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* Etymology: Gk, kinesis, motion; ase, enzyme
* Transfers a phosphate group (¢phosphatase)

" . L,
N /-L i . N
G g @ & I T i i { _| P

N P R - ,rl"- . + Sutatraie o e e ¥ M W”

pllem P = P =l =P =L} i R 1 | o F I ':i-!l'-'!llt.lﬁ
4 ! ] - - os Om . P
O i [ L -

~ —pl .‘-C_

ATP Substrate ADP Phosphorylated substrate

* Transmit signals

v Inactive

Enzyme
PROTEIN C)
KINASE
AP (P ®
I [ ON | PROTEIN
PHOSPHATASE
Active @

Enzyme
SIGNAL OUT

IMPAKT Breast Cancer Conference 2014



[ ]
IMProving cAre and
Knowledge through
Translational research

BREAST CANCER CONFERENCE

* Regulate cellular processes
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AGe fn\\vs\n\\wn PIA. PKG, PKG families; CAMK Calciumcalmodulin-dependent protein kinase:
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yeast Sterile 7, Sterile 11, Sterile 20 kinases; TK T L Tyrosine kinase-like.
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Mapping Procedures.
The main dendrogram shows the sequence similarity between protein kinase
domains, derived from public sequences and gene-prediction methods detailed in
Manning et al. (Science, 6 December 2002). Domains wers defined by hidden
Markov madel profile analysis and multiple sequence alignment. The initial
branching pattern was built from a neighbor-Joining tree derived from a ClustalW
protein sequence alignment of the domains. This was extensively modified by
reference to othar alignment and tres-building methods (hmmalign and parsimony

trees) and by extensive pairwise sequence alignment of kinase domains. The

curved layout was created manually. Many branch lengths are semiquantitative, but

the branching pattern is more informative than any single automatic method. The

atypical kinase trees were generated automatically by ClustalW alignment of full-

ngth protein sequences followed by neighbor-joining tree bullding. Unpublished
kinases are named where possible according o family nomenclature. Some
divergent kinases retain a numerical SgK (Sugen kinase) accession number. The
MARK2 se flix. Detailed
and

ond domains of dual-domain kinases are named with a “~b”

ubtrees and sequence alignments of individual groups and familie
comparative genomic rees are available at hitp:/www.kinase.com. Information on

regulation and substrates of many of these kinases is available at

www.cellsignal.com.
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Table 1. Small Molecule Inhibitors of Protein Kinases Approved for Clinical Use or in Advanced Clinical Trials

PI3Ki

Cohen & Alessi ACS Chem Biol 2013
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The HER2/PI3K/mTOR pathway

Y7 Mutated in cancer
© Biomarker (pathway readout)
© Phosphorylation

AKT Inhibitors
Perifosine
MK-2206
GDC-0068

GSK690693

Rapalogues

(mTORC1 Inhibitors)
Sirolimus
Everolimus
Temsirolimus
Ridaforolimus

mTORC1/2 inhibitors
INK128
AZD8055
0SI-027

OO0
4EBP
Apoptosis Protein synthe5|s
Cell cycle Cell growth

Metabolism Cell proliferation
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GFR (EGFRJHER2, MET, FGFR)

Monoclonal antibodies
Cetuximab (EGFR)
Trastuzumab (HER2)

1yroslne kinase inhibltors
Erlotinib (EGFR)
Lapatinib (EGFR/HER2)

Pan-PI3K Inhibitors
XL147
BKM120
GDC-0941

PI3K-mTOR Inhibitors
BEZ235
XL765
GDC-0890
GSK1059615

Isoform-specific PI3K Inhibitors
CAL-101 (p1106)
INK1117 (p110a)
BYL719 (p110a)

Rodon et al, NRCO 2012



mTORCI

mTORC2

MTOR complexes 1 and 2

Mammalian Target Of Rapamycin forms two complexes 1 and 2 with different

binding partners and activity

Allosteric vs kinase inhibitors have different mode of action, specifics in substrate
inhibition and antiproliferative activity
Blockade of mTOR disrupts negative feedbacks

MTORCL, integrates various cellular signals and response
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Allosteric mTORC1 and
MTORC1/2 kinase inhibitors release feedback
regulation on RTK/PI3K/ERK signalling
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Inhibition of MTOR and IGF-1R is a promising strategy
for Luminal B breast cancer treatment
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ERBB-family of receptor tyrosine kinases:
ERBB2-ERBB3 potent oncogenic signalling

EGFR (ERBB) 5) Xw %ERBB )
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Baselga and Swain, NRC 2009



Activation of ERBB-receptor tyrosine
kinases upon ligand binding

Dimerization arms
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Baselga and Swain, NRC 2009



Blockade of ERBB2-receptor tyrosine kinase with
monoclonal antibodies or small-molecule inhibitors

a Inhibition through direct b Inhibition through ¢ Targeting for e Inhibition of tyrosine
antibody binding dimerization inhibition intracellular drug delivery kinase activity

ertuzumab
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Baselga and Swain, NRC 2009



Reversible vs irreversible inhibition of
ERBB2 in mutation-activated cancers
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IMPAKT Breast Cancer Conference 2014
Bose et al, Can Disc 2013



CLINCAL RESPONSE TO A LAPATINIB-BASED THERAPY FOR A LI-
FRAUMENI PATIENT WITH A NOVEL HER2-V659E MUTATION

A Tumor sites

B Treatment timelines

Year 2003 2008 2012
1 | 1 | | 1
Disease MPT, DCIS NSCLC left NSCLC right PE, PLC
Bilateral mastectomy Lobectomy Segmentectomy
Lymphadenectomy Lymphadenectomy
Treatment —_ ———
TAM CDDP/DOC CDDP/PM  Lap/P

Radiologic response to
lapatinib/paclitaxel in PE

March 19, 2012

—a— \/ector
—— HER2
——\/659E

0.1 1 10 100

Lapatinib (uM)

Serra et al Cancer Discovery 2013
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CI|n|caI act|V|ty of PI3K-alpha inhibitors
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Mechanisms of resistance to PI3K inhibitors

Myc amplification (Liu et al Nat Med 2011)
Notch 1 activation / myc (Muellner et al NCB 2011)
Myc / elF4E amplification (llic et al PNAS 2011)

Ras mutations (lhle et al, Can Res 2009)

RSK3/4 (Serra, Eichhorn et al JCI 2013)

Amplification of mutant PIK3CA (Huw et al, Oncogenesis
2013)

Activation downstream of mMTORC1 (Elkabets et al, STM
2013)

Feedback activation of JAK2/STATS (Britschgi et al Cancer
Cell, 2012)

Adaptive response Bcl2, EGFR, IGF1R (Muranen et al
Cancer Cell 2011



PI3K-sensitive cell lines/tumors undergo complete
PI3K-pathway inhibition upon PI3K blockade
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Elkabets et al, Science Translational Medicine 2012
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