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Abstract

Introduction Plasma has been the focus of testing different
proteomic technologies for the identification of biomarkers
due to its ready accessibility. However, it is not clear if
direct proteomic analysis of plasma can be used to discover
new marker proteins from tumors that are associated with
tumor progression. In this paper, we reported that such
proteins can be detected in plasma in a chemical-induced
skin cancer model in mice.

Materials and Methods We analyzed glycoproteins from
both benign papillomas and malignant carcinomas from mice
using our recently developed platform, solid-phase extraction
of glycopeptides and mass spectrometry, and identified 463
unique N-linked glycosites from 318 unique glycoproteins.
These include most known extracellular proteins that have
been reported to play roles in skin cancer development such as
thrombospondin, cathepsins, epidermal growth factor recep-
tor, cell adhesion molecules, cadherins, integrins, tuberin,
fibulin, and TGFf3 receptor. We further investigated whether
these tumor proteins could be detected in plasma from tumor-
bearing mice using isotope labeling and 2D liquid chroma-
tography/matrix-assisted laser desorption/ionization tandem
mass spectrometry.
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Results and Discussion Two tumor glycoproteins, Tenas-
cin-C and Arylsulfatase B, were identified and quantified
successfully in plasma from tumor bearing mice. This result
indicates that analysis of tumor-associated proteins in
tumors and plasma by a method using glycopeptide capture,
isotopic labeling, and mass spectrometry can be used as a
discovery tool to identify candidate tumor proteins that may
be detected in plasma.
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Introduction

Despite the great increase in understanding of cancer at the
molecular level, cancer remains as the second most
common cause of death in the USA. Survival rates for
many common cancer types have changed little over the
past two decades [1]. If cancer is detected early, prior to
metastatic spread, survival rates are vastly improved [1].
For this reason, improvements in the ability to detect cancer
early may significantly reduce mortality from cancer.
Plasma has been the focus for applying different proteomic
technologies for the identification of biomarkers for early
detection due to its ready accessibility. These developments
include depletion of the most abundant plasma proteins [2]
and extensive fractionation of proteins or peptides prior to
mass spectrometric analysis [3-5]. However, proteins
discovered by serum profiling are often well-known, high-
abundance, classical serum proteins [6], not likely to be
specifically derived from cancer tissue. Useful biomarkers
for cancer detection in blood are those proteins released
specifically from cancer tissues (overexpression of cancer
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proteins), indicators of a specific response of the host to
cancer cells, or leaking of organ restricted proteins to blood
due to structural changes in the microenvironment sur-
rounding cancer cells (leaking of normal proteins such as
PSA) [7]. Tumor proteins that are detectable in both benign
and malignant tumors, as well as plasma can serve as
candidate proteins for early detection of cancer. Detection
of these proteins in plasma is critical to evaluate proteomic
technologies for the biomarker discovery.

In an attempt to identify the proteins derived from
cancerous tissue that are most likely to be present in blood,
we employed our recently developed glycoproteomic
analysis method using solid-phase extraction of N-linked
glycopeptides (SPEG) [8-10]. The method has several
advantages. First, most cell-surface and secreted proteins
are glycosylated, and disease-associated glycoproteins
(secreted by cells, shed from their surface, or otherwise
released) are likely to enter the bloodstream and thus
represent a rich source of potential disease markers [11].
Second, the reduction in complexity achieved by focusing
on the glycoprotein subproteome in both tissues and plasma
translates into favorable limits of detection, thus increasing
the likelihood that the same polypeptide will be detectable
in both tissue and serum [8, 12, 13]. Third, aberrant
glycosylation is a fundamental characteristic of oncogenesis
and tumor progression [14], and this method allows us to
identify proteins changed in glycosylation but not neces-
sarily changed in total protein abundance. Finally, specific
mass-spectrometry-based methods and affinity reagents can
be developed for the specific and sensitive detection of
identified tissue proteins in plasma [15], selective isolation
of specific proteins or peptides using affinity reagents [16],
or the recently developed targeted approach using multiple
reaction monitoring (MRM) [17-19].

The chemically induced two-stage mouse skin carcino-
genesis model has been used for decades to study the
genetic, molecular, and biologic basis of tumor develop-
ment [20]. For example, the concepts of tumor initiation
and promotion were derived from this model. In this model,
the backs of 8-week-old mice treated with the carcinogen
7,12-dimethylben[a] anthracene (DMBA) followed by
multiple treatments with the tumor promoter 12-o-tetrade-
canoylphorbol-13-acetate (TPA). Benign tumors (papillo-
mas) develop after 8 weeks, and a small percentage of these
progresses to malignant invasive carcinomas after a long
latency [20]. The ability to quantify both benign and
malignant tumor growth permits analysis of genes and
environmental factors that affect tumor progression. More
recently, the two-stage skin tumor model has been used to
improve proteomic technologies for biomarker discovery
using serum protein profiling [12]. We have identified
several serum proteins for which the abundance is increased
in correlation with the chemical induction of skin cancer in

mice. However, these proteins are likely not markers for the
specific diagnosis of skin cancer. A major advantage of this
mouse skin carcinogenesis model is that plasma samples
can be taken from mice before and after tumor develop-
ment. As both benign and malignant tumors and plasma
samples can be obtained from the same mice, this facilitates
analysis of protein changes in plasma associated with tumor
development.

In this paper, we report a two-step strategy for detection
of tumor-associated proteins in plasma: the first step was to
analyze extracellular proteins from normal skin, papillomas,
and carcinomas and identify tumor-associated proteins; the
second step was to detect the tumor-associated proteins in
plasma using a tissue-targeted approach and isotope
labeling [7]. Using our recently developed method of
SPEG and mass spectrometry [8—10], we analyzed matched
benign and cancerous tumors from four tumor-bearing mice
as well as normal skin tissues from four control mice, and
identified 463 unique N-linked glycosites from 318
glycoproteins. More than 40 identified glycoproteins were
elevated in carcinomas. Two of the tumor-associated
proteins, Tenascin-C and Arylsulfatase B, were further
detected and quantified in plasma from the same cancer-
bearing mice using isotope labeling and 2D liquid chroma-
tography/matrix-assisted laser desorption/ionization tandem
mass spectrometry (LC-MALDI-MS/MS). This result indi-
cates that direct proteomic analysis of tumors and plasma
using glycopeptide capture, isotopic labeling, and mass
spectrometry can be used to discover new cancer-derived
proteins in plasma.

Method and Materials
Materials

Hydrazide resin and sodium periodate were from Bio-Rad
(Hercules, CA, USA); PNGase F was from New England
Biolabs (Ipswich, MA, USA); sequencing grade trypsin
was purchased from Promega (Madison, WI, USA); C18
columns were from Waters (Milford, MA, USA); «-cyano-
4-hydroxycinnamic acid (CHCA) was from Agilent (Palo
Alto, CA, USA); iTRAQ reagent and mass calibration
standards were purchased from Applied Biosystems (Foster
City, CA, USA). All other chemicals were purchased from
Sigma-Aldrich (St. Louis, MO, USA).

Tissues and Plasma from Chemical-Induced Mouse Skin
Tumors

Skin tumors were induced in four NIHOla mice using the
DMBA/TPA two-step protocol. A single dose of DMBA
(Sigma; 25 mg in 200 ml of acetone) was applied to the shaved
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backs of four 8-week-old mice. Initiated treated skin was
promoted with TPA twice a week for 15 weeks. This gave rise
to papillomas that were hyperplastic, well-differentiated,
benign lesions consisting of keratinocytes together with
stroma tissue. Papillomas appeared as early as 8 weeks after
the first treatment of DMBA and continued to grow for the
next several months. A small percentage of these benign
papillomas (~20%) progressed to squamous cell carcinomas.
All the mice were killed when carcinomas appeared in all four
treated mice. Four littermate mice were left untreated for
normal skin tissues. Papillomas and carcinomas, as well as
normal skin from untreated mice were snap-frozen in liquid
nitrogen. Retro-orbital bleeds were collected from each treated
mouse before chemical treatment and after development of
chemical-induced carcinomas. The only difference between
the normal and cancer tissues is the chemical-induced cancer.
Whole blood (0.25 ml) was collected from the retro-orbital
sinus into a long (9 in.) sterile glass Pasteur pipet. The whole
blood was placed in a K3EDTA-coated 1.5 ml microcen-
trifuge tube and centrifuged at 4°C for 5 min at 3,000 rpm.
Plasma was collected, carefully avoiding cellular contamina-
tion. All tumor tissues and plasma were placed in cryovials
and frozen in liquid nitrogen.

Peptide Extraction from Skin Tumor Tissues

Frozen tumor tissues (100 mg each) were sliced into 1- to
3-mm’ thickness and incubated in 200 pl of 5 mM
phosphate buffer and vortexed for 2-3 min. Then, the
samples were sonicated for 5 min in an ice-water bath.
Trifluoroethanol (TFE, 200ul) was added to the sample and
incubated at 60°C for 2 h followed by sonication for 2 min.
Protein disulfide bonds were reduced by 5 mM tributyl-
phosphine with 30-min incubation at 60°C. Iodoacetamide
(10 mM) was applied to the mixture and incubated in the
dark at room temperature for another 30 min. The samples
were diluted fivefold with 50 mM NH4HCO; (pH 7.8) to
reduce the TFE concentration to 10% prior to the addition
of trypsin at a ratio of 1:50 (w/w, enzyme/protein). Samples
were digested at 37°C overnight with gentle shaking. The
precipitate was discarded by centrifuge. Silver staining was
used to test the effect of tryptic digestion. Four milligrams
of total peptides from each sample was extracted from each
tissue. Two milligrams of total peptide was used to extract
N-linked glycopeptides, according to the following steps.

Peptide Extraction from Plasma

Plasma (20 pl) was added to 90 ul 8 M urea in 0.4 M
NH4HCO;, 0.1% (w/v) sodium dodecyl sulfate (SDS)
solution (pH 8.3) and 10 pl 120 mM tris(2-carboxyethyl)
phosphine in dH,O freshly prepared and incubated at 60°C
for 1 h. Proteins were alkylated by adding 10 pl 160 mM

iodoacetamide and incubated at room temperature in the
dark with shaking for another 30 min. Samples were diluted
by trypsin digestion buffer (100 mM NH4HCO;, pH 8.3) to
make the concentration of urea less than 2 M. Forty
microliters of trypsin (0.5pg/pl) was added to digest protein
at 37°C overnight. SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) and silver staining were employed to check
whether trypsin digestion was complete.

Glycopeptide Capture from Tissue or Plasma

N-glycopeptides were isolated from peptides using SPEG
[9]. The enriched N-linked glycopeptides were concentrated
by C18 columns and dried down and resuspended in 40 pl
0.4% acetic acid prior to MS analysis.

Isotope Labeling of Peptides

The amount of glycopeptide was determined by bicincho-
ninic acid assay (Bio-Rad) prior to isotope labeling.
Glycopeptides (1 pg) from plasma of the retro-orbital
bleeds before and after chemical-induced cancer and tumor
tissues were dried and resuspended in 20 pl of 50%
dimethylformamide, 40% H,O, 10% pyridine. Five micro-
liters 10 mg/ml d0'*C0, d4'3C0, and d4'*C4 succinic
anhydride solution was added to glycopeptide samples and
reacted at room temperature for 1-2 h, then followed by
C18 clean up to remove access succinic anhydride [8].

Mass Spectrometry Analysis

The peptides and proteins were identified using MS/MS
analysis using an LTQ ion trap mass spectrometer (Thermo
Finnigan, San Jose, CA, USA). Glycopeptides (1 pg) were
injected into a peptide cartridge packed with C18 resin and
then passed through a 10 cmx75 wm i.d. microcapillary
high-performance liquid chromatography (uLC) column
packed with C18 resin. The effluent from the uL.C column
entered an electrospray ionization source in which peptides
were ionized and passed directly into the mass spectrom-
eter. A linear gradient of acetonitrile from 5% to 32% over
100 min at flow rate of ~300 nl/min was applied. During
the LC-MS mode, data were acquired between m/z of 400
and 2,000. Each sample was analyzed three times to
increase the number of spectra used for spectral count.
Succinic-anhydride-labeled peptide (5 pg) was analyzed
by 2D Nano LC (Eksigent, Dublin, CA, USA) and
MALDI-tandem time of flight (MALDI-TOF/TOF; Applied
Biosystems). Briefly, online integration of 15-cm-long
300 wm strong cation exchange column (SCX) with
15-cm-long 300 um of C18-reverse phase liquid chromato-
graph (RPLC) was employed. Four SCX fractions of 0, 5,
50, and 500 mM KCI and 3-45% linear acetonitrile
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gradient (containing 0.1% TFA and acetonitrile) of RPLC
for each fraction were applied before analysis by MALDI-
TOF/TOF. Peptides eluted from columns were directly
mixed with «-Cyano-4-hydroxycinnamic acid and spotted
on a MALDI target plate with 768 spots followed by analysis
by MS and MS/MS using ABI4800 MALDI-TOF/TOF.

Data Analyses

Peptide identifications-MS/MS spectra from LTQ were
searched with SEQUEST [21] against a mouse protein
database (the International Protein Index mouse protein
database, version 3.13). The precursor mass tolerance is set
as 3.0 Da. Other parameters of database searching are
modified as follows: oxidized methionines (add Met with
16 Da), a (PNGase F-catalyzed) conversion of Asn to Asp
(add Asn with 1 Da), and Cys modification (add cysteine
with 57 Da). The output files were evaluated by INTERACT
and PeptideProphet [22, 23]. The criterion of PeptideProphet
analysis is the probability score >0.9 so that low probability
protein identifications can be filtered out.

Identifying tissue-derived peptides in plasma from
MALDI-TOF/TOF (ABI 4800) was performed using GPS
Explorer software (version 3.6). MS/MS spectra were
searched against NCBInr database. GPS searches were
carried out at a 0.2-Da precursor mass tolerance, a 0.6-Da
fragment mass tolerance, trypsin as digestion enzyme. In
addition to the modifications for Met, Asp, and Cys that
were used in LTQ MS/MS spectra analyses as described
above, N termini of peptides and Lys are modified by
succinic anhydride (100 Da for d0'3C0, 104 Da for d4'3Co,
and 108 Da for d4'°C4).

Fig. 1 Flow chart for detection
of tumor-specific proteins in
plasma

Results and Discussion
Strategy of the Method

The objective of this study was to use N-linked glycopep-
tide isolation, isotopic labeling, and LC-MS to identify
skin-cancer-related extracellular proteins and determine if
these proteins could be detected in plasma from tumor-
bearing mice. This strategy is based on the fact that most
extracellular proteins are glycoproteins, and extracellular
proteins from cancer are most likely to be detected in
plasma due to the fact that they are likely to be secreted by
cells or shed from the cell surface to enter the blood stream.

The strategy is schematically illustrated in Fig. 1 and
consists of four steps: (1) peptide extraction from tissue or
plasma; (2) glycopeptide extraction: peptides that contain
N-linked carbohydrates in extracellular proteins were
isolated in their de-glycosylated form using a recently
described solid-phase capture-and-release method [9, 10];
(3) identification and quantification analysis of glycopep-
tides isolated from normal skin, papillomas, and carcino-
mas: isolated peptides were analyzed by LC-MS/MS, and
the peptides were identified and quantified using a database
search [21] and spectral count; (4) detection of tissue-
derived proteins in plasma. Glycopeptides from plasma
samples taken from mice before and after development of
skin tumors and tumor tissues were labeled with dOl3C0,
d4'3C0, and d4'3C4 succinic anhydride, respectively. The
peptides containing d4'*C0 and d4'>C4 pairs indicated the
tumor-derived peptides detected in plasma from tumor-
bearing mice, and they were selected for MS/MS analysis
for peptide identifications.
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| Paired peak selection for tumor-specific peptides in plasma |

Target MS/MS l

| Detection of tumor-specific peptides in plasma |
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Identification of Proteins from a Mouse Model of Skin
Cancer

To detect tumor-specific proteins in plasma, we first
identified tumor-associated proteins from carcinomas and
papillomas. These tumor-associated proteins are likely to be
secreted or shed to the blood stream and fall into the
detection range of current proteomic methodology.

To identify extracellular proteins from mouse skin
tumors, four tissue samples each from normal skin, benign
papillomas, and malignant carcinomas were collected to
generate pooled normal, benign, and cancer tissues.
Proteins were extracted from homogenized frozen tissues
and digested to peptides. Glycopeptides were then captured
using SPEG from each tissue. The N-linked glycopeptides
were analyzed by LC-MS/MS by three repeated analyses
for each sample. The MS/MS spectra were used to search
protein databases using SEQUEST [21]. There were a total
of 4,764 peptide identifications with PeptideProphet of at
least 0.9 (with error rate of 0.007) from all the tissues.
Ninety percent of these identifications (4,284 identifications)
contained a consensus N-linked glycosylation motif (N-X-S/
T, X is any amino acid except proline). These identifications
were from 463 unique glycosylation sites representing 318
unique glycoproteins (Table 1). This indicated that the
procedure was specific to N-linked glycoproteins. There-
fore, we limited our subsequent analysis solely to the
identified peptide sequences that contained at least one such
consensus motif in order to reduce false positive rates.
Since tissues are vascularized and some proteins identified
from tissues are from contamination by common circulating
blood proteins [13, 24], we next examined the glycopro-
teins identified from tissues to determine glycoproteins
identified from tissues that were also identified from the
normal mouse plasma [10, 25], and 59 glycoproteins were
previously identified from normal mouse plasma and were
not included for further study of skin cancer tissues.

To identify skin tumor-specific proteins, we compared
the glycoproteins identified from normal skin, benign, and
malignant tumors. Despite the same amount of glycopep-
tides from each tissue analyzed with the same procedures,
the number of unique glycosites identified from different
tissues was different. A total of 405 glycosites were
identified in cancer tissue, while 252 in benign tissue and
112 in normal skin, when using PeptideProphet score of
>0.9. The number of glycoproteins identified from papillo-
mas and carcinoma was higher than that of normal tissue.
This could be caused by the increased expression of
glycoproteins in tumor tissues. A similar observation was
also reported from the proteomic analysis of tryptic
peptides in a mouse breast cancer model [24].

To determine the glycoprotein changes associated with
cancer development, we calculated the relative protein

abundance using the number of redundant MS/MS spectra
from the same glycoprotein in different tissues [26]. To
eliminate the spectral count due to random events, only
proteins identified with at least three spectra were included
for quantitation. A number of proteins identified in this
study were only detected in tumor tissues (benign or
malignant) but not in normal tissues (the ratio of such
proteins was arbitrary assigned to 100, Table 2). Among the
111 proteins identified with spectral count ratio of at least
three folds in cancer or benign tumor tissues comparing to
normal tissues, 47 proteins (Table 2) were increased at least
three folds in cancer tissues compared to benign tissues.
Some of these have been reported to play roles in skin
cancer development. These include known extracellular
proteins such as thrombospondin, cathepsins, epidermal
growth factor receptor, cell adhesion molecules, cadherins,
integrins, tuberin, fibulin, and TGF{ receptor. Tenascin-C
is an extracellular matrix glycoprotein and plays multiple
functions in cell adhesion, migration, growth, and angio-
genesis [27, 28]. Tenascin-C has many cell surface
receptors, such as integrin and epidermal growth factor
receptor, which may affect genome stability associated with
interference with genome safeguard functions and escape
from cell cycle checkpoints [28]. Tenascin-C has 20 potential
N-linked glycosylation sites, but only one glycosylation site
(LLQTAEHN#ISGAER, Table 1) has been identified previ-
ously (Swiss-Prot Protein knowledgebase, http://us.expasy.
org/sprot). In this study, eight N-linked glycosites including
the previously identified site were identified in carcinomas
(Table 1). They showed increased expression in carcinomas
compared to papillomas (Table 2). This observation indicated
that Tenascin-C might have increased its glycosylation or
abundance during tumor development. In addition, 20
glycoproteins were identified in skin cancer only (Table 2),
and these proteins might be used as protein markers to
discriminate between the malignant and benign tumors. An
example is Arylsulfatase B. In this study, Arylsulfatase B
was identified three times only in malignant tissues with two
unique glycosylation sites. Arylsulfatase B is a lysosomal
enzyme and can degrade proteoglycans in the extracellular
matrix and basement membrane. In this way, proteoglycans
can obstruct the spread of cancer cells. Therefore, Arylsulfa-
tase B could play a key role in accelerating cancer cell
migration [29].

Here, we determined the relative abundance of glycosy-
lated proteins using identified glycosylated peptides. How-
ever, glycosylation for individual glycosites from the same
protein might be different and can be determined by
quantitative analysis of each glycosite. In addition, changes
in glycan structure that may be important to the disease
cannot be determined by this method, and specific
enrichment of glycopeptides with certain glycan structure
is needed.
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Table 1 Identified N-linked glycoproteins and glycosites

IPI Protein name P Identified sequences

1P100120245 Integrin alpha-V 1 K.AN#TTQPGIVEGGQVLK.C

1P100120245 Integrin alpha-V 1 R.TAADATGLQPILNQFTPAN#VSR.Q

IP100127447 Lysosome membrane protein II 1 R.N#QSVGDPNVDLIR.T

IP100127447 Lysosome membrane protein II 1 T.GEDNYLN#FSK.I

IP100127447 Lysosome membrane protein II 1 R.TMVFPVMYLN#ESVLIDK.E

1P100127447 Lysosome membrane protein II 1 R.YKVPAEILAN#TSENAGEF.C

IP100322447 RA175 1 K.VSLTN#VSISDEGR.Y

IP100322447 RA175 1 R.FQLLN#FSSSELK.V

IPI00118413 Thrombospondin 1 1 L.DNNVVN#GSSPAIR.T

IP1I00118413 Thrombospondin 1 1 K.VSCPIMPCSN#ATVPDGECCPR.C

IPI00118413 Thrombospondin 1 1 W.PNENLVCVAN#ATYHCK.K

1P100123678 Cadherin-22 0.98 R.ETAGWHN#ITVLAMEADN.H

IP100154057 Protocadherin 1 0.99 N.DNAPFITAPSN#TSHR.L

1P100126090 Integrin alpha-3 1 LLAMN#YSLPLR.M

1P100126090 Integrin alpha-3 1 W.LECPLPDTSN#ITN#VTVK.A

IPI00132474 Integrin beta-1 1 R.NPCTSEQN#CTSPFSYK.N

IP100132474 Integrin beta-1 1 R.KEN#SSEICSNNGECVCGQCVCR.K

IPI00132474 Integrin beta-1 1 K.DTCAQECSHEN#LTK.V

1P100227969 Integrin alpha-6 1 K.YQTLN#CSVNVR.C

1P100227969 Integrin alpha-6 0.91 R.VEQKN#NTFFDMNIF.E

1P100320605 Integrin beta-2 1 K.LN#FTGPGEPDSLR.C

1P100320605 Integrin beta-2 0.99 Y.LRPGQAAAFN#VTFR.R

1P100415773 Integrin alpha-M 1 R.TPVLN#CSVAVCK.R

1P100415773 Integrin alpha-M 1 V.GGPQDFN#MSVTLR.N

IP100415773 Integrin alpha-M 1 R.LN#YTLVGEPLR.S

IP100132067 Fibulin-2 1 Y.QLPGCHGN#FSDAEEGDSER.Q

IP100132067 Fibulin-2 1 K.DLDECALGTHN#CSEAETCHNIQGSFR.C

1P100132067 Fibulin-2 1 K.SCVAGVMGAKEGETCGAEDN#DTCGVSLYK.A

1P100223769 CD44 antigen 1 R.TEAADLCQAFN#STLPTMDQMK.L

IPI00110810 Prostate stem cell antigen 1 R.DCLNVQN#CSLDQHSCFTSR.I

IPI00110852 Translocon-associated protein alpha, muscle 1 K.DLNGNVFQDAVFN#QTVT.V
specific isoform

IPI00110852 Translocon-associated protein alpha, muscle 1 R.YPQDYQFYIQN#FTALPLNTVVPPQR.Q
specific isoform

IP100112326 Epithelial membrane protein 1 1 KN#CTGGNCDGSLSYGNEDAIK.A

IP100113480 Myeloperoxidase 1 R.ALMPFDSLHDDPCLLTN#R.S

IP100111013 Cathepsin D 1 K.YYHGELSYLN#VTR.K

IPI00111013 Cathepsin D 1 K.N#GTSFDIHYGSGSL.S

IPI00128154 Cathepsin L 1 R.AEFAVAN#DTGFVDIPQQEK.A

1P100403938 Tenascin-C 1 L.EADTTQTVQN#LTVPGGLR.S

1P100403938 Tenascin-C 1 R.EPEIGNLN#VSDVTPK.S

1P100403938 Tenascin-C 1 R.LLQTAEHN#ISGAER.T

1P100403938 Tenascin-C 1 N.NVEAAQN#LTVPGSLR.A

1P100403938 Tenascin-C 0.99 N.NVETAHN#FTVPGNLR.A

1P100403938 Tenascin-C 1 R.ESGLN#MTLPEENQPVVFNHIYNIK.L

1P100403938 Tenascin-C 1 K.ASTEEVPSLEN#LTVT.E

IP100403938 Tenascin-C 1 R.LN#YSLPTGQSMEVQLPK.D

IP100108535 Carcinoembryonic antigen-related cell adhesion 1 R.FVPNSNMN#FTGQAYSGR.E
molecule 1

IP100108535 Carcinoembryonic antigen-related cell adhesion 1 KN#ITVLEPVTQPFLQVTN#TTVK.E
molecule 1

1P100313428 CEA-related cell adhesion molecule 2 1 R.TLTLLN#VTR.N

1P100122977 Plasma protease C1 inhibitor 1 R.DTYVN#ASQSLYGSSPR.V

IP100122977 Plasma protease C1 inhibitor 1 K.VGQLQLSHN#LSFVIVVPVFPK.H

IP100128689 Collagen alpha 1(V) chain 1 K.VYCN#FTAGGSTCVFPDKK.S

IPI00130249 GPI-anchored metastasis-associated protein homolog 1 AN#VTVSLPVR.G



Clin Proteom (2008) 4:117-136

123

Table 1 (continued)

IP1 Protein name P Identified sequences

IP100130249 GPI-anchored metastasis-associated protein homolog 1 K.CQGSMPPVVNCYN#ASGR.V

IP100130486 FK506-binding protein 9 1 R.YHYN#GTLLDGTLFDSSYSR.N

1P100130486 FK506-binding protein 9 1 R.YHYN#GTFLDGTLFDSSHNR.M

IP100132600 Niemann-Pick C1 protein 1 R.LYN#VTHQFCN#ASVMDPTCVR.C

1P100132600 Niemann-Pick C1 protein 1 R.LIASNA#ITETMR.S

IPI00131881 ADAM 10 1 R.IN#TTSDEKDPTNPFR.F

IP100130342 Lymphocyte antigen 6 complex locus G6C protein 1 K.LGLNYN#TTCCDK.D

IP100130342 Lymphocyte antigen 6 complex locus G6C protein 1 R.EVFN#ETNHK.L

IP100133082 CD177 antigen 1 K.VQGCMAQPDCNLLN#GTQAILG

IP100134549 Lysosome-associated membrane glycoprotein 2 1 A.LIVN#LTDSK.G

IP100134549 Lysosome-associated membrane glycoprotein 2 1 K.VPFIFNINPATTN#FTGSCQPQSAQLR.L

1P100134549 Lysosome-associated membrane glycoprotein 2 1 K.EEVNVYMYLAN#GSAFN#ISNK.N

1P100121430 Collagen alpha 1(XII) chain 1 K.EAGN#ITTDGYEILGK.L

1P100122272 Extracellular matrix protein 1 1 K.QIPGLIQN#MTVR.C

IP100122272 Extracellular matrix protein 1 1 R.NVALVAGDTGN#ATGLGEQGPTR.G

1P100122493 FKS506-binding protein 10 1 R.YHYN#CSLLDGTR.L

1P100122493 FKS506-binding protein 10 1 R.YHYN#GSLMDGTLFDSSYSR.N

1P100123342 Hypoxia up-regulated 1 1 R.VFGSQN#LTTVK.L

1P100123342 Hypoxia up-regulated 1 1 R.LSALDNLLN#HSSIFLK.G

1P100123342 Hypoxia up-regulated 1 1 K.EN#GTDAVQEEEESPAEGSK.D

IPI00123831 SDRI protein 1 K.ENGVFEEISN#SSGR.F

IP100123831 SDRI protein 1 R.FFITNKEN#YTEL.S

IP100123831 SDRI protein 1 R.ESLLPVTLQCN#LTSSSH.T

1P100224728 Cd63 antigen 1 K.DRVPDSCCIN#ITVGCGNDFK.E

IP100462199 Basigin 1 K. TSDTGEEEAITN#STEANGK.Y

1P100462199 Basigin 1 K. TQLTCSLN#SSGVDIVGHR.W

1P100462199 Basigin 1 K.SQLTISNLDVNVDPGTYVCN#ATNAQGTTR.E

IP100308609 VESICULAR INTEGRAL-MEMBRANE PROTEIN 1 R.VFPYISVMVNN#GSLSYDHSK.D
VIP36

IP100308990 Monocyte differentiation antigen CD14 R.N#PSPDELPQVGN#LSLK.G

IP100308785 Prostaglandin G/H synthase 2 R.TGFYGEN#CTTPEFLTR.I

IP100308971 Cation-independent mannose-6-phosphate receptor K.ISTN#ITLVCKPGDLESAPVLR.A

IP1I00308971 Cation-independent mannose-6-phosphate receptor R.SLLEFNATTMGCQPSDSQHR.I

1P100124836 Beta-sarcoglycan R.ITSN#ATSDLNIK.V

IP100124836 Beta-sarcoglycan 99 LILN#GTVMVSPTR.L

IP100122737 222 kDa protein R.QAEEAEEQANTN#LSK.F

1P100122737 222 kDa protein .98 R.VQLLHSQN#TSLINQKK.K

IPI00119063 AM2 receptor K.LTSCATN#ASMCGDEAR.C

IP1I00119063 AM?2 receptor K.LNLDGSN#YTLLK.Q

IP1I00119063 AM?2 receptor A.VAN#DTNSCELSPCR.I

IP1I00119063 AM?2 receptor RMGCQHHCVPTPSGPTCYCN#SSFQLE.A

IPI00119063 AM2 receptor 99 R.GVTHLN#ISGLK.M

IP1I00119063 AM?2 receptor R.FN#STEYQVVTR.V

1P100124265
1P100124265
1P100129304
1P100129304
IP100153959
IPI00153959
IP100316575
1P100126769
1P100121190
1P100320420
1P100320420
1P100406459
1P100406459

Latent transforming growth factor beta binding protein 4
Latent transforming growth factor beta binding protein 4
Collectin sub-family member 12

Collectin sub-family member 13

Stabilin-1

Stabilin-1

Cathepsin K

Cathepsin F

Epidermal growth factor receptor

Clusterin

Clusterin

Arylsulfatase B

Arylsulfatase B

L = T S e S e T e S S U < P o S g S S ey

R.N#ATSVDSGAPGGAAPGGPGFR.A
R.CTPACDPGYQPTPGGGCQDVDECRN#R.S
R.HTDDLTSLN#NTLVNIR.L
K.ETLQN#NSFLITTVN#K.T
H.ADLISN#MSQDELAR.I
K.GFVDN#MTLSGPDLELH.A
Y.VGQDESCMYN#ATAK.A
K.VYIN#DSVELSR.N
R.DIVQNVFMSN#MSMDLQSHPSSCPK.C
R.QELN#DSLQVAER.L

K MLN#TSSLLEQLNDQFNWYVSQLAN#LTQGEDK.Y
H.EACAPIESLN#GTR.C
RIYAGMVSLMDEAVGN#VTK.A
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Table 1 (continued)

IP1 Protein name P Identified sequences

IP100409393 Latent transforming growth factor beta binding protein, 1 R.YGQEQGTAPFQVSN#HTGR.I
isoform 1L

IP100409393 Latent transforming growth factor beta binding protein, 1 Y.NLNDASLCDNVLAPN#VTK.Q
isoform 1L

1P100409393 Latent transforming growth factor beta binding protein, 0.91 K.VCTN#GSCTNLEGSYM.C
isoform 1L

IP1I00108535 Carcinoembryonic antigen-related cell adhesion 1 R.EITYSN#GSLLFQMITMK.D
molecule 1

IP100117424 Intercellular adhesion molecule 2 1 K.IN#CSTNCAAPDMGGLETPTNK.I

1P100122971 N-CAM 180 of Neural cell adhesion molecule 1, 180 1 R.DGQLLPSSN#YSNIK.I
kDa isoform

1P100406901 Platelet/endothelial cell adhesion molecule 1 K.EETVLSQYQN#FSK.I

IP1I00115976 Integrin alpha-5 1 K.VTGLSN#CTSN#YTPN.S

IP100313479 Integrin beta 4 Isoform 2 1 K. TCN#CSTGSLSDTQPCLR.E

IP1I00466371 Integrin alpha 1 1 K.DSCESNQNH#ITCR.V

1P100230432 Fibulin-1 0.98 H.SYN#SSLETIFIK.R

IPI00119756 OX-2 membrane glycoprotein 1 K.GTGTGIEN#STESHFHSN#GTTSVTSILR.V

1P100222589 PTKY7 protein tyrosine kinase 7 0.98 R.MHIFQN#GSLVIH.D

1P100314779 TGF-beta receptor type 111 1 R.AGVVVFEN#CSLR.Q

1P100112787 Cell surface glycoprotein OX2 receptor 1 W.SPDGDCVTTSESHSN#GTVTVR.S

IPI00113528 Transmembrane 9 superfamily protein member 3 1 R.IVDVN#LTSEGK.V

1P100114304 Thrombospondin-3 1 R.LGFLGN#QSQGCVPAR.T

IPI00119809 Mama protein 1 R.ALGYEN#ATQALGR.A

IPI00119809 Mama protein 1 K.GLN#LTEDTYKPR.L

IP100469218 Lysosomal membrane glycoprotein 1 1 R.LN#MTLPDALVPTFSISN#HSLK.A

1P100469218 Lysosomal membrane glycoprotein 2 1 KN#VTVVLR.D

IP100120025 Similar to KALLIKREIN 9 1 R.LTPAVQPLN#LTESRPPVGTQ.C

IPI00338790 Glandular kallikrein KLK13 1 K ILN#GTN#GTSGFLPGGYTCLPH.S

IP1I00116993 Tuberin 0.94 A.PKQGLN#NSPPVK.E

IPI00111550 Mucin and cadherin-like protein 1 R.VIN#SSEFMMNK.D

IP1I00108041 Stromal interaction molecule 1 1 R.LAVIN#TTMTGTVLK.M

IP100108328 Methylated-DNA- protein-cysteine methyltransferase 0.93 M.ETTSLL