_ Atticle

C-C chemokine receptor type 1 (5352)

p< 005

Sistar chromatid cohesion protein PDSS5 homolog A (T1208)

p<0.05
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are based on the transition from internal peptides and SI peptides, respectively. (A) indicates significant difference groups (p < 0.0S), (B) different propensity
5317
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internal peptide to SI peptide and each horizontal bar indicates the mean value. Y-axis shows the normalized peak area. The “internal peptide” and “SI peptide”
(p > 005, <02), and (C) no significant difference between two groups (p > 0.2). Closed circle indicates samples that were satisfactorily quantified.

Figure 2. Relative quantitation of phosphopeptides between two groups from breast tissues by SRM. The scatter plots indicate the peak area ratio of the
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Table 4. SRM-Based Quantification of Phosphopeptides”

Uniprot
gene symbol accession
RPL23A P62750
MX1 P20591
CDK1 CDK2  P06493
CDK3 P24941
Q00526
LMO7 QSWWI1
ALGS Q92685
PDSSA Q29RF7-1
CCR1 P32246
MCM2 095297-1
CDK1 CDK2  P60493
CDK3 P24941
Q00526
MPZL1 0952971
KRT8 P05787
MUC1 P15941-1
PKP2 Q999591
INADL Q8NI35-1
SHROOM3  QSTF72-1

“ND: not detected.

protein name -
60S ribosomal protein L23a

Interteron-induced GTP-binding

protein Mx1
Cell division protein kinase

1/2/3

LIM domain only protein 7

Dolichyl-P-Man;Man($)GlcNAc
(2)-PP-dolichyl
mannosyltransferase

Sister chromatid cohesion
prolein PDSS homologue A

C—C chemokine receptor type 1

DNA replication licensing faclor
MCM2

Cell division protein kinase
1/2/3

Myelin prolein zero-like protein
1

Keratin, type II cytoskeletal 8
Mucin-1

Plakophilin-2

InaD like protein

shroom family member 3 protein

targeted phosphopeptide
IRTpSPTFR
WpSEVDIAK

IGEGpTYGWYK

pSYTSDLOK
SGpSAAQAEGLCK

ISVpTPVK

VSSTSPSTGEHELpSAGF
GLLYDpSDEEDEERPAR

IGEGTpYGWYK

SESVVpYADIR

YEELQpSLAGK
YVPPSSTDRpSPYEK
LELpSPDSSPER
LEDDEApSVDEPR
PSPLNSPPVKPK

phosphorylated
site

§43
S4

Ti4

S417
SI13

T1208

§352
S139

Y1is

Y263

§291
$1227
§151
5645
$439

3.07

274

5.14

2.34
530

5.09

0.81
3.10
0.37
1.08

0.46

TEST
0.149
0.123

0.077

0.048

0.049

0.044

0.046

0.156

0.074

0.183

0.533
0.170
0.243
0.834

0.071

' area ratio (dniél::elgd/stable}isotope labeled peétid:e)ﬁ .

Hot"
38 % 107

2.1 % 1072

19 x 107

22 % 107

2.1 % 107!

67 x 107
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3.6 x 107!
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ND
0.63
0.07
L1x 107

69 x 107

CHO4

2.8 X 107!

6.0 X 107*

48 x 107

5.0 % 1072

2.1 % 107!

23 x 107!

14 x 107
2.0

11 % 107!

21 %107}

3.5 % 1072
046
027
9.3 x 107

47 x 107

HO6.
24 x 107

29 X 1072

1.7 x 1072

14 X 107

14 % 107"
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2.5 X 107!
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1.7 x 107!
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0.72
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19 x 1073
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034
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ND
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03

ND
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Figure 3. Linear regression comparing peptide ratio results obtained by iTRAQ and SRM assay. The iTRAQ_and SRM ratios were plotted on each
graph. Each data point represents a given peptide ratio in the same samples, which were quantified by either iTRAQ or SRM assay. Correlation

coefficients are shown in plots.

phosphorylation site. For example, FVpSEGDGGR (fold
change: 0.26) and REVpSEGDGGR (0.48) peptides with
pS457 of programmed cell death protein 4 and AGG-
SAALpSPSK (2.49) and AGGSAALpSPSKK (2.08) pep-
tides with pS31 of Histone H1x both showed significant
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differences between high- and low-risk groups (Supporting
Information Table $4), which would indicate that our large-
scale phosphoproteomic analysis had sufficient quantitative
reproducibility to search for putative phosphoprotein
biomarkers.

dx.doi.org/10.1021/pr3005474 | J. Proteome Res. 2012, 11, 5311-5322
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Verification of the phosphorylation state is essential in the
search for phospho-biomarkers. If specific and well-characterized
antibodies for these candidates are available, the valida-
tion step could be performed easily using Western blotting and
ELISA. However, highly specific antibodies for most phos-
phoproteins are not available, and the development of good
antibodies that recognize a specific phosphorylation frame is a
cumbersome, expensive and time-consuming process that
requires a priori knowledge of the protein and its phosphor-
ylation sites. On the other hand, SRM does not require anti-
bodies and is able to validate multiple phosphorylation sites
within a single run. Recently, SRM analgfsis_ was used to validate
the evidence for a large-scale proteome;*>~>” however, phospho-
peptide SRM has only been performed for sgeciﬁc protein phos-
phorylation such as Akt,>® Lyn,** EGFR® or tyrosine phos-
phorylated peptides after EGF treatment.®’ In this study, we
selected and validated 19 phosphopeptides from 133 biomarker
candidate phosphopeptides of breast cancer tissue discovered by
iTRAQ-based phosphoproteomics. To our knowledge, this study
is the first to validate phosphopeptides discovered by large-scale
phosphoproteomic analysis using SRM.

Recently, several reports identified biomarker candidates by
quantitative shotgun proteomics and subsequent validation by
SRM,*”%? but these studies carried out the SRM assay without SI
peptides. Although this method has the advantage of reducing
the cost and time for SI peptide synthesis, difficulties occur in
SRM analysis without internal standards, which provide the
correct retention time for target peptides and verify the speci-
ficity of the analyte.*® Also, the use of SI peptide provides the
most favorable SRM information, such as the highest intensity
fragment ions for each peptide. Thus, inclusion of SI peptides
as an internal control is indispensable, especially for quantita-
tion of low-abundance proteins such as phosphopeptide. Whit-
eaker et al. pointed out that the choice of candidates for
quantitative SRM assay development was limited to the most
abundant proteins or peptides without internal standards.*®
Our successful quantitation of low abundant phosphopeptides
was largely a result of the inclusion of SI peptides.

In this study, only four of 15 potential biomarker candidate
phosphopeptides quantified by iTRAQ showed a significant
difference between high- and low-risk groups of breast cancer
(Figure 2) and quantification of the amount of phosphopep-
tides by iTRAQ and SRM was not always correlated (Figure 3).
Several reasons could be considered for the discrepancy. First,
the sample size used for both discovery and verification was
very small. In addition to the four phosphopeptides with a
significant difference obtained by our SRM analysis, eight candi-
date phosphopeptides showed quite different expressions,
although not significantly, between high- and low-risk groups.
If we could increase the number of samples, more biomarker
candidate phosphopeptides identified by the discovery
approach could be verified. Second, quantitative variation
might be generated in the discovery phase of phosphoproteo-
mics. This includes one additional step of phosphopeptide enrich-
ment by IMAC as compared with the usual iTRAQ method,
which might create such variation. Moreover, the heterogeneity of
cancer tissue samples could further highlight quantitative variation
in a step of phosphopeptide enrichment. This is evidenced by the
fact that good reproducibility and correlation were obtained
between the quantitation of phosphopeptides by iTRAQ and
SRM when their analysis was performed using samples pre-
pared from cell lysate (data not shown). Phosphopeptide
enrichment might be more sensitive to the composition of the
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sample and the solution used for lysis or digestion of protein
extracts; therefore, validation by SRM analysis is very important
for the biomarker candidate phosphopeptides discovered by
iTRAQ_ analysis combined with IMAC. Third, the endogenous
phosphopeptide level is near the limit of quantitation so that
the number of phosphopeptides quantified even with highly
sensitive SRM was not accurate enough. We have observed that
iTRAQ-based discovery and SRM-based validation of bio-
marker candidates of membrane proteins obtained from breast
cancer tissues were well correlated.> This was probably due to
the abundance of membrane proteins as compared with phos-
phoprotein. Thus, further improvement of the sensitivity of
SRM is needed for accurate quantitation of low-abundance
protein such as phosphoprotein.

In conclusion, we performed a large-scale phosphoproteome
quantification and subsequent SRM-based validation using
breast cancer tissue samples. The significance of this study is to
provide a strategy for the quantitation and validation of low-
abundance phosphopeptides using the most recent proteomic
technologies, which might lead to a fundamental shift from
traditional validation using antibodies. Quantitation of phos-
phopeptides by SRM will be applied to examine various kinase
activities and signaling pathways in cells in the near future.
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with IMAC for identification of potential biomarkers and SRM
analysis combined with IMAC for validation. Figure S2. Venn
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