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Abstract
BACKGROUND
Hepatitis B virus (HBV) infection is the primary cause of hepatitis with chronic
HBV infection, which may develop into liver fibrosis, cirrhosis and hepatocellular
carcinoma. Detection of early-stage fibrosis related to HBV infection is of great
clinical significance to block the progression of liver lesion. Direct liver biopsy is
regarded as the gold standard to detect and assess fibrosis; however, this method
is invasive and prone to clinical sampling error. In order to address these issues,
we attempted to find more convenient and effective serum markers for detecting
HBV-induced early-stage liver fibrosis.

AIM
To investigate serum N-glycan profiling related to HBV-induced liver fibrosis
and verify multiparameter diagnostic models related to serum N-glycan changes.

METHODS
N-glycan profiles from the sera of 432 HBV-infected patients with liver fibrosis
were analyzed. Significant changed N-glycan levels (peaks) (P < 0.05) in different
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fibrosis stages were selected in the modeling group, and multiparameter
diagnostic models were established based on changed N-glycan levels by logistic
regression analysis. The receiver operating characteristic (ROC) curve analysis
was performed to evaluate diagnostic efficacy of N-glycans models. These
models were then compared with the aspartate aminotransferase to platelet ratio
index (APRI) , fibrosis index based on the four factors (FIB-4),
glutamyltranspeptidase platelet  albumin index (S index), GlycoCirrho-test, and
GlycoFibro-test. Furthermore, we combined multiparameter diagnostic models
with alanine aminotransferase (ALT) and platelet (PLT) tests and compared their
diagnostic power. In addition, the diagnostic accuracy of N-glycan models was
also verified in the validation group of patients.

RESULTS
Multiparameter diagnostic models constructed based on N-glycan peak 1, 3, 4
and 8 could distinguish between different stages of liver fibrosis. The area under
ROC curves (AUROCs) of Model A and Model B were 0.890 and 0.752,
respectively differentiating fibrosis F0-F1 from F2-F4, and F0-F2 from F3-F4, and
surpassing other serum panels. However, AUROC (0.747) in Model C used for
the diagnosis of F4 from F0-F3 was lower than AUROC (0.795) in FIB-4. In
combination with ALT and PLT, the multiparameter models showed better
diagnostic power (AUROC = 0.912, 0.829, 0.885, respectively) when compared
with other models. In the validation group, the AUROCs of the three combined
models (0.929, 0.858, and 0.867, respectively) were still satisfactory. We also
applied the combined models to distinguish adjacent fibrosis stages of 432
patients (F0-F1/F2/F3/F4), and the AUROCs were 0.917, 0.720 and 0.785.

CONCLUSION
Multiparameter models based on serum N-glycans are effective supplementary
markers to distinguish between adjacent fibrosis stages of patients caused by
HBV, especially in combination with ALT and PLT.

Key words: Chronic hepatitis B; Liver fibrosis; N-glycan; Multiparameter diagnostic
models; Receiver operating characteristic curve analysis; Diagnostic power
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Core tip: GlycoFibroTest and GlycoCirrhoTest are unsuitable for assessing stage of
fibrosis induced by hepatitis B virus (HBV). We constructed three multiparameter
diagnostic models based on serum N-glycans in HBV-related fibrosis patients and
combined them with alanine aminotransferase and platelet tests for distinguishing liver
fibrosis F0-F1 from F2-F4, F0-F2 from F3-F4 and F0-F3 from F4, and excellent
diagnostic power was obtained [area under receiver operating characteristic curves
(AUROC) = 0.912, 0.829 and 0.885, respectively]. In addition, the three combined
models were verified in the validation group and diagnostic accuracy remained high
(AUROC = 0.929, 0.858 and 0.867, respectively). Moreover, our combined models
could also be used to discriminate adjacent fibrosis stages (F0-1/F2/F3/F4) (AUROC =
0.917, 0.720 and 0.785, respectively).
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INTRODUCTION
Hepatitis B virus (HBV) infection is the primary cause of hepatitis in humans, with
257 million individuals worldwide having chronic hepatitis B (CHB) infection in the
year  of  2015[1].  Chronic  HBV  infection  correlates  with  an  increased  risk  for  the
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development of cirrhosis and hepatocellular carcinoma (HCC). Most HCC patients
experience a three-stage process of "hepatitis -  liver fibrosis/cirrhosis -  HCC", in
which the end-stage liver disease eventually leads to death[2].  Therefore, accurate
detection of  the early-stage fibrosis  is  of  great  clinical  significance to implement
intervention and block the progression of liver disorders.

Efforts have been made to search for diagnostic biomarkers of liver fibrosis for
many years. Various imaging techniques, such as FibroScan and magnetic resonance
imaging have been used with higher accuracy in the diagnosis of advanced fibrosis
and cirrhosis when compared to mild fibrosis[3], which linked to obesity[4]. Although
liver  biopsy was the  gold standard to  assess  fibrosis,  the  invasive  nature  of  the
procedure  and  its  potential  sampling  error  among  different  patients  limits  its
application. Therefore, it is meaningful to find more definitive serum markers for
detecting early-stage liver fibrosis. In recent years, diagnostic models based on serum
markers have been established as valuable supplementary tools to diagnose and
monitor liver fibrosis. Currently, non-invasive serological models including aspartate
aminotransferase to platelet ratio index (APRI) ,  fibrosis index based on the four
factors (FIB-4), and glutamyltranspeptidase platelet  albumin index (S index)[5-7] have
been widely used in clinical practice. However, the sensitivity and specificity of these
models for diagnosing mild fibrosis cannot completely meet clinical requirements.

Protein  glycosylation,  the  most  common  post-translational  modification,  has
become a new focus in the diagnosis of liver diseases. Most N-linked glycoproteins in
serum are synthesized by the liver and B-lymphocytes, therefore any changes in total
serum N-glycan could reflect an alteration of liver or B-lymphocyte physiology. In
addition, sugar chains of glycoproteins are important for maintaining the ordered
social behavior of differentiated cells in multicellular organisms. Moreover, changes
in sugar chains resulted in the molecular basis of abnormalities, such as alterations in
the N-linked sugar chains, which were indeed found in various tumors[8,9]. Callewaert
et al[10] developed the “DNA sequencer-assisted fluorophore-assisted carbohydrate
electrophoresis” (DSA-FACE) for the systemic and rapid analysis of N-glycan profiles
in  serum  and  other  body  fluids.  By  using  of  DSA-FACE,  a  cirrhosis  biomarker
(GlycoCirrhoTest) and a fibrosis biomarker (GlycoFibroTest) were utilized in patients
with chronic HCV infection[11,12]. However, we found that serum altered N-glycan in
HBV patients were quite different from HCV patients in the initial  study. In our
current study, we enlarged clinical samples with HBV-related hepatic fibrosis and
attempted to establish new diagnostic models which can be applied in distinguishing
different stages of liver fibrosis. We also evaluated the clinical value of the diagnostic
models in the validation group.

MATERIALS AND METHODS

Patients
Patients were recruited from No. 88 Hospital of Chinese People’s Liberation Army in
Tai'an,  China,  and from Guangdong Provincial  Hospital  of  Chinese Medicine in
Guangdong, China between 2011 and 2017. A total of 432 HBV-infected patients with
chronic liver diseases were recruited in the retrospective study.  All  the enrolled
patients were positive for hepatitis B surface antigen for at least six months without
any  anti-viral  treatment  and  were  histopathologically  assessed  by  liver  biopsy.
Histological specimens were > 15 mm in length and contained at least six portal
tracks. Patients with sufficient serum samples collected at the day of liver biopsy were
qualified for serum N-glycan profiling analysis. Patients with hepatitis A, hepatitis C,
hepatitis D, hepatitis E, autoimmune liver disease, drug-induced liver injury, alcoholic
liver disease, obstructive jaundice, or liver cancer were excluded from the study. The
study was approved by the Institutional Review Board of Peking University Health
Science Centre.

Clinical laboratory tests
Clinical  data  of  the  patients  are  summarized  in  Tables  1  and  2.  Serum  alanine
aminotransferase (ALT), aspartate aminotransferase (AST), γ-glutamyl-transpeptidase
(GGT), alkaline phosphatase, total serum protein, albumin, total bilirubin, indirect
bilirubin,  blood platelet  (PLT),  alpha-fetoprotein,  serum HBV markers including
hepatitis B surface antigen, anti-HBs, HBeAg, anti-HBe, anti-HBc and HBV DNA
levels were tested at hospital clinics.

Liver fibrosis stage
All patients underwent a liver biopsy procedure and results of the histopathological
assessment  were  obtained.  Liver  fibrosis  was  determined  histologically  by
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Table 1  Characteristics of 432 hepatitis B virus-infected patients in different fibrosis stages diagnosed by liver biopsy (mean ± SD)

Variables
Fibrosis stage

P value
F0-F1 F2 F3 F4

Cases, n 95 126 103 108 /

Male, n (%) 62 (65.26) 88 (69.84) 82 (79.61) 89 (82.41) /

Age (yr) 37.91 ± 10.71 36.52 ± 11.11 41.71 ± 10.01 46.63 ± 9.95 < 0.001c

HBV DNA (IU/mL) 1.26 × 108 ± 3.64 ×108 1.33 × 108 ± 4.01 × 108 6.39 × 107 ± 1.62 × 108 5.63 × 107 ± 1.56 × 108 0.229

AFP (ng/mL) 3.20 ± 3.01 19.37 ± 100.27 12.56 ± 23.25 40.98 ± 160.29 0.118

ALT (IU/L) 42.58 ± 61.49 125.21 ± 211.29 263.82 ± 421.57 115.84 ± 165.90 < 0.001c

AST (IU/L) 30.45 ± 39.36 85.65 ± 171.17 185.61 ± 292.67 92.18 ± 127.81 < 0.001c

GGT (IU/L) 31.59 ± 26.74 42.10 ± 50.37 78.13 ± 107.06 64.47 ± 68.93 < 0.001c

ALP (IU/L) 75.63 ± 21.27 81.56 ± 31.47 109.30 ± 120.10 103.82 ± 41.55 0.002b

PLT (109/L) 206.91 ± 51.14 198.36 ± 55.72 185.36 ± 58.29 134.95 ± 46.41 < 0.001c

Total bilirubin (μmol/L) 13.09 ± 5.30 18.34 ± 16.99 29.93 ± 31.44 22.67 ± 12.60 < 0.001c

Indirect bilirubin (μmol /L) 7.78 ± 4.31 8.40 ± 9.40 13.46 ± 17.05 10.01 ± 7.94 0.003b

Total protein (g/L) 73.46 ± 4.78 73.61 ± 10.53 72.48 ± 11.14 74.44 ± 7.66 0.635

Albumin (g/L) 45.80 ± 3.30 45.44 ± 4.40 45.33 ± 6.51 44.39 ± 5.39 0.320

bP < 0.01.
cP < 0.001. Reference values: AST: 8-38 IU/L; ALT: 4-44 IU/L; GGT: 8-64 IU/L; ALP: 40-129 IU/L; AFP: 0-20 μg/L; PLT: 100-300 × 109/L; TB: 5.1-18.8
μmol/L; IB: 0-12 μmol/L; TP: 60-87 g/L; ALB: 34-55 g/L. HBV: Hepatitis B virus; AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; PLT: Platelet; GGT: γ-glutamyl-transpeptidase; ALP: Alkaline phosphatase.

experienced pathologists blinded to patient clinical data. Each biopsy specimen was
assessed according to the METAVIR fibrosis scores (from F0 to F4). The number of
patients classified (total n = 432) in each group of METAVIR fibrosis scores (from F0-1
to  F4)  was 95,  126,  103  and 108,  respectively,  and the  number  of  patients  in  the
modeling group was 62, 84, 68 and 73, and 33, 42, 35 and 35 in the validation group.
Patients  were  assigned to  two groups  randomly  using  SPSS  software  and were
confirmed to have the similar ratio of fibrosis stages from F0-1 to F4.

Serum protein N-Glycome analysis
Callewaert et al[10] used DSA-FACE to profile sialidase-treated N-glycan from whole
serum. We recently adapted DSA-FACE by capillary electrophoresis-based ABI 3500
and modified the procedure. We simplified previous methods to four main steps, and
the process of sample preparation for N-glycan analysis was as follows: (1) N-glycan
release:  Denature the glycoproteins in 3 μL serum by adding the buffer (2 μL 10
mmol/L NH4HCO3 buffer and 3 μL distilled water) in a 96-well plate. Heat at 95 °C
for  5  min,  then  cool  at  4  °C  in  PCR  thermocycler.  Add  3  μL  N-glycosidase-F
(PNGaseF) (2.2 U/μL) (New England Biolabs, MA) in the mixture and incubate at 37
°C for 3 h. Terminate reaction by adding 100 μL distilled water; (2) N-glycan labeling:
Transfer the 10 μL liquid of each sample to a new 96-well plate. Evaporate the sample
to dryness at 60 °C for 90 min in the PCR thermocycler. Add 3 μL of APTS labeling
solution (8-aminonaphtalene-1,3,6-trisulphonic acid) (Invitrogen, CA) (20 mmol/L
APTS: 1 mol/L NaCNBH3 = 1:1) and incubate at 90 °C for 2 h. Terminate reaction by
adding 100 μL distilled water; (3) Sialic acid removing: Transfer the 2 μL liquid of
each sample to the new 96-well plate. Add 0.25 μL 100 mM NH4Ac (pH 5.0), 0.2 μL
sialidase  (2.5  U/μL)  and  1.55  μL  distilled  water,  and  incubate  at  42  °C  for  4  h.
Terminate  reaction  by  adding  40  μL  distilled  water;  and  (4)  N-glycan  profiling
analysis: Transfer the 10 μL liquid of each sample to the machine-specific 96-well
plate.  The samples were analyzed by a capillary electrophoresis-based ABI 3500
Genetic Analyzer. N-glycan profiling data were analyzed with GeneMapper software
version 4.1. We measured the heights of the 9 specific peaks (N-glycan) that were
detected in all the samples and described them by normalizing their height to the sum
of all peak heights. Researchers were blind to the histopathological results of patients
when serum N-glycan analysis was performed.

Statistical analysis
Statistical  analysis  was  performed with  SPSS  18.0  for  Windows software  (SPSS,
Chicago, IL). All quantitative variables were presented as means ± SD and compared
with ANOVA analysis.  Diagnostic  models were constructed by stepwise logistic
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Table 2  Inflammation grade and fibrosis stage of 432 hepatitis B virus-infected patients

Fibrosis stage
Inflammation grade

G0 G1 G2 G3 G4 Total

F0-F1 8 71 16 0 0 95

F2 0 31 83 12 0 126

F3 0 12 40 47 4 103

F4 0 11 38 55 4 108

Total 8 125 177 114 8 432

regression analysis. The diagnostic performance of a single marker or the diagnostic
model was evaluated by the receiver operating characteristic (ROC) curves analysis.
The area under ROC curve (AUROC) was used as an index of accuracy,  with an
AUROC value of 1.0 indicating high diagnostic accuracy. Using the maximum of
Youden Index to best assess sensitivity and specificity,  we calculated sensitivity,
specificity, positive predictive values (PPV) and negative predictive values (NPV). P <
0.05 was considered statistically significant.

RESULTS

N-glycome profiles in different fibrosis stages
N-glycome profiles in sera of 432 patients with HBV-related fibrosis were examined
by DSA-FACE. Representative N-glycan profiling patterns of liver fibrosis F0-F4 are
shown in Figure 1. The structures of 9 peaks had been characterized previously by Liu
et al[13]. We quantified each peak by normalizing its height to the sum of the heights of
all peaks. The average relative abundances of N-glycan in different fibrosis stages are
presented in Table 3. In addition, the changes in the abundance of each peak were
compared between different fibrosis stages of patients in the modeling group, and
results are shown in Table 3.

Construction and assessment of diagnostic models based on N-glycan markers
There were significant differences in abundances of peaks 1, 3, 4 and 8 between group
F0-F1 and group F2-F4, group F0-F2 and group F3-F4, group F0-F3 and group F4.
Based  on  the  four  peaks,  three  multivariate  logistic  regression  models  were
constructed by logistic regression analysis. Model A = 0.237 × peak 1 + 0.495 × peak 3
- 1.155 × peak 4 - 0.054 × peak 8 + 4.632 for distinguishing F0-F1 from F2-F4; Model B
=  0.129  ×  peak  1  +  0.175  ×  peak  3  -  0.983  ×  peak  4  -  0.119  ×  peak  8  +  4.576  for
distinguishing F0-F2 from F3-F4; Model C = 0.231 × peak 1 - 0.060 × peak 3 - 0.838 ×
peak 4 - 0.160 × peak 8 + 3.340 for distinguishing F0-F3 from F4. The areas under ROC
(AUROCs) of each model, and sensitivity, specificity, PPV, NPV at the defined cutoff
value in the patients of modeling group are summarized in Table 4 and Supplement-
ary Table 1.

In addition, based on the previous research, we adopted the log ratio of some N-
glycome  markers  designated  as  GlycoFibroTest  [log(peak  2/peak  8)]  and
GlycoCirrhoTest [log(peak 7/peak 8)] for diagnosing liver fibrosis and cirrhosis[11,12].
We analyzed the diagnostic power of these two tests in the modeling group by ROC
curve analysis and compared them with Model A, Model B and Model C, respectively
(Figure  2).  The  results  showed  that  the  AUROCs  of  Model  A-Model  C  were
significantly superior to the GlycoFibroTest and GlycoCirrhoTest.

Comparing N-glycome models with serological marker panels
Serum  marker  panels  including  S  index,  APRI  and  FIB-4  had  been  selected  to
diagnose liver fibrosis.  We evaluated the diagnostic  value of  these panels  in the
modeling group. The fibrosis scores were calculated using the formulas previously
reported {APRI = [AST (IU/L) / 40] × 100 / PLT [109/L]; FIB-4 = [age (years) × AST
(IU/L)] / [PLT (109  /L) × ALT1/2  (IU/L)];  S index = [1000 × GGT (IU/L)] / [PLT
(109/L) × ALB2 (g/L)]}. The sensitivity, specificity, PPV, NPV and AUROCs of APRI,
FIB-4 and S index were analyzed and the results are listed in Table 4.

In the differentiation of fibrosis F0-F1 from F2-F4, the diagnostic power of Model A
(AUROC = 0.890) was much higher than APRI (AUROC = 0.790), FIB-4 (AUROC =
0.599) and S index (AUROC = 0.701), respectively. In the differentiation of fibrosis F0-
F2 from F3-F4, the diagnostic power of Model B (AUROC = 0.752) was also superior
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Figure 1
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Figure 1  A typical desialylated N-glycan profile from the total serum protein is shown in panels. The structures of the N-glycan peaks are shown below the
panels. Peak 1 indicates an agalacto core-α-1,6-fucosylated biantennary glycan (NGA2F), peak 2 indicates an agalacto core-α-1,6-fucosylated bisecting biantennary
glycan (NGA2FB), peaks 3 and 4 indicate a single agalacto core-α-1,6-fucosylated biantennary glycan (NG1A2F), peak 5 indicates a bigalacto biantennary glycan
(NA2), peak 6 indicates a bigalacto core-α-1,6-fucosylated biantennary glycan (NA2F), peak 7 indicates a bigalacto core-α-1,6-fucosylated bisecting biantennary
glycan (NA2FB), peak 8 indicates a triantennary glycan (NA3), peak 9 indicates a branching α-1,3-fucosylated triantennary glycan (NA3Fb).

to APRI (AUROC = 0.740), FIB-4 (AUROC = 0.699) and S index (AUROC = 0.738).
However,  with  respect  to  diagnosing  cirrhosis  (F4)  from  fibrosis  (F0-F3),  the
diagnostic power of N-glycome model demonstrated a slight decline. FIB-4 (AUROC
= 0.795) showed better diagnostic efficacy than Model C (AUROC = 0.747).

The AUROC of Model A (0.890) was close to 0.9, and the AUROCs of Model B
(0.752) and Model C (0.747) were below 0.8. We found that N-glycome diagnostic
models  combined with ALT and PLT showed the best  diagnostic  potency in the
differentiation  of  different  fibrosis  stages.  Three  combined  models  were  also
constructed using logistic regression analysis: Model A + ALT + PLT = 5.816 × Model
A + 0.004 × ALT - 0.006 × PLT - 2.130; Model B + ALT + PLT = 4.538 × Model B + 0.001
× ALT - 0.016 × PLT + 0.236; Model C + ALT + PLT = 5.943 × Model C - 0.003 × ALT -
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Table 3  N-glycome profiling results in hepatitis B virus-infected patients with liver fibrosis F0-F4 and differences between different
fibrosis stages in the modeling group (mean ± SD)

Peak F0-F1 F2 F3 F4 F0-F1 vs F2-F4 F0-F2 vs F3-F4 F0-F3 vs F4

1 5.92 ± 1.46 7.62 ± 2.57 7.51 ± 2.09 8.68 ± 3.60 < 0.001c < 0.001c < 0.001c

2 1.95 ± 0.67 1.78 ± 0.76 1.60 ± 0.57 1.85 ± 0.76 0.161 0.235 0.312

3 4.57 ± 1.16 5.96 ± 1.43 6.04 ± 1.17 6.21 ± 1.66 < 0.001c < 0.001c 0.003b

4 7.34 ± 1.37 5.96 ± 1.15 5.54 ± 0.81 5.43 ± 0.81 < 0.001c < 0.001c < 0.001c

5 47.90 ± 3.77 46.93 ± 4.64 46.75 ± 4.59 46.27 ± 6.23 0.097 0.163 0.197

6 16.89 ± 2.92 17.66 ± 3.01 18.13 ± 2.89 17.30 ± 2.58 0.086 0.323 0.413

7 4.48 ± 1.08 4.53 ± 0.95 4.86 ± 1.22 4.90 ± 1.16 0.089 0.004b 0.058

8 8.07 ± 2.07 6.91 ± 1.90 6.74 ± 1.70 6.22 ± 2.16 < 0.001c < 0.001c 0.001b

9 2.87 ± 1.27 2.65 ± 1.01 2.82 ± 1.12 3.12 ± 1.33 0.684 0.136 0.035a

aP < 0.05.
bP < 0.01.
cP < 0.001.

0.030 × PLT + 2.400. The combination of different markers such as Model A + ALT +
PLT, Model B + ALT + PLT and Model C + ALT + PLT improved diagnostic power
significantly, the AUROCs were 0.912, 0.829 and 0.885, respectively (Table 4).

Verifying the diagnostic power of N-glycome models in the validation group
We applied N-glycome models  (Model  A-Model  C)  in  patients  in  the validation
group. The AUROCs of each model are demonstrated in Supplementary Figure 1. The
cutoff value was determined in the modeling group, and sensitivity, specificity, PPV,
NPV of Model A, Model B and Model C were calculated, respectively, and the data
are shown in Supplementary Table 2. The diagnostic powers of the three models were
all significantly improved in the validation group. For example, the AUROC of Model
A for detecting fibrosis F0-F1 from F2-F4 was 0.915, and the cutoff value was set at
0.8032, yielding a sensitivity of 94.6% and a specificity of 78.8%. The AUROCs of N-
glycome models (Model A-Model C) were all higher than those of other diagnostic
panels in the validation cohort  (Supplementary Table 3).  The combined markers
(Model A + ALT + PLT, Model B + ALT + PLT and Model C + ALT + PLT) also
performed  better  in  diagnostic  efficacy  than  N-glycome  model  alone,  and  the
AUROCs were 0.929, 0.858 and 0.867, respectively.

Distinguishing adjacent fibrosis stages in 432 patients with CHB using combined N-
glycome markers
We tried to distinguish adjacent fibrosis stages of 432 patients using three combined
N-glycome markers (Model A + ALT + PLT, Model B + ALT + PLT and Model C +
ALT + PLT) and analyzed the diagnostic power. It was found that the diagnostic
power  of  the  combined  marker  (Model  A  +  ALT  +  PLT)  was  effective  in  the
d i f f e r e n t i a t i o n  o f  f i b r o s i s  F 0 - F 1  f r o m  F 2 - F 4  ( A U R O C  =  0 . 9 1 7 )
(Supplementary Table 4). We then applied the combined markers (Model B + ALT +
PLT) to differentiate F2 from F3-F4 among fibrosis patients with stages F2-F4 who
were diagnosed by the combined markers (Model A + ALT + PLT), and AUROC was
0.720 (Supplementary Table 4). Lastly, we used the combined markers (Model C +
ALT + PLT) to differentiate F3 from F4 among fibrosis patients with stages F3-F4 who
were diagnosed by the combined markers (Model B + ALT + PLT), the AUROC was
0.785 (Supplementary Table 4). These results demonstrated that application of the
three markers together yielded favorable effects in practicability for distinguishing
adjacent fibrosis stages.

DISCUSSION
Emerging  genomics,  proteomics  and  glycomics  are  increasingly  applied  to  the
diagnosis  and  differentiation  of  disease  progression.  Glycan  is  a  component  of
bioactive molecules that participate in regulating inflammation, pathogen infection,
immune response and expression of markers on cancer cells[14,15]. Physiologically, the
liver is the major organ responsible for glycoprotein biosynthesis and modification
besides immunoglobulin-producing B lymphocytes. Liver abnormalities associated
with aberrant glycosylation can influence the structure, quantity and function of sugar
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Table 4  Predictive value of fibrosis diagnostic models in the modeling group

Fibrosis stage Model Cutoff value Sen Spec PPV NPV AUROC

F0-F1 vs F2-F4 Model A 0.8032 0.871 0.839 0.951 0.642 0.890

GlycoFibroTest -0.4404 0.280 0.903 0.913 0.257 0.538

GlycoCirrhoTest -0.2946 0.778 0.452 0.837 0.359 0.644

APRI 0.4871 0.626 0.839 0.933 0.385 0.790

FIB-4 0.4720 0.401 0.855 0.908 0.285 0.599

S index 0.0543 0.742 0.596 0.871 0.386 0.701

Model A + ALT +
PLT

0.7779 0.923 0.806 0.945 0.746 0.912

F0-F2 vs F3-F4 Model B 0.3418 0.986 0.514 0.662 0.974 0.752

GlycoFibroTest -0.2295 0.128 1.000 1.000 0.543 0.524

GlycoCirrhoTest 0.0033 0.270 0.911 0.745 0.564 0.618

APRI 0.3964 0.819 0.562 0.638 0.766 0.740

FIB-4 0.3930 0.609 0.726 0.677 0.663 0.699

S index 0.0890 0.664 0.711 0.690 0.686 0.738

Model B + ALT +
PLT

0.4404 0.855 0.685 0.720 0.833 0.829

F0-F3 vs F4 Model C 0.2258 0.808 0.598 0.407 0.901 0.747

GlycoFibroTest -0.3200 0.274 0.939 0.606 0.791 0.571

GlycoCirrhoTest -0.0287 0.356 0.827 0.413 0.790 0.607

APRI 0.4206 0.859 0.488 0.359 0.912 0.666

FIB-4 0.3762 0.831 0.657 0.447 0.921 0.795

S index 0.0817 0.765 0.571 0.380 0.876 0.717

Model C + ALT +
PLT

0.3010 0.789 0.845 0.629 0.923 0.885

F1 APRI = [AST (IU/L) / 40] × 100/PLT (109/L). F2 FIB-4 = [age (yr) × AST (IU/L)] / [PLT (109 /L) × ALT1/2

(IU/L)]. F3 S index = 1000 × GGT (IU/L) / [PLT (109/L) × ALB2 (g/L)]. Sen: Sensitivity; Spec: Specificity;
PPV: Positive predictive value; NPV: Negative predictive value; ALT: Alanine aminotransferase; GGT: γ-
glutamyl-transpeptidase; PLT: Platelet; AUROC: Area under receiver operating characteristic curves.

chains. Glycosylation is highly sensitive to the disease environment and has been
implicated  in  many diseases  including  liver  fibrosis/cirrhosis  and cancer[11,12,16].
Screening for diagnostic and prognostic glycan markers for liver diseases will be of
great clinical significance.

Serum markers are non-invasive, easy to perform, and convenient to monitor the
progression of the liver diseases. Previous studies supported our assumption and
revealed that serum N-glycan profiling was helpful in identifying fibrosis/cirrhosis
induced by HCV[11,12] or HBV[17]. We enlarged the number of clinical cases to 432 HBV-
infected  patients  and  examined  the  diagnostic  power  of  GlycoFibroTest  and
GlycoCirrhoTest  made  up  of  two  N-glycan  structures.  Our  results  indicated
dissatisfactory diagnostic power of GlycoFibroTest and GlycoCirrhoTest in HBV-
related  fibrosis  patients  (GlycoFibroTest:  AUROC  =  0.538,  0.524  and  0.571;
GlycoCirrhoTest: AUROC = 0.644, 0.618 and 0.607 for F0-F1 from F2-F4, F0-F2 from
F3-F4, and F0-F3 from F4; respectively, Table 4). Therefore, we attempted to construct
more effective and robust models for diagnosing fibrosis induced by HBV and finally
found that the diagnostic power of the models containing four N-glycan markers
were far more effective than GlycoCirrhoTest and GlycoFibroTest.

In the present study, we used DSA-FACE technology to analyze serum N-glycan
changes of 432 HBV infected patients with hepatic fibrosis and found that peak 1 (an
agalacto core-α-1,6-fucosylated biantennary glycan,  NGA2F),  peak 3/4 (a  single
agalacto core-α-1,6-fucosylated biantennary glycan,  NG1A2F),  and peak 8 (a  tri-
antennary glycan, NA3) were correlated with liver fibrosis at varying stages. Using
logistic regression analysis, we constructed three mathematic diagnostic models that
can be used for monitoring continuous progression of fibrosis, which were defined as
Model A (for fibrosis F0-F1 specified from F2-F4), Model B (for fibrosis F0-F2 specified
from F3-F4) and Model C (for fibrosis F0-F3 specified from F4). Furthermore, the three
models  were  compared  with  previously  reported  N-glycomic  markers
(GlycoFibroTest and GlycoCirrhoTest) and serological marker panels (S index, APRI
and FIB-4). Results showed that Model A (AUROC = 0.890) and Model B (AUROC =
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Figure 2

Figure 2  Receiver operating characteristic curve. A: Receiver operating characteristic (ROC) curve for the prediction of fibrosis F0-F1 from fibrosis F2-F4 in the
modeling group. [area under ROC curves (AUROCs): Model A (0.890) > GlycoCirrhoTest (0.644) > GlycoFibroTest (0.538)]; B: ROC curve for the prediction of fibrosis
F0-F2 from fibrosis F3-F4. [AUROCs: Model B (0.752) > GlycoCirrhoTest (0.618) > GlycoFibroTest (0.524)]; C: ROC curve for the prediction of fibrosis F0-F3 from
fibrosis F4. [AUROCs: Model C (0.747) > GlycoCirrhoTest (0.607) > GlycoFibroTest (0.571)].

0.752) were observably superior to the others in our modeling cohort, and the Model
C (AUROC = 0.747) had a less diagnostic accuracy than FIB-4 (AUROC = 0.795). It
was concluded that multiparameter diagnostic models based on N-glycan markers are
promising and innovative tools in diagnosing early-stages fibrosis.  Moreover,  in
combination  with  ALT and PLT,  the  AUROCs of  markers  (Model  A+ALT+PLT,
Model  B+ALT+PLT  and  Model  C+ALT+PLT)  were  0.912,  0.829  and  0.885,
respectively, and were more effective than other models.

It was indicated that biantennary peak 1(NGA2F) and peak 3 (NG1A2F) increased
gradually,  and  biantennary  peak  4  (NG1A2F)  and  triantennary  peak  8  (NA3)
decreased gradually with the fibrosis progression in patients with CHB. Generally,
most serum N-linked glycoproteins are synthesized and secreted by the liver and B-
lymphocytes. The N-glycans on serum IgG are mostly core fucosylated biantennary
glycans[18], including peak 1 (NGA2F) and peak 3 (NG1A2F), which allow the follow-
up  of  liver  fibrosis  accompanied  inflammation  and  immune  response  in  HBV
infection. Peak 3 (NG1A2F) and peak 4 (NG1A2F) are isomers, which could lead to
increased concentration of peak 3 and the decreased level of peak 4 which could be
explained by the increased activity of peak 3 synthesis possibly competing for the
substrate of peak 4.  Triantennary glycan (NA3, peak 8),  the abundance of which
decreased with advancing fibrosis, was hepatic specific and presented on non-IgG
proteins.  Peak 8 synthesized by the liver in HBV-induced fibrotic patients could
reflect, at least in part, alteration of the physiological condition of the liver. N-glycan
precursors  are  synthesized  in  the  endoplasmic  reticulum/Golgi  apparatus  of
hepatocyte and changes of N-glycan profile in the serum could be related to the
expression levels of glycosyltransferases in liver cells, leading to modifications in both
the core structure of glycans and the terminal structure[19].  N-acetylglucosaminyl-
transferase  IV  (GnT-IV)  and  N-acetylglucosaminyltransferase  V  (GnT-V)  are
responsible for multiantennary glycans[20,21],  which may cause changes of peak 8.
While peak 1, peak 3 and peak 4 were altered in parallel with the fibrosis progression,
correlative glycosyltransferases remain to be investigated.

As the three mathematic models (renamed as Model A, Model B and Model C)
constructed in  the  modeling group provided considerable  diagnostic  power  for
assessment  of  HBV-related  liver  fibrosis.  We  observed  their  application  in  the
validation group and found the diagnostic accuracy of the three N-glycan models
performed directly increased in the validation cohort (AUROC = 0.915, 0.815 and
0.772, respectively). Comparing the diagnostic power with other marker panels, we
found that the diagnostic efficacies of the combined models (Model A + ALT + PLT ,
Model B + ALT + PLT and Model C + ALT + PLT) were all superior to those of other
panels (or tests), AUROC was 0.929, 0.858 and 0.867, respectively in the validation
group (Supplementary Table 3).

Imaging techniques are widely applied to diagnose liver fibrosis, such as transient
elastography (TE), which are useful in diagnosing significant fibrosis (≥ F3) in chronic
hepatitis patients. In our study, Model A exhibited a desirable diagnostic power in
distinguishing fibrosis (F0-F1) from fibrosis (F2-F4) (AUROC = 0.890 and 0.915 for the
modeling and validation groups,  respectively),  and showed advantages over TE
(AUROC  =  0.800,  Sen  =  64%,  Spe  =  85%)[22].  N-glycan  markers  (Model  A)  in
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combination with ALT and PLT presented more effective diagnostic potency (AUROC
=  0.912  and  0.929  for  the  modeling  and  validation  groups,  respectively).
Unfortunately, it  was impossible to compare the diagnostic accuracy between N-
glycan markers and TE as TE data was unavailable in the patients at  the time of
enrollment. Importantly, patients with severe fibrosis (≥ F2) need clinical treatment.
N-glycan analysis facilitated the diagnosis of severe liver fibrosis (≥ F2) from mild
liver  fibrosis  (F0-F1)  more  powerfully.  As  liver  fibrosis  commonly  undergoes
pathological changes after HBV infection, the F4 stage of fibrosis (liver cirrhosis) was
regarded as a high risk factor for the development of HCC. Patients with cirrhosis
need a lifelong antiviral treatment; the combined model (Model C + ALT + PLT) could
distinguish cirrhosis from fibrosis successfully. (AUROC = 0.885, Sen = 78.9%, Spe =
84.5%) (Table 4). We also found that the three combined markers (Model A + ALT +
PLT , Model B + ALT + PLT and Model C + ALT + PLT) are promising and innovative
tools in stratifying adjacent degrees of fibrosis (F0-F1/F2/F3/F4)(AUROC = 0.917,
0.720, 0.785, respectively)(Supplementary Table 4).

In addition, we analyzed serum N-glycan data of 159 chronic hepatitis C patients
and used the three N-glycan diagnostic models to determine liver fibrosis of chronic
hepatitis  C  patient  (Supplementary  Table  5  and  6).  The  diagnostic  power  of
mathematical scoring formulas was decreased as compared with the result obtained
from  HBV  patients  (Supplementary  Table  7,  Supplementary  Figure  2).  Results
support  that  liver  fibrosis  induced  by  HCV  or  HBV  were  distinguishable  and
identifiable.  The reason may be that  N-glycan changes in HBV-infected patients
during  the  development  of  fibrosis  did  not  completely  resemble  the  changes
occurring in HCV patients. We propose that the changed abundances of N-glycan
peaks were possibly associated with infection of different viruses (i.e., HBV is DNA
virus,  and HCV is  RNA virus).  Although the  molecular  mechanism involved is
unknown, the altered serum N-glycan in CHB patients or chronic hepatitis C patients
could attribute to alterations of the glycosylation machinery in the hepatocyte during
the progression of viral infection. Therefore, it is essential and meaningful to establish
an N-glycan diagnostic model for distinguishing liver fibrosis induced by HBV alone.

Our study indicates that serum N-glycan profiling is a promising non-invasive
method for diagnosing liver fibrosis induced by HBV. However, individual variation
in the serum N-glycan profile of patients still  existed and might influence model
effectiveness. We observed that mean ALT level in some patients with the obvious
liver fibrosis (≥ F2) exceeded the double upper limit of normal (ULN). We attempted
to select  these patients  to  analyze their  N-glycan profiles  and found that  the N-
glycomic changes in patients with higher serum ALT levels (> 2 ULN) were different
from the patients who had lower ALT levels (< 2 ULN). It was supposed that higher
ALT levels which commonly suggest a serious liver necroinflammation state could
influence N-glycan profiles in serum. Additionally, PLT levels were all significantly
different (P < 0.05) between patients with liver fibrosis F2-F4 and F0-F1, F3-F4 and F0-
F2, F4 and F0-F3. Therefore, we combined N-glycan markers with ALT and PLT to
evaluate liver fibrosis induced by HBV, which eliminated the effects of ALT and PLT
and achieved a higher diagnostic accuracy.

In summary, we found the alterations of serum N-glycan associated with HBV
related liver fibrosis and established three mathematic diagnostic models based on
serum N-glycan markers  for  assessing hepatic  fibrosis.  The results  showed that
multiparameter N-glycan models are powerful  in diagnosing fibrosis,  especially
early-stage  fibrosis  (≤  F2).  When  combining  with  ALT  and  PLT,  the  diagnostic
accuracy was improved considerably. Serum N-glycan profiling experiment requires
a standard DNA sequencer equipped in a clinical laboratory, and three μL serum is
sufficient to diagnose liver fibrosis accurately, which potentially reduces the need for
liver biopsy. Further research focusing on the development of N-glycome marker-
based diagnostic kits will be of great clinical significance. Prospective studies with a
larger  number  of  clinical  samples  to  investigate  relevant  molecular  regulatory
mechanisms related to the changes of N-glycan markers are required.

ARTICLE HIGHLIGHTS
Research background
Chronic hepatitis B virus (HBV) infection is a risk factor for the development of cirrhosis and
hepatocellular  carcinoma,  in  which  the  end-stage  liver  disease  eventually  leads  to  death.
Accurate detection of the early-stage fibrosis is of great clinical significance to implement the
intervention and block the progression of liver disorders. Liver biopsy as the gold standard is
invasive and prone to clinical sampling error. So, we attempted to find more convenient and
effective serum markers for detecting HBV-induced early-stage liver fibrosis.
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Research motivation
GlycoFibroTest and GlycoCirrhoTest were unsuitable for assessing stages of fibrosis induced by
HBV. Therefore, we investigated characteristics of serum N-glycan profiling of HBV-related liver
fibrosis and tried to find effective diagnostic markers.

Research objectives
To investigate serum N-glycan profiling of patients with HBV-related liver fibrosis and verify
multiparameter diagnostic models constructed based on serum N-glycan changes.

Research methods
N-glycan profiles were analyzed from sera of 432 HBV-infected patients with liver fibrosis by
DNA sequencer-assisted fluorophore-assisted carbohydrate electrophoresis. Multiparameter
diagnostic models were established based on statistically significant changed N-glycans using
logistic regression analysis.  The receiver operating characteristic (ROC) curve analysis was
performed to evaluate diagnostic efficacy of N-glycan models, and compared with APRI, FIB-4,
S-index and GlycoCirrho-test, GlycoFibro-test.

Research results
Multiparameter models containing four N-glycans (peak 1, peak 3/4 and peak 8) were powerful
in diagnosing liver fibrosis, especially at the early stage of fibrosis (≤ F2) with area under ROC
curve of 0.890. When combining with alanine aminotransferase and platelet tests, the diagnostic
accuracy  was  improved effectively  with  area  under  ROC curve  of  0.912,  0.829,  and 0.885,
respectively, for discriminating fibrosis F0-F1 from F2-F4, F0-F2 from F3-F4, and F0-F2 from F4,
and these models were also promising in distinguishing adjacent fibrosis (F0-F1/F2/F3/F4). We
confirmed that diagnostic power of both multiparameter and combined models was high in the
validation group.

Research conclusions
Multiparameter models based on serum N-glycans are effective supplementary markers to
distinguish between adjacent fibrosis stages caused by HBV, especially in combination with
alanine aminotransferase and platelet tests.

Research perspectives
This study provides insight into the role of serum N-glycan profiles in diagnosing HBV-related
liver fibrosis and a new diagnostic approach for other liver diseases.
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