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Serum profile of low molecular weight fucosylated glycoproteins
for early diagnosis of hepatocellular carcinoma
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Abstract. Our previous study reported a method of using
matrix-assistedlaserdesorption/ionization time-of-flight mass
spectrometry to analyze the association between abnormal
fucosylation of serum glycoproteins and the progression of
hepatitis B virus (HBV)-associated hepatocellular carcinoma
(HCCQ). In the present study, the aforementioned method was
improved by focusing on fucosylated glycoproteins <10 kD,
classification models were established and blind tests were
performed on an enlarged sample size (n=299). According to
the present results, the classification models had a sensitivity
and specificity of 74.31 and 76.32%, respectively, to identify
HCC among all serum samples, 81.65 and 83.08%, respec-
tively, to distinguish HCC from HBV-associated cirrhosis
and chronic hepatitis Band 88.99 and 84.62%, respectively,
to distinguish HCC from HBV-associated cirrhosis. When
combined with a-fetoprotein (AFP) measurements (AFP
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>20 ng/ml), the sensitivity and specificity of the models
were significantly elevated to 80.73 and 87.37%, 87.16 and
90.00%, and 92.66 and 93.84%, respectively. In addition,
the HBV-HCC vs. HBV-cirrhosis classification model was
used to analyze serum samples collected from 9 patients
with cirrhosis 1 year before they were diagnosed with HCC,
and from 6 patients who had cirrhosis but developed no
signs of HCC for the following 3 years. The model identified
7 patients (77.78%) with no significant clinical symptoms of
HCC, and gave no false positive results, demonstrating that
the classification models established in the present study
may be useful for the early diagnosis of HCC. After isolation
and purification, two proteins with differential expression
were identified as isoform 1 of inter-a-trypsin inhibitor
heavy chain 4 precursor, and thymosin [3-4-like protein 3.
These may be used as candidate markers for HCC diagnosis.
Additionally, the present study indicates that defucosylation
of serum glycoproteins may occur during the development
and progression of HCC.

Introduction

As one of the most common malignant tumors in China, new
cases of hepatocellular carcinoma (HCC) and associated deaths
accounted for ~50% of the global total in 2012 (1). The cause
of HCC in 80% of Chinese patients can be attributed to hepa-
titis B virus (HBV) infection (2), which may further increase
the mortality rate of HCC and decrease the 5-year survival
rate after surgical treatment (3). Early diagnosis is effective
to improve therapeutic effects (4). At present, the diagnosis
of HCC is mainly dependent on clinical data, imaging tests
of the liver and measurement of serum a-fetoprotein (AFP)
levels. Although AFP is the most widely used serum marker
for diagnosing and monitoring HCC, >40% of patients with
HCC may exhibit normal AFP levels, particularly in the early
stages (5,6). Due to the low sensitivity of measuring AFP
levels, false-positive results constitute another problem, as
benign liver tumors may also cause a rise in the AFP serum
levels. Therefore, the sensitivity and specificity of AFP in
HCC diagnosis is questionable (7).
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AFP can specifically bind to Lens culinaris agglutinin
(LCA), referred to as AFP-L3, and this has been reported to
be a specific marker for diagnosing HCC (8). Since LCA can
further bind to fucose, AFP-L3 is also referred to as fucosyl-
ated AFP (9). In 2005, the United States Food and Drug
Administration officially approved AFP-L3 as a marker for
diagnosing HCC (10).

However, the application of AFP or AFP-L3 alone cannot
meet the clinical requirements of patients with AFP-negative
HCC. To date, research in patients with HCC with abnormal
serum AFP levels has revealed that fucosylation may not be
restricted to AFP, and a previous study confirmed its presence
in other proteins (11). Although the molecular mechanism of
abnormal fucosylation in HCC has not been fully clarified,
previous research identified multiple proteins with differ-
ential fucosylation, including the Golgi protein 73 (12),
haptoglobin (13), a-1-acid glycoprotein (14) and kininogen (15),
which may be used as potential markers for HCC diagnosis.
However, none of these markers could be applied as widely as
AFP-L3 in clinical practice.

Abnormal fucosylation of different glycoproteins provides
a novel insight into the diagnosis of HCC, but no effec-
tive method has been presented to compare and analyze
all fucosylated glycoproteins in patients with HCC. In our
previous study (16), matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF MS) was used
to capture serum-associated fucosylated glycoproteins using
LCA-coated magnetic beads. By using MALDI-TOF MS, a
salivary protein fingerprint model was established to assist the
diagnosis of HCC. Since MALDI-TOF MS is mainly utilized
to detect proteins <10 kD, our previous study used trypsin to
digest all proteins captured by the magnetic beads. However,
since protein fractionation required complex operation and
blinded test results were unsatisfactory, the aforementioned
model may not be appropriate for use in clinical practice.

The present study was designed to fragment all captured
proteins and to only detect those that were <10 kD, including
peptides produced by the natural degradation of some proteins.
Therefore, the present study aimed to provide a novel and more
appropriate method for use in clinical practice, and discussed
its potential in HCC diagnosis.

Patients and methods

Patients. Serum samples (n=425) from patients (n=339) and
healthy controls (n=86) were collected at Fuzhou General
Hospital of Nanjing Command (Fuzhou, China) between
November 2007 and December 2017. The present study was
approved by the Ethics Committee of Fuzhou General Hospital
of Nanjing Military Command, and written informed consent
was obtained from all participants. Demographic and clinical
data were obtained, and a blood sample was collected from
each study subject. The HBV infection status was assessed
using a Hepatitis B Virus Surface Antigen Diagnostic kit
(enzyme-linked immunoassay) (Livzon Pharmaceutical Group
Inc.; https://en.livzon.com.cn/). Hepatitis C virus (HCV) infec-
tion status was assessed using a Hepatitis C Virus Antibody
Diagnostic kit (enzyme-linked immunoassay) (Livzon
Pharmaceutical Group Inc.). HBV-DNA was detected using
a Hepatitis B Virus Nucleic Acid Detection kit (Sun Yat-Sen
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University Daan Gene Co., Ltd.). (PCR-fluorescent probe
method). These kits were used according to the manufacturer's
protocols.

Four groups of patients were enrolled in the present study
(Table I). The first group (n=86) included subjects with no
history of liver disease and normal liver biochemistry, no
risk factors for viral hepatitis and an alcohol consumption
<40 g/week. The second group (n=86) consisted of patients
with chronic hepatitis B (CHB) who were positive for
HBsAg, hepatitis B e-antigen and HBV DNA, and negative
for HCsAg and abnormal liver biochemistry. The third group
(n=97) consisted of patients with HBV-infected cirrhosis
(HBV-cirrhosis). Diagnosis of cirrhosis was based on liver
histology or on clinical, laboratory and imaging evidence of
hepatic decompensation or portal hypertension (17). Patients
with cirrhosis without a suspected or malignant nodule were
assessed by B-ultrasound (US). If the serum AFP level was
elevated, CT or magnetic resonance imaging scans of the liver
within 3 months before enrollment and 6 months after enroll-
ment had to exhibit no liver mass. The fourth group (n=141)
included patients with HBV-infected HCC (HBV-HCC). The
diagnosis of HCC was carried out by histopathology (18).
Tumor staging was determined via the United Network of
Organ Sharing that uses the modified TNM staging system
for HCC (19).

All patients were randomly divided into two cohorts.
The training cohort was composed of 26 healthy volun-
teers, 21 patients with CHB, 32 patients with HBV-cirrhosis
and 32 patients with HBV-HCC. The blinded test cohort
was composed of 60, 65, 65 and 109 patients, respectively.
Demographic data and etiology of liver diseases of all patients
and healthy volunteers are presented in Table II.

In conjunction with an ongoing cohort study, prediagnostic
sera from 9 patients with HBV-cirrhosis who developed
HBV-HCC within 1 year of US screening and 6 patients with
HBV-cirrhosis who remained free of HBV-HCC for the subse-
quent 3 years were also obtained. These subjects constituted
the third analysis cohort (Table III).

Preparation of blood samples. Blood from patients was
collected from an elbow vein 3-5 days before surgery in glass
tubes without additive (BD Vacutainer®; BD Diagnostics) and
was allowed to clot at room temperature for 40 min. Serum
was separated by centrifugation at 912 x g for 15 min at room
temperature, immediately split into 200-u1 aliquots and frozen
at -80°C until analysis. The time between collection and frozen
storage was <60 min.

The processing, collection and storage protocols were
the same for all individuals. Each sample used for proteomic
profiling had not been thawed more than once. Blood samples
from patients were drawn before commencement of treatment.

Serum protein fractionation. Serum samples were thawed
and purified using a LCA magnetic beads kit (Bruker
Corporation). A total of 10 xl serum was mixed with 2 ul beads
and the samples were purified by binding, washing and elution
according to the manufacturer's protocol. Each incubation (at
room temperature) step lasted 1 min. Elution was carried out
with 10 pl elution buffer and the purified material was 8-fold
diluted with the elution solution prior to MS analysis.
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Table I. Numbers of serum samples used in training and blinded test cohorts.
Group Training cohort, n Blinded test cohort, n Total, n
Healthy 26 60 86
Chronic hepatitis B 21 65 86
HB V-infected cirrhosis 32 65 97
HB V-infected hepatocellular carcinoma 32 109 141
Total 111 299 410
HBYV, hepatitis B virus.
Table II. Patient characteristics in training and blinded test cohorts.
HB V-infected

Cohorts and characteristics Healthy Chronic hepatitis B HB V-infected cirrhosis hepatocellular carcinoma
Training cohort

No. 26 21 32 32

Male/Female 16/10 17/4 29/3 28/4

Age, years 46.8+11.6 40.3+6.9 48.5+114 52.0+10.4

ALT, U/l 20.2+6.7 112.5+78.8 54.7+£104.2 70.6+71.0

AST, U/l 18.0+4.8 98.5£754 62.4+67.8 72.8+52.1

AFP, ng/ml 2.5+10 17.0£27.9 254+57.8 13,810.6+26,999.7

<20 26 17 26 4

20-200 0 4 5

>200 0 0 1 23

TNM stage (I/II/III/IV) NA NA NA 12/14/4/2
Blinded test cohort

No. 60 65 65 109

Male/Female 36/24 56/9 56/9 97/12

Age, years 45.1+15.3 40.6+8.5 479+12.2 51.3%11.7

ALT, U/l 19.3+5.2 116.3£76.8 48.8+994 70.1£58.7

AST, U/l 17.2+4 4 96.4+67.5 58.6+£53.0 76.5+60.9

AFP, ng/ml 2.8+1.5 19.5+£58.6 26.6£72.4 4652.9+11,4630

<20 60 54 52 32

20-200 0 9 10 16

>200 0 2 3 61

TNM stage, /I/III/IV NA NA NA 53/40/12/4

Data are presented as the mean + SD where appropriate. HBV, hepatitis B virus; ALT, alanine aminotransferase; AST, aspartate aminotrans-
ferase; AFP, a-fetoprotein; TNM, primary tumor/lymph node/distant metastasis; NA, not applicable.

MALDI-TOF MS. For MALDI-TOF MS analysis, 1 ul of the
aforementioned diluted purified sample was mixed with 0.5 ul
matrix solution (0.4 mg/ml a-cyano-4-hydroxycinnamic acid
in ethanol:acetone 2:1) and allowed to dry onto the MALDI
sample plate (600-m AnchorChip™; Bruker Daltonics; Bruker
Corporation). Laser desorption was targeted randomly on the
sample plate and samples were measured using an Autoflex II
MALDI-TOF mass spectrometer (Bruker Daltonics; Bruker
Corporation) operated in positive ion linear (reflection) mode.
Ionization was achieved by irradiation with a 50 Hz nitrogen
laser (A=337 nm). Spectra were the mean of 100 ionizations with

fixed laser power in linear geometry mode, and mass maps were
obtained in reflectron mode. The spectra were calibrated exter-
nally with a mixture of protein/peptide standards in the range
of 1,000-10,000 Da (Bruker Daltonics; Bruker Corporation).
Three MALDI preparations (MALDI spots) were measured
from each sample. For each MALDI spot, 400 spectra were
acquired (50 laser shots at eight different spot positions). The
spectra from all samples (training cohort) were imported
into the CLINPROT™ software (Bruker Daltonics; Bruker
Corporation) for spectra processing, model building, model
recognition and internal model validation. CLINPROT™
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Table III. Patient characteristics in the third analysis cohort.
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Characteristics HBV-HCC occurrence within 1 year No HBV-HCC occurrence within 3 years
No. 9 6

Male/Female 8/1 51

Age, years 58.3+4.1 50.3+5.6

ALT, U/l 70.0+44.9 59.0+34.3

AST, U/l 72.3+61.5 52.6+494

AFP, ng/ml 95.2+122.8 2344224

<20 6 5

20-200 2 1

>200 1 0

Data are presented as the mean + SD where appropriate. HBV-HCC, hepatitis B virus-infected hepatocellular carcinoma; ALT, alanine amino-

transferase; AST, aspartate aminotransferase; AFP, a-fetoprotein.

software is composed of data acquisition software FlexControl
2.2, viewing software FlexAnalysis 3.0 and analysis software
ClinPrdTools 2.1. The spectra were processed in the following
order: i) Spectra normalization to total ion current; ii) spectra
recalibration using prominent peaks; iii) baseline subtraction,
peak smoothing (Savitsky-Golay algorithm) and peak detec-
tion; and iv) calculation of peak areas for each spectrum. Peak
detection was performed using S/N=5 and peak areas were
calculated using a zero level integration type.

All MALDI-TOF MS spectra were analyzed using flex-
Analysis™ version 3.0 to detect the peak intensities of interest
and CLINPROT™ software (both Bruker Daltonics; Bruker
Corporation) to compile the peaks across the spectra obtained
from all samples of the training set. This analysis allowed
for discrimination between HCC and control samples. The
Supervised Neural Network (SNN) contained within this soft-
ware suite was used to select clusters of signals for the model
to discriminate between the two populations. A leave-20%-out
cross-validation was calculated to avoid over-fitting of pattern
recognitions. The spectra from all samples of the blinded test
cohort were processed according to the same method. The
spectra data of two sets (the training cohort and the blinded test
cohort) were used for internal and external model validation.

Sample processing and MALDI analysis. Each serum
sample from the training cohort was analyzed using LCA
magnetic beads enriched with fucosylated glycoproteins.
The MALDI-TOF approach was applied to exhibit spectral
peaks in the 1,000-10,000 m/z range, as well as the effect of
pre-processing and normalization. Each serum sample was
tested in duplicate. ClinprotTools v2.1 (Bruker Daltonics;
Bruker Corporation) was used to statistically analyze the
differences in peak positions and intensities.

Blinding. The analysts were blinded to the origin of the
samples. Initially, the established model was used to distin-
guish HCC samples from all serum samples. Subsequently,
healthy samples were excluded, and the analysts attempted to
distinguish HCC samples from samples with HBV-associated
diseases. Finally, the analysts attempted to exclude CHB, and

distinguish HCC from all cirrhosis samples. At the same time,
in the third analysis cohort, the analysts attempted to distin-
guish HCC from all cirrhosis samples.

Nano-liquid chromatography (LC)-electrospray ionization
(ESI)-tandem mass spectrometry (MS/MS) analysis. All
fucosylated proteins in serum samples purified and enriched by
LCA magnetic beads in the eluent were directly used for Nano
LC-ESI-MS/MS analysis. The enriched proteins dried using
vacuum centrifugation (at room temperature, 2,000 x g for ~3 h),
and re-suspended in the solution containing 5% ACN and 0.1%
formic acid. Peptides were separated by nano-LC and analyzed
using a mass spectrometer. The experiments were performed
on an LC-20AD system (Shimadzu Corporation) connected to
an LTQ Orbitrap mass spectrometer (Thermo Fisher Scientific,
Inc.) equipped with an online nanoelectrospray ion source
(Bruker-Michrom, Inc.). In total, 5 ul peptide sample was loaded
onto the trap-column with a flow rate of 60 ul/min, eluted with a
gradient of 5-45% solvent B (95% ACN in 0.1% formic acid) over
60 min and then injected into the mass spectrometer at a constant
column-tip flow rate of ~500 nl/min. The electrospray voltage
of 2.2 kV vs. the inlet of the mass spectrometer was used. The
Orbitrap mass spectrometer was operated in the data-dependent
mode to switch automatically between MS and MS/MS acquisi-
tion. Survey full-scan MS spectra were acquired in Orbitrap
with a mass resolution of 60,000 at 400 m/z followed by eight
sequential MS/MS. The AGC target was set to 1,000,000, and
the maximum injection time was 300 ms. MS/MS acquisition
was performed in Orbitrap with the resolution was 15,000 at
400 m/z. The intensity threshold was 50,000, and the maximum
injection time was 100 ms. The AGC target was set to 100,000,
and the isolation window was 2.0 m/z. Ions with charge states
2+, 3+ and 4+ were fragmented by collisional induced dissocia-
tion with a normalized collision energy of 30%. In all cases, one
microscan was recorded using dynamic exclusion of 30 sec (20).

Database searching. Mass spectra were searched against the
human International Protein Index (IPI) database (ftp:/ftp.ebi.
ac.uk/pub/databases/IPl/last_release/old/ HUMAN/ipi. HUMAN.
v3.35.fasta.gz.) (IPI human v3.35 fasta with 68,348 entries)
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Figure 1. Complete mass spectrum comparison of serum samples from healthy individuals and patients with CHB, HBV-cirrhosis and HBV-HCC in the
1,000-10,000 m/z range. Vertical blue bars refer to the detection of peptide peaks in all four groups in a certain molecular mass in the figure. HBV, hepatitis B
virus; CHB, chronic hepatitis B; HBV-cirrhosis, HBV-infected cirrhosis; HBV-HCC, HBV-infected hepatocellular carcinoma.

using the Bioworks software (v3.3.1; Thermo Fisher Scientific,
Inc.) based on the Sequest algorithm. The search parameters
included the following: i) Precursor ion mass tolerance <10 ppm;
ii) fragment ion mass tolerance <1 Da; and iii) digestion mode
was unspecific. The corresponding reversed sequence database
was used to generate score criteria that yielded an estimated false
positive rate of 1% (precision of 0.99). To minimize false positives,
all output results were combined together using a homemade
software to generate score criteria: The cross-correlation scores
(Xcorr) of matches were >2.81, 3.22 and 3.41 for charged state
2, 3 and 4 peptide ions, respectively. To obtain reliable protein
identification, only peptides with a ACn score >0.1 were used,
and the ranks of the primary scores were 1, and the posterior error
probability (PEP) <0.001.

Statistical analysis. The processed spectra were analyzed
using an unpaired Student's t-test and Wilcoxon tests. All the
results were expressed as mean + standard deviation (SD) and
P<0.05 was considered to indicate a statistically significant
difference.

Results

MALDI analysis. Spectra of serum samples from healthy
controls and patients with CHB, HBV-cirrhosis and HBV-HCC
were imported into the CLINPROT™ software to calculate
the average spectrum (Fig. 1). A total of 48 peaks exhibited
differential expression (P<0.05; data not shown), and Table IV
lists 14 peaks of those with significant difference (P<0.002).
To assess the classification efficiency, the mean + SD of the
mass of the 14 peak values was calculated. Among them, 2,660.05
and 7,640.48 Da demonstrated the most significant differential
expression (P<0.0001; Fig. 2 presents their average peak values
and relative concentrations in the four groups). Notably, the peak

values of 2,660.05 Da in healthy controls and patients with CHB
were similar, and the intensity level was increased in patients
with HBV-cirrhosis and was increased even further in patients
with HBV-HCC. The current data indicated that the degree of
fucosylation may increase with the development of HCC. On
the other hand, the peak value of 7,640.48 Da was the highest in
healthy controls, suggesting a decreasing degree of fucosylation
during disease progression. Overall, the two peptides appeared
to have discriminatory potential (Fig. 3).

Analysis of classification models and blind testing. Peak values
obtained from the training cohort were processed using the SNN
algorithm in CLINPROT™ software to establish classification
models for cross-validation. Using this method, three models
were established to distinguish HCC from all serum samples
(HBV-HCC vs. HBV-cirrhosis + CHB + healthy controls),
from HBV-associated chronic liver diseases (HBV-HCC vs.
HBV-cirrhosis + CHB) and from HBV-associated cirrhosis
(HBV-HCC vs. HBV-cirrhosis). Table V presents the peak
values, constituting three classification models.

By using serum samples collected from the blinded test
cohort, the accuracy of the established classification models
was examined. According to the present results, the models
had a sensitivity and specificity of 74.31 and 76.32%, respec-
tively, to distinguish HCC from all serum samples, 81.65 and
83.08%, respectively, to distinguish HCC from HBV-associated
cirrhosis and chronic hepatitis B, and 88.99 and 84.62%,
respectively, to distinguish HCC from HBV-associated
cirrhosis (Table VI). When these models were combined with
AFP measurement (AFP >20 ng/ml), the sensitivity and speci-
ficity were elevated to 80.73 and 87.37%, 87.16 and 90.00%,
and 92.66 and 93.84%, respectively (Table VI).

In addition, serum samples from 9 patients with cirrhosis
1 year before HCC diagnosis and from 6 patients with cirrhosis
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Table I'V. Mass spectral characteristics of proteins with differential expression (P<0.002) among four cohorts.

m/z D Ave? P-value® Avel© Ave2 Ave3 Aved SD1¢ SD2 SD3 SD4

7,640.48 5599  0.00000226 48.86 28.66 44.11 84.65 21.70 8.21 21.01 3243
2,660.05 46.62  0.00004990 66.87 43.13 20.25 30.52 28.27 27.82 6.36 15.85
7,566.59 33.07  0.00004990 3792 27.73 35.34 60.80 13.17 9.16 16.64 2145
5,976.55 9.68 0.00058200 14.99 19.00 12.17 9.31 8.40 5.13 2.81 443
2,937.65 4239  0.00088600 57.73 76.85 66.34 34 .45 28.98 34.06 22.27 17.12
776686 126236 0.00096300 1,2239.76 82843 1,169.62 2,090.79 749.16 63490 92854 777.18
1,058.64 3195 0.00096300 35.85 9.12 3.90 28.29 42.83 6.32 1.67 33.54
5,565.33 9845 0.00122000 83.87 122.32 154.94 56.49 65.32 70.08 84.19 55.09
2,368.23 2091  0.00122000 42.39 26.12 2147 29.93 17.54 10.19 6.76 13.75
6,050.56 10.16  0.00122000 15.66 22.27 14.05 12.12 5.69 10.15 4.82 451
5,750.52 146.73  0.00143000 124.86  241.56 220.51 94 .82 9033  168.06 96.76 99.01
8,143.45 127.58  0.00187000 127.14  100.15 137.06 227.73 82.10 81.36 90.53 9691
5,447.78 124.68  0.00187000 129.59 144.22 200.11 7543  146.64 8524  124.50 78.80
6,023.21 8.10  0.00187000 14.76 18.78 12.82 10.68 6.00 7.40 6.00 3.56

"Difference between the maximal and minimal average peak area. ®P-values were calculated using the Wilcoxon test (2 groups) or Kruskal-Wallis
(>2 groups). “Peak area (intensity) average of group N; Standard deviation of the peak area average of group N. HBV, hepatitis B virus.
1, HBV-infected hepatocellular carcinoma; 2, HBV-infected cirrhosis; 3, chronic hepatitis B; 4, healthy controls.
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Figure 2. Average peak values and relative concentrations in the four groups of protein 2,660.05 and 7,640.48 Da. Sample spectrum indicating the average
peak value for proteins of (A) 2,660.05 and (B) 7,640.48 Da in healthy individuals and patients with CHB, HBV-cirrhosis and HBV-HCC, with corresponding
relative intensity (mean + standard deviation) for (C) 2,660.05 and (D) 7,640.48 Da. HBV, hepatitis B virus; CHB, chronic hepatitis B; HBV-cirrhosis,

HBV-infected cirrhosis; HBV-HCC, HBV-infected hepatocellular carcinoma.
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Table V. Peaks of the HCC diagnostic classification models.

1603

Condition

Peaks of the classification model (m/z)

HBV-HCC vs. HBV-cirrhosis + CHB + healthy controls
HBV-HCC vs. HBV-cirrhosis + CHB
HBV-HCC vs. HBV-cirrhosis

9,290.06,2,660.05,2,368.23,1,862.71,4,282.99,3,963.52,6,023.31
3,963.79,2,368.23,5,565.53,2,660.05, 4,133.59, 3,377.94
4,645.24,2,660.05,1,097.92,3,916.84,6,181.58,3,023.25,2,368.23

HBYV, hepatitis B virus; CHB, chronic hepatitis B; HBV-cirrhosis, HB V-infected cirrhosis; HBV-HCC, HB V-infected hepatocellular carcinoma.
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Figure 3. Bivariate plot of two protein peaks of 2,660.05 and 7,640.48 Da indicating the distinction between relative protein expression in healthy individuals
and patients with CHB, HBV-cirrhosis and HBV-HCC. HBV, hepatitis B virus; CHB, chronic hepatitis B; HBV-cirrhosis, HBV-infected cirrhosis; HBV-HCC,

HBV-infected hepatocellular carcinoma.

exhibiting no signs of HCC for 3 years were collected. The
HBV-HCC vs. HBV-cirrhosis model was applied to analyze
their data; 7/9 (77.78%) patients with HCC were classified into
the HCC group, and all 6 patients without HCC were classi-
fied into the cirrhosis group (Table VII). The present results
suggest that the aforementioned classification models may be
useful for early HCC diagnosis.

Identification of candidate biomarkers. Two peptides
(2,660.05 and 2,368.23 Da) were included in the peak values
with differential expression (Table IV) and in the peak values
constituting the classification models (Table V). Therefore,
nano-LC-ESI-MS/MS analysis was performed for their isola-
tion and identification. This revealed that the 2,660.05 Da
peptide was isoform 1 of inter-a-trypsin inhibitor heavy
chain 4 precursor (ITTH4), while the 2,368.23 Da peptide was
thymosin 3-4-like protein 3 (TMSL3; Fig. 4).

Discussion
In our previous study (16), an LCA-based fucosylated glyco-

protein spectrum was established for differentiating HCC
diagnosis; however, the ultimate goal is to develop a novel

method that is more useful in clinical practice. MALDI-TOF
MS could detect peak values with a mass-to-charge ratio
between 1,000 and 10,000 m/z, which are peptides with a
molecular weight <10 kD. Previously, trypsin was used to
digest all fucosylated glycoproteins that were captured by
LCA-coated beads (16); however, this complex operation,
together with the unsatisfactory results in blinded valida-
tion, resulted in this model being less appropriate for clinical
application. In the present study, the captured proteins were
used directly for MALDI-TOF MS. Therefore, only proteins
<10 kD, including peptides produced from natural degrada-
tion of some proteins, were measured. In comparison with
our previous study, the model established in the present study
presented some advantages: i) It identified more differentially
expressed peak values (while in the previous study 89 peak
values with differential expression were detected and only 36
were of statistical significance, the present study identified
48/64 detected peak values to be statistically significant); ii) it
exhibited a stronger predictive ability (data not shown); and
iii) it obtained improved blinded test results (the sensitivity and
specificity of the HBV-HCC vs. HBV-cirrhosis model were
81.00 and 82.00%, respectively, in our previous study, while
they were increased to 88.99 and 84.62%, respectively, in the
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Table VI. Blind test results of HCC diagnostic classification models and the results of joint AFP detection.

Condition Sensitivity, % Specificity, %
HBV-HCC vs. HBV-cirrhosis + CHB + healthy controls 74.31 (81/109) 76.32 (145/190)
HBV-HCC vs. HBV-cirrhosis + CHB + healthy controls (+ AFP >20 ng/ml) 80.73 (88/109) 87.37 (166/190)
HBV-HCC vs. HBV-cirrhosis + CHB 81.65 (89/109) 83.08 (108/130)
HBV-HCC vs. HBV-cirrhosis + CHB (+ AFP >20 ng/ml) 87.16 (95/109) 90.00 (117/130)
HBV-HCC vs. HBV-cirrhosis 88.99 (97/109) 84.62 (55/65)
HBV-HCC vs. HBV-cirrhosis (+ AFP >20 ng/ml) 92.66 (101/109) 93.85 (61/65)

HBYV, hepatitis B virus; CHB, chronic hepatitis B; HBV-cirrhosis, HB V-infected cirrhosis; HBV-HCC, HB V-infected hepatocellular carcinoma;
AFP, a-fetoprotein.

Table VII. Blinded test results of the third analysis cohort.

Occurrence of HCC HB V-infected cirrhosis, n HB V-infected HCC, n
HCC occurrence within 1 year 2 7
No HCC occurrence within 3 years 6 0

HCC, hepatocellular carcinoma; HBV, hepatitis B virus.
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Figure 4. Nano-liquid chromatography-electrospray ionization-MS/MS mass spectra of ITIH4 (2,660.05 Da) and TMSL3 (2,368.24 Da). (A) MS spectrum
of ITIH4. (B) MS/MS spectrum of the peptide G.STFFKY YLQGAKIPKPEASFSPR.R of ITIH4. (C) MS spectrum of TMSL3. (D) MS/MS spectrum of the
peptide T.QEKNPLPSKETIEQEKQAGES .- of TMSL3. ITIH4, isoform 1 of inter-a-trypsin inhibitor heavy chain 4 precursor; TMSL3, thymosin (3-4-like
protein 3; MS, mass spectrometry; MS/MS, tandem MS.

present study). The main reason for these differences may be  digestion, while the present peptides included not only glyco-
due to our previous study analyzing the peptides after protein  peptides, but also other peptides. Furthermore, the majority of
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these peptides had a molecular weight <5,000 Da, indicating
that numerous peptide segments with the same or similar size
may mask the differential expression of glycopeptides (21).

The sample size for blind testing was increased to 299 in the
present study, thus the results were more reliable. Additionally,
the HBV-HCC vs. HBV-cirrhosis classification model was
used to analyze serum samples collected from patients with
cirrhosis 1 year before being diagnosed with HCC. The model
identified 7/9 (77.78%) patients as HCC, suggesting that the
model is able to identify HCC prior to diagnostic imaging.
Indeed, when HCC is diagnosed by imaging, it is often too
late to miss the optimal treatment time. The potential of
the HBV-HCC vs. HBV-cirrhosis model established in the
present study may require further examination by expanding
the sample size for blinded testing, as well as investigating
differential peak values involved in the model. However, the
ability of the present model to diagnose HCC early suggests
that it may be able to assist in the clinical staging of HCC and
cirrhosis. Since ClinprotTools v2.1 is mainly suitable for anal-
ysis between two groups of samples, the simultaneous analysis
of multiple groups of samples requires improvement, which
limits the development of studies on classification models and
clinical stages of HCC and cirrhosis. Therefore, upon setting
up the experimental group, patients with liver cancer were not
divided into subgroups according to their stage, and patients
with cirrhosis were not graded for liver function tests.

The present results indicate that the protein peaks of the
three diagnostic classification models in Table V were not
the same, and that they were also different from the protein
peaks listed in Table I'V. There are two main reasons for this
discrepancy. The first reason is that the model established in
the present study used the SNN algorithm. The most impor-
tant consideration of this algorithm is the ability to classify
the combination of protein peaks, not the classification ability
of a single protein peak (22). Therefore, when establishing a
diagnostic classification model, it is important not to select
the protein peaks that have the most significant differences,
but to consider which protein peaks are most powerful when
combined. This is why the differential protein peaks used in
the classification of the HCC group and the different control
groups in Table V were different. The second reason is
that Table IV lists only the 14 protein peaks with the most
significant differences when the analysis software analyzed
four groups of samples simultaneously (P<0.002). However, a
total of 48 proteins were identified as differentially expressed
(P<0.05) and only 14 protein peaks with the most significant
differences (P<0.002) were presented due to space limitations,
which does not indicate that these 14 protein peaks were
more important than others when building the classification
diagnosis model. For the purpose of the present study, only
some examples of proteins with different expression patterns
in the occurrence and development of HCC were presented
(Fig. 2). Additionally, an example was provided to illustrate the
ability of two differential protein peaks to classify four groups
of samples (Fig. 3). The present study tried to establish a
classification model to diagnose four groups of samples simul-
taneously, but the results were unsatisfactory (data not shown).
The three diagnostic classification models in Table V were
used to distinguish between the HCC group and the different
control groups, not to distinguish among the four groups of
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samples simultaneously, hence why they are different from the
protein peaks listed in Table I'V.

Despite these differences, the 2,660.05 and 2,368.23 Da
peak values were identified in both calculations (Tables IV
and V). Therefore, these peptides were purified and identified as
ITIH4 and TMSL3. Since ITTH4, TMSL3 and their respective
antibodies are not sold commercially, and our laboratory does
not have the technology for recombinant protein expression,
follow-up experiments, such as western blotting, investigating
these two proteins were not performed in the present study.
Future research should focus on indicating whether these two
proteins may be used as novel biomarkers for HCC diagnosis.

Notably, our previous study (16) reported defucosylation of
some glycoproteins during the development and progression of
HCC. Although this finding was inconsistent with the majority
of existing studies (9-14), it was re-observed in the present
study. The 7,640.48 Da peptide had the highest expression in
healthy controls, suggesting that the degree of fucosylation
may decrease during HCC progression. Therefore, fucosyl-
ation of serum glycoproteins is a complex and variable process
during HCC development, and its mechanism requires more
in-depth investigation in the future.

In conclusion, the present study focused on fucosylated
glycoproteins with a molecular weight <10 kD and established
a classification model of low-molecular-weight fucosylated
glycoproteins for early diagnosis of HCC. The proposed
diagnostic model underwent preliminary clinical validation
and exhibited great potential in the early diagnosis of HCC.
However, the present study was only a single-center study.
Additionally, cases were not divided into subgroups, data for
comparison with other types of cancer were lacking and there
were various limitations for its practical application in the
clinic. In the future, the number of samples should be increased,
cases should be subdivided, and multi-center studies should be
conducted to make the current model more appropriate for use
in clinical practice.
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