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Top 10 amplified regions in 3131 cancer DNAs

Rank Location Gene g-value
1) 89 MYC 8e-121
2) 11q CCND1 4e-108
3) 17q ERBB2 3e-92
4) 12q CDK4 2e-72
5) 14q NKX2-1 2e-51
6) 12q MDM2 9e-49
7) 7P EGFR le-48
8) 1q MCL1 1e-39
9) 8p FGFR1 6e-36

10) 12q KRAS le-36
16) 5p TERT 2e-16

Beroukhim, Mermel et al.,
Nature 2010



Cyclin D1 overexpression in breast cancer




Pubmed search, April 12, 2011

Cyclin D1: 13,744 papers (~477 this year)

Cyclin D: 9,711 papers



Cyclin D1 and Breast Cancer

Cyclin D1lis located at chromosome 11g13, whichis
amplified in 15-20% of primary breast cancers

Cyclin D1 protein is overexpressed in about 50%of human
mammary carcinomas

MMTV-Cyclin D1 transgenic micedevelop mammary
adenocarcinomas
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Cyclin D1-deficient
mice

develop relatively
normally



Cyclin D1
might be be a
good target
In breast cancers
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Does the absence of cyclin D1 protect
cyclin D1 -/- mice from breast cancers?

Are cyclin D1-/- mice
resistantto breast cancers?
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The occurrence of breast tumors in MMTV-Wnt-1 mice
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The occurrence of breast tumors in MMTV-Myc mice
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The occurrence of breast tumors in MMTV-ErbB-2 mice
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The occurrence of breast tumors in MMTV-Ras mice

% of tumor free mice
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Salivary gland tumor incidence

D1/-/MMTV-Ras  D1**/MMTV-Ras

Ratio of mice with tumors 3/18 (17%) 1/21 (4.8%)

Total number of tumors 3 1




Breast cancer incidence

D1-/MMTV-Ras  D2--/MMTV-Ras D3--/MMTV-Ras

Ratio of mice with tumors 0/18 6/11 8/13

Total number of tumors 0 20 25




Cyclin D1 function
IS required for breast
cancer initiation






CDK47" mice

Hiroaki Kiyokawa



Cross CDK4-/- mice
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% of tumor free

Breast cancer resistance of CDK4-null mice
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Breast cancer resistance of CDK4-null mice
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Mouse Cyclin D1 Knock-In Strategy

Mouse Cyclin D1 Locus

X H R  Xh Xh M
| ——HH —
=~ Il v .V
. . K112E
X,/ R/ S R Y
— —H I - 2
Targeting Vector LoxP Neo LoxP i \Y;
K112E
X
| HC 4 I i i

Recombined Allele i
K112E

X

I II -

After Cre Recombinase LoxP 11 \V/

<N



Phenotype of KE/KE mice

WT/WT KE/KE D1 -/-
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Breast cancer resistance of KE/KE mice
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Cyclin D1 kinase activity
required for tumorigenesis
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Cyclin D1-Cdk4 kinase is required for
breast cancer initiation

Outstanding issues:

*Tumor initiation versus maintenance

Consequences of an acute shutdown
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Conditional cyclin D1 knockout (D1FF) mice
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Conditional cyclin D1 knockout (D1FF) mice

Ccndl genomiclocus

Probe A |X |X|H |E |E Probe B

Targeting construct ™

cend1F1o% allele

CcndlA allele

X X E
FRT

Cyclin D17F x Esr1-Cre

¥

Cyclin D17F/Esrl-Cre NO ABNORMALITIES
(1 year)



Cyclin D1FF/Esr1-Cre x MMTV-ErbB2

N

Cyclin D17F/Esr1-Cre/MMTV-ErbB2



Acute ablation of cyclin D1 blocks breast
cancer growth
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Acute ablation of cyclin D1 triggers
cancer cell senescence

SA-B-gal
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Acute inhibition of cyclin D-Cdk4/6 kinase
(by PD 0332991) blocks breast cancer growth
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Acute inhibition of cyclin D-Cdk4/6 kinase
triggers tumor cell senescence

SA-B-gal

Vehicle only PD 0332991
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Cyclin D1-Cdk4 is required for
breast cancer maintenance,

but not for normal mouse physiology

Inhibition of cyclin D-Cdk4/6
triggers tumor cell senescence
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Conditional cyclin D3 knockout (D3FF) mice
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Acute ablation of cyclin D3 at an early stage

of T-ALL development
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Acute ablation of cyclin D3 at an early stage
of T-ALL development
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Acute ablation of cyclin D3
In tumor-bearing mice
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Acute ablation of cyclin D3
In tumor-bearing mice
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Massive tumor cell apoptosis
upon acute ablation of cyclin D3
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Massive tumor cell apoptosis upon acute
Inhibition of cyclin D-cdk4/6 kinase
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% Survival

Massive tumor cell apoptosis upon acute
Inhibition of cyclin D-cdk4/6 kinase
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Apoptosis in human T-ALL cell lines upon cyclin
D-Cdk4/6 inhibition in vivo
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Cyclin D3-Cdk6 is required for
T-ALL maintenance,

but not for normal mouse physiology

Inhibition of cyclin D-Cdk4/6
triggers tumor cell apoptosis
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