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Abstract: Chronic hepatitis B (CHB) as the major inducement of hepatocellular carcinoma and cirrhosis, imposes a
heavy health burden upon patients. This research aims to investigate the diagnostic value of serum chitinase 3-like
1 (CHI3L1) in hepatitis B e antigen (HBeAg)-negative CHB liver fibrosis (LF) and to analyze the risk factors. We select-
ed 78 patients with HBeAg-negative CHB admitted to our hospital between October 2018 and October 2019, and
grouped them (F, , group, n=38; F, , group, n=40) based on their stages evaluated by the METAVIR scoring system.
Cubital venous blood was collected from patients in both groups to quantify the content of CHI3L1 after serum ex-
traction. The correlation of CHI3L1 in CHB with LF diagnostic markers fibrosis 4 (FIB-4) and y-glutamyltranspeptidase
(GGT) to platelet (PLT) ratio (GPR) as well as LF staging was analyzed. The diagnostic value of serum CHI3L1 in
HBeAg-negative CHB fibrosis staging was analyzed by receiver operating characteristic (ROC) curve, and the multi-
variate analysis of the risk factors for FB in HBeAg-negative CHB patients was performed using the Logistic regres-
sion model. This study found that serum CHI3L1 was positively correlated not only with LF markers (FIB-4, GPR), but
also with LF staging. Serum CHI3L1 had high diagnostic efficiency for LF staging, with the sensitivity and specificity
of 80.00% and 71.05%, respectively. In addition, CHI3L1, FIB-4, and GPR were identified to be the risk factors for
LF in HBeAg-negative CHB. In conclusion, serum CHI3L1 can be used as a diagnostic marker and risk factor for LF

in patients with HBeAg-negative CHB.
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Introduction

Chronic hepatitis B (CHB) is a high-risk viral
infectious disease with poor prognosis, and its
etiology is related to HBV infection [1]. Accor-
ding to epidemiological statistics, there are
approximately 400 million patients infected
with HBV worldwide and about 1 million annual
deaths due to the disease [2]. The typical char-
acteristic of HBV infection is the secretion of
hepatitis B surface antigen (HBsAg) by the
infected hepatocytes [3]. Furthermore, the
infection process is influenced by hepatitis B
e antigen (HBeAg), the presence of which can
drive HBV replication, but most patients with
CHB are HBEAg-negative [4, 5]. Liver fibrosis
(LF) in these patients leads to elevated risk of
cirrhosis, and in severe cases, LF and cirrhosis
can increase the risk of primary liver cancer
and death [6]. The pathological process of LF
is reversible. Early diagnosis and timely effec-

tive treatment are conducive to improving the
prognosis of patients and delaying or avoiding
the transition to cirrhosis [7]. Therefore, finding
effective diagnostic indicators and risk factors
for LF in HBeAg-negative CHB is of great sig-
nificance for improving patient outcomes and
reducing mortality.

Chitinase 3-like 1 (CHI3L1), or YKL-40, is a
member of the mammalian chitinase family,
can be secreted by fibroblast-like cells, hepatic
stellate cells and cancer cells, etc. [8]. It medi-
ates a wide range of biological processes and
participates in regulating biological processes
such as tissue repair, pathogen defense and
macrophage differentiation [9]. It is also a fib-
roblast growth factor and is related to LF in
patients with chronic liver diseases [10]. CHI3L1
is highly and specifically expressed in liver tis-
sue and can function as a serum index to eva-
luate the degree of LF [11]. Huang et al. [12]
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reported that CHI3L1 can be used in the diag-
nosis of CHB LF as a noninvasive diagnostic
model in combination with conventional clini-
cal indicators. According to Jin et al. [13],
CHI3L1 is a feasible new serum index used to
monitor LF progression in CHB. Fibrosis 4
(FIB-4) and y-glutamyl transpeptidase (GGT) to
platelet (PLT) ratio (GPR) are both non-invasive
serum markers of CHB fibrosis and can be
used as surrogate markers for liver biopsy [14].
CHI3L1, FIB-4, and GGT are all closely associ-
ated with LF, both in chronic hepatitis C and in
CHB, but their correlations in HBeAg-negative
CHB patients remain to be clarified [15, 16].

Currently, the diagnostic value of CHI3L1 in LF
of HBeAg-negative CHB patients is not clear.
Accordingly, this study mainly analyzed the
diagnostic value of CHI3L1 as a serum index
in HBeAg-negative CHB patients with LF and
the risk factors, aiming at rendering novel refer-
ences for the diagnosis of such patients.

Materials and methods
General data

A total of 78 patients with HBeAg-negative
CHB (male-to-female ratio: 47:31) admitted
consecutively to The First People’s Hospital of
Yongkang, Yongkang between October 2018
and October 2019 were enrolled. Inclusion cri-
teria: confirmed diagnosis of CHB (persistent
serum HBsAg for more than six months), liver
biopsies performed within one week after
blood laboratory tests, HBeAg-negative, age:
16-80 years old, complete clinical medical
records, high compliance, normal cognitive and
communication skills, and no medication taken
within the past six months that may affect the
experimental results. Exclusion criteria: other
types of hepatitis virus infection, malignant
tumor(s), other liver diseases, insufficient liver
biopsy samples (<1.5 cm), other serious organ-
ic diseases, lactation or pregnancy. This study
has been approved by the Ethics Committee
of the First People’s Hospital of Yongkang. All
subjects were informed and signed informed
consent.

Histological analysis and grouping

Ultrasound guided liver biopsy was performed
using a 16 G needle. Liver samples with a
minimum length of 1.5 cm and at least 7 intact
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portal vein bundles were fixed with 10% for-
malin and embedded in paraffin. Histological
analysis was performed by hematoxylin and
eosin, Masson’s trichrome and reticulin stain-
ing. By referring to the METAVIR scoring sys-
tem [17], patients were pathologically analyzed
and grouped (F ,, n=38; F,,, n=40), among
which the F | group was non-significant hepatic
fibrosis group, and the F,, group was signifi-
cant hepatic fibrosis group. LF staging: FO = no
fibrosis, F1 = portal vein fibrosis without septa,
F2 = portal vein fibrosis with rare septa, F3 =
large septa without cirrhosis, F4 = cirrhosis.

Measurement indicators

Fasting serum samples were collected one
week after liver biopsy to measure serum
CHI3L1 levels using the ELISA kit (CUSABIO
Technology LLC. Wuhan, China, CSB-E136-
08H).

Other detection indexes: Hepatitis B virus (HBV)
DNA was detected by real-time PCR system
(Xi'an Tianlong Science and Technology Co.,
Ltd., Xi'an, China, Gentier 96E). The contents
of PLT, hemoglobins (Hb), neutrophils (N), lym-
phocytes (LY), and monocytes (MNC) were
measured using an automatic hematology
analyzer (Shanghai Jmmedical Instrument Co.,
Ltd., Shanghai, China, B3513). The levels of
serum biochemical indexes such as total bili-
rubin (TBIL), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and y-GGT
were determined by an automatic biochemical
analyzer (Nanjing Vedeng Medical Co., Ltd.,
Nanjing, China, V503801).

Fib-4 and GPR are calculated as follows: FIB-4
= (Age [years] x AST [U/L])/(PLT [10%/L] x ALT
[U/L] 1/2); GPR = (GGT/upper limit of normal) x
100/PLT.

Statistical analysis

SPSS 22.0 (Beijing EasyBio Technology Co.,
Ltd., China) was used for statistical analysis.
The Chi-square test was used for inter-group
comparisons of counting data, expressed as
number of cases/percentage (n/%). When the
theoretical frequency in the Chi-square test
was <5, a continuous correction chi-square
test was applied. As to measurement data
recorded as mean + SEM, inter-group compari-
sons were performed by the independent sam-
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Table 1. Analysis of pathological parameters of HBeAg-negative CHB liver fibrosis [n (%), Mean + SD]

Factors n F,. group (n=38) F,, group (n=40) X2/t P
Sex 0.947 0.330

Male a7 25 (65.79) 22 (55.00)

Female 31 13 (34.21) 18 (45.00)
Age (years) 78 37.89+11.09 41.73+11.55 1.496 0.139
BMI (kg/m?) 78 28.26+4.66 28.96+6.91 0.522 0.603
HBV DNA log10 (IU/mL) 78 5.06+1.04 5.24+1.15 0.724 0.471
PLT (10°%/L) 78 186.28+33.28 182.74+20.20 0.571 0.570
Hemoglobins (%) 78 13.73+£1.32 14.06+1.39 1.074 0.286
Neutrophils (%) 78 58.22+7.09 61.32+8.12 1.792 0.077
Lymphocytes (%) 78 33.84+5.75 31.48+7.00 1.622 0.109
Monocytes (%) 78 4.60+2.29 4.84+2.57 0.435 0.665
TBIL (umol/L) 78 18.34+7.07 19.23+8.95 0.486 0.629
ALT (U/L) 78 46.14+19.38 51.82+28.81 1.016 0.313
AST (U/L) 78 46.64+19.43 42.50426.00 0.793 0.430
FIB-4 78 290.99+105.26 392.29+89.59 4585 <0.001
GPR 78 0.56+0.27 0.70+0.24 2.423 0.018
CHI3L1 (ng/mL) 78 105.50+42.55 133.43+26.96 3.481 <0.001

Note: HBeAg, hepatitis B e antigen; CHB, Chronic hepatitis B; BMI, Body Mass Index; HBV, Hepatitis B Virus; PLT, Platelet; TBIL,
total bilirubin; ALT, alanine transaminase; AST, aspartate transaminase; FIB-4, Fibrosis-4; GPR, gamma-glutamyl transpepti-

dase to platelet ratio; CHI3L1, Chitinase 3-like 1.

ples t-test. The efficacy of CHI3L1 in differenti-
ating LF was analyzed using receiver operating
characteristic (ROC) curves. Correlations of
CHI3L1 with LF markers and LF staging were
discussed using Pearson’s coefficients and
Spearman correlation coefficients, respective-
ly. Risk factors for LF in HBeAg-negative CHB
were analyzed by logistics multifactor regres-
sion analysis. The significance level was
P<0.05.

Results

Pathological parameters analysis of LF in
HBeAg-negative CHB

The statistical results of patients’ pathological
data showed that there were no statistical dif-
ferences in sex, age, body mass index (BMI),
HBV DNA, PLT, Hb, N, LY, MNC, TBIL, ALT and
AST between the groups (P>0.05), while there
were statistical differences in FIB-4, GPR and
CHI3L1 (P<0.05, Table 1).

Correlation of serum CHI3L1 level with LF mark-
ers and staging

Serum CHI3L1 had a significant positive corre-
lation with LF markers FIB-4 and GPR (r=0.433,
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P<0.01; r=0.409, P<0.01), as indicated by
Pearson correlation coefficients. The relation-
ship between serum CHI3L1 level and LF stag-
ing was analyzed by Spearman correlation
coefficients. We defined Fo,1 group as 1 and
F,, group as 2. The data showed a significant
positive correlation between serum CHI3L1
and LF staging (r=0.523, P<0.01). See Figure
1.

Diagnostic significance of serum CHI3L1 in
HBeAg-negative CHB LF staging

Through ROC curve analysis, it was found that
the area under the curve (AUC) of serum CHI3-
L1 in diagnosing LF staging was 0.818, the
optimal cut-off was 118.2 ng/mL, the sensi-
tivity was 80.00%, and the specificity was
71.05%. See Figure 2.

Analysis of risk factors of LF in HBeAg-negative
CHB

FIB-4, GPR and CHI3L1 with significant differ-
ences were included in the analysis and
assigned as dependent variables. Taking whe-
ther it affects HBeAg-negative CHB LF as the
dependent variable, multivariate analysis was
performed using the Logistic regression model.
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Figure 1. Correlations of serum CHI3L1 level with liver fibrosis markers and staging. A. Relationship between serum
CHI3L1 level and FIB-4. B. Relationship between serum CHI3L1 level and GPR. C. Relationship between serum
CHI3L1 level and liver fibrosis staging. Note: FIB-4, Fibrosis-4; GPR, gamma-glutamyl transpeptidase to platelet ratio;

CHI3L1, Chitinase 3-like 1.
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Figure 2. Diagnostic value of serum CHI3L1 in
HBeAg-negative CHB liver fibrosis staging. Note:
CHI3L1, Chitinase 3-like 1; HBeAg, hepatitis B e
antigen; CHB, Chronic hepatitis B.

Table 2. Logistic multivariate regression analy-
sis assignment

Factors Variables Assignment

FIB-4 X1 Continuous variable
GPR X2 Continuous variable
CHI3L1 X3 Continuous variable

Note: FIB-4, Fibrosis-4; GPR, gamma-glutamyl transpepti-
dase to platelet ratio; CHI3L1, Chitinase 3-like 1.

The results revealed that FIB-4 (P=0.040), GPR
(P=0.022) and CHI3L1 (P<0.001) were inde-
pendent risk factors for LF in HBeAg-negative
CHB patients. See Tables 2, 3.

Discussion

LF is involved in the pathological process of
CHB, which is also an intermediate step in
the transition to cirrhosis [18]. Severe LF in
CHB patients can lead to an increased risk of
complications, so the prediction of LF staging
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is crucial for optimizing CHB treatment [19].
Liver biopsy is currently the gold standard for
the differentiation of LF, but this method is not
ideal because of its invasiveness, sampling
errors and limitations [20]. Serum diagnostic
markers, on the other hand, are increasingly
popular in virtue of their non-invasiveness,
simple sampling and low cost [21]. Therefore,
finding effective serum markers is of great
significance for diagnosing LF in CHB patients.

CHI3L1 is a chitinase-like soluble protein that
has no chitinase activity [8]. It has been found
to be abnormally upregulated in serum in a vari-
ety of liver diseases, including LF, nonalcoholic
fatty liver disease, alcoholic liver disease and
hepatocellular carcinoma, suggesting its spe-
cific expression in liver diseases [22]. Studies
on the underlying mechanism have indicated
that inhibiting CHI3L1 has beneficial effects
on the improvement of various liver diseases.
For example, down-regulation of CHI3L1 has
been found to inhibit the activation and prolif-
eration of T cells in mesenchymal stem cells
and effectively improve concanavalin A (Con
A)-induced liver injury [23]. In @ mouse model
of nonalcoholic fatty liver disease, the liver
insulin signal transmission of mice was signifi-
cantly improved, and the lipid accumulation
was significantly reduced after knocking out
the CHI3L1 gene [24]. It is also found that
CHI3L1 could promote the progression of he-
patocellular carcinoma via activating the TGF-3
axis, while the number of lung metastases in
the mouse model was significantly reduced
after inhibiting CHI3L1 [25]. The role and mech-
anism of CHI3L1 in LF have also been continu-
ously analyzed by more and more scholars. For
example, Kang et al. [26] reported that the level
of CHI3L1 was significantly positively correlat-
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Table 3. Analysis of risk factors affecting HBeAg-negative

CHB liver fibrosis

optimal cut-off, sensitivity, and spe-
cificity of 0.818, 118.2 ng/mL,

Factors B S.E Wald P OR

95% Cl 80.00%, and 71.05%, respectively.

Some studies have shown that the

FIB-4 1.231 0.625 4.361 0.040 3.670 1.087-12.345
GPR 1.563 0.691 5.214 0.022 4.769 1.240-18.376

CHI3L1 2.874 0.767 14.695 <0.001 15.843 4.013-77.674

AUC of CHB patients differentiated
by CHI3L1 can be as low as 0.73, or
as high as 0.97 [11, 13]. We also

Note: FIB-4, Fibrosis-4; GPR, gamma-glutamyl transpeptidase to platelet

ratio; CHI3L1, Chitinase 3-like 1.

ed with LF deterioration in patients with hepati-
tis C virus (HCV)-induced chronic hepatitis C,
and the decrease of CHI3L1 level could reflect
the improvement of LF. Higashiyama et al. [27]
confirmed that LF was effectively controlled in
mice with defective expression of CHI3L1, and
its mechanism was related to the promotion of
apoptosis of liver macrophages by CHI3L1
dysregulation.

In our study, HBeAg-negative CHB patients
were divided into the non-significant LF group
(Fo,i' n=38) and the significant LF group (F,,,
n=40). Significantly higher serum CHI3L1
expression was determined in the F,, group
compared with that in the F , group, suggest-
ing that serum CHI3L1 level may have the
potential to diagnose LF in patients with HBe-
Ag-negative CHB. In the research of Li et al.
[28], CHI3L1 was significantly overexpressed
in patients with HBeAg-positive CHB, which is
similar to our research results. Furthermore, LF
in patients with HBeAg-negative CHB was
found to be closely related to FIB-4, GPR and
CHI3L1. We confirmed significant positive cor-
relations of CHI3L1 with FIB-4, GPR and LF
staging through correlation analysis, indicating
that CHI3L1 mediated the LF process in HB-
eAg-negative CHB patients and had a signifi-
cant positive correlation with the severity of LF
in such patients. Jiang et al. [11] pointed out
that serum CHI3L1 level in CHB patients was
positively correlated with FIB-4, which is con-
sistent with our findings. In the report of
Schiavon et al. [15], high CHI3L1 and GGT lev-
els and low PLT were significantly associated
with HCV fibrosis, while GGT and PLT were used
as the denominator and the numerator of GPR,
respectively, suggesting that high level of GPR
was closely associated with HCV fibrosis and
may have synergistic relationship with CHI3L1.
Then, through ROC analysis, we found that
CHI3L1 had high efficacy in diagnosing LF in
HBeAg-negative CHB patients, with the AUC,
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performed Logistic multifactor regre-
ssion analysis on the risk factors for
LF in HBeAg-negative CHB, and the
data showed that FIB-4, GPR and CHI3L1 were
independent risk factors.

This study still has some limitations: (1) The
mechanism of action of CHI3L1 has not been
investigated, so molecular studies or animal
experiments are needed to provide more
insight into the molecular mechanism of
CHI3L1 against LF. (2) This study did not ana-
lyze the diagnostic value of specific fibrosis
stages, but only made a preliminary analysis
of significant fibrosis and non-significant fibro-
sis. We will improve the depth of analysis in
future research.

All in all, this study proposes for the first time
that serum CHI3L1 can be used as a diag-
nostic marker and risk factor for LF in patients
with HBeAg-negative CHB, which provides new
insights for the management of this disease.
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