
BRIEF ARTICLE

Mass spectrometry-based serum peptide profiling in 
hepatocellular carcinoma with bone metastasis

Jian He, Zhao-Chong Zeng, Zuo-Lin Xiang, Ping Yang

Jian He, Zhao-Chong Zeng, Zuo-Lin Xiang, Ping Yang, De-
partment of Radiation Oncology, Zhongshan Hospital, Fudan 
University, Shanghai 200032, China
Author contributions: He J and Zeng ZC designed the re-
search; He J and Xiang ZL performed the research; Yang P 
contributed new reagents and analytic tools; He J and Zeng ZC 
analyzed the data; He J, Zeng ZC, Xiang ZL and Yang P wrote 
the paper.
Supported by the Medical Guidance Program of the Science 
and Technology Commission of Shanghai Municipality, No. 
10411962400
Correspondence to: Zhao-Chong Zeng, Pro�essor,Zhao-Chong Zeng, Pro�essor, Depart-
ment of Radiation Oncology, Zhongshan Hospital, Fudan Univer-
sity, Shanghai 200032, China. zeng.zhaochong@zs-hospital.sh.cn
Telephone: +86-21-64041990  Fax: +86-21-64041990
Received: August 21, 2013       Revised: December 5, 2013
Accepted: January 2, 2014
Published online: March 21, 2014

Abstract
AIM: To investigate the potential o� serum peptides as 
a diagnostic tool �or hepatocellular carcinoma (HCC) 
with bone metastasis.

METHODS: Matrix-assisted laser desorption ioniza-
tion-time of flight mass spectrometry (MALDI-TOF-MS) 
was used to characterize the serum peptide profile of 
HCC patients with bone metastasis. Serum samples 
�rom 138 HCC patients (66 cases with and 72 cases 
without bone metastasis) were randomly assigned into 
a training set (n  = 76) and a test set (n  = 62). Dif-
�erential serum peptides were examined using ClinProt 
magnetic bead-based purification followed by MALDI-
TOF-MS. The sequences of differentially expressed 
serum peptides were identified using liquid chroma-
tography-mass spectrometry. A diagnostic model was 
established using a learning algorithm o� radial basis 
function neural network verified by a single blind trial. 
Receiver operating characteristic (ROC) analysis was 
per�ormed to evaluate the diagnostic power o� the es-

tablished model.

RESULTS: Ten peptide peaks were signi�icantly di�-
�erent between HCC patients with or without bone 
metastasis (P  < 0.001). Sequences of seven peptides 
with mass to charge ratios (m/z) o� 1780.7, 1866.5, 
2131.6, 2880.4, 1532.4, 2489.8, and 2234.3 were suc-
cessfully identified. These seven peptides were derived 
�rom alpha-�etoprotein, prothrombin, serglycin, iso�orm 
2 o� inter-alpha-trypsin inhibitor heavy chain H4, iso-
�orm 1 o� autophagy-related protein 16-2, and trans-
thyretin and fibrinogen beta chains, respectively. The 
recognition rate and predictive power o� a diagnostic 
model established on the basis of six significant pep-
tides (m/z �or these six peptides were 1535.4, 1780.7, 
1866.5, 2131.6, 2880.4, and 2901.9) were 89.47% and 
82.89%, respectively. The sensitivity and specificity of 
this model based upon a single blind trial were 85.29% 
and 85.71%, respectively. ROC analysis found that the 
AUC (area under the ROC curve) value was 0.911.

CONCLUSION: Our study suggested that serum pep-
tides may serve as a diagnosis tool �or HCC bone me-
tastasis.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Advances in the diagnosis and treatment o� 
hepatocellular carcinoma (HCC) and extension o� overall 
survival rates have led to an increase in the incidence 
o� bone metastasis o� HCC, which accounts �or approx-
imately 38.5% o� all cases o� extrahepatic metastasis 
of HCC. The patient’s quality of life would significantly 
be a��ected by the time o� diagnosis. However, early 
diagnostic molecular markers �or bone metastasis �rom 
HCC have not yet been identified. In this study, we 
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Table 1  Patient characteristics,  n  (%)

He J et al . Serum peptides predict HCC bone metastasis

ethics committee of  Zhongshan Hospital, and written 
informed consent was obtained from each patient. Cri-
terion for HCC with bone metastasis was diagnosis with 
bone metastasis for the first time with no other distant 
metastasis. Criterion for HCC without bone metastasis 
was first time diagnosis with HCC with radiological 
examination showing no bone or other distant metas-
tasis. None of  the patients received radiotherapy, che-
motherapy, or other intervention treatments before the 
collection of  serum samples. Patient characteristics are 
summarized in Table 1. Among 66 patients with bone 
metastasis, 55 bone cases occurred after liver resection, 
and 11 cases occurred without resection. The cases 
included 46 men and 20 women, with the age ranging 
from 23 to 84 years, and with a median age of  58 years. 
Among the other 72 patients without bone metastasis, 
58 underwent resection, and 14 patients did not. These 
cases included 53 men and 19 women, with an age range 
of  22-78 years, and a median age of  59 years. One hun-
dred thirty-eight serum samples were randomly assigned 
into two groups: a training set of  76 cases, including 
38 patients with bone metastasis and 38 cases without 
bone metastasis, and a test set of  62 cases with HCC, 
including 28 patients with bone metastasis and 34 cases 
without bone metastasis.

According to biopsy and postoperative specimen re-
sults, the 138 patients with and without bone metastasis 
were all diagnosed with HCC, of  whom 116 were diag-
nosed by postoperative pathological examination, and 22 
by biopsy.
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performed differential serum peptide profiling in HCC 
patients with bone metastasis, which can be used �or 
early prediction o� this disorder.
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INTRODUCTION
The incidence of  primary hepatocellular carcinoma 
(HCC) in male and female patients with malignant tu-
mors is ranked globally at the fifth and eighth place, 
respectively[1]. The median survival period for HCC 
patients with bone metastasis is only 5-7.4 mo[2] due to 
bone metastasis resulting in severe bone pain, patho-
logic fracture, neurological deficits, and even paralysis. 
The long-term outcome of  HCC patients with bone 
metastasis receiving external beam radiotherapy is 
poor, and most patients die within 1 year[3]. Advances 
in the diagnosis and treatment of  HCC and extension 
of  overall survival rates have led to an increase in the 
incidence of  bone metastasis of  HCC, which accounts 
for approximately 38.5% of  all cases of  extrahepatic 
metastasis of  HCC[4]. However, molecular markers for 
bone metastasis from HCC have not yet been identified. 
Relying primarily on clinical imaging tools, diagnosis 
of  bone metastasis from HCC is based on radiological 
imaging studies which have both low sensitivity and low 
specificity. Moreover, by the time bone metastasis im-
ages are obtained, patients often already have developed 
paralysis extensively in the body due to pain, dysfunc-
tion, and metastasis. Because the outcomes of  palliative 
treatment for bone metastasis of  HCC are dependent 
on its diagnosis, the patient’s quality of  life would sig-
nificantly be affected by the time of  diagnosis. In this 
study, we investigated differential serum peptide profil-
ing in HCC patients with bone metastasis using matrix-
assisted laser desorption ionization-time of  flight mass 
spectrometry (MALDI-TOF-MS), to identify potential 
serum biomarkers for diagnosis of  bone metastasis, 
which can be used for early molecular prediction of  this 
disorder[5].

MATERIALS AND METHODS
Clinical information
All serum specimens were obtained from patients with 
and without bone metastasis from primary HCC be-
tween June 2009 and December 2012 at the Depart-
ment of  Radiation Oncology, Zhongshan Hospital, 
Fudan University. Approval for collecting and process-
ing serum samples was obtained from the research 

Variable With bone 
metastasis (n  = 66)

Without bone 
metastasis (n  = 72)

Age, yr
   Range 23-84 22-78
   Mean 58 59
Sex
   Male 46 (70) 53 (71)
   Female 20 (30) 19 (29)
Liver resection
   With 55 (83) 58 (81)
   Without 11 (17) 14 (19)
Set
   Training set 38 (58) 38 (53)
   Validation set 28 (42) 34 (47)
TNM stage of HCC
   Ⅰ   0   0
   Ⅱ   0   8
   Ⅲ   0 64
   Ⅳ 66   0
Method for
metastasis detection1 /
   MRI/CT 54
   ECT/SPET-CT 66
   PET-CT 12

1Multiple methods were used to detect bone metastasis. TNM: Tumor 
node metastasis; HCC: Hepatocellular carcinoma; MRI: Magnetic reso-
nance imaging; PET-CT: Positron emission tomography-computed tomog-
raphy.



Diagnostic criteria for bone metastasis and bone 
metastasis-free HCC were as follows: (1) diagnosis of  
primary tumors based on pathology; and (2) diagnosis 
of  bone metastasis or no bone metastasis based upon 
clinical symptoms, isotopes and MRI/CT/X-rays, or 
whether or not SPET-CT/PET-CT detected bone me-
tastasis.

Sample collection
Two milliliters of  blood from fasting patients were ob-
tained from each of  the 66 HCC cases with bone metas-
tasis, then placed into EDTA anticoagulant tubes at 4 ℃, 
incubated for one hour, and centrifuged at 8000 × g for 
5 min. The supernatant was stored at -80 ℃ in aliquots 
of  20 μL. Paired serum samples of  72 patients without 
bone metastasis as the control group were processed in 
an identical manner.

Peptide extration
Serum peptides were enriched using WCX beads (Clin-
Prot bead Kit, Bruker Daltonics, United States) accord-
ing to the manufacturer’s instructions, and then subject-
ed to MALDI-TOF-MS analysis.

Quality control of standard serum
Seven samples were processed simultaneously with stan-
dard serum (Sigma-Aldrich, St. Louis, MO, United States). 
Standard serum was used as the quality control for ex-
periments using magnetic beads, as well as other experi-
ments throughout the study. Eluent data from standard 
serum magnetic bead processing were collected using 
an auto flex mass spectrum instrument (Bruker Dalton-
ics), then compared with data of  standard serum, using 
the same magnetic beads and collection methods. In this 
manner the instrument parameters were adjusted to ob-
tain a relative standard deviation (CV) < 30%, to ensure 
that the experimental protocol had good reproducibility 
and met operational process standards.

MALDI-TOF-MS screening of differential peptides
Enriched peptide samples were mixed with matrix (alpha-
cyano-4-hydroxycinnamic acid (CHCA; Sigma-Aldrich), 
and after crystallization data were acquired using the 
auto flex mass spectrometer. Scan range was from 1000 
to 20000 Daltons (Da) in positive mode, and laser fre-
quency was 20 Hz. A 50% high energy laser was used to 
irradiate each crystal point eight times, then a 30% low 
energy laser was used to capture 50 times. The data was 
summarized four times and saved.

MALDI-TOF-MS data analysis and statistics
ClinProTools software (version 2.2, Bruker Daltonics) 
was used to analyze mass to charge ratio (m/z) and inten-
sity of  all peptide spectra, consisting of  baseline deduc-
tions, normalization of  the spectra, and chromatograph-
ic peak alignment correction. Wilcoxon-test method in 
the ClinProTools software was used to determine the 
m/z of  peptides with significant differences [P < 0.001, 

(Wilcoxon-test)].

Diagnostic model establishment
Six different peaks showing significant differences were 
selected between the two groups (38 patients with bone 
metastasis from HCC and 38 HCC patients without 
bone metastasis) using the ClinProTools software (Clin-
Prot software version 2.0; Bruker Daltonics), and a diag-
nostic model was established by RBFNN-based model 
to filter out patients at a high risk with bone metastasis 
from HCC. This model was validated by a 10-fold cross 
validation method, which randomly selected eight case 
samples (about 10%) as test samples, and utilized other 
samples as training sets for model validation. The valida-
tion process was repeated 10 times. Sera from the vali-
dation group of  28 patients with bone metastasis from 
HCC and 34 HCC patients without bone metastasis un-
derwent single blind experimental verification. Receiver 
operating characteristic (ROC) analysis was performed to 
evaluate the diagnostic power of  the established model.

Sequence confirmation of the identified peptides
Significant differences in peptide characteristics were 
identified using liquid chromatography-mass spectrom-
etry, which combined Nano Acquity UPLC liquid chro-
matography (Waters, United States) with an LTQ Orbi-
trap XL mass spectrometer system (Thermo Fisher Sci-
entific, United States). Peptide trapping was performed 
using a captrap C18 (2 mm × 0.5 mm) column (Michrom 
Corporation, United States), and an analytical Magic C18, 
AQ (100 μm × 150 mm) column (Michrom Corpora-
tion). Mobile phase A was a solution of  5% acetonitrile 
and 0.1% formic acid, and mobile phase B was a solu-
tion of  90% acetonitrile and 0.1% formic acid. Peptide 
mixtures were injected into the trap column at a flow 
rate of  20 μL/min for 5 min, then eluted with a three 
step linear gradient, starting from 5% B to 45% B for 
40 min, increased to 80% B for 1 min, and then held at 
80% B for 4 min. The column was re-equilibrated under 
the initial conditions for 15 min. Column flow rate was 
maintained at 500 nL/min and column temperature was 
maintained at 35 ℃.

Electrospray voltage of  1.9 kV versus the inlet of  the 
mass spectrometer was used. LTQ Orbitrap XL mass 
spectrometer was operated in the data-dependent mode 
to switch automatically between MS and MS/MS acqui-
sition. Survey full scan MS spectra with two microscans 
(m/z 400-2000) were acquired in the Obitrap with a 
mass resolution of  100000 at an m/z of  400, followed 
by eight sequential LTQ-MS/MS scans. Dynamic exclu-
sion was used with two repeat counts, consisting of  a 10 
second repeat duration, and a 60 s exclusion duration. 
For MS/MS, precursor ions were activated using 25% 
normalized collision energy at the default activation q of  
0.25.

All MS/MS spectra were identified using SEQUEST 
[v.28 (revision 12), Thermo Electron Corp.] that searched 
the human International Protein Index (IPI) database (IPI 
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human v3.64 fasta with 71983 entries). To minimize false 
positives, a decoy database containing all of  the reverse 
protein sequences was added to this database. Search pa-
rameters were the following: no enzyme digestion, oxi-
dation of  methionine as a variable modification, peptide 
mass tolerance of  20 ppm, and fragment ion tolerance 
of  1.0 Da.

The resulting filter parameters were the following: ∆
Cn ≥ 0.10, Xcorr ≥ 2.3 for two charged ions, Xcorr ≥ 
2.6 for three charged ions, Xcorr ≥ 3.0 for four or more 
charged state ions, and peptide probability ≤ 1 × 10-3. 
The errors were less than 0.1 Da between the m/z of  
peptide determined by LC-MS and MALDI-TOF-MS.

RESULTS
Serum peptide profiling of bone metastasis and bone 
metastasis-free groups
A total of  10 peptides with P < 0.01 (Wilcoxon test 
P value) were screened. All peptides were upregulated 
in the bone metastasis group (Table 2). Taking the 
two most significantly different peptides (m/z 1780.7, 
1866.5; P < 3 × 10-4) as an example, the zoom spectrum 
and the variance comparison chart are shown in Figure 1. 
The intensities of  peaks at m/z of  1780.7 and 1866.5 in 
the bone metastasis group were significantly higher than 

those in the bone metastasis-free group. The variance 
chart showed that the experimental results could fully 
distinguish between the peptides.

Peptide sequence identification
Because the MALDI-TOF-MS and the LC-MS have 
different mass resolution and mass accuracy, to obtain 
the correct identification result, we used the following 
rules: the error mass of  peptides between the MALDI-
TOF-MS data and LC-MS data must be less than 1.0 Da; 
within this error range, no other precursor of  peptide is 
observed in LC-MS data.

For the 10 peptides that showed significant differenc-
es, we successfully identified 7 sequences (m/z 1780.7, 
1866.5, 2131.6, 2880.4, 1532.4, 2489.8, and 2234.3) us-
ing LC-MS/MS. The sequence of  peptide (m/z 1780.7) 
was GEYYLQNAFLVAYTK, which belonged to alpha-
fetoprotein (AFP), as shown in Figure 2. All sequences 
and their protein identities are shown in Table 3.

Diagnosis model validation
As shown in Table 2, a pattern of  peaks was selected 
for RBFNN model building, which was the best model 
built by this method. The six selected peptides were de-
tected by MALDI-TOF-MS in every patients and each 
selected peptide showed a peak after the detection by 
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Figure 1  Profiles of peptides with m/z of 1780.7 and 1866.5. A, C: The profiles of peptides 1780.7 and 1866.5, respectively. X-axis, molecular mass (m/z); y-axis, 
intensity; the green line represents the bone metastasis hepatocellular carcinoma (HCC) group and the red line represents the HCC group; B, D: The mean variance 
figures for (A) and (C). X-axis: Groups; y-axis: Intensity. 
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Table 2  Significant differential peptide peaks between bone metastasis hepatocellular carcinoma group and bone metastasis-free he-
patocellular carcinoma group

mass spectrum. The area under the peak was subject 
to RBFNN and finally a model value was generated for 
each patients. This diagnostic model was able to accu-
rately identify 68 among 76 cases, which were used as 
the training group, with a recognition rate of  89.47% 

(68/76). The model could accurately predict an aver-
age of  63 cases by using the 10-fold cross validation 
method, with a predictive ability of  82.89% (63/76). 
ROC analysis found that the AUC (area under the ROC 
curve) value was 0.911 (Figure 3).
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Serial number m/z PTTA (t) P -W test PAD_1 PAD_2 HCC groups (n  = 38) Bone metastasis HCC groups (n  = 38)

1 1780.7 3.60 × 10-4 1.58 × 10-4 0.026 0.048 110.3   333.7
2 1866.5 8.48 × 10-5 2.80 × 10-4 0.136 0.500 750.1 1703.5
3 2131.6 6.30 × 10-2 2.99 × 10-4 0.031 0.001   42.3   129.8
4 2880.4 2.00 × 10-3 3.68 × 10-4 0.100 0.005 142.5   294.9
5 1532.4 7.30 × 10-2 6.32 × 10-4 0.001 0.001   70.8   138.1
6 2901.9 9.57 × 10-4 9.38 × 10-4 0.078 0.065   99.3   182.2
7 2489.8 7.70 × 10-2 2.00 × 10-3 0.208 0.001   31.1     70.5
8 3061.1 1.02 × 10-1 2.00 × 10-3 0.010 0.001   30.1     74.9
9 2234.3 9.00 × 10-3 3.00 × 10-3 0.118 0.003   91.1   171.5
10 2864.1 7.00 × 10-3 3.00 × 10-3 0.029 0.009 135.5   337.0

Serial numbers of the top ten peaks; m/z: Mass to charge ratio; PTTA (t): P value of t-test or ANOVA (analysis of variance); P-W test: P value of the Wilcox-
on test; PAD_1: P value of the Anderson-darling normal test (HCC groups); PAD_2: P value of the Anderson-darling normality test (bone metastasis HCC 
group); HCC group (38): Average peak of the arithmetic means of 38 HCC samples; Bone metastasis HCC group (38): Average peak of the arithmetic means 
of 38 bone metastasis from HCC samples. HCC: Hepatocellular carcinoma.

Figure 2  Mass spectrometry spectra and mass spectrometry/mass spectrometry spectra of peptide with an m/z of 1780.7.
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Table 3  Sequences of significant differential peptides

Single blind model validation
Of the sera from 28 HCC patients with bone metastasis in 
the validation group and 34 patients without bone metasta-
sis, 24 patients with bone metastasis and 29 patients with-
out bone metastasis were correctly identified. The model 
accuracy, specificity and sensitivity were 85.48% (53/62), 
85.29% (29/34) and 85.71% (24/28), respectively.

DISCUSSION
Bone metastasis from HCC seriously affects quality of  
life, and palliative treatments are the main clinical treat-
ments to maximize the quality of  life[6]. Currently, the 
main diagnostic methods for bone metastasis are imaging 
such as technetium-99m bone scintigraphy, CT, MRI, and 
SPECT, which are not the most effective methods for 
prediction and early diagnosis of  this disorder[7]. Colleoni 
et al[8] and Diel et al[9] made a breakthrough in early inter-
vention of  metastatic tumors of  the bone resulting from 
breast cancer, reporting that diphosphate drugs were effec-
tive in prevention of  bone metastasis. Early prediction of  
metastasis and early detection of  patients with a high risk 
of  bone metastasis are important clinical objectives. Bone 
metastasis of  HCC consists of  tumor angiogenesis, matrix 
degradation, shedding of  tumor cells into the circulation, 
spreading to bone tissue and survival. These cancer cells 

evade local nonspecific immune functions of  the host, and 
grow in the presence of  various growth factors, resulting 
in bone metastasis. This is a multi-step and multifactorial 
process, affected by biological characteristics such as ge-
netic background, host environment, and other factors[10]. 
A timeline model clearly demonstrated that the develop-
ment of  disease is a continuum, with the initial events be-
ing molecular perturbations following histomorphological 
changes and clinical manifestations occurring relatively late 
in the disease timeline[11]. This theory implied that molecu-
lar biomarkers were more likely to be used as early diagno-
sis/prediction tools than imaging. Furthermore, blood test 
is convenient and rapid with relative low cost, which also 
can be used for dynamic monitoring[12]. Abnormal expres-
sion of  peptides and proteins by tumor cell genes encod-
ing cytokines, reactivity of  the organism, and tissue factors 
released into the blood provide an excellent source of  pro-
tein markers for prediction and early diagnosis of  tumor 
recurrence[13-17]. Detection of  serum markers is technically 
feasible and of  great clinical importance, because multiple 
characteristics of  peptides and proteins in peripheral blood 
are likely to be important diagnostic predictors of  HCC 
bone metastasis. So it is theoretically feasible to develop 
procedures to identify different peptides and proteins from 
serum to establish protein marker models.

Mass spectrometry is the most important analytical 
method in proteome research, and mass spectrometry 
based on MALDI-TOF-MS of  biomarkers for specific 
diseases has already played a major role in the develop-
ment of  molecular diagnostics[18,19]. Using mass spectrom-
etry, Liu et al[20] screened HCC-associated molecular mark-
ers from sera of  30 patients with hepatitis B-related HCC, 
from 30 patients with chronic hepatitis B, and from 24 
normal control donors, and identified markers for HCC 
diagnosis. Their protocol accurately distinguished between 
the three groups, and has been verified in 64 patients 
with liver cancer and 80 patients with chronic hepatitis 
B. HCC-associated proteins in that model include pro-
thrombin precursor (fragment), calcium-dependent secre-
tion activator protein-1, and BIRC6. Orvisky et al[21] used 
MALDI-TOF to screen HCC-associated serum proteins, 
and found 45 peptide peaks with significant differences 
(P < 0.001) out of  332 peptide peaks, with an accuracy as 
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m/za m/zb Delta mass Peptide sequence Protein name Accession number

1780.7 1779.8952 0.8048 GEYYLQNAFLVAYTK Alpha-fetoprotein IPI00022443
1866.5 1866.8657 -0.3657 TATSEYQTFFNPRTFG Prothrombin IPI00019568
2131.6 2131.9237 -0.3237 NLPSDSQDLGQHGLEEDFM Serglycin IPI00019372
2880.4 2880.4904 -0.0904 RPGVLSSRQLGLPGPPDVPDHAAYHPF Isoform 2 of inter-alpha-trypsin inhibitor heavy chain H4 IPI00218192
1532.4 1532.8213 -0.4213 CSRDNTLKVIDLR Isoform 1 of autophagy-related protein 16-2 IPI00300536
2489.8 2489.2810 0.5190 YTIAALLSPYSYSTTAVVTNPKE Transthyretin IPI00022432
2234.3 2235.1993 -0.8993 KREEAPSLRPAPPPISGGGYR Fibrinogen beta chain IPI00298497

m/za: Mass to charge ratio of the peptide observed in matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF-MS); m/zb: 
Mass to charge ratio of the peptide observed in LC-MS; Delta mass: The difference of the mass of peptide observed in MALDI-TOF-MS and LC-MS; Peptide 
sequence: The amino sequence of the peptide; Protein name: The full description of the protein that contained the peptide; Accession number: The accession 
number of the protein from the international protein index database.
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Figure 3  Receiver operating characteristic curve. Receiver operating char-
acteristic (ROC) analysis was performed to evaluate the diagnostic power of 
the model. The area under the ROC curve value was 0.911.
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high as 90%. Protein sequence analysis revealed that the 
most significant differences were in peptides with alanine 
residues. Feng et al[22] used image analysis and MALDI-
TOF-MS/MS to identify eight proteins unique to sera of  
patients with HCC. This was consistent with the discovery 
that heat shock protein 27 was found in sera in 90% of  
patients with HCC, but was not detected in normal hu-
man serum, showing that this protein can be used as a 
molecular marker for diagnosis of  HCC. Nonetheless, all 
the above mentioned studies were for diagnosis of  HCC, 
and not for diagnosis of  bone metastasis from HCC.

MALDI-TOF-MS uses magnetic beads with different 
functional surfaces for analysis of  HCC serum, to iden-
tify potential biomarkers, and to identify single molecular 
markers with high accuracy, high stability, high sensitivity, 
high reproducibility, and high flux, whose identification can 
be automated[23,24]. The present study used a combination 
of  MALDI-TOF-MS and technology-related informa-
tion to characterize the specific serum peptide spectra of  
patients with bone metastasis from HCC, obtained from 
serum samples of  66 patients with bone metastasis from 
HCC compared to 72 HCC patients without bone metas-
tasis. ClinProt magnetic bead purification and MALDI-
TOF-MS ClinProTools bioinformatics methods were used 
to characterize differences in serum polypeptide spectra. 
Using analyses and comparison of  serum peptide spectra 
from bone metastasis patients and bone metastasis-free 
control patients, 10 peptides with P-W test < 0.001 were 
identified, with a RBFNN recognition rate up to 89.47%. 
LC-MS was successfully used to identify sequences of  
seven of  the different peptides[25,26], with m/z of  1780.7, 
1866.5, 2131.6, 2880.4, 1532.4, 2489.8, and 2234.3. Pep-
tides with m/z of  1780.7 and 1866.5 were from alpha-
fetoprotein and prothrombin, respectively. Compared with 
sera from HCC patients without bone metastasis, these 
two peptides were significantly upregulated in sera from 
patients with bone metastasis from HCC. The other five 
peptides from serglycin, transthyretin, etc. (Table 3) also 
increased in HCC patients with bone metastasis. We did 
not find any downregulated peptides in HCC patients 
with bone metastasis, which might be due to limitations 
of  sample size. Researchers have reported that serglycin is 
a clinical sign of  metastasis from nasopharyngeal cancer 
(NPC), and high levels of  serglycin are closely related to 
poor prognosis in patients with NPC and metastasis of  
NPC[27]. Furthermore, studies showed that NPC cells with 
high metastatic potential had high expression levels of  ser-
glycin. The seven peptide sequences identified in our study 
are protein fragments of  molecules, rather than the full 
protein, therefore the expression levels of  peptide may not 
necessarily reflect the expression of  the protein[28].

The 10 peptides that were significantly different in 
serum of  patients with bone metastasis of  HCC may pos-
sibly be used to establish simple and practical molecular 
markers for this disorder. They may be used as a potential 
early clinical predictor of  metastasis, or used to monitor 
palliative treatment and active preventative intervention.

In conclusion, we believe that the serum peptides identi-
fied by MALDI-TOF-MS may be adopted as potential tu-

mor makers for bone metastasis of  HCC. In addition, their 
identification facilitates the development of  molecular mark-
ers to predict bone metastasis of  HCC in high risk patients.
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Liver cancer is the second leading cause of cancer death in men and the sixth 
leading cause of cancer death in women worldwide. Advances in diagnosis and 
treatment of hepatocellular carcinoma (HCC) and extension of overall survival 
rates have led to an increase in the incidence of bone metastasis of HCC, 
which accounts for approximately 38.5% of all cases of extrahepatic metastasis 
of HCC. Bone metastasis often results in severe bone pain, pathologic fracture, 
neurological deficits, and even paralysis, which reduce quality of life and add 
health care costs. The diagnosis of bone metastasis from HCC is based on im-
aging tests which have a low sensitivity. Moreover, by the time bone metastasis 
images are obtained, patients often already have developed paralysis exten-
sively in the body due to pain, dysfunction, and metastasis. Molecular markers 
for bone metastasis from HCC have not yet been identified.
Research frontiers
Peptidomics is special form of functional proteomics. Since its introduction at 
the beginning of 2000, peptidomics has defined a new promising “omics” ap-
proach for the qualitative-quantitative analysis of endogenous peptides in bio-
logical samples, and has experienced a rapid development in the last decade. 
In this study, the authors tried to screen potential serum biomarkers for diag-
nosis of bone metastasis from HCC, and this can be used for early molecular 
prediction of HCC bone metastasis.
Innovations and breakthroughs
A timeline model clearly demonstrated that the development of disease is a 
continuum, with the initial events being molecular perturbations following histo-
morphological changes and clinical manifestations occurring relatively late in the 
disease timeline. This theory implied that molecular biomarkers were more likely 
to be used as early diagnosis/prediction tools than imaging [such as computed 
tomography (CT), magnetic resonance imaging (MRI), and single photon emis-
sion computed tomography (SPECT)]. Furthermore, blood test is convenient and 
rapid with relative low cost, which also can be used for dynamic monitoring.
Applications
The serum peptides screened by MALDI-TOF-MS may be adopted as potential 
tumor makers for bone metastasis of HCC. In addition, their identification facili-
tates the development of molecular markers to predict bone metastasis of HCC 
in high risk patients.
Terminology
Peptidomics, as a subset of proteomics, analyzes low molecular weight proteins 
(< 10 kDa) or endogenous peptides from biological source.
Peer review
The study design and labor are well organized and should be admired. This 
work would be more attractive if the authors more clearly presented the advan-
tages of these new biomarkers as compared with the current diagnostic strat-
egy, such as CT, MRI, and PET-CT.
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