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Background: Changes in N-glycosylation of proteins are thought to play a key role in cancer. This study
aims to investigate the changes in the serum N-glycan profiles of patients with hepatitis B virus (HBV)-related
liver disease, and to evaluate the role of N-glycan markers in the noninvasive diagnosis of hepatocellular
carcinoma (HCC).

Methods: Serum samples were available for 21 patients with HCC, 20 patients with liver cirrhosis (LC),
20 patients with chronic hepatitis B (CHB), and 20 healthy subjects. Serum N-glycans were released and
analyzed using DNA sequencer-assisted fluorophore-assisted carbohydrate electrophoresis (DSA-FACE).
Serum AFP was determined by electrochemiluminescence (ECL) (AFP reference value range: <10 ng/mL).
Results: There were characteristic changes in the serum N-glycan profiles of patients with HBV-related
liver disease, including NA2FB, NA3, and NA3Fb. NA2FB was the most abundant in LC patients, while
NA3Fb abundance was the highest in HCC patients. For HCC screening in patients, especially in patients
with LC, the sensitive of Log peak 9 (94.4%) and Log (peak 9/peak 7) (88.9%) were better than alpha-
fetoprotein (AFP) (33.3-61.1%), and their specificity was similar to that of AFP. The receiver operating
characteristic (ROC) curve showed that the accuracy of Log peak 9 (AUC: 0.81x0.07) and Log (peak 9/peak 7)
(AUC: 0.87+0.06) was better than that of AFP (AUC: 0.72+0.09), while the accuracy of AFP combined with
the above 2 indexes was better than that of a single index. Moreover, Log (peak 9/peak 7) combined with
AFP (AUC: 0.89+0.06) had the best accuracy in the diagnosis of HCC.

Conclusions: Our research indicates that N-glycan may serve a new, valuable, and noninvasive alternative

method for diagnosing HCC, and it may be a supplement to AFP in the diagnosis of HCC in patients with
HBV-related liver disease.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most
common malignant tumors, which seriously threatens
human health and life (1). HCC often occurs in the context
of chronic liver disease, and liver cirrhosis (LC) is the
strongest risk factor for HCC (2), including hepatitis B
virus (HBV) or hepatitis C virus (HCV) infection, alcohol,
diabetes, or obesity-related nonalcoholic steatohepatitis
(NASH). However, HBV infection is the most prominent
risk factor for the development of HCC, accounting for
about 50% of cases (3). The symptoms of HCC in the early
stage are not obvious, and HCC is usually diagnosed at the
late stage. As a result, many patients miss the best treatment
window, which may worsen the disease. Given that HCC
poses a serious threat to human life, there is an urgent need
for early screening and diagnosis methods.

Currently, alpha-fetoprotein (AFP) is still the most widely
used biomarker in the diagnosis and evaluation of HCC.
Clinically, AFP is often combined with imaging methods
such as ultrasound for the early diagnosis of HCC (4).
However, AFP as a screening and diagnostic test for early
HCC is controversial. Multiple studies have shown that the
sensitivity and specificity of AFP in the diagnosis of HCC
are not satisfactory, with a sensitivity of 39-64% and a
specificity of 76-91% (5,6). When the AFP cutoff values are
20 and 200 ng/mL, its diagnostic sensitivity are 60% and
22% respectively (7). Studies have found that AFP levels
are related to tumor size, while 80% of patients with small
liver cancer have low AFP levels. When the diameter of
liver cancer >3 and <3 cm, the diagnostic sensitivity of AFP
are 52% and 25% respectively (8). Moreover, a considerable
number of patients with chronic hepatitis and cirrhosis
also have elevated AFP levels, usually <400 ng/mL. If AFP
>400 ng/mL, it strongly suggests HCC (8). It is worth
noting that 30-40% of HCC patients have a negative serum
AFP level until the advanced stage (9,10). Therefore, a
serum biomarker with high sensitivity and specificity is
urgently needed for the early diagnosis of HCC.

Recently, more and more evidence has confirmed that
N-glycan can be used as a reliable biomarker for disease
diagnosis and prognosis (11). N-glycan is one of the most
common glycosylation modifications of proteins. Proteins
are often modified by glycosylation in disease states (12).
Changes in protein glycosylation can reflect the patient’s
inflammatory state, and can serve not only as a disease sensor,
but also as a marker for tumor progression and prognosis (13).
It has been reported that glycosylation can occur in the serum
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proteins of patients with liver disease (14). However, human
serum glycoprotein is mainly produced by the liver (13).
Therefore, abnormalities in the quantity and structure of
N-glycan often reflect liver lesions and can be reflected in
the serum. However, few studies have focused solely on
the N-glycan profile in patients with HBV-related liver
disease. In this study, we used the DNA sequencer-assisted
fluorophore-assisted carbohydrate electrophoresis (DSA-
FACE) technique to analyze the characteristic changes
of serum N-glycan in patients with HBV relative liver
disease and healthy subjects. Moreover, we evaluated the
role of specific N-glycan markers in the diagnosis of HCC,
which is expected to facilitate diagnosis and corresponding
treatment. We present the following article in accordance
with the STARD reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-22-93/rc).

Methods
Inclusion and exclusion criteria

This study was approved by the Ethics Committee of
Nanchang University Second Affiliated Hospital (No.
2019036#) and conducted from October 2019 to February
2020. All procedures performed in this study involving
human participants were in accordance with the Declaration
of Helsinki (as revised in 2013). A total of 81 individuals
were selected for this retrospective study, including chronic
hepatitis B (CHB) (n=20), LC (n=20), HCC (n=21), and
age-matched healthy controls (n=20). All individuals
provided written informed consent. Patients with chronic
HBYV infection who were treated as outpatients of the
Department of Gastroenterology and the Department of
Infection of the hospital were included in the study. The
inclusion criteria were over 18 years old, non-pregnant
women, and no previous history of treatment for hepatitis
B. Patients with acute HBV infection, or with HCV or
human immunodeficiency virus (HIV) co-infection, and
those with long-term alcohol consumption were excluded
from the study. Chronic HBV infection was defined as
HBsAg positive lasting for more than 6 months, hepatitis
B e antigen (HBeAg) (+/-), and alanine aminotransferase
(ALT) or aspartate aminotransferase (AST) increasing
continuously or intermittently. Cirrhosis was confirmed by
ultrasound with associated hypoproteinemia and prolonged
prothrombin time. HCC was diagnosed by ultrasound or
computed tomography (CT) scans of the liver for a mass
and AFP >400 ng/mL (15). Liver biopsy was not performed
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Table 1 Clinical characteristics of patients with HBV-related liver diseases and healthy controls

Guo et al. Serum N-glycan as a biomarker for HBV-associated HCC

Clinical parameters Control CHB LC HCC P value
n (M/F) 20 (8/12) 20 (11/9) 20 (10/10) 21 (12/9) 0.149
Age (years) 47.0 (39.2-54.2) 47.0 (39.2-54.2) 49.5 (44.0-55.0) 59.0 (52.0-65.0) 0.054
AST (U/L) 18.9 (17.8-21.6) 39.4 (30.5-74.9) 55.4 (39.6-76.9) 51.7 (37.1-84.6) 0.000
ALT (U/L) 16.9 (11.3-24.3) 48.9 (24.3-113.2) 42.4 (25.9-57.1) 42.5 (32.0-69.9) 0.000
GGT (U/L) 19.8 (14.0-28.1) 29.2 (17.2-61.9) 43.9 (28.2-96.0) 75.9 (34.6-130.4) 0.000
ALB (g/L) 41.7 (40.1-44.0) 45.2 (40.2-48.2) 36.2 (31.7-41.2) 33.5(30.9-38.2) 0.000
TBIL (umol/L) 11.9 (9.2-14.0) 14.1 (11.2-17.9) 22.5 (15.2-39.0) 18.1 (14.7-21.0) 0.000

Data were median (25th-75th percentile) values as indicated. Significance was defined as P<0.05. HBV, hepatitis B virus; M, male; F,
female; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma glutamyl transpeptidase; ALB, albumin; TBIL, total
bilirubin; CHB, chronic hepatitis B; LC, liver cirrhosis; HCC, hepatocellular carcinoma.

in the evaluation of hepatitis as well as in the diagnosis of
patients with a hepatic mass.

Sample collection

Blood samples were collected from outpatients/inpatients
and from healthy controls. After the blood samples were
centrifuged, the upper serum was separated into eppendorf
tubes and placed in a -20 °C refrigerator for further
examination.

Serum clinical laboratory tests

The main clinical characteristics of patients with liver
disease and healthy subjects are shown in Table 1. All
patients with HBV infection were diagnosed by serological
tests: hepatitis B surface antigen (HBsAg), hepatitis B
surface antibody (HBsAb), hepatitis B e antigen (HBeAg),
hepatitis B e antibody (HBeAb), hepatitis B core antibody
(HBcAD), and hepatitis B virus (HBV) DNA. Aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
gamma glutamyl transpeptidase (GGT), albumin (ALB),
and total bilirubin (TBIL) were used to determine the
degree of liver injury.

Serum N-glycan and AFP analysis

The N-glycan structure abundances were measured by
DSA-FACE technology with a capillary electrophoresis-
based ABI3500dx sequencer. As previously reported, we
released, labeled, and analyzed N-glycan on proteins in
2 pL serum (16). The labeled N-glycan was analyzed by
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GeneMapper version 3.7 software (Applied Biosystems,
Foster City, CA, USA). The level of AFP in the serum
samples was determined by electrochemiluminescence using
the Cobas 8000 €602 Immunology Analyzer (Roche, Bassel
City, Switzerland). The experimental operation was carried
out by professionals in strict accordance with the standard
operating procedures, and testing was repeated.

Statistical analysis

In this study, SPSS25.0 (SPSS Inc., Chicago, IL, USA) was
used to carry out statistical analysis on the experimental
data. GraphPad Prism 7.0 was used to draw the figures
in this study. Categorical variables were expressed as
percentage and compared by the y’ test or Fisher’s exact
test. Continuous variables were represented by median
(quartile range) and compared by the Mann-Whitney
U test. The diagnostic value of N-glycan and AFP was
evaluated by receiver operating characteristic (ROC) curves.
The optimal cut-off value of biomarker was determined
by receiver operating curve (the maximum value of Jorden
index was the optimal cut-off value). Pearson correlation
coefficient was used to analyze the correlations between
N-glycan and laboratory indexes. P<0.05 were considered
to be statistically significant.

Results
Baseline characteristics

Data were obtained from 81 (41 men, 40 women)
participants. The general characteristics of the 3 hepatic
disease groups and the controls are summarized in Tiable 1.
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Table 2 N-glycan biomarkers in patients with HBV-related liver diseases and healthy controls

Log peak Control CHB LC HCC P value
Peak 1 2.64 (2.51-2.81) 2.52 (2.46-2.66) 2.74 (2.49-3.00) 2.81(2.41-2.90) 0.101
Peak 2 1.99 (1.77-2.10) 1.89 (1.84-1.98) 2.09 (1.90-2.22) 2.08 (1.84-2.24) 0.106
Peak 3 2.67 (2.43-2.74) 2.49 (2.42-2.58) 2.61(2.43-2.89) 2.68 (2.36-2.83) 0.238
Peak 4 2.54 (2.48-2.69) 2.50 (2.46-2.53) 2.52 (2.34-2.76) 2.56 (2.38-2.85) 0.481
Peak 5 3.82 (3.66-3.88) 3.70 (3.63-3.79) 3.62 (3.44-3.84) 3.77 (3.55-4.01) 0.191
Peak 6 3.27 (3.00-3.43) 3.08 (2.98-3.18) 3.13 (2.97-3.41) 3.17 (2.89-3.47) 0.293
Peak 7 2.54 (2.41-2.79) 2.54 (2.41-2.60) 2.72 (2.60-2.96) 2.63 (2.43-2.88) 0.002
Peak 8 3.13 (2.97-3.27) 2.99 (2.94-3.05) 2.80 (2.39-3.07) 3.05 (2.60-3.15) 0.033
Peak 9 2.48 (2.26-2.58) 2.46 (2.26-2.77) 2.46 (2.31-2.76) 2.81 (2.66-2.96) 0.000

Data were median (25th-75th percentile) values as indicated. Significance was defined as P<0.05. Peak 1 indicates NGA2F, peak 2
indicates NGA2FB, peaks 3 and 4 indicate NG1A2F, peak 5 indicates NA2, peak 6 indicates NA2F, peak 7 indicates NA2FB, peak 8
indicates NA3, and peak 9 indicates NA3Fb. HBV, hepatitis B virus; CHB, chronic hepatitis B; LC, liver cirrhosis; HCC, hepatocellular

carcinoma.

In terms of age and sex, there were no significant differences
among the groups. Statistically significant differences
were observed in ALT, AST, GGT, ALB, and TBIL levels
between patients with liver disease and healthy subjects
(P<0.05).

Discovery of abnormal N-glycan structures related to
patients with liver disease

DSA-FACE technology was used to detect the serum
N-glycan profiles of 61 patients with liver disease (CHB:
20; LC: 20; HCC: 21) and 20 healthy subjects. The
structure analysis corresponding to each N-glycan peak
has been explained in a previous study (17). The relative
concentrations of the 9 N-glycan peaks are shown in
Table 2. The results showed that the differences in the
abundance of peaks 7, 8, and 9 between the liver disease
patient groups and healthy subjects were statistically
significant (P<0.05) (Table 2). Moreover, our study found
that peak 7 (NA2FB) in LC patients was significantly higher
than that in the CHB, HCC, and control groups (P<0.05
for all) (Figure 1A4). The abundance of peak 8 (NA3) in the
CHB and LC groups was decreased than that in the control
group (P<0.05 for both). Although there was no difference
between the HCC and control groups, the same trend
was observed (Figure 1B). Interestingly, peak 9 (NA3Fb)
increased significantly in the HCC group (P<0.05 for all),
but there were no significant differences among the other
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groups (Figure 1C). In addition, in order to realize the
diagnosis of HCC in the context of LC, we focused on
identifying glycan structures that only increased in HCC
but not in cirrhosis. We found that the Log (peak 9/peak 7)
of HCC was higher than that of LC (P<0.001) (Figure 1D).
Therefore, the index Log (peak 9/peak 7) might be used as
a specific diagnostic marker for HCC with LC. Moreover,
we also found that AFP levels in the HCC group were
significantly elevated compared to those in the CHB, LC,
and control groups (P<0.001) (Figure 1E). These data
suggested that NA3Fb and AFP were closely related to the
occurrence and development of HCC, and NA3Fb may be
a specific biomarker for the diagnosis of HCC.

N-glycan biomarkers in different stages of HCC

To evaluate the relationship between the HCC glycomic
markers and tumor stage, the HCC subgroup (n=21) with
defined tumor sizes and stages was analyzed for glycomic
changes. According to the Barcelona clinic liver cancer
(BCLC) criteria, patients with HCC were classified
into BCLC A (n=7), BCLC B/C (n=9), and BCLC D
groups (n=5). The comparative analysis of N-glycan in
the three subgroups is shown in 7zble 3. The abundance
of peak 9 (NA3FbD) in the BCLC D stage group was
significantly higher than that in the BCLC A and B/C
stage groups (P=0.018, P=0.012, respectively) (Figure 2).
The abundance of NA3Fb increased with the progression
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Figure 1 Comparison of HCC diagnostic variables among patients with liver disease and the control group. (A-D) The vertical axis
represents the glycan values of Log peak 7, Log peak 8, Log peak 9, and Log (peak 9/peak 7). (E) The vertical axis represents the values of
log AFP. The error bars represent 95% ClIs for the means. CI, confidence interval; CHB, chronic hepatitis B; LC, liver cirrhosis; HCC,

hepatocellular carcinoma; AFP, alpha-fetoprotein.

Table 3 N-glycan biomarkers in 3 subgroup stages of HCC

Log peak BCLC A (n=7) BCLC B/C (n=9) BCLC D (n=5) P value
Peak 1 2.73 (2.35-2.92) 2.68 (2.42-2.90) 2.86 (2.61-3.18) 0.562
Peak 2 1.92 (1.75-2.24) 2.05 (1.84-2.23) 2.23 (1.84-2.43) 0.705
Peak 3 2.77 (2.26-2.84) 2.68 (2.41-2.73) 2.82 (2.46-3.04) 0.612
Peak 4 2.55 (2.28-2.81) 2.59 (2.42-2.86) 2.57 (2.42-3.01) 0.520
Peak 5 3.76 (3.31-3.91) 3.73 (3.55-3.98) 3.99 (3.78-4.26) 0.127
Peak 6 3.07 (2.77-3.55) 3.15 (2.96-3.15) 3.46 (3.06-3.59) 0.499
Peak 7 2.44 (2.06-2.95) 2.63 (2.49-2.83) 2.81 (2.57-3.04) 0.346
Peak 8 2.99 (2.37-3.11) 2.95 (2.60-3.14) 3.13 (2.90-3.45) 0.228
Peak 9 2.75 (2.60-2.86) 2.73 (2.62-2.90) 2.97 (2.95-3.24) 0.027

Data were median (25th-75th percentile) values as indicated. Significance was defined as P<0.05. n, case number; HCC, hepatocellular

carcinoma; BCLC, Barcelona clinic liver cancer.
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of the disease.

Correlation between N-glycan markers and laboratory
indexes

Common laboratory indicators included age, AST, ALT,
GGT, ALB, TBIL, and AFP, and the correlation analysis
with N-glycan markers (peak 7, 8, 9) is shown in Table 4.
Our results showed that peak 7 was positively correlated
with AST (R=0.239, P=0.032), but was negatively correlated
with ALB (R=-0.363, P=0.001). There was no correlation
between peak 8 and other laboratory indexes. Peak 9 was
positively correlated with AST, ALT, GGT, and AFP
(R=0.297, P=0.007; R=0.245, P=0.027; R=0.336, P=0.002;
R=0.338, P=0.002), but was negatively correlated with ALB
(R=-0.337, P=0.002). Our results suggested that serum
N-glycan levels were affected by multiple factors in vivo.

Diagnostic value of N-glycan markers and AFP in HCC

In view of the slight increase in the level of AFP in patients
with liver disease, there are limitations of AFP in screening
for HCC. Our study found that the sensitivity for HCC
diagnosis was lower when AFP was at a low threshold. 7uble 5
shows the diagnostic sensitivity and specificity data for
different AFP cutoff values. The sensitivities of Log peak 9
(cutoff =2.59) and log (peak 9/peak 7) (cutoff =0.03) to HCC
were 90.5% and 85.7% respectively, which were higher than
those of AFP with different cutoff values (33.3-57.1%). The
total specificity of both was similar to that of AFP.
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Table 4 Correlations between laboratory indexes and N-glycan
biomarkers in patients with liver diseases and healthy subjects

Correlations Peak 7 Peak 8 Peak 9
Age (years)

R -0.172 -0.156 0.069

P 0.126 0.164 0.543
AST (U/L)

R 0.239 -0.094 0.297

P 0.032* 0.406 0.007*
ALT (U/L)

R 0.149 -0.02 0.245

P 0.184 0.862 0.027*
GGT (U/L)

R 0.170 -0.065 0.336

P 0.129 0.563 0.002*
ALB (g/L)

R -0.363 0.145 -0.337

P 0.001* 0.185 0.002*
TBIL (umol/L)

R 0.167 -0.097 0.040

P 0.135 0.387 0.720
AFP (ng/mL)

R 0.100 0.016 0.338

P 0.373 0.886 0.002*

*, represents significant correlation between laboratory indexes
and corresponding N-glycan biomarkers. AST, aspartate
aminotransferase; ALT, alanine aminotransferase; GGT, gamma
glutamyl transpeptidase; ALB, albumin; TBIL, total bilirubin; AFP,
alpha-fetoprotein.

Moreover, in order to further understand the effect of
N-glycan markers in the diagnosis of HCC, we analyzed the
ROC curves of Log peak 9, Log (peak 9/peak 7) alone, and
combined with AFP in the diagnosis of HCC (Figure 3A4).
The ROC curve showed that the accuracy of Log peak 9 [area
under the ROC curve (AUC): 0.81+0.05] was better than that
of Log (peak 9/peak 7) (AUC: 0.79+0.05) and AFP (AUC:
0.76+0.07), while the accuracy of AFP combined with above
2 indexes was better than that of the single index. Moreover,
Log (peak 9/peak 7) combined with AFP was similar to Log
peak 9 combined with AFP (AUC: 0.86+0.05), and both had
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Table 5 Diagnostic values of N-glycan biomarkers and AFP for the detection of HCC

Cutoff values HCC (n) False positive (n) Sensitivity (%) Specificity (%)
Log peak 9 cutoff of 2.59 19 15 90.5 75.0
Log (peak 9/peak 7) cutoff of 0.03 18 13 85.7 78.3
AFP cutoff 10 ng/mL 12 13 57.1 78.3
AFP cutoff of 20 ng/mL 11 7 52.4 88.3
AFP cutoff of 100 ng/mL 11 2 52.4 96.7
AFP cutoff of 200 ng/mL 9 2 42.9 96.7
AFP cutoff of 400 ng/mL 7 1 33.3 98.3
n, case number; HCC, hepatocellular carcinoma; AFP, alpha-fetoprotein.
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Figure 3 ROC curve for the prediction of clinically significant detection of HCC (A) and HCC with cirrhosis (B), with the values of
Log peak 9, Log (peak 9/peak 7), AFP, Log peak 9 + AFP, and Log (peak 9/peak 7) + AFP. ROC, receiver operating characteristic; HCC,

hepatocellular carcinoma; AFP, alpha-fetoprotein.

better accuracy in the diagnosis of HCC.

Diagnostic value of N-glycan markers and AFP in HCC
with cirrbosis

In order to further realize the diagnosis of HCC in the
context of LC, we excluded 3 HCC patients without
LC. Low sensitivity to HCC diagnosis was also found
in patients with LC when the AFP threshold was low, as
shown in Table 6, which displays the data for different AFP
cutoff values. The sensitivities of Log peak 9 (cutoff =2.59)
and Log (peak 9/peak 7) (cutoff =0.03) in the diagnosis of
HCC were 94.4% and 88.9%, respectively, which were
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higher than those of AFP with different cutoff values
(33.3-61.1%). The total specificity of both was similar to
that of AFP.

In order to further understand the effect of N-glycan
markers in diagnosing HCC in patients with LC, we used
Log peak 9 and Log (peak 9/peak 7) alone or in combination
with AFP to detect HCC in patients with cirrhosis.
The ROC curve of HCC in patients with LC is shown
in Figure 3B, and its diagnostic value was compared in
Tuble 6. The AUCs showed that Log (peak 9/peak 7) (AUC:
0.87+0.06) was better than Log peak 9 (AUC: 0.81+0.07)
and AFP (AUC: 0.72+0.09), Log peak 9 and Log (peak 9/
peak 7) combined with AFP was better than a single index,
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Table 6 Diagnostic values of N-glycan biomarkers and AFP for the detection of HCC with cirrhosis

Cutoff values HCC (n) False positive (n) Sensitivity (%) Specificity (%)
Log peak 9 cutoff of 2.59 17 6 94.4 70.0
Log (peak 9/peak 7) cutoff of 0.03 16 5 88.9 75.0
AFP cutoff of 10 ng/mL 11 7 61.1 65.0
AFP cutoff of 20 ng/mL 10 3 55.6 85.0
AFP cutoff of 100 ng/mL 10 2 55.6 90.0
AFP cutoff of 200 ng/mL 8 2 44.4 90.0
AFP cutoff of 400 ng/mL 6 1 33.3 95.0

n, case number; HCC, hepatocellular carcinoma; AFP, alpha-fetoprotein.

while Log (peak 9/peak 7) combined with AFP (AUC:
0.89+0.06) was better than Log peak 9 combined with AFP
(AUC: 0.84=0.06).

Discussion

Abnormal glycosylation caused by inflammation or
malignant transformation is related to liver disease and
plays an important role in the transformation and metastasis
of malignant tumors (13). Abnormal glycosylation can
interfere with the regulation of cell adhesion, migration,
and proliferation, which may be a sign of cancer, reflecting
the changes in cancer-specific glycosylation biosynthetic
pathways (18). As glycosylation pathways in inflammatory
cells or cancer cells are often altered, the discovery of
new serum N-glycan biomarkers has attracted increased
attention.

As an N-glycan spectrum detection technique, DSA-
FACE has the advantages of high sensitivity, high throughput,
high speed, simple operation, and high efficiency. It has
been widely used in the detection of N-glycan in cancer and
other diseases (19,20). In this study, we used this technique
to analyze the serum N-glycan of patients with liver diseases
and healthy subjects. The study showed that there were
differences in the abundance of NA2FB, NA3, and NA3Fb
among patients with liver disease and healthy people. The
abundance of NA2FB was the highest in the LC group,
while NA3Fb was the most abundant in the HCC group.
Consistent with a previous study, NA2FB and NA3Fb
have been reported to be elevated in patients with LC and
HCC, respectively (17). N-acetylglucose aminotransferase
IIT (Gn'T-1II) is responsible for forming the “bisecting”
GlcNAc structure (such as NA2FB), while GnT IV and
GnT V (Gn'T-V) catalyze B1-6-GlcNAc branching (such as

© Journal of Gastrointestinal Oncology. All rights reserved.

NA3Fb) 21). Gn'T-III usually serves as a tumor suppressor.
Overexpression of Gn'T-1II inhibits cancer cells iz vivo and
in vitro (22). However, Gn'T-V is a known cancer-promoting
glycosyltransferase whose expression is significantly up-
regulated in liver cancer cells (23,24). Several studies have
shown that GnT-III can inhibit cancer metastasis, while
Gn'T-V contributes to metastasis (23,25). Moreover, NA2FB
competes with NA3Fb for substrate (NA2F), which leads to
a decrease in peak 7 and an increase in peak 9 during tumor
development (17).

Abnormal laboratory indicators often reflect protein
instability and inflammation in patients with liver disease.
We performed Pearson correlation analysis of N-glycan and
laboratory indicators and found that NA3FB and NA3Fb
were negatively correlated with ALB. ALB is synthesized
and secreted by the liver (10-15 g/d), and the decrease
in ALB level may reflect impaired liver function. This
indicates that high levels of NA2FB and NA3Fb may be
related to liver damage. Moreover, this study also found
that elevated NA3FD levels were positively correlated with
AST, AL'T, and GGT. AST and ALT are not only sensitive
indicators of liver damage, but also sensitive indicators
of the progression of viral hepatitis (26). GG, known as
cholestatic liver enzyme, is elevated in obesity, alcoholism,
and fatty liver, and after taking certain drugs or herbs.
GGT also showed good sensitivity when viral hepatitis
progressed (27). Therefore, it cannot be excluded that the
high level of NA3Fb present in patients with HCC was
not associated with hepatocyte damage and cholestasis.
Interestingly, our study also suggested that NA3Fb (peak 9)
abundance was related to tumor BCLC staging, especially
the highest NA3Fb level in BCLC D stage, which may be
due to changes in the liver cell glycosylation mechanism
during malignant transformation. The level of NA3Fb in
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HCC patients gradually increased with the progression of
the disease. The mechanism may be due to the increase of
NA3Fb on the surface of liver cancer cells caused by the
high expression of GnT-IVa, which can promote cancer
progression (28).

The changes of N-glycan are closely related to the
occurrence and development of LC and HCC (29). The
combination of new serum N-glycan markers and other
existing serological markers are valuable in the diagnosis of
liver diseases (17). We used Log peak 9 and Log (peak 9/
peak 7) alone or in combination with AFP to diagnose HCC
in this study. For HCC screening in patients, especially in
patients with LC, Log peak 9 and Log (peak 9/peak 7) were
more sensitive than AFP, and their specificity was similar to
that of AFP. The ROC curve showed that the accuracy of
Log peak 9 and Log (peak 9/peak 7) was better than that of
AFP, while the accuracy of AFP combined with the above
2 indexes was better than that of a single index. Moreover,
Log (peak 9/peak 7) combined with AFP had the best
accuracy in the diagnosis of HCC. Due to the difficulty of
ultrasound imaging in diagnosing HCC in patients with LC,
serum glycan markers can be used as a valuable supplement
to AFP in the diagnosis of HCC (30). The main limitation
of this study is the small sample size. In the future, we will
expand the sample size of patients to further verify whether
Log peak 9 and Log (peak 9/peak 7) can be effectively used
in the clinical diagnosis of HCC.

Conclusions

In summary, we analyzed the specific N-glycan profiles in
the serum of patients with liver disease using DSA-FACE.
Our experimental data suggested that the abundances of
NA2FB and NA3Fb in serum were significantly elevated in
patients with liver disease compared with healthy subjects,
while NA3 abundance was obviously decreased. Moreover,
Log peak 9 and Log (peak 9/peak 7) may be used as serum
biomarkers for the diagnosis of HCC, especially Log
(peak 9/peak 7), which was better in the diagnosis of HCC
in patients with LC. Therefore, serum N-glycan profiles
may be helpful for the early diagnosis of HCC, and
complementation with AFP can improve the detection of
HCC.
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