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Molecular target drugs such as kinase inhibitors for cancer treatment are not
uniformly clinically effective, thus sorting the patients that will benefit from the treatments is
critical. Moreover, acquired resistance for the drugs is also a critical problem. Therefore, the
identification of mechanisms underlying the resistance is urgent need. Systematic quantification of
kinase activation is potentially predictive of the response of kinase inhibitors and it can be
quantitated by phosphorylation level of their substrates. In this study, we developed a large-scale
phosphoproteome quantification method for the kinase substrates and applied for prediction of the kinase
activities and drug response. We also examined the mechanism of drug resistance. By the phosphoproteome
analysis of several lung cancer cell lines which are sensitive or resistant for the drug currently used
in clinic, erlotinib, we identified several phosphoproteins and kinases which are able to predict drug
sensitivity.

EGFR



EGFR
KRAS

KRAS
EGFR
Roock et al.

Lancet Oncol. 2010 PI3K
PIK3CA
Taylor et al. Cancer Cell 2010

mMRNA

Garnett et al. Nature 2012, Barretina et
al. Nature 2012

Andersen
et al. Sci Transl. Med. 2010, Alcolea et al.
Mol Cell Proteomics 2012, Klammer et al.
Mol Cell Proteomics 2012

13

(Cancer Res 2003, 2005, Clin.
Cancer Res 2004, Proteomics 2004, 2006,
Hepatology 2008, Ann Surg Oncol 2008,
Oncogene 2008, J Proteome Res 2010, Int J
Cancer 2010, J Proteomics 2011)

16
B 16 23
17 21
20
20 24
iTRAQ
SILAC
SRM/MRM

Muraoka et al. J Proteome Res 2012a, b,
Narumi et al. J Proteome Res 2012,
Shiromizu et al. J Proteome Res revised

2012 8

SRM/MRM



EGF
TGF

Fe3+
Immobilized metal
ion affinity chromatography (IMAC)

SILAC

IMAC

LTQ-Orbitrap velos LC-MS/MS

MS

SRM/MRM

SRM/MRM

SRM/MRM

SRM/MRM

Narumi et al. J Proteome Res
2012, Shiromizu et al. J Proteome Res
revised

SRM/MRM
in vitro
EGFR
TGFpB HER2
SRM/MRM
EGFR
EGFR
EGFR



SCID

SRM/MRM
vitro  invivo
IMAC HPLC
30,000
IMAC
8mg
466
IMAC
HPLC
1 1
15,000
500
30,000

MS

1416

30

SRM/MRM
SRM/MRM
SRM/MRM
TMT10
KSEA
Kinase-Substrate Enrichment Analysis
ATP
J Proteome
Res 2014



20

30

Adachi, J., Narumi, R., and Tomonaga,
T*. (2016) Targeted Phosphoproteome
Analysis Using Selected/Multiple
Reaction Monitoring (SRM/MRM).
Methods Mol Biol 1394, 87-100. DOI:

10.1007/978-1-4939-3341-9_7
Narumi, R., and Tomonaga, T*. (2016)
Quantitative Analysis of Tissue
Samples by Combining iTRAQ
Isobaric Labeling with
Selected/Multiple Reaction Monitoring
(SRM/MRM). Methods Mol Biol 1355,
85-101. DOI:

10.1007/978-1-4939-3049-4_6
Kazami, T., Tomonaga, T*. 8 7
(2015). Nuclear accumulation of
annexin A2 contributes to
chromosomal instability by
coilin-mediated centromere damage.
Oncogene 34, 4177-4189. DOI:
onc2014345 [pii] 10.1038/onc.2014.345
Kubota, S., Tomonaga, T*. 8 8
(2015). Role for Tyrosine

Phosphorylation of A-kinase
Anchoring Protein 8 (AKAPS8) in Its
Dissociation from Chromatin and the
Nuclear Matrix. J Biol Chem (1F:4.6)
290, 10891-10904. DOI: M115.643882
[pii] 10.1074/jbc.M115.643882
Adachi, J., Tomonaga, T*. 6 6
(2014). Proteome-Wide Discovery of
Unknown ATP-Binding Proteins and
Kinase Inhibitor Target Proteins
Using an ATP Probe. J Proteome Res.
13:5461-70. doi: 10.1021/pr500845u
Kume, H., Matsubara, H., Tomonaga,
T* 15 15 (2014). Discovery
of Colorectal Cancer Biomarker
Candidates by Membrane Proteomic
Analysis and Subsequent Verification
using Selected Reaction Monitoring
(SRM) and Tissue Microarray (TMA)
Analysis. Mol Cell Proteomics 13,
1471-1484. doi:
10.1074/mcp.M113.037093
Sano S., Tomonaga T. 7 7
(2014). Absolute quantitation of low
abundance plasma APL1B peptides at
sub fmol/mL level by SRM/MRM
without immunoaffinity enrichment. J
Proteome Res 13, 1012-20. DOI:
10.1021/pr4010103
Kuga, T., Matsubara, H., and
Tomonaga T. 10 10 (2013).
A novel mechanism of Kkeratin
cytoskeleton organization through
casein kinase I alpha and FAM83H in
colorectal cancer. J Cell Sci 126,
4721-31. DOI: 10.1242/jcs.129684
Kubota, S., Tomonaga T, 12 11
(2013). Phosphorylation of
KRAB-associated Protein 1 (KAP1) at
Tyr-449, Tyr-458, and Tyr-517 by
Nuclear Tyrosine Kinases Inhibits the
Association of KAP1 and
Heterochromatin  Protein  lalpha
(HP1lalpha) with Heterochromatin. J
Biol Chem 288, 17871-17883. DOI:
10.1074/jbc.M112.437756

69
13
2016 1 26
Precision Medicine
44
2016 2 8
42 BMS

2015 7 6 8



10.

11.

12.

13.

14.

2015
2015 7 23 24

Tomonaga T, Kume H. Verification of
predictive biomarker candidates of
colorectal cancer metastasis in serum
extracellular vesicles by selected
reaction monitoring based targeted
proteomics. International
Extracellular Vesicles Conference,
Washington DC, USA, 23-26 April,
2015

150
2015 3 14

Tomonaga T. Discovery of colorectal
cancer biomarker candidates by
membrane proteomic analysis of
human tissue samples and subsequent
verification using SRM/MRM  The
13th HUPO World Congress Post
Congress Workshop, Segovia, Spain, 9
September, 2014

170 2014 8 22
12 2014
2014 7 17
14 2014
6 25
10
2014 5 10
11
2014
3 28
10
2013 11 9
Beyond SRM 86
2013 9 13
0
4

eY)

2

(3

2015 7 3
2015-134482

2014 5 28
2014-110293

()

2013 6 11 (
PCT/JP2013/003669

2013 12 11 (
PCT/JP2013/007292

TOMONAGA, Takeshi

80227644

ISHIHAMA, Yasushi
30439244
MATSUBARA, Hisahiro

20282486

NAGAYAMA, Satoshi

70362499



