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The interaction of glycan-binding proteins (GBPs) and glycans plays a significant biological
role that ranges from cell–cell recognition to cell trafficking, and glycoprotein targeting. The
anomalies of GBPs related to the types and/or quantities were not clearly known in cancer
incidence. It is imperative to identify and annotate the GBPs related with the canceration. Here
the mannose-binding proteins (MBPs) from the clinical sera were isolated and identified by the
mannose-magnetic particle conjugates and the high-accuracy MS analysis. Seventy-five MBPs
from normal donors’ sera and 79 MBPs from hepatocellular carcinoma patients’ sera were
identified and annotated. By using the stringent criteria of exponentially modified protein abun-
dance index (emPAI) quantification, 12 MBPs were estimated to be significantly upregulated
(emPAI ratio > 4) and nine MBPs were estimated to be significantly downregulated (emPAI
ratio < 0.25) in the hepatocellular carcinoma sera. Real-time quantitative PCR, Western blot-
ting, and protein microarrays were also used to confirm the altered MBPs expression level and
the specific binding between the isolated MBPs and mannose. The sequence recognition motifs
and structure preference of the isolated MBPs were characterized. The functional enrichment
analysis revealed that over 57% of the isolated MBPs were binding protein and the upreg-
ulated MBPs were involved in cell death, tumor progression, and macromolecular complex
remodeling.
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1 Introduction

Glycans can mediate a wide variety of biological processes
by virtue of their shape, mass, charge, or other physi-
cal properties. However, more specific biological roles are
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Provincial People’s Hospital. The clinical information of the
sera and the HCC tissues are listed in Supporting Informa-
tion Table S1 (Supporting Information Data 1). This study
was approved by the Human Ethics Committee of the Shaanxi
Provincial People’s Hospital and Northwest University. The
sera were obtained after the bloods were clotted for 30 min
at room temperature and centrifuged. Aliquots from the sera
were frozen at −80�C immediately after processing and stored
until needed for analysis.

2.2 Preparation of MMPCs

The MMPCs were prepared according to the protocol [19] with
some modifications. The procedures were briefly described
as follows: the epoxy-coated magnetic particles (1 mg) were
washed three times with ethanol, and reacted with 500 �L
20 mM 4-hydroxybenzhydrazide in DMF at 37�C for 10 h
by shaking it gently. The surface of epoxy-coated magnetic
particles was functionalized by hydroxyl groups. Then, the
particles were separated from the supernatant by a magnetic
separation device working for 3 min and washed three times
with ethanol. The hydroxyl modified particles were kept with
ethanol at 4�C.

The mannose was dissolved in the coupling buffer (0.2 mM
sodium acetate buffer, pH 5.4). After the hydroxyl-coated
magnetic particles were washed three times with the coupling
buffer, 500 �L of 20 mM mannose solutions were added. Sub-
sequently, the mixtures were incubated overnight at 37�C by
shaking it gently in the acidic coupling buffer to immobilize
the mannose to the surface of particles. Unbound mannose
was removed from the conjugates by washing with the cou-
pling buffer and its amount was determined by 45% sulfu-
ric acid containing 0.16% orcin at 423 nm with UV-visible
spectroscopy system (Agilent 8453, CA, USA) [22]. The
amount of immobilized carbohydrate on the surface of
hydroxyl-coated magnetic particles was calculated. The pre-
pared MMPCs were kept in the preserving buffer (0.1% BSA,
1× PBS [0.1 M phosphate buffer containing 0.15 M NaCl],
0.2% NaN3, pH 7.4) at 4�C.

2.3 Isolation of MBPs from human sera

The MMPCs were washed three times with the binding buffer
(20 mM Tris-HCl, 0.15 M NaCl, 10 mM CaCl2, 6 mM MnCl2,
pH 7.2), then incubated with 25 �L human sera and 5 �L
protease inhibitor cocktail in 470 �L binding buffer for 2 h at
37�C by shaking it gently. Unbound proteins were removed
from the conjugates by washing five or six times with the
washing buffer (20 mM Tris-HCl, 0.25 mM Tween-20, pH
7.2) supplemented with protease inhibitor cocktail until pro-
teins did not exist in supernatant. The MBPs bound with the
conjugates were eluted by the eluting fluid (0.1% SDS in the
binding buffer). The isolated MBPs were first identified by
10% SDS-PAGE.

2.4 Reduction, alkylation, and trypsin digestion

The MBPs (about 200 �g) were concentrated and desalted by
a size-exclusion spin filter (Amicon Ultra-0.5 3K device, Mil-
lipore) with a molecular mass cutoff of 3 kDa. The obtained
MBPs were denatured in 8 M urea (50 �L) for 30 min at
room temperature, and reduced by adding an equal volume
of 10 mM DTT in 100 mM NH4HCO3 at 37�C for 1 h. The
MBPs were carboxyamidomethylated using 10 mM iodoac-
etamide for 1 h at room temperature in darkness. DTT was
added to a final concentration of 10 mM to neutralize the sur-
plus iodoacetamide and incubated at 37�C for 1 h. Proteomics
grade trypsin (1:100 [w/w] of enzyme to protein) was added
and incubated overnight at 37�C. The reaction was stopped
by 5% glacial acetic acid (5 �L, pH < 2.0). Finally, the acid-
treated samples were centrifuged at 13 000 × gfor 10 min and
the supernatants were collected and lyophilized using Alpha
2–4 freeze dryer (Martin Christ, Germany).

2.5 Identification of peptides by LC-MS/MS

Peptides were resolubilized in 0.1% formic acid and analyzed
by nanospray CHIP-LC-MS/MS 6530 mass spectrometers
(Agilent) equipped with HP 1200 solvent delivery systems
(Agilent). Peptides were loaded at a flow rate of 3 �L/min
by an autosampler on a CHIP with an enrichment column
(4 mm × 0.04 �L, 5 �m particles) and Zorbox 300SB-C18
analytical column (150 mm × 75 �m, 5 �m C18 beads). Pep-
tides were eluted from the capillary column at a flow rate of
0.3 �L/min to the MS through an integrated nanospray emit-
ter tip. Needle voltage was set to 1.75 kV. The mobile phases
consisted of A (1% ACN and 0.1% formic acid) and B (90%
ACN and 0.1% formic acid). The three-step linear gradient of
3–10% B in 10 min, 10–45% in 70 min, 45–90% in 5 min,
and 95% buffer B for 10 min was used throughout this study.
MS scans were performed to select five intense peaks for
subsequently MS/MS scans. Due to statistical fluctuations of
peptide precursor selection during the MS/MS acquisition,
three LC-MS/MS assays were run with each sample in order
to be able to perform a proper proteome comparison.

2.6 Data mining and analysis

The data were extracted automatically by the Agilent’s
MassHunter Workstation software. All MS/MS spectra were
searched against the International Protein Index (IPI_human
database_V.3.74. fasta) using the MASCOT 2.3.0 with the
following parameters: A mass tolerance of ± 20 ppm for
the precursor ions and a tolerance of ± 0.7 Da for the frag-
ment ions were used. One missed cleavage was allowed. Car-
boxymethylated cysteines were set as a fixed modification
and oxidized methionines were set as a variable modifica-
tion. MASCOT scores were above 25 for complete proteins.
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These criteria were a good compromise between risking too
many false positives if the values were set too low and the risk
to miss real protein hits if the values were set too high.

2.7 Quantitation of MBPs by emPAI

The relative expression of the MBPs between the normal
and HCC human were analyzed by the emPAI value us-
ing the web-accessible software (http://empai.iab.keio.ac.
jp/CSV/empai_form.php). The emPAI formula derived by
Ishihama and coworkers was applied mostly in a label-free
relative quantification of the proteins from a mixture [23].
The MASCOT excel file results (composed of the Interna-
tional Protein Index (IPI) accessible number, protein descrip-
tion, identified peptides, and the charge states of the peptide)
were upload to the freely accessible web using the following
parameters: IPI_HUMAN database, trypsin as enzyme, car-
bamidomethyl (Cys) fixed modification, mass range from 500
to 3000 Da, no retention time filtering. After the analysis, the
emPAI results were exported and saved as an excel file. To
obtain the concentration of a protein in the sample, the mean
of the emPAI value for three MS assays was divided by the
sum of all emPAI values in the sample, and the result was
multiplied by 100, thus, resulting in an estimate of the mol%
of the protein. To calculate the absolute concentrations, total
protein amounts were measured as weight by Bradford assay
and the weight% and weight concentration of the MBPs were
calculated [18].

2.8 Verification by real-time PCR

The quantitation of MBPs was verified by the real-time quan-
titative PCR (qRT-PCR) in HCC tissue and paracancerous
tissue. To avoid differences between individual tissues, to-
tal RNA was extracted individually from three HCC tissues
and three paracancerous tissues, respectively. Then, the RNA
was pooled into one tube for one type tissue. Each tissue
contributed 30 �g of total RNA to the pool. Total RNA was
isolated from the tissues using TRIZOL regent according to
the manufacturer’s protocol. RNA integrity was examined
by 1% agarose gel electrophoresis. All primers for qRT-PCR
were designed by PrimerQuest SM (http://www.idtdna.com/
Scitools/Applications/Primerquest/). Total RNA was con-
verted into cDNA using PrimeScript R� RT reagent kit. The
cDNA was then subjected to qRT-PCR analysis (LightCy-
cler 480, Roche Applied Science; Mannheim, Germany) us-
ing gene-specific primers (Supporting Information Table S2,
Supporting Information data 1) and a SYBR R� Premix Ex
TaqTM RT-PCR kit. The expression of the glyceraldehyde-3-
phosphate dehydrogenase and beta-2-microglobulin was used
as reference genes to normalize the mRNA levels of ten genes
in each sample, and the quantitation of gene expression was
determined using the 2−��CT comparative method.

2.9 Western blotting analysis of the MBPs

The Western blotting was performed as described previ-
ously [24]. Briefly, 20 �g of proteins from the human sera of
HCC cases and normal donors were separated by 10% SDS-
PAGE and then transferred to PVDF membranes (Millipore).
After blocking for 2 h at room temperature with 5% skimmed
milk in TBS (100 mM Tris–HCl, 150 mM NaCl, pH 7.6),
the membrane was incubated overnight at 4�C with rabbit
monoclonal antibodies against APOE, AMBP, A2M, APOC2,
and APCS in antibody dilution buffer (5% skimmed milk in
TBST [0.05% Tween 20 in TBS, pH 7.6]). The membranes
were washed three times with TBST, then incubated with al-
kaline phosphatase-conjugated goat anti-rabbit IgG (1:1000
dilution in antibody dilution buffer) for 2 h at room temper-
ature. The membranes were washed three times with TBST
and detected by BCIP/NBT substrate kit. The measurement
of �-actin was used as an internal control.

2.10 Protein microarrays for verification of specific

binding between the isolated MBPs and

mannose

The protein microarray was used to verify the specific bind-
ing between the isolated MBPs and mannose labeled with
Cy3 fluorescent dye. Briefly, the isolated MBPs from the sera
of the HCC case and the normal donors were spotted onto
the epoxysilane-coated slides [25] with Stealth microspotting
pins (SMP-10B; TeleChem, Atlanta, GA, USA) using a Cap-
ital Smart Arrayer (CapitalBio, Beijing, China). The concen-
trations of the spotted MBPs ranged from 0.5 to 5 �g/�L and
each sample was spotted in triplicate per block with tripli-
cate blocks on one slide. The mannose was labeled by Cy3
fluorescent dye [26] and purified using typical paper chro-
matography. Subsequently, 200 �g of the labeled mannose
mixed with 0.5 mL of incubation buffer (2% [w/v] BSA, 50 mM
ethanolamine and 500 mM glycine in 1× PBS, pH 7.4) was
applied to the microarrays and incubated in the chamber at
37�C for 3 h in a rotisserie oven. After the incubation, the
slides were washed three times with 1× phosphate buffered
saline with Tween 20 (0.05% Tween 20 in 1× PBS, pH 7.4)
and dried by centrifugation at 600 rpm for 5 min. Finally, the
microarrays were scanned using settings of 70% PMT and
100% laser power using a GenePix 4000B confocal scanner
(Axon Instruments, CA, USA). The acquired images were an-
alyzed at 532 nm for Cy3 detection using GenePix 3.0 software
(Axon Instruments).

2.11 Characteristics of MBPs

The characteristics of the isolated MBPs were
analyzed accordingly as they exhibit motifs found in
C-type lectins. Herein, the consensus sequence was used to
find the characterization of MBPs. Motif-X (v1.2 10.05.06)
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was a software tool designed to extract overrepresented
patterns from any sequence data set, which could derive
the consensus sequence, and the algorithm was an iterative
strategy that builds successive motifs through comparison to
a dynamic statistical background. As we know, the cysteines
were enriched in C-type lectins [27]. The isolated MBPs were
analyzed using the following parameter: cysteine as a central
character with 35 amino acids width, the occurrences as
5 and the significances as 10−5, the IPI human proteome
set as background. The extracted nonredundant consensus
sequence was applied to WebLogo to create relative frequency
plots [28–30].

2.12 Distribution and ontology analysis of MBPs

The SignalP program with hidden Markov models and neu-
ral networks were used to predict the presence of secretory
signal peptide sequences [31,32]. In addition, the SecretomeP
program was used to predict nonsignal peptide-triggered pro-
tein secretion [33] and the transmembrane prediction using
hidden Markov models (TMHMM) was used to predict trans-
membrane helices in proteins [34]. The identified proteins
were further analyzed using Blast2GO, a bioinformatics tools
for gene ontology (GO) based DNA or protein sequence anno-
tation, to classify the biological process, cellular component,
and molecular functional of the identified proteins [35, 36].
Significant overrepresented GO terms were identified with
the Database for Annotation, Visualization, and Integrated
Discovery (DAVID) gene bioinformatics resources [37–39].
To identify significant enrichment of GO terms, the expres-
sion analysis systematic explorer (EASE) score threshold in
DAVID was set to p < 0.05. Isolated MBPs were analyzed
for overrepresented GO molecular function terms using the
complete human proteome as the background data set. Ky-
oto Encyclopedia of Genes and Genomes pathway database
(KEGG) and BioCarta were used for biological network build-
ing of MBPs.

3 Results

3.1 Isolation of MBPs from human sera

The MMPCs were used to separate the MBPs in the serum
experiments consisted of two pools, one was control sera
(n = 60) from normal human donors and another was HCC
sera (n = 60) from the clinical patients, respectively. The
isolated proteins (10 �g) were resolved by SDS-PAGE and vi-
sualized by silver staining. The results showed the difference
of protein bands between the normal human and HCC case
sera. Such MBPs extracted from the HCC serum presented
two apparent bands distinguished from the ones extracted
from the latter part between 25 and 32.5 KD (shown in Fig.
1A, black frame part).

3.2 Identification of MBPs

The isolated MBPs were digested by trypsin, and then identi-
fied by Agilent 6530 accurate-mass Q-TOF LC-MS/MS. The
resulting MS/MS spectra were used in search of the nonre-
dundant IPI human sequence database (version 3.74). MAS-
COT scores above 25 for complete proteins and p value below
0.05 were used. Proteins present in the two sera are listed
in Supporting Information 2. Figure 1B illustrates an exam-
ple of an MS/MS spectrum of a peptide of m/z 923.0345.
The MASCOT tool identified it as the peptide LLIYAVLPT-
GDVIGDSAK, corresponding to the protein A2M. This iden-
tification had a mass accuracy of 0.025 Da between observed
and theoretical masses. It also illustrated the fragmentation
pattern and identification of y/b ion series of the sequence.
In this example, the peptide MASCOT identification score of
A2M was 74.61. It could be seen that high mass accuracy,
low back-ground level, and peptide sequence information
obtained from MS2 spectra yielded high confidence peptide
identification. As shown in Fig. 1C, 59 MBPs were presented
in the two sera pools; 16 MBPs were only identified in the
normal donors’ sera; 20 MBPs were only identified in the
HCC cases’ sera.

3.3 Distribution and ontology analysis

The isolated MBPs were further analyzed using bioinformat-
ics programs designed to predict protein secretion pathways.
Among the 95 nonredundant proteins identified, the Sig-
nalP program predicted that 70 proteins were secreted in
the classical secretory pathway (i.e. the ER/Golgi-dependent
pathway; SignalP probability > 0.90) based on the presence
of a signal peptide. The SecretomeP program predicted that
14 proteins were released via the nonclassical secretory path-
way (SignalP probability < 0.90 and SecretomeP score >
0.50). In addition, the TMHMM determined that integral
membrane proteins were not secreted via the classical or
nonclassical secretion pathways (SignalP probability < 0.90
and SecretomeP score < 0.50). Collectively, the analysis pre-
dicted that 88.4% (84 of 95) of the identified proteins were
released into serum via different mechanisms, and 11.6% (11
of 95) of identified proteins could not be classified as classical
secreted, nonclassical secreted, or integral membrane pro-
teins. No identified MBPs were integral membrane proteins
(Fig. 1D).

3.4 Absolute quantitation using emPAI

Protein abundance expressed as emPAI values was calculated
using the number of observable peptides and the number
of observed parent ions per identified peptide. The number
of observable (or expected) peptides for a protein was
calculated by trypsin digestion of the IPI human database,
and the resulting peptide fragments were compared with
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Table 1. Quanti�cation of the identi�ed mannose-binding proteins (MBPs) using exponentially modi�ed protein abundance index (emPAI)
and their distribution in normal and hepatocellular carcinoma (HCC) human sera

Database Protein name N or Ha) Content (weight%) emPAI qRT-PCR Expression
accession Ratiob) Ratio Levelc)

HCC Normal

IPI00000892 HSPC237 N, H 0.10 0.19 1.00
IPI00001701 Double cortin domain containing 5 N, H 0.12 0.22 1.00
IPI00005751 Serine palmitoyltransferase 2 N, H 0.04 0.21 1.00
IPI00006146 SAA1 serum amyloid A2 isoform a N, H 0.07 0.06 2.36
IPI00007444 Epiphycan N, H 0.06 0.11 1.00
IPI00017601 Isoform 1 of optineurin N, H 0.08 0.30 0.47
IPI00017696 Complement C1s subcomponent N, H 0.16 0.47 0.62
IPI00019399 Serum amyloid A-4 protein N, H 0.04 0.18 0.42
IPI00019568 Prothrombin (fragment) N, H 0.19 0.25 1.39
IPI00019580 Plasminogen N, H 0.32 0.59 1.00
IPI00020986 Lumican N, H 0.07 0.13 1.00
IPI00021727 C4b-binding protein alpha chain N, H 1.15 1.13 1.90
IPI00021841 Apolipoprotein A-I N, H 9.12 11.19 1.52
IPI00021842 Apolipoprotein E N, H 0.58 0.18 6.00 12.06 +
IPI00021854 Apolipoprotein A-II N, H 2.36 7.94 0.55
IPI00021855 Apolipoprotein C-I N, H 0.29 0.55 1.00
IPI00021856 Apolipoprotein C-II N, H 0.17 1.29 0.24 0.44 −
IPI00021857 Apolipoprotein C-III N, H 0.67 1.24 1.00
IPI00021885 Isoform 1 of �brinogen alpha chain N, H 2.62 1.04 4.72 50.14 +
IPI00021891 Isoform gamma-B of �brinogen gamma chain N, H 1.78 0.60 5.54 2.54 +
IPI00022371 Histidine-rich glycoprotein N, H 0.29 0.33 1.63
IPI00022418 Isoform 1 of �bronectin N, H 0.35 0.14 4.75 17.48 +
IPI00022431 cDNA FLJ55606 N, H 3.77 9.00 0.78
IPI00022432 Transthyretin N, H 0.06 1.08 0.11 −
IPI00022895 Alpha-1B-glycoprotein N, H 0.22 0.18 2.23
IPI00025204 CD5 antigen like N, H 0.05 0.29 0.29
IPI00025862 Isoform 1 of C4b-binding protein beta chain N, H 0.08 0.15 1.00
IPI00029739 Isoform 1 of complement factor H N, H 1.16 1.85 1.17
IPI00030739 Apolipoprotein M N, H 0.12 0.59 0.36
IPI00032258 Complement C4-A N, H 2.96 4.60 1.20
IPI00215894 Isoform LMW of kininogen-1 N, H 0.10 0.31 0.62
IPI00218192 Isoform 2 of inter-alpha-trypsin inhibitor

heavy chain H4
N, H 0.47 0.12 7.44 +

IPI00218732 Serum paraoxonase/arylesterase 1 N, H 0.08 1.85 0.08 −
IPI00291262 Isoform 1 of clusterin N, H 1.12 1.46 1.43
IPI00296165 cDNA FLJ54471 N, H 0.06 0.24 0.48
IPI00298497 Fibrinogen beta chain N, H 2.05 1.84 2.08
IPI00298971 Vitronectin N, H 0.14 0.12 2.12
IPI00304189 Optineurin N, H 0.03 0.06 1.00
IPI00304273 Apolipoprotein A-IV N, H 1.30 2.42 1.00
IPI00305461 Inter-alpha (globulin) inhibitor H2, isoform

CRA_a
N, H 0.26 0.35 1.38

IPI00382424 Ig lambda chain V-II region NEI N, H 0.09 0.17 1.00
IPI00384938 IGHG1 N, H 1.94 2.48 1.46
IPI00386879 cDNA FLJ14473 �s N, H 0.72 0.79 1.68
IPI00399007 Putative uncharacterized protein

DKFZp686I04196 (fragment)
N, H 0.69 1.29 1.00

IPI00418153 Putative uncharacterized protein
DKFZp686I15212

N, H 1.84 2.87 1.19

IPI00445610 Similar to argininosuccinate N, H 0.07 0.13 1.00
IPI00470360 Isoform 1 of kin of IRRE-like protein 1 N, H 0.05 0.09 1.00
IPI00478003 Alpha-2-macroglobulin N, H 0.11 0.21 1.00 1.52
IPI00555595 Ubiquitin carboxyl-terminal esterase L1

(ubiquitin thiolesterase) variant
N, H 0.09 0.17 1.00

IPI00555812 Vitamin D-binding protein precursor N, H 0.05 0.31 0.30
IPI00642632 Ig lambda-7 chain C region N, H 2.40 1.31 3.40

Continued
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Table 1. Continued

Database Protein name N or Ha) Content (weight%) emPAI qRT-PCR Expression
accession Ratiob) Ratio Levelc)

HCC Normal

IPI00719452 IGL@ protein N, H 6.64 2.87 4.31 +
IPI00745872 Isoform 1 of serum albumin N, H 3.32 6.80 0.91
IPI00783987 Complement C3 N, H 6.32 8.07 1.46
IPI00807428 Isoform 2 of Inter-alpha-trypsin inhibitor

heavy chain H4
N, H 6.64 2.87 4.31 +

IPI00847179 Apolipoprotein A-IV precursor N, H NId) NI
IPI00856012 Isoform 1 of collagen alpha-6(VI) chain N, H NI NI
IPI00879709 Complement component 6 precursor N, H NI NI
IPI00892870 IGHM protein N, H NI NI
IPI00003469 Ig kappa chain V-I region WEA H 0.18 NDe) +
IPI00006499 Uncharacterized protein KIAA0753 H 0.03 ND
IPI00010252 Isoform Alpha of E3 ubiquitin-protein ligase

TRIM33
H 0.05 ND

IPI00019591 Complement factor B H 0.09 ND
IPI00022395 Complement component C9 H 0.16 ND +
IPI00022426 Alpha-1-microglobulin protein H 0.19 ND 50.61 +
IPI00023019 Sex hormone-binding globulin H 0.07 ND
IPI00032311 Lipopolysaccharide-binding protein H 0.08 ND
IPI00292530 Inter-alpha-trypsin inhibitor heavy chain H1 H 0.08 ND
IPI00292950 Serpin peptidase inhibitor, clade D (heparin

cofactor), member 1
H 0.05 ND

IPI00294004 Vitamin K-dependent protein S H 0.04 ND
IPI00305457 PRO2275 H 0.05 ND
IPI00385252 Ig kappa chain V-III region GOL H 0.18 ND
IPI00431645 HP protein H 0.13 ND
IPI00480042 Abnormal spindle-like

microcephaly-associated protein
H 0.05 ND

IPI00658130 V1�3 protein H 30.66 ND +
IPI00735451 Ig heavy chain H 0.10 ND
IPI00784865 IGK@ protein H 2.20 ND +
IPI00829640 IGL@ protein H NI NI
IPI00853045 Anti-RhD monoclonal T125 kappa light chain H NI NI
IPI00020091 Alpha-1-acid glycoprotein 2 N ND 0.18
IPI00020096 Isoform A of kinesin light chain 1 N ND 0.07
IPI00020996 Insulin-like growth factor-binding protein

complex acid labile subunit
N ND 0.13

IPI00021347 Ubiquitin-conjugating enzyme E2 L3 N ND 0.11
IPI00022391 Serum amyloid P-component N ND 0.55 0.01 −
IPI00154742 Ig lambda-2 chain C regions N ND 1.86 −
IPI00185038 Isoform 1 of dual oxidase 1 N ND 0.09
IPI00216142 DNA2-like helicase N ND 0.08
IPI00299778 Serum paraoxonase/lactonase 3 N ND 0.12
IPI00333197 Isoform 2 of GRIP and coiled-coil

domain-containing protein 2
N ND 0.05

IPI00477597 Haptoglobin-related protein N ND 1.21 0.26 −
IPI00478493 Haptoglobin isoform 2 preproprotein N ND 1.20 0.41 −
IPI00719373 IGL@ protein N ND 5.00 −
IPI00784985 IGK@ protein N ND 4.24 −
IPI00922262 cDNA FLJ56822, highly similar to

alpha-2-HS-glycoprotein
N NI NI

IPI00942787 42 kDa protein N NI NI

a) N means the MBPs isolated only from normal human sera; H means the MBPs isolated only from HCC human sera; N, H means the
MBPs isolated from both normal human and HCC sera.
b) emPAI ratio was the ratio of the emPAI value of HCC with emPAI value of normal.
c) “+ ” indicates that the MBPs were upregulated in the HCC human sera, with the emPAI ratio over 4 with a minimum of three parent ions,
weight% of over 0.1. �−� indicates that the MBPs were downregulated in the HCC human sera, with the emPAI ratio below 0.25 with a
minimum of three parent ions, weight% of over 0.1.
d) NI means not involved in the quanti�cation. These proteins did not get the emPAI value from the web-accessible software.
e) ND means not detected in the isolated protein fraction.

C� 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.proteomics-journal.com


