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Objective: To explore the value of chitinase-3-like protein 1 (CHI3L1) for the diagnosis of patients with chronic liver diseases such
as chronic viral hepatitis B, liver cirrhosis and hepatocellular carcinoma (HCC), and analyze the correlation between serum CHI3L1
level and Child–Pugh grading of chronic liver diseases.
Methods: The serum CHI3L1 levels of 154 cases of chronic viral hepatitis B, 132 cases of liver cirrhosis and 88 cases of HCC were
detected by ELISA, and 92 healthy subjects were taken as the control.
Results: The –serum CHI3L1 levels in HCC group, liver cirrhosis group and chronic viral hepatitis B group were higher than in
healthy control group (P < 0.001). Serum CHI3L1 level showed a trend of increase in patients with chronic hepatitis to liver cirrhosis
and to HCC. The diagnostic efficacy of serum CHI3L1 level on liver cirrhosis showed the sensitivity of 64.4% and the specificity of
96.7%. The diagnostic efficacy of serum CHI3L1 level on HCC showed the sensitivity of 86.8% and the specificity of 97.8%. Serum
CHI3L1 level was higher in Child–Pugh grade B and C patients than in Child–Pugh grade A patients, and was positively correlated
with Child–Pugh grading of liver function (rs = 0.301, P < 0.001).
Conclusion: Serum CHI3L1 level increased in chronic liver diseases and showed an increase trend with the progression of liver
diseases. Serum CHI3L1 could be a biomarker for the auxiliary diagnosis of chronic liver diseases.
Keywords: chitinase-3-like protein 1, chronic hepatitis B, liver cirrhosis, hepatocellular carcinoma, Child–Pugh grading

Introduction
Chitinase-3-like protein 1 (CHI3L1), also known as YKL-40 and human cartilage glycoprotein-39 (HC-gp39), is a highly
conserved glycoprotein that can bind to heparin, chitin and collagen.1,2 CHI3L1 plays an important role in tissue
inflammation, tissue remodeling, fibrosis and cancer.3–5 Current studies have reported that serum CHI3L1 levels are
elevated in liver inflammation, liver fibrosis and hepatocellular carcinoma (HCC), and CHI3L1 may be related to the
prognosis of patients with chronic liver disease. However, there are few reports on the changes in serum CHI3L1 levels
in different types of chronic liver diseases such as chronic viral hepatitis B, liver cirrhosis and HCC, the diagnostic value
of CHI3L1 for liver cirrhosis and HCC, and the correlation between CHI3L1 and Child-Pugh grading. Therefore, in this
study, we detected the levels of serum CHI3L1 in healthy subjects, patients with chronic viral hepatitis B, patients with
liver cirrhosis and patients with HCC, and evaluated the value of serum CHI3L1 for the diagnosis of chronic liver
diseases.

Subjects and Methods
Subjects
This study enrolled patients with different chronic liver diseases, including 88 cases of liver cancer, 132 cases of liver
cirrhosis, and 154 cases of chronic hepatitis B, who were treated at Xiangya Hospital from August 2018 to
December 2019. In addition, 92 healthy subjects visiting Physical Examination Center of Xiangya Hospital were selected
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as the control. This study was approved by the Ethics Committee of Xiangya Hospital and followed the Declaration of
Helsinki. All participants signed informed consent.

Inclusion Criteria

(1) Inclusion criteria for chronic viral hepatitis B: had stage 4 hepatitis B, HBeAg positive, HBsAg positive, hepatitis
B virus (HBV) DNA positive for more than 6 months, had antiviral therapy, no hepatitis D virus infection, and had
chronic inflammation of the liver.

(2) Inclusion criteria for liver cirrhosis: including compensatory and decompensated liver cirrhosis, which met the
diagnostic criteria for liver cirrhosis in the Guidelines for Diagnosis and Treatment of Liver Cirrhosis.

(3) Inclusion criteria for primary liver cancer: liver cancer can be diagnosed if any one of the following three items is
met: (i) two typical imaging manifestations of liver cancer (ultrasound, enhanced CT, MRI or selective hepatic
arteriography), with the focus >2 cm; (ii) a typical imaging manifestation of liver cancer, with the focus >2 cm and
AFP >400 ng/mL; (iii) positive liver biopsy.

Exclusion Criteria
Pregnant, lactating women and persons with allergic constitution, severe diseases of important organs, other malignant
tumors of the system, autoimmune diseases, and acute and chronic infections.

Elisa
Blood samples were collected from all participants, and serum CHI3L1 level was detected by using CHI3L1 ELISA kit
(BioteK ELx50, BioTek Instruments, USA) following the manufacturer’s protocol.

Statistical Analysis
SPSS26.0 software was used for statistical analysis. Count data were expressed as constituent ratio, and measurement
data were expressed as quartile or mean ± standard deviation. The Chi-square test was used to compare constituent ratios
among multiple groups, and the Kruskal–Wallis H-test was used for comparison among multiple groups. The Nemenyi
test was used for pairwise comparison between multiple groups of samples. The Mann–Whitney U-test was used for
comparison between two groups, and P < 0.05 was considered statistically significant. Spearman correlation analysis was
used to study the correlation of each indicator, and ROC curve was used to analyze the diagnostic efficacy of the
indicator.

Results
General Data of the Subjects
A total of 88 patients with liver cancer were enrolled in this study, including 70 males and 18 females, with an average
age of 56.9 ± 11.0 years. Total 51 patients with liver cancer were complicated with liver cirrhosis, and one patient was
complicated with HCV infection. All patients with liver cancer had hepatocellular carcinoma except one case with
cholangiocarcinoma.

According to Barcelona Clinic Liver Cancer Staging, 20 patients were in Stage 0 (Very Early), they had no vascular
invasion, distant metastasis or lymph node invasion, all were single tumor and the largest tumor lesion was 1.9 cm; 21 patients
were in Stage A (Early), they had no vascular invasion, distant metastasis or lymph node invasion, while one patient had 2
tumors the rest had single tumor, and the largest tumor lesion was 5.4 cm; 17 patients were in Stage B (Intermediate), they had
no vascular invasion, lymph node metastasis or distant metastasis, the number of tumor in each patient was more than 3, and
the largest tumor lesion was 6.6 cm; 18 patients were in Stage C (Advanced), 15 patients had portal vein invasion and 3
patients had distant metastasis, 7 patients had single tumor, while other 11 patients had more than 3 tumors, and the largest
tumor lesion was 8.3 cm; and 12 patients were in Stage D (End-stage), 2 cases had no distant metastasis, while the other cases
had distant metastasis, the number of tumors was more than 3 in all 12 patients and the largest tumor lesion was 8.2 cm.
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In addition, this study enrolled 132 cases of liver cirrhosis, including 85 male and 47 female, with an average age of
57.0 ± 11.9 years; 154 cases of chronic viral hepatitis B, including 103 male and 51 female, with an average age of 54.0 ±
10.2 years; 92 healthy controls, including 56 male and 36 female, with an average age of 54.4 ± 9.7 years. The general
information of the four groups of subjects is listed in Table 1. There was no significant difference in age and gender
among the four groups of subjects.

Comparison of Serum CHI3LI Level Between Patients with Chronic Liver Diseases
and Healthy Controls
The serum CHI3LI levels in patients with different chronic liver diseases and healthy controls are shown in Table 2. The
serum CHI3L1 levels of chronic hepatitis group, liver cirrhosis group and HCC group were higher than that of healthy
control group. From chronic hepatitis to liver cirrhosis and then to HCC, serum CHI3L1 level showed a trend of increase.
The Kruskal-Wall H-test showed that the difference in CHI3L1 level among the groups was statistically significant
(χ2=122.194, P < 0.001).

ROC Curve Analysis of the Diagnostic Efficacy of Serum CHI3L1 on Liver Cirrhosis
Liver cirrhosis group was compared to healthy control group, and ROC curve was used to analyze the diagnostic efficacy
of serum CHI3L1 level on liver cirrhosis. The AUC was 0.782 (95% confidence interval, 0.721–0.844). When the cutoff
value was 63 ng/mL, the sensitivity was 64.4% and the specificity was 96.7% (Figure 1).

ROC Curve Analysis of the Diagnostic Efficacy of Serum CHI3L1 on HCC
HCC group without liver cirrhosis was compared to healthy control group, and ROC curve analysis showed that AUC
was 0.911 (95% confidence interval, 0.831–0.991). When the cutoff value was 67 ng/mL, the sensitivity was 86.8% and
the specificity was 97.8% (Figure 2). HCC group combined with liver cirrhosis was compared to liver cirrhosis group,
and ROC curve analysis showed that AUC was 0.644 (95% confidence interval, 0.562–0.726). When the cutoff value was
60 ng/mL, the sensitivity was 92% and the specificity was 35.6% (Figure 3).

Table 1 General Information of the Subjects

Group Gender (Male/Female) Age (Year)

Healthy Control 56/36 54.4±9.7

Chronic hepatitis B 103/51 54.0±10.2

Liver cirrhosis 85/47 57.0±11.9
HCC 70/18 56.9±11.0

χ2 6.454 5.982

P value 0.091 0.112

Table 2 Comparison of Serum CHI3L1 Levels in Patients with Chronic Liver
Diseases

Group Serum CHI3L1 level (ng/mL)

25th Percentile 50th Percentile 75th Percentile

Healthy control 28.357 36.138 46.267

Chronic hepatitis B 28.970 49.986 102.480*

Liver cirrhosis 39.351 109.000 260.770**Δ
Primary liver cancer 89.285 171.259 304.444**Δ#

Notes: Compared with healthy group, *P<0.01, **P<0.001; compared with chronic hepatitis group,
ΔP<0.001; compared with liver cirrhosis group, #P<0.01.
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Figure 1 ROC curve analysis of diagnostic efficacy of serum CHI3L1 on healthy control group and liver cirrhosis group.

Figure 2 ROC curve analysis of diagnostic efficacy of serum CHI3L1 on healthy control group and HCC group.

Figure 3 ROC curve analysis of diagnostic efficacy of serum CHI3L1 on liver cirrhosis group and HCC group.
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The Correlation Between Serum CHI3L1 Level and Child-Pugh Grade
According to the Child-Pugh scoring standard, 88 cases of liver cancer and 132 cases of liver cirrhosis were classified into
Child-Pugh grades as follows: 95 Child-Pugh grade A patients, 75 Child-Pugh grade B patients, and 50 Child-Pugh grade
C patients. Comparison of CHI3L1 levels of different Child-Pugh graded patients showed that serum CHI3L1 levels of
Child-Pugh grade B patients (χ2=−31.561, P = 0.001) and Child-Pugh grade C patients (χ2=−46.031, P < 0.001) were
significantly higher than those of Child-Pugh grade A patients, and there was no significant difference in serum CHI3L1
levels between Child-Pugh grade B patients and Child-Pugh grade C patients (χ2=−14.47, P = 0.639) (Table 3). In addition,
serum CHI3L1 level was positively correlated with Child-Pugh grading of liver function (rs = 0.301, P < 0.001) (Table 4).

Discussion
CHI3L1 is a member of the glycosyl hydrolase family. The expression of CHI3L1 shows tissue specificity.6 Normal liver
tissues only express CHI3L1 in the mesenchymal structure of the portal area, and hepatocytes do not express CHI3L1.
Therefore, CHI3L1 is highly expressed in the liver and secreted into the extracellular matrix. The accumulation of
extracellular matrix protein is the cause of liver fibrosis. Serum CHI3L1 level is closely related to tissue damage, such as
various types of inflammation, tissue remodeling and cancer, and is usually related to the severity of the disease.

Johansen et al showed that serumCHI3L1 level in patients with various types of liver cirrhosis was higher than that in patients
with liver fibrosis and chronic hepatitis, and serum CHI3L1 level in chronic hepatitis group was higher than that in the normal
control group.7 Jiang et al found that serum CHI3L1 level gradually increased from chronic hepatitis B to liver cirrhosis and then
to liver cancer.8 Kamal et al showed that serum CHI3L1 level was related to chronic hepatitis C virus (HCV) infection and liver
fibrosis, the dynamic change of CHI3L1 could indicate the progression of fibrosis.9 These studies indicate that serum CHI3L1 is
a new non-invasive indicator for the diagnosis and staging of liver fibrosis and cirrhosis, and can be used as a serum marker of
liver fibrosis. Indeed, CHI3L1 is abundant in the liver and has been proposed as a biomarker of liver fibrosis in patients with
chronic liver diseases of any etiologies such as HBV, HCV, non-alcoholic fatty liver diseases (NAFLD) and alcoholic liver
diseases (ALD).10–12 Kumagai et al reported that serum YKL-40 was a fibrotic marker in NAFLD patients with a specificity of
0.70 and a sensitivity of 0.768.13 Tran et al found that YKL40 could be a fibrosis marker for ALD to distinguish cirrhosis or
severe fibrosis (F3-F4) from F0-F2 with a sensitivity of 88.5 and a specificity of 50.8.14

However, Yang et al found that there was no significant difference in serum CHI3L1 level between patients with HCC
and patients with end-stage liver disease (ESLD).15 Moreover, Malik et al observed that CHI3L1 level could not
distinguish simple fatty liver disease from non-alcoholic steatohepatitis.16 Therefore, further studies are needed to verify
the expression of CHI3L1 in different stages of chronic liver disease and clarify clinical value of serum CHI3L1 level in
the diagnosis of liver fibrosis.

Table 3 Comparison of Serum CHI3L1 Levels in Patients with Different Child–Pugh Grades

Child-Pugh Grade Case Serum CHI3L1 Level (ng/mL)

25th Percentile 50th Percentile 75th Percentile

Child–Pugh grade A 95 38.964 87.795 176.683

Child–Pugh grade B 75 72.858 167.23 342.459*
Child–Pugh grade C 50 102.643 188.089 385.819**

Note: Compared with Child–Pugh grade A, *P<0.01, **P<0.001.

Table 4 Correlation Between Serum CHI3L1 Level and Child–Pugh
Grading

Variable CHI3L1 Level Child–Pugh Grading

CHI3L1 1 0.301***

Child-Pugh grading 0.301 *** 1

Note: ***P<0.001.
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In this study, the diagnostic efficacy of CHI3L1 on liver cirrhosis was explored. The results showed that CHI3L1 had
strong specificity in the diagnosis of liver cirrhosis, but the sensitivity was not good, suggesting that serum CHI3L1
detection has a certain diagnostic efficacy for patients with liver cirrhosis.

Primary liver cancer is one of the most common types of malignant tumors of the digestive system in China.17

Chronic hepatitis virus infection is the most important cause of primary liver cancer. Primary liver cancer is highly
malignant and lacks typical symptoms in the early stage, and it is easy to miss and misdiagnose. Once obvious clinical
symptoms appear, most of the patients have entered the middle and late stages, and the prognosis is not good. Currently,
laboratories mainly use serum alpha-fetoprotein for HCC screening. However, it has been reported that about 30% of
HCC patients have no elevated alpha fetoprotein level.18 Interestingly, CHI3L1 is located in human chromosome 1q31-
q32, which is a region where HCC-related genes are often amplified.15 The expression of CHI3L1 protein in HCC tumor
tissue is higher than that in adjacent normal tissues, and its level in serum of HCC patients is higher than that in healthy
persons. Therefore, in this study, we explored the diagnostic efficacy of CHI3L1 on HCC. Since only some cases of HCC
develop from liver cirrhosis, we compared serum CHI3L1 levels in patients with HCC combined with or without liver
cirrhosis. The results showed that the diagnostic sensitivity of CHI3L1 for HCC combined with liver cirrhosis was 92%,
significantly higher than that of AFP. The combination of serum CHI3L1 and AFP is expected to improve the sensitivity
of early diagnosis of HCC.

Child-Pugh grading is composed of five indicators: prothrombin time, total bilirubin, serum albumin, ascites, and
hepatic encephalopathy, and is a common indicator for clinical evaluation of liver function.19–21 According to the Child-
Pugh scores of patients, liver function can be divided into three grades: A, B, and C. The mortalities related to liver
disease in the 3 Child-Pugh grade patients within 1 year were <5%, 20% and 55%, respectively. However, at present,
there are few studies on the correlation between CHI3L1 and Child-Pugh grading of liver function. Therefore, in this
study, we analyzed the correlation between serum CHI3L1 levels in liver cirrhosis group and HCC group and Child-Pugh
grading. The results showed that serum CHI3L1 levels of Child-Pugh grade B patients and Child-Pugh grade C patients
were significantly higher compared to Child-Pugh grade A patients. In addition, serum CHI3L1 level was positively
correlated with Child-Pugh grading. Notably, recent studies have reported the potential of CHI3L1 for the diagnosis of
liver fibrosis.22,23 These data indicate that serum CHI3L1 level may be used as an indicator to evaluate liver function of
patients with liver diseases.

This study has some limitations. First, this study is a single-center clinical study. Second, the sample size is relatively
small. Further multi-center studies with large sample size are needed to confirm the value of serum CHI3L1 level for the
diagnosis of chronic liver diseases.

In conclusion, serum CHI3L1 level increased in chronic liver diseases, and showed a trend of increase with the
progression of liver diseases. Serum CHI3L1 could be a biomarker for the auxiliary diagnosis of chronic liver diseases.
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