.25 1.50

HER2 neg

HER2 pos

RR
Trastuzumab beneficial Trastuzumab worse



Schardt JA, Meyer M, Hartmann CH  et al, Cancer Cell, 8:227-239 (2005)

Primary 
tumor
IHC 3+

Primary 
tumor 
IHC<3+

DTC HER2 1 5DTC HER2 
amplified

1 5

DTC HER2 
not-amplifed

10 11



Klein CA, Cell Cycle 3:29-31, 2004



Korkaya and Wicha, CCR 2009

HER2, Notch, and Breast Cancer Stem Cells – Targeting the Axis of Evil



HER2+, Notch1+
Stem cell CTC/DTC Stem cell

HER2 negative
metastasisTrastuzumab

CTC/DTC/Stem Cell hypothesis

Early dissemination 

Stem cell

Stem cell Stem cell HER2 negative 
index tumor



Potential problems of marker development in 
neoadjuvant setting

Metastatic &
Neoadjuvant setting
Direct effect on tumor 

burden

Adjuvant setting

Many confounding 
variablesburden variables
– Bulk disease removed
– Stem cells?
– Base-line risk
– Legacy treatment 

(tamoxifen, 
chemotherapy)

– DTC



Organ specific metastases
(Joan Massagué lab at MSKCC)

Zhang XH et al. Latent bone metastasis in breast cancer tied to Src-dependent survival signals. Cancer Cell 2009;16:67-78.
Padua D et al. TGFbeta primes breast tumors for lung metastasis seeding through angiopoietin-like 4. Cell 2008;133:66-77
Bos PD et al. Genes that mediate breast cancer metastasis to the brain. Nature 2009;459:1005-9.
Korpal M, et al. Imaging transforming growth factor-beta signaling dynamics and therapeutic response in breast cancer bone metastasis. 
Nat Med 2009;15:960-6.

































Organ specific metastases



Cancer Stem Cells vs Clonal Evolution









Induction of EMT results in acquisition of stem cell properties


