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While liver fibrosis remains a serious, progressive, chronic liver disease, and factors 
causing damage persist, liver fibrosis may develop into cirrhosis and liver cancer. 
However, short-term liver fibrosis is reversible. Therefore, an early diagnosis of 
liver fibrosis in the reversible transition phase is important for effective treatment 
of liver diseases. Chitinase-3-like protein 1 (CHI3L1), an inflammatory response 
factor that participates in various biological processes and is abundant in liver 
tissue, holds promise as a potential biomarker for liver diseases. Here, we aimed 
to review research developments regarding serum CHI3L1  in relation to the 
pathophysiology and diagnosis of liver fibrosis of various etiologies, providing a 
reference for the diagnosis, treatment, and prognosis of liver diseases.
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1 Introduction

Liver fibrosis, caused by etiological factors such as hepatitis viruses, non-alcoholic fatty 
liver disease (NAFLD)/non-alcoholic steatohepatitis (NASH), toxins, and alcohol 
consumption, is a key driver of various chronic liver diseases and cirrhosis and is strongly 
associated with the prognosis of chronic liver disease (1–3). Liver fibrosis is a wound-healing 
response against hepatocyte injury. During liver fibrosis, extracellular matrix (ECM; rich in 
collagen I and III) formation increases, and hepatic stellate cells (HSCs) gradually transform 
into myofibroblasts, ultimately leading to a reduction in hepatocytes and an accumulation of 
ECM and fibrillar collagen (4). Liver fibrosis is histologically reversible, whereas cirrhosis 
reversal is more challenging (5). Therefore, early diagnosis of liver fibrosis and effective 
treatment during its reversible period are crucial.

Histopathological assessment remains the gold standard for diagnosing liver fibrosis 
Histopathological assessment provides key findings for a definitive diagnosis, allowing for the 
measurement of inflammatory activity, the degree of fibrosis, and the determination of 
therapeutic efficacy. However, as an invasive test, a liver biopsy carries a risk of postoperative 
complications such as pain, bleeding, infection, and even death. It is a costly procedure and 
may not always be well tolerated by patients. Moreover, the scope of liver biopsy is further 
limited in terms of sampling and inter-observer errors, highlighting limitations in accurately 
diagnosing and periodically evaluating the degree of liver fibrosis. Non-invasive imaging 
techniques, including transient elastography (TE), ultrasound radiation force impulse imaging 
(ARFI), and magnetic resonance elastography (MRE), are frequently used as liver stiffness 
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measurement (LSM) tests. However, since the M-probe can only 
detect a depth of 2.5–6.5 cm below the hepatic pericardium, obese 
patients may not obtain sufficient signals. There are also limitations 
for patients with ascites around the liver because shear waves cannot 
propagate in fluid. Therefore, TE cannot be used in patients with 
ascites or obesity (6). In addition, its results vary according to the 
experience of the operator, and differentiating between progressive 
and significant hepatic fibrosis can be challenging. While the overall 
efficacy of MRE is superior to that of TE, there are currently no 
guidelines concerning diagnostic thresholds for liver fibrosis that 
incorporate MRE-related liver elasticity values. Moreover, MRE is not 
a substitute for liver biopsy.

Serologic indicators provide unique advantages as they are 
non-invasive, simple, and highly reproducible. In addition, compared 
to biopsy testing, these markers offer the added advantage of indicating 
the level of fibrotic changes occurring throughout the liver. 
Determining the extent of liver fibrosis sensitively and accurately is 
difficult using only a single index, and in recent years, many 
non-invasive diagnostic models have been developed to partially 
replace liver biopsy. Currently, the commonly used serological 
diagnostic models are four serum liver fibrosis markers, namely, 
amino-terminal pro-peptide of type III pro-collagen (PIIINP), collagen 
IV (CIV), laminin (LN), and hyaluronic acid; the fibrosis-4 (FIB-4) 
index (7); and the aspartate aminotransferase (ASP)-to-platelet ratio 
index (APRI) (8). FIB-4 and APRI reduce the need for a liver biopsy by 
approximately 30–40%. The 2015 World Health Organization (WHO) 
guidelines for the prevention and treatment of hepatitis B and the 
Chinese guidelines for the prevention and treatment of chronic 
hepatitis B (CHB) both recommend FIB-4 and APRI, for the 
assessment and diagnosis of liver fibrosis. However, the diagnostic 
value of FIB-4 and APRI is limited to patients with CHB and chronic 
hepatitis C (CHC), and the diagnostic value of these serological 
markers in determining intermediate stages of liver fibrosis, specifically 
in diagnosing liver fibrosis due to other causes, remains unclear (9) 
(Table  1). CHI3L1, a member of the chitosanase family, is highly 
expressed in liver tissues, can be secreted into the ECM of the liver, and 
is highly expressed in hepatic fibrosis. Therefore, by reviewing the 
recent developments in serum CHI3L1 research, that is, the role of 
CHI3L1 in the pathogenesis and diagnosis of liver fibrosis, caused by 
different etiologic factors, we aimed to determine reference values to 
aid in the diagnosis, treatment, and prognosis of liver diseases.

2 Overview of CHI3L1

2.1 CHI3L1 structure and receptors

CHI3L1, commonly known as the chitin protein, is a glycoprotein 
(with a molecular weight of approximately 40 kDa) expressed by the 
CHI3L1 gene located on chromosome 1q31-q32.35. CHI3L1 belongs 
to the 18-glycosyl hydrolase family, and its polypeptide chain consists 
of 383 amino acids. It has been named YKL-40, and owing to the 
N-terminal three amino acids at the N-terminal end of the peptide 
chain are tyrosine (Y), lysine (K), and leucine (L). The 18-glycosyl 
hydrolase family mainly includes chitinases and chitinase-like proteins 
(CLPs). Chitinases are proteins with true chitin-degrading ability, 
while CHI3L1 belongs to the CLPs. Due to a mutation in the catalytic 
residue glutamate, CHI3L1 does not possess hydrolase activity; 
however, it still has a high affinity for chitosan, binds to a variety of 

receptors, and induces a wide range of cellular responses (22, 23). 
Currently identified CHI3L1 receptors include heparin, collagen, 
IL-13Rα2, transmembrane protein 219 (TMEM219), galectin-3, and 
cluster of differentiation 44 (CD44). CHI3L1 functions by binding to 
the receptors.

For example, CHI3L1binds to CD44 and activates the ERK and 
Akt pathways, as well as phosphorylates β-catenin, which promotes 
metastasis in gastric cancer (24). In addition, CHI3L1 modulates the 
glioma microenvironment by interacting with galectin-3, increasing 
tumor immunosuppression, and promoting macrophage M2 
polarization, a process that is negatively regulated by galectin-3-
binding proteins by competing with galectin-3 for binding to 
CHI3L1 (25).

2.2 Synthesis of CHI3L1

CHI3L1 is a highly evolutionarily conserved secreted protein, first 
discovered in 1992 by Johansen et al. in the cell culture of the human 
osteosarcoma cell line, MG63 (26). Immunofluorescence staining of 
liver specimens from patients with NAFLD revealed that CHI3L1 in 
liver tissue was mainly derived from macrophages. Studies have shown 
that CHI3L1 is also derived from a variety of cells, including 
neutrophils, fibroblasts, vascular smooth muscle cells, chondrocytes, 
HSCs, and tumor cells (27–29).

CHI3L1 synthesis and secretion are regulated by a variety of 
factors. Many cytokines such as IL-1β, IL-13, IL-6, and IFN-γ 
stimulate CHI3L1 expression, which in turn can regulate the 
expression of cytokines such as IL-6, IL-8, IL-12, IL-18, IFN-γ, and 
tumor necrosis factor (30). Non-coding RNAs such as miR-125-3p, 
miR-342-3p, and linc00963 regulate CHI3L1 through signaling 
pathways and play a key role in regulating inflammation-driven liver 
fibrosis (31–33). Sarma et al. (32) reported that CHI3L1 expression is 
regulated through the miRNA-449a/NOTCH1 axis and that stabilized 
p65 interacts with CCAAT/EBPα in the CHI3L1 promoter region to 
upregulate CHI3L1 expression in hepatitis C. Furthermore, factors 
such as aging, ECM changes, stress, and drugs also modulate CHI3L1 
expression (34).

2.3 Biological functions of CHI3L1

CHI3L1 is closely related to cell proliferation, apoptosis, cell 
differentiation, and cell invasion and is involved in embryonic 
development, inflammation, tissue remodeling, angiogenesis, and 
tumor metastasis (Figure 1); however, studies targeting serum CHI3L1 
levels are limited (35). Additionally, CHI3L1 is involved in innate 
immune system and ECM remodeling and is associated with chronic 
viral hepatitis, alcoholic hepatitis, NAFLD, and other chronic liver 
diseases, with a close association between the degree of liver fibrosis 
and ECM synthesis (14, 36–38).

2.3.1 CHI3L1 as an inflammatory factor
Infection and inflammation stimulate the production of CHI3L1, 

which plays a major role in tissue injury, inflammation, tissue repair, and 
remodeling responses. CHI3L1 expression is upregulated in 
inflammatory conditions such as ulcerative colitis, Crohn’s disease, 
rheumatoid arthritis, osteoarthritis, and hepatic sclerosis, as well as in 
solid cancers (22, 39–41). CHI3L1plays a key role in microenvironmental 
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remodeling in different diseases (42). Schoneveld et  al. (43) 
retrospectively analyzed serum CHI3L1 levels in patients with 
coronavirus disease 2019 (COVID-19), chronic obstructive pulmonary 
disease, and unrelated interstitial lung disease and found that CHI3L1 
upregulation in patients was strongly associated with the level of 

inflammation. De Lorenzo et al. (44) found that plasma CHI3L1 levels 
were elevated in patients with COVID-19 and that this elevation might 
contribute to a poor prognosis. The researchers also reported that 
although systemic inflammation had returned to baseline levels and 
plasma CHI3L1 levels decreased after 4 weeks of clinical remission in the 

TABLE 1 Diagnostic value of serum markers for liver fibrosis.

Index Parameters Diseases (cases) AUC Sensitivity 
(%)

Specificity 
(%)

Negative 
predictive 
value (%)

Positive 
predictive 
value (%)

REF

CHI3L1

CHB

Monoinfected 

with HBV
0.97 95.20 89.70 (10)

HBeAg-negative 

patients with 

CHB

0.818 80.00 71.05 (11)

Significant 

fibrosis (≥F2)
0.728 59.1 75.6 (12)

CHC 0.809 78 81 (13)

NAFLD 0.7638 70 76.80 (14)

APRI AST, PLT

CHB 0.688 55.20 85.70 (10)

CHC 0.8 91 47 (8)

NAFLD 0.77 18.30 96.10 (6)

ALD 0.7 13.20 77.60 (15)

FIB-4
PLT, ALT, AST, 

age

CHB 0.7844 65.40 73.60 (16)

NAFLD 0.85 84.40 68.50 (17)

ALD 0.85 58 91 (18)

PP score PLT, PIIINP

Early 

treatment 

stage for CHB

Advanced 

fibrosis (F ≥ 3, 

225 cases)

0.775

(9)

Advanced 

fibrosis (F ≥ 4, 

117 cases)

0.803

Liver cirrhosis 

(F ≥ 5, 29 cases)
0.803

Post-

treatment 

CHB

Advanced 

fibrosis 

(F ≥ 3,137 cases)

0.632

Advanced 

fibrosis (F ≥ 4, 65 

cases)

0.700

Liver cirrhosis 

(F ≥ 5, 21 cases)
0.743

NIS4 

score

miR-34a-5p, A2M, 

CHI3L1, HbA1c

Prevalence of 

at-risk NASH*

Pooled 

validation cohort 

(n = 702)

0.80 81.50 63.00 77.90 (19)

CAP CHI3L1, AFP, PLT CHB, 337 cases 0.805–0.819 71.60–81.30 70.00–79.89 (20)

YKL-40 

model

CHI3L1, AST, HA, 

PLT

ALT<2x the 

ULN CHB

Training group, 

307 cases
0.786 71.74 72.85 80.88 61.68

(21)
Validation group 

(153 cases)
0.831 71.79 85.33 85.33 71.79

AUC, area under curve; REF, references; CHB, chronic hepatitis B; CHC, chronic hepatitis C; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; ALD, alcoholic 
liver disease; ULN, upper limit of normal.
*At-risk NASH was defined as non-alcoholic fatty liver disease activity score 4 or more and liver fibrosis stage 2 or more.
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patients with COVID-19,CHI3L1 levels in individuals that recently 
presented with systemic inflammation were significantly higher than 
those in healthy controls. This suggests that even after systemic 
inflammation returns to baseline levels, the stimuli that maintain 
CHI3L1 production may still be present.

2.3.2 Immunosuppressive effects
CHI3L1 has immunosuppressive functions and has been 

identified as a new target for T-cell blockade (45, 46). CHI3L1 blocks 
T-cell infiltration by promoting neutrophil recruitment and neutrophil 
extracellular trap formation, and CHI3L1 targeting promotes 
antitumor immunity in various tumor types (47). For example, in 
glioblastoma, upregulation of cancer-intrinsic CHI3L1 signaling 
regulates the immunosuppressive microenvironment by 
reprogramming tumor-associated macrophages, leading to tumor 
progression (25). CHI3L1 deficiency accelerates stroke by enhancing 
neuroinflammation via reduced M2 macrophage polarization (48–50). 
NOD-like receptor protein 3 (NLRP3) mimics some of the hepatic 
features of NASH, and breast regression protein 39 (BRP39) plays a 

regulatory role in NLRP3-mediated hepatic inflammation and fibrosis 
in NLRP3 hyperfunctional mice. f BRP39 knockdown reduces hepatic 
inflammation and fibrosis and decreases infiltrating lipid-associated 
macrophages and neutrophils, two immune cells that play a key role 
in NASH progression (51). These findings suggest that CHI3L1 may 
be a novel target for the treatment of immune liver injury as well as 
for other T-cell-mediated diseases.

3 The relationship between CHI3L1 
and liver fibrosis

Studies have shown that a variety of cells, including myofibroblasts, 
HSCs, hepatocytes, inflammatory cells, liver sinusoidal endothelial 
cells (LSECs), portal fibroblasts, and fibrocytes, are involved in liver 
fibrosis. Myofibroblasts are the main source of ECM in fibrotic liver 
and are not present in healthy liver tissues. Activated HSCs and portal 
fibroblasts transform into myofibroblasts during fibrosis, where HSCs 
play an important role in hepatic fibrosis. Quiescent HSCs reside in 
the defined space between LSECs and hepatocyte clusters (space of 
Disse). Upon activation, HSCs migrate to the site of injury and secrete 
ECM. CHI3L1 has been identified as a pro-fibrotic factor; it is 
overexpressed in aging livers and in patients with hepatic cirrhosis, 
thus given its key role in the development of hepatic fibrosis through 
direct action on HSCs and promotion of susceptibility to fibrosis in 
aging livers (34), CHI3L1 serves as a biomarker of hepatic fibrosis.

In a previous study involving 168 patients (non-hepatitis B, 
n = 79 patients; hepatitis B, n = 89 patients), we observed that in 
both patients with CHB and those without, there was a statistically 
significant difference in serum CHI3L1 levels between the 
significant and non-significant hepatic fibrosis group (Tables 2, 3; 
Supplementary material). It has been shown that in human and 
mouse fibrotic livers, CHI3L1 is mainly derived from hepatic 
macrophages and the accumulation of CHI3L1-positive hepatic 
macrophages is markedly enhanced during the fibrotic process, 
which may account for the elevated serum CHI3L1 levels (52). In 
a NASH mouse model, CHI3L1 regulated macrophage-hepatic 
stellate cell crosstalk, and direct stimulation of macrophages by 
CHI3L1 led to the upregulation of HSC-activating factor 
expression. In an in vitro study, stimulation of LX-2 cells with 
recombinant CHI3L1 showed direct activation of HSCs by 

TABLE 2 Serum CHI3L1 levels in patients with CHB.

Patients with CHB M (P25, P75) Median difference (95% 
CI)

Wilcoxon two-sample rank sum 
test

Z-value p-value

No significant liver fibrosis group (n = 45) 95.18 (68.39–112.38)
−73.489 (−87.320 to −59.509) −7.476 <0.001

Significant liver fibrosis group (n = 44) 165.23 (141.11–192.65)

TABLE 3 Serum CHI3L1 levels in patients with no hepatitis B.

Patients with no CHB M (P25, P75) Median difference 
(95% CI)

Wilcoxon two-sample rank sum test

Z-value p-value

No significant liver fibrosis group (n = 30) 113.11 (97.56–118.60)
−8.153 (−16.069 to −0.453) −2.101 0.036

Significant liver fibrosis group (n = 49) 118.49 (103.62–128.68)

FIGURE 1

Biological functions of CHI3L1.
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CHI3L1 through the receptor IL13Rα2, which led to the 
upregulation of pro-fibrotic factors in the liver (53). Recombinant 
CHI3L1 promotes the proliferation and activation of primary 
human HSCs (34).

CHI3L1 inhibits hepatic macrophage apoptosis by suppressing Fas 
expression and activating the Akt signaling pathway in an autocrine 
manner, leading to hepatic macrophage accumulation and activation, 
which exacerbates liver fibrosis. CHI3L1 inhibits apoptosis in M1-like 
but not M2-like hepatic macrophages (52). In conclusion, by inhibiting 
hepatic macrophage aggregation and promoting apoptosis, CHI3L1 
deficiency could ameliorate hepatic fibrosis; thus,CHI3L1 can serve as a 
potential therapeutic target for liver fibrosis.

4 Application of CHI3L1 in the 
diagnosis of liver fibrosis

4.1 CHB

Hepatitis B virus (HBV) infection is a major global public health 
issue. WHO estimates that of the 296 million people chronically infected 
with HBV globally, nearly 820,000 died due to HBV-related diseases in 
2019. Furthermore, in approximately 15–40% of untreated patients, HBV 
infection will progress to cirrhosis or hepatocellular carcinoma (HCC). 
As the world’s most populous country, China has approximately 100 
million HBsAg carriers (prevalence, 7.8%), and the annual number of 
deaths from HBV-related liver diseases is 162,000, accounting for 
approximately 29% of HBV-related deaths globally (54). China has made 
efforts to reduce the incidence of HBV infection over the past three 
decades (55), and aims to be a major contributor to the WHO’s goal of 
“eliminating viral hepatitis as a major public health threat by 2030.”

CHB is a dynamically progressive disease, and several clinical 
studies have shown that timely and effective antiviral therapy can slow 
or even reverse CHB-induced liver fibrosis (56, 57). The American 
Association for the Study of Liver Diseases and Asian Pacific 
Association for the Study of Liver Diseases guidelines recommend 
antiviral therapy for patients when the alanine transaminase (ALT) 
levels that are twice the upper limit of normal (ULN) levels (58, 59). 
However, in Chinese patients with CHB, ALT levels and the degree of 
fibrosis are not consistent, regardless of the HBe-Antigen (HBeAg) 
status and HBV DNA levels. Moreover, significant hepatic fibrosis has 
also been present in patients with CHB and an ALT level less than 
twice the ULN (21). Therefore, in the 2022 Expert Opinion on 
Expanding Antiviral Therapy for CHB, published by the Chinese 
Medical Association’s Section of Hepatology, it was suggested that 
antiviral therapy be initiated when a non-invasive diagnosis suggests 
significant inflammation or fibrosis in the liver (60).

Serum CHI3L1is associated with a high diagnostic value in 
CHB-related liver fibrosis. In HBeAg-negative patients with CHB, 
serum CHI3L1 has high diagnostic efficiency in the staging of liver 
fibrosis, with a sensitivity and specificity of 80.00 and 71.05%, 
respectively (11). In patients with CHB and an ALT less than twice the 
ULN, serum CHI3L1 levels are independently associated with 
advanced liver fibrosis and serve as a potential biomarker for liver 
fibrosis. The study also constructed a model based on CHI3L1, which 
significantly outperformed the existing scores in patients with CHB 
having normal and mildly elevated diagnostic ALT levels (FIB-4, 
APRI, Huu Model, and Forns’ index). This finding may guide 

clinicians in diagnostically identifying patients who may benefit from 
antiviral therapy (21).

Huang et  al. (20) used univariate and multivariate logistic 
regression analyses to identify three independent predictors of 
advanced liver fibrosis in 337 patients with CHB (CHI3L1, AFP, and 
PLT indexes), and a new diagnostic model was established, namely, 
the CHI3L1/AFP/PLT (CAP) index. This index facilitated the 
diagnosis of advanced liver fibrosis with an AUROC significantly 
higher than that in the APRI and FIB-4, which is more suitable for 
patients with CHB. The diagnostic efficacy in advanced liver fibrosis 
is not affected by ALT level and HBeAg status, making it suitable for 
patients with CHB at different stages and helps in predicting the 
timing of antiviral therapy in these patients. A research team from 
Ningbo University examined the serum CHI3L1 expression in 
patients with CHB, liver cirrhosis, and HCC and investigated the 
expression characteristics of chronic liver diseases related to hepatitis 
B in different stages. The results of the investigation showed that the 
expression level of CHI3L1 progressively increased from CHB and 
liver cirrhosis to HCC, and the CHI3L1 expression offers clinical value 
in evaluating the different stages of chronic liver diseases and may 
be used as an indicator to monitor the disease evolution (10). However, 
other similar studies have suggested that CHI3L1 levels cannot 
significantly differentiate early liver fibrosis (meta-analysis of 
histologic data in viral hepatitis [METAVIR]F0, F1, and F2) (12).

CHI3L1 is a useful non-invasive marker for assessing liver fibrosis 
prior to treatment in patients with CHB and monitoring changes in liver 
fibrosis during treatment. Lin et al. (38) compared serum CHI3L1 levels, 
the hepatic tissue collagen proportional area (CPA), and LSM in 131 
patients with CHB who received entecavir antiviral therapy for 78 weeks 
and found that serum CHI3L1 levels decreased from baseline after 
78 weeks of treatment and were positively correlated with CPA and LSM.

In conclusion, the value of CHI3L1 expression in assessing 
significant liver fibrosis in patients with CHB is clearer and superior 
to currently known non-invasive diagnostic methods, and it serve as 
a reliable reference for antiviral therapy. However, as the diagnosis of 
early stage liver fibrosis is not highly accurate, a more appropriate 
non-invasive indicator for an individual or combined diagnosis 
remains to be identified.

4.2 CHC

Hepatitis C infection is a global epidemic trend, and people of 
different sexes, ages, and ethnicities are generally susceptible to 
HCV. According to the WHO, approximately 58 million people 
worldwide are currently infected with HCV, and approximately 
290,000 deaths are attributed to HCV infection annually. In 2020, 
China had the largest number of HCV-infected individuals 
(approximately 9,487,000 people) (61). HCV infection is prone to 
chronicity, with approximately 55–85% of cases of acute hepatitis C 
developing into CHC. Cirrhosis and HCC are the main causes of 
death in patients with CHC (62). There is no effective vaccine to 
prevent HCV infection; however, as the treatment of hepatitis C enters 
a new era in terms of direct antiviral agents (DAAs), with an increasing 
number of patients achieving a sustained virologic response (SVR), 
post-treatment benefits and clinical outcomes are fast becoming the 
focus for future studies. The prognosis of patients after viral clearance 
is closely related to the degree of fibrosis (63), the early diagnosis of 
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HCV-associated hepatic fibrosis, and staging; thus, timely 
interventions are crucial.

Little is known concerning the progression of hepatic fibrosis after 
HCV eradication; however, recent studies have suggested that serum 
CHI3L1 levels may be a non-invasive marker for monitoring fibrosis 
in patients with CHC. Treatment with DAAs significantly and 
sustainably improved hepatic fibrosis in patients with CHC, with 
serum CHI3L1 levels being significantly lower at the end of treatment 
compared baseline levels (64–66). In one study involving 105 patients 
with CHC treated with DAAs, CHI3L1 was identified as a sensitive 
marker for monitoring changes in fibrosis during treatment and in the 
weeks after having reached an SVR. Early identification of treatment 
success at the end of treatment using CHI3LI levels may facilitate a 
timely shift to alternative treatments (64). Similar international studies 
have been conducted. Researchers at Helwan University studied the 
risk of HCC susceptibility in Egyptian patients with hepatitis C after 
SVR through DAA treatment and found that the CHI3L1 gene 
(rs880633) could serve as a strong predictor and risk factor for patients 
to develop HCC post-SVR (67). While some studies have suggested 
that diagnosis using non-invasive indicators can be confounded by 
factors such as liver inflammation, a study from the First People’s 
Hospital of Peking University concludes the utility of treatment with 
DAAs to achieve a rapid and significant reversal of hepatic fibrosis in 
addition to relieving inflammation and highlights that this regression 
can be detected as early as the end of therapy (66).

In summary, serum CHI3L1 levels are associated with the severity 
of fibrosis in CHC and its progression over time, which is clinically 
important for monitoring the degree of hepatic fibrosis and thus 
predicting the clinical outcome in patients with an SVR after treatment 
with DAAs. However, the benefits of CHI3L1 in the diagnosis of mild 
and severe fibrosis remain unclear.

4.3 Chronic hepatitis D

In recent years, there has been a renewed focus on hepatitis D 
virus (HDV) in several countries and regions, and comprehensive 
reports have shown that there are approximately 15–20 million cases 
of HDV infection worldwide, which is equivalent to approximately 5% 
of the chronically infected population with HBV (68). HDV is a 
defective RNA virus that requires the aid of HBV to complete its life 
cycle. Compared with HBV infection alone, overlapping HBV/HDV 
infections accelerate disease progression. It has been estimated that 
70% of patients infected with HDV develop cirrhosis within 5–10 years 
and 60% succumb to disease within 10 years, in addition to a 28% 
increase in the risk of HCC in those infected with HBV/HDV (69, 70).

In the process of eliminating the viral hepatitis public health threat, 
it is important to emphasize and act in relation to chronic HBV, HCV, 
and HDV infection. With the application of nucleoside (acid) analogs 
and polyethylene glycol interferon-alpha, CHB can be  effectively 
controlled, resulting in HBsAg-negativity and potential reversal of 
hepatic fibrosis, or even re-compensation after decompensation, can 
be achieved in some patients. Therefore, hepatitis D is emerging as a 
chronic viral hepatitis that cannot be  neglected in the process of 
eliminating viral hepatitis-related public health hazards. At present, there 
are few studies on the use of CHI3L1 for the diagnosis of liver fibrosis 
due to HBV/HDV overlapping infections. One study in the United States 
(34) detected CHI3L1 gene expression in the liver tissues of 64 patients 

with liver cirrhosis of different etiologies using quantitative reverse 
transcription polymerase chain reaction testing: CHI3L1 expression was 
significantly higher in the livers of patients with liver cirrhosis of various 
etiologies than in controls, with the highest in cirrhosis due to HDV, 
followed by HCV, HBV, and alcoholic cirrhosis. Interestingly, CHI3L1 
was significantly higher in HDV than in HBV cirrhosis, despite HDV 
dependence on HBV. In the study, all patients with HDV-induced liver 
cirrhosis tested positive for serum HDV RNA and anti-HDV (IgG), with 
82% of patients positive for anti-HDV (IgM). In addition, patients with 
HDV liver cirrhosis had the lowest platelet counts, consistent with typical 
splenomegaly, and the highest activity grading (p < 0.001) compared with 
alcohol-related cirrhosis and hepatitis C- and B-related diseases, 
reconfirming that hepatitis D is the most severe form of chronic viral 
hepatitis. In conclusion, chronic HDV infection is currently 
underappreciated and understudied in China, and the important role of 
CHI3L1  in chronic HDV progression and diagnosis needs to 
be further explored.

4.4 NAFLD

Currently, NAFLD is the most common chronic liver disease 
worldwide, with a prevalence rate of up to 25%. It is one of the leading 
causes of liver disease-related mortality (71). Characterized as excessive 
accumulation of liver fat, NAFLD is due to hepatic steatosis without 
excessive alcohol consumption and is a type of metabolic stress liver 
injury closely related to insulin resistance and genetic susceptibility, 
which mainly includes NASH, cirrhosis, and HCC. Approximately 20% 
of patients with NAFLD can progress to more severe NASH (72, 73), a 
severe type of NAFLD characterized pathologically by inflammation, 
hepatocellular injury, lipid degeneration, and fibrosis. With type 2 
diabetes and obesity, NASH is increasingly becoming a public health 
concern, and, without clinical intervention, it can progress to severe liver 
diseases such as liver failure, cirrhosis, and HCC, potentially necessitating 
liver transplantation (72). Among various liver histologic indices, the 
liver fibrosis stage is an independent predictor of long-term prognosis in 
patients with NAFLD. Therefore, early identification of patients with 
NASH and significant fibrosis is crucial.

Integration of liver transcriptome datasets using the robust rank 
aggregation method to construct transcriptomic profiles of NASH 
progression and fibrosis severity in patients with NAFLD revealed that 
the CHI3L1 gene was located in the top  10 upregulated genes in 
patients with NASH (74). One study suggests that CHI3L1 may be a 
potential marker for predicting significant fibrosis in patients with 
NAFLD (75). Kumagai et al. (14) measured serum CHI3L1 levels in 
111 patients with NAFLD and 23 patients with HCC combined with 
NAFLD and found that serum CHI3L1 levels in patients with NAFLD 
increased with the progression of hepatic fibrosis. Additionally, 
CHI3L1 was significantly correlated with severe fibrosis (F3–4), and 
patients with HCC combined with NAFLD had significantly higher 
serum CHI3L1 levels than patients with NAFLD and non-HCC.

Harrison et  al. (19) developed and externally validated a new 
blood-based non-invasive diagnostic model, namely, the NIS4 score, 
consisting of the following four metrics: miR-34a-5p, α-2 
macroglobulin, CHI3L1, and glycated hemoglobin, specifically 
designed to identify patients with metabolic risk factors (type 2 
diabetes mellitus, obesity, dyslipidemia, and hypertension) in patients 
with high-risk NASH (including those with an NAFLD activity 
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score ≥ 4 and fibrosis stage ≥2). This model offered improved NIS4 
diagnostic performance and was not affected by age, sex, body mass 
index, or aminotransferase concentration. The study concluded that 
although the diagnostic efficacy of CHI3L1 alone was not significant, 
the NIS4 for high-risk NASH outperformed other blood-based 
diagnostic scores such as the FIB-4, the NAFLD fibrosis score(NFS), 
and APRI (NIS4, AUC = 0.80; CHI3L1, AUC = 0.69; APRI, AUC = 0.74; 
FIB-4, AUC = 0.70; NFS AUC = 0.66). The data also showed that while 
FIB-4 and NFS showed high specificity, their low sensitivities could 
lead to misleading diagnostic results for NASH, especially for the 
adjudication of high-risk NASH cases. In contrast, the sensitivity and 
specificity of NIS4 were optimally balanced. NFS mainly targets 
NAFLD-associated liver fibrosis; however, it is not a suitable screening 
indicator because it leads to overdiagnosis and high percentage of false 
negatives (76). The NIS4 model was further optimized in 2023 as the 
NIS2 + ™ (including miR-34a-5p and YKL-40), providing a more 
effective non-invasive method in which to rule out high-risk NASH 
for patients at risk (77).

Hepatic insulin resistance is known to have an important role in 
the development of NASH; however, the exact mechanism of action 
remains unclear. Zhang et  al. (78) suggested that CHI3L1 gene 
upregulation may be an important factor in the generation of the 
NAFLD/NASH phenotype. The researchers constructed a CHI3L1 
knockout mouse model and observed improved insulin signaling in 
the CHI3L1 knockout mice compared with C57BL/6 wild-type (WT) 
mice fed the same diet, suggesting that decreasing the expression of 
CHI3L1 in the liver or inhibiting its function could ameliorate insulin 
resistance in the liver. To further confirm this finding, three anti-
CHI3L1 monoclonal antibodies (FRG, CH568, and CHXI3B6) were 
used in the study. All three anti-CHI3L1 monoclonal antibody 
proteins inhibited their in vivo functions of CHI3L1 to varying degrees 
and significantly improved insulin resistance in the liver after 16 weeks 
of anti-CHI3L1 monoclonal antibody treatment. Additionally, 
although the CHI3L1 protein was expressed at different levels in the 
hepatocytes of patients with NAFLD and NASH, the positive cells of 
both were mainly localized in the hepatoportal vasculature, and 
immunohistochemical staining revealed abundantly expressed 
CHI3L1 in infiltrating inflammatory cells and hepatocytes. Overall, 
CHI3L1 is important for the diagnosis of advanced NAFLD-associated 
hepatic fibrosis and increased CHI3L1 expression directly correlates 
with hepatic fibrosis progression. CHI3L1 is expected to be  a 
therapeutic target against monoclonal antibodies, but its role in the 
mechanism of hepatic fibrogenesis needs to be further investigated. 
Future studies are required to confirm the role of CHI3L1 in hepatic 
fibrosis (that is, determine whether CHI3L1 is a co-existing hepatic 
fibrosis factor or whether it promotes the formation of hepatic fibrosis).

4.5 Other liver diseases

In addition to viral hepatitis and NAFLD, excessive alcohol 
consumption and autoimmune liver disease can lead to serious negative 
outcomes. Among the different types of fatty liver diseases, the incidence 
of alcohol-related liver disease(ALD) related cirrhosis and HCC is the 
highest (79). However, the main cause of cirrhosis in China at this stage 
is still viral hepatitis. Although viral hepatitis is currently the primary 
cause of cirrhosis in China, the proportion of alcoholic cirrhosis has seen 
an increase in recent years. The epidemiologic study in China is still in 

the primary stage. The risk of HCC in autoimmune hepatitis is lower 
than that of other chronic liver diseases. A long-term follow-up study 
based on 1,428 patients with autoimmune hepatitis (AIH) found that 
only 1.7% of patients developed HCC with cirrhosis, only mildly 
increased the risk of HCC (80). Clinical and basic research on 
autoimmune liver disease in China has just begun, and there is a lack of 
relevant epidemiologic information, resulting in serious clinical 
underdiagnosis and mistreatment. In contrast, the evaluation of 
CHI3L1 in ALD as well as AIH-associated hepatic fibrosis has been 
reported less frequently, underscoring the need for further exploration 
of the important role of CHI3L1 in their progression and diagnosis.

5 Discussion

The destruction of hepatocytes owing to alcohol abuse, drugs, 
HBV, and autoimmune factors causes acute injury to the liver. Aseptic 
inflammation of the liver promotes the repair of liver damage and scar 
tissue proliferation, overaccumulation of the ECM, and the continuous 
proliferation of collagenous tissue. If injury factors persist in the liver, 
the injury can further progresses to hepatic fibrosis, which represents 
the early stage of a wide range of chronic liver diseases. Liver fibrosis, 
an early manifestation of various chronic liver diseases, can further 
develop into cirrhosis or HCC. Early diagnosis and intervention of 
liver fibrosis are expected to reverse its progression.

Liver tissue biopsy is currently the gold standard for the diagnosis 
of liver fibrosis; however, its widespread adoption is challenged by its 
several limitations, including invasiveness, low reproducibility, 
limitation of sampling, and subjectivity of diagnosis. Current 
non-invasive tests are mainly divided into imaging and serologic 
diagnostic models. The LSM detected by FibroScan-based TE can 
relatively accurately identify progressive liver fibrosis and early 
cirrhosis, but the measured value is affected by various factors such as 
liver inflammation and necrosis, cholestasis, and severe steatosis, and 
there is still a lack of a reliable diagnostic threshold. A serologic 
diagnosis is more easily accepted as it is more convenient and less 
influenced by human factors. Currently, the APRI and FIB-4 
diagnostic models are acknowledged for their clear diagnostic value. 
However, both are derived from the data of patients with CHC, and 
although their diagnostic value in CHB is gradually recognized, the 
scope of application remains limited. Reliable diagnostic indexes for 
individual or combined testing have not been identified.

As a biological indicator related to inflammation, CHI3L1 is 
clinically important for the diagnosis and staging of liver fibrosis caused 
by various factors, especially for the diagnostic value of advanced liver 
fibrosis, and it can be used to determine the progression of liver fibrosis.

Serum CHI3L1 is an important diagnostic indicator for CHB liver 
fibrosis and is important in guiding antiviral therapy. Additionally, 
CHI3L1 may be associated with insulin resistance and obesity in the 
pathogenesis of NASH, and hepatic insulin sensitivity can be partially 
restored by parenteral given anti-Chi3L1 monotherapy (78). 
Therefore, the development of monoclonal antibody therapeutics 
targeting CHI3L1 is expected to slow down the progression of 
NAFLD. Some studies have been conducted or are currently ongoing 
to investigate the effects of therapy targeting CHI3L1(YKL-40) in the 
treatment of some medical diseases and various cancer diseases. For 
example,CHI3L1 inhibitors, including GM-CT-01 and ONO-7475, 
undergo clinical trials for the treatment of cancer (81). CHI3L1 is also 
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expected to be an independent prognostic factor for HCC. Additionally, 
significant advances have been made in understanding the 
pathogenesis of CHI3L1 in liver fibrosis. In hepatitis C, HCV induces 
and maintains the production of CHI3L1 in liver parenchymal cells 
by synergistically inducing the TNF-α and ROS-MAPKs pathways 
through the sustained activation of NF-κB.

As positive feedback, the CHI3L1 protein increases HCV replication 
and stimulates the release of pro-hepatic fibrotic cytokines and cellular 
activity in the liver parenchymal cells and HSCs (82). CHI3L1 induces 
the production of miRNA-449a dysregulation, which regulates CHI3L1 
expression by inhibiting the upstream component of the Notch1/NF-κB 
transcriptional regulatory complex, thereby modulating inflammation. 
This dysregulation may ultimately lead to liver fibrosis (83).

Thus, CHI3L1 is a very important protein, both as a marker of 
disease and as a therapeutic target. However, the serum CHI3L1 level 
alone has little diagnostic value for early liver fibrosis and tends to 
increase with age. The cellular origin of CHI3L1 in the injured liver 
and its specific mechanism of action in hepatic fibrosis remain unclear, 
and more in-depth studies are needed to determine whether CHI3L1 
can indeed be used as a therapeutic target.

Author contributions

XH: Conceptualization, Writing – original draft. WL: Writing – 
original draft. JL: Writing – review & editing. BW: Writing – original 
draft. XQ: Conceptualization, Writing – review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This work was 
supported by Xingliao Excellence Program for Medical Masters 

(YXML-LJ-09) and the “345 Talent Project” of Shengjing Hospital, 
China Medical University.

Acknowledgments

We express our sincere gratitude to Xingliao Excellence Program 
for Medical Masters (YXML-LJ-09) for their generous support of this 
research. Additionally, we would like to acknowledge the invaluable 
assistance provided by the “345 Talent Project” of Shengjing Hospital, 
China Medical University.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fmed.2024.1372434/
full#supplementary-material

References
 1. Thrift AP, El-Serag HB, Kanwal F. Global epidemiology and burden of HCV 

infection and HCV-related disease. Nat Rev Gastroenterol Hepatol. (2017) 14:122–32. 
doi: 10.1038/nrgastro.2016.176

 2. Golabi P, Isakov V, Younossi ZM. Nonalcoholic fatty liver disease: disease burden 
and disease awareness. Clin Liver Dis. (2023) 27:173–86. doi: 10.1016/j.cld.2023.01.001

 3. Byass P. The global burden of liver disease: a challenge for methods and for public 
health. BMC Med. (2014) 12:159. doi: 10.1186/s12916-014-0159-5

 4. Friedman SL. Liver fibrosis -- from bench to bedside. J Hepatol. (2003) 38:S38–53. 
doi: 10.1016/s0168-8278(02)00429-4

 5. Campana L, Iredale JP. Regression of liver fibrosis. Semin Liver Dis. (2017) 
37:001–10. doi: 10.1055/s-0036-1597816

 6. Cui X-W, Li K-N, Yi A-J, Wang B, Wei Q, Wu G-G. Ultrasound elastography. Endosc 
Ultrasound. (2022) 11:252–274. doi: 10.4103/EUS-D-21-00151

 7. Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner J, et al. 
Development of a simple noninvasive index to predict significant fibrosis in patients 
with HIV/HCV coinfection. Hepatology. (2006) 43:1317–25. doi: 10.1002/hep.21178

 8. Wai C-T, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, Conjeevaram HS, et al. 
A simple noninvasive index can predict both significant fibrosis and cirrhosis in patients with 
chronic hepatitis C. Hepatology. (2003) 38:518–26. doi: 10.1053/jhep.2003.50346

 9. Dong X-Q, Wu Z, Zhao H, Wang G-Q. China HepB-related fibrosis assessment research 
group. Evaluation and comparison of thirty noninvasive models for diagnosing liver fibrosis 
in chinese hepatitis B patients. J Viral Hepat. (2019) 26:297–307. doi: 10.1111/jvh.13031

 10. Jiang Z, Wang S, Jin J, Ying S, Chen Z, Zhu D, et al. The clinical significance of 
serum chitinase 3-like 1 in hepatitis B-related chronic liver diseases. J Clin Lab Anal. 
(2020) 34:e23200. doi: 10.1002/jcla.23200

 11. Li Y, Li C, Zhang L, Hu W, Luo H, Li J, et al. Serum CHI3L1 as a diagnostic marker 
and risk factor for liver fibrosis in HBeAg-negative chronic hepatitis B. Am J Transl Res. 
(2022) 14:4090–6.

 12. Jin X, Fu B, Wu Z-J, Zheng X-Q, Hu J-H, Jin L-F, et al. Serum chitinase-3-like 
protein 1 is a biomarker of liver fibrosis in patients with chronic hepatitis B in China. 
Hepatobiliary Pancreat Dis Int. (2020) 19:384–9. doi: 10.1016/j.hbpd.2020.05.009

 13. Saitou Y, Shiraki K, Yamanaka Y, Yamaguchi Y, Kawakita T, Yamamoto N, et al. 
Noninvasive estimation of liver fibrosis and response to interferon therapy by a serum 
fibrogenesis marker, YKL-40, in patients with HCV-associated liver disease. World J 
Gastroenterol. (2005) 11:476–81. doi: 10.3748/wjg.v11.i4.476

 14. Kumagai E, Mano Y, Yoshio S, Shoji H, Sugiyama M, Korenaga M, et al. Serum 
YKL-40 as a marker of liver fibrosis in patients with non-alcoholic fatty liver disease. Sci 
Rep. (2016) 6:35282. doi: 10.1038/srep35282

 15. Lieber CS, Weiss DG, Morgan TR, Paronetto F. Aspartate aminotransferase to 
platelet ratio index in patients with alcoholic liver fibrosis. Am J Gastroenterol. (2006) 
101:1500–8. doi: 10.1111/j.1572-0241.2006.00610.x

 16. Xiao G, Yang J, Yan L. Comparison of diagnostic accuracy of aspartate 
aminotransferase to platelet ratio index and fibrosis-4 index for detecting liver fibrosis 
in adult patients with chronic hepatitis B virus infection: a systemic review and meta-
analysis. Hepatology. (2015) 61:292–302. doi: 10.1002/hep.27382

 17. Sun W, Cui H, Li N, Wei Y, Lai S, Yang Y, et al. Comparison of FIB-4 index, 
NAFLD fibrosis score and BARD score for prediction of advanced fibrosis in adult 
patients with non-alcoholic fatty liver disease: a meta-analysis study. Hepatol Res. (2016) 
46:862–70. doi: 10.1111/hepr.12647

 18. Thiele M, Madsen BS, Hansen JF, Detlefsen S, Antonsen S, Krag A. Accuracy of 
the enhanced liver fibrosis test vs FibroTest, Elastography, and indirect markers in 

https://doi.org/10.3389/fmed.2024.1372434
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2024.1372434/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2024.1372434/full#supplementary-material
https://doi.org/10.1038/nrgastro.2016.176
https://doi.org/10.1016/j.cld.2023.01.001
https://doi.org/10.1186/s12916-014-0159-5
https://doi.org/10.1016/s0168-8278(02)00429-4
https://doi.org/10.1055/s-0036-1597816
https://doi.org/10.4103/EUS-D-21-00151
https://doi.org/10.1002/hep.21178
https://doi.org/10.1053/jhep.2003.50346
https://doi.org/10.1111/jvh.13031
https://doi.org/10.1002/jcla.23200
https://doi.org/10.1016/j.hbpd.2020.05.009
https://doi.org/10.3748/wjg.v11.i4.476
https://doi.org/10.1038/srep35282
https://doi.org/10.1111/j.1572-0241.2006.00610.x
https://doi.org/10.1002/hep.27382
https://doi.org/10.1111/hepr.12647


Hu et al. 10.3389/fmed.2024.1372434

Frontiers in Medicine 09 frontiersin.org

detection of advanced fibrosis in patients with alcoholic liver disease. Gastroenterology. 
(2018) 154:1369–79. doi: 10.1053/j.gastro.2018.01.005

 19. Harrison SA, Ratziu V, Boursier J, Francque S, Bedossa P, Majd Z, et al. A blood-
based biomarker panel (NIS4) for non-invasive diagnosis of non-alcoholic 
steatohepatitis and liver fibrosis: a prospective derivation and global validation study. 
Lancet Gastroenterol Hepatol. (2020) 5:970–85. doi: 10.1016/S2468-1253(20)30252-1

 20. Huang Q, Wu J, Huang C, Wang X, Xu Z. A noninvasive diagnostic model for 
significant liver fibrosis in patients with chronic hepatitis B based on CHI3L1 and 
routine clinical indicators. Ann Palliat Med. (2021) 10:5509–19. doi: 10.21037/
apm-21-957

 21. Yan L, Deng Y, Zhou J, Zhao H, Wang GChina HepB-Related Fibrosis Assessment 
Research Group. Serum YKL-40 as a biomarker for liver fibrosis in chronic hepatitis B 
patients with normal and mildly elevated ALT. Infection. (2018) 46:385–93. doi: 10.1007/
s15010-018-1136-2

 22. He CH, Lee CG, Dela Cruz CS, Lee C-M, Zhou Y, Ahangari F, et al. Chitinase 
3-like 1 regulates cellular and tissue responses via IL-13 receptor α2. Cell Rep. (2013) 
4:830–41. doi: 10.1016/j.celrep.2013.07.032

 23. Subramaniam R, Mizoguchi A, Mizoguchi E. Mechanistic roles of epithelial and 
immune cell signaling during the development of colitis-associated cancer. Cancer Res 
Front. (2016) 2:1–21. doi: 10.17980/2016.1

 24. Geng B, Pan J, Zhao T, Ji J, Zhang C, Che Y, et al. Chitinase 3-like 1-CD44 
interaction promotes metastasis and epithelial-to-mesenchymal transition through 
β-catenin/Erk/Akt signaling in gastric cancer. J Exp Clin Cancer Res. (2018) 37:208. doi: 
10.1186/s13046-018-0876-2

 25. Chen A, Jiang Y, Li Z, Wu L, Santiago U, Zou H, et al. Chitinase-3-like 1 protein 
complexes modulate macrophage-mediated immune suppression in glioblastoma. J Clin 
Invest. (2021) 131:e147552. doi: 10.1172/JCI147552

 26. Johansen JS, Williamson MK, Rice JS, Price PA. Identification of proteins secreted 
by human osteoblastic cells in culture. J Bone Miner Res. (1992) 7:501–12. doi: 10.1002/
jbmr.5650070506

 27. Junker N, Johansen JS, Andersen CB, Kristjansen PEG. Expression of YKL-40 by 
peritumoral macrophages in human small cell lung cancer. Lung Cancer. (2005) 
48:223–31. doi: 10.1016/j.lungcan.2004.11.011

 28. Görgens SW, Eckardt K, Elsen M, Tennagels N, Eckel J. Chitinase-3-like protein 1 
protects skeletal muscle from TNFα-induced inflammation and insulin resistance. 
Biochem J. (2014) 459:479–88. doi: 10.1042/BJ20131151

 29. Recklies AD, White C, Ling H. The chitinase 3-like protein human cartilage 
glycoprotein 39 (HC-gp39) stimulates proliferation of human connective-tissue cells and 
activates both extracellular signal-regulated kinase- and protein kinase B-mediated 
signalling pathways. Biochem J. (2002) 365:119–26. doi: 10.1042/BJ20020075

 30. Yeo IJ, Lee C-K, Han S-B, Yun J, Hong JT. Roles of chitinase 3-like 1  in the 
development of cancer, neurodegenerative diseases, and inflammatory diseases. 
Pharmacol Ther. (2019) 203:107394. doi: 10.1016/j.pharmthera.2019.107394

 31. Jung YY, Kim KC, Park MH, Seo Y, Park H, Park MH, et al. Atherosclerosis is 
exacerbated by chitinase-3-like-1  in amyloid precursor protein transgenic mice. 
Theranostics. (2018) 8:749–66. doi: 10.7150/thno.20183

 32. Sarma NJ, Tiriveedhi V, Subramanian V, Shenoy S, Crippin JS, Chapman WC, et al. 
Hepatitis C virus mediated changes in miRNA-449a modulates inflammatory biomarker 
YKL40 through components of the NOTCH signaling pathway. PLoS One. (2012) 
7:e50826. doi: 10.1371/journal.pone.0050826

 33. Kim KC, Yun J, Son DJ, Kim JY, Jung J-K, Choi JS, et al. Suppression of metastasis 
through inhibition of chitinase 3-like 1 expression by miR-125a-3p-mediated up-
regulation of USF1. Theranostics. (2018) 8:4409–28. doi: 10.7150/thno.26467

 34. Nishimura N, De Battista D, McGivern DR, Engle RE, Tice A, Fares-Gusmao R, 
et al. Chitinase 3-like 1 is a profibrogenic factor overexpressed in the aging liver and in 
patients with liver cirrhosis. Proc Natl Acad Sci USA. (2021) 118:e2019633118. doi: 
10.1073/pnas.2019633118

 35. Riabov V, Gudima A, Wang N, Mickley A, Orekhov A, Kzhyshkowska J. Role of 
tumor associated macrophages in tumor angiogenesis and lymphangiogenesis. Front 
Physiol. (2014) 5:75. doi: 10.3389/fphys.2014.00075

 36. Fontana RJ, Goodman ZD, Dienstag JL, Bonkovsky HL, Naishadham D, Sterling 
RK, et al. Relationship of serum fibrosis markers with liver fibrosis stage and collagen 
content in patients with advanced chronic hepatitis C. Hepatology. (2008) 47:789–98. 
doi: 10.1002/hep.22099

 37. Johansen JS, Christoffersen P, Møller S, Price PA, Henriksen JH, Garbarsch C, et al. 
Serum YKL-40 is increased in patients with hepatic fibrosis. J Hepatol. (2000) 32:911–20. 
doi: 10.1016/s0168-8278(00)80095-1

 38. Wang L, Liu T, Zhou J, You H, Jia J. Changes in serum chitinase 3-like 1 levels 
correlate with changes in liver fibrosis measured by two established quantitative methods 
in chronic hepatitis B patients following antiviral therapy. Hepatol Res. (2018) 
48:E283–90. doi: 10.1111/hepr.12982

 39. Low D, Subramaniam R, Lin L, Aomatsu T, Mizoguchi A, Ng A, et al. Chitinase 
3-like 1 induces survival and proliferation of intestinal epithelial cells during chronic 
inflammation and colitis-associated cancer by regulating S100A9. Oncotarget. (2015) 
6:36535–50. doi: 10.18632/oncotarget.5440

 40. Capone M, Maggi L, Santarlasci V, Rossi MC, Mazzoni A, Montaini G, et al. 
Chitinase 3-like-1 is produced by human Th17 cells and correlates with the level of 
inflammation in juvenile idiopathic arthritis patients. Clin Mol Allergy. (2016) 14:16. 
doi: 10.1186/s12948-016-0053-0

 41. Huang H, Wu T, Mao J, Fang Y, Zhang J, Wu L, et al. CHI3L1 is a liver-enriched, 
noninvasive biomarker that can be  used to stage and diagnose substantial hepatic 
fibrosis. OMICS. (2015) 19:339–45. doi: 10.1089/omi.2015.0037

 42. Cohen N, Shani O, Raz Y, Sharon Y, Hoffman D, Abramovitz L, et al. Fibroblasts 
drive an immunosuppressive and growth-promoting microenvironment in breast cancer 
via secretion of Chitinase 3-like 1. Oncogene. (2017) 36:4457–68. doi: 10.1038/
onc.2017.65

 43. Schoneveld L, Ladang A, Henket M, Frix A-N, Cavalier E, Guiot J. COVID-19 clinical 
investigators of the CHU de Liège. YKL-40 as a new promising prognostic marker of severity 
in COVID infection. Crit Care. (2021) 25:66. doi: 10.1186/s13054-020-03383-7

 44. De Lorenzo R, Sciorati C, Lorè NI, Capobianco A, Tresoldi C, Cirillo DM, et al. 
Chitinase-3-like protein-1 at hospital admission predicts COVID-19 outcome: a 
prospective cohort study. Sci Rep. (2022) 12:7606. doi: 10.1038/s41598-022-11532-x

 45. He M, Kok M. Chi3l1: new kid on the T cell blockade. Immunity. (2023) 56:2672–4. 
doi: 10.1016/j.immuni.2023.11.015

 46. Fernández J, Clària J, Amorós A, Aguilar F, Castro M, Casulleras M, et al. Effects 
of albumin treatment on systemic and portal hemodynamics and systemic inflammation 
in patients with decompensated cirrhosis. Gastroenterology. (2019) 157:149–62. doi: 
10.1053/j.gastro.2019.03.021

 47. Taifour T, Attalla SS, Zuo D, Gu Y, Sanguin-Gendreau V, Proud H, et al. The 
tumor-derived cytokine Chi3l1 induces neutrophil extracellular traps that promote T 
cell exclusion in triple-negative breast cancer. Immunity. (2023) 56:2755–2772.e8. doi: 
10.1016/j.immuni.2023.11.002

 48. Kim D-H, Choi J-M. Chitinase 3-like-1, a novel regulator of Th1/CTL responses, 
as a therapeutic target for increasing anti-tumor immunity. BMB Rep. (2018) 51:207–8. 
doi: 10.5483/bmbrep.2018.51.5.094

 49. Im JH, Yeo IJ, Park PH, Choi DY, Han S-B, Yun J, et al. Deletion of Chitinase-3-like 
1 accelerates stroke development through enhancement of Neuroinflammation by 
STAT6-dependent M2 microglial inactivation in Chitinase-3-like 1 knockout mice. Exp 
Neurol. (2020) 323:113082. doi: 10.1016/j.expneurol.2019.113082

 50. Breyne K, Steenbrugge J, Demeyere K, Lee CG, Elias JA, Petzl W, et al. 
Immunomodulation of host Chitinase 3-like 1 during a mammary pathogenic 
Escherichia coli infection. Front Immunol. (2018) 9:1143. doi: 10.3389/fimmu.2018.01143

 51. Kui L, Kim AD, Onyuru J, Hoffman HM, Feldstein AE. BRP39 regulates 
neutrophils recruitment in NLRP3 INFLAMMASOME induced liver inflammation. Cell 
Mol Gastroenterol Hepatol. (2023) 17:481–97. doi: 10.1016/j.jcmgh.2023.12.002

 52. Higashiyama M, Tomita K, Sugihara N, Nakashima H, Furuhashi H, Nishikawa 
M, et al. Chitinase 3-like 1 deficiency ameliorates liver fibrosis by promoting hepatic 
macrophage apoptosis. Hepatol Res. (2019) 49:1316–28. doi: 10.1111/hepr.13396

 53. Kim AD, Kui L, Kaufmann B, Kim SE, Leszczynska A, Feldstein AE. Correction to: 
myeloid-specific deletion of chitinase-3-like 1 protein ameliorates murine diet-induced 
steatohepatitis progression. J Mol Med (Berl). (2023) 101:1627. doi: 10.1007/s00109-023-02388-3

 54. GBD 2019 Hepatitis B Collaborators. Global, regional, and national burden of 
hepatitis B, 1990-2019: a systematic analysis for the global burden of disease study 2019. 
Lancet Gastroenterol Hepatol. (2022) 7:796–829. doi: 10.1016/S2468-1253(22)00124-8

 55. Liu J, Liang W, Jing W, Liu M. Countdown to 2030: eliminating hepatitis B disease, 
China. Bull World Health Organ. (2019) 97:230–8. doi: 10.2471/BLT.18.219469

 56. Fattovich G, Bortolotti F, Donato F. Natural history of chronic hepatitis B: special 
emphasis on disease progression and prognostic factors. J Hepatol. (2008) 48:335–52. 
doi: 10.1016/j.jhep.2007.11.011

 57. Chang T-T, Liaw Y-F, Wu S-S, Schiff E, Han K-H, Lai C-L, et al. Long-term 
entecavir therapy results in the reversal of fibrosis/cirrhosis and continued histological 
improvement in patients with chronic hepatitis B. Hepatology. (2010) 52:886–93. doi: 
10.1002/hep.23785

 58. Terrault NA, Bzowej NH, Chang K-M, Hwang JP, Jonas MM, Murad MH. 
American Association for the Study of Liver Diseases. AASLD guidelines for treatment 
of chronic hepatitis B. Hepatology. (2016) 63:261–83. doi: 10.1002/hep.28156

 59. Terrault NA, Lok ASF, McMahon BJ, Chang K-M, Hwang JP, Jonas MM, et al. 
Update on prevention, diagnosis, and treatment of chronic hepatitis B: AASLD 2018 
hepatitis B guidance. Hepatology. (2018) 67:1560–99. doi: 10.1002/hep.29800

 60. Chinese Society of Hepatology, Chinese Medical Association. Expert opinion on 
expanding anti-HBV treatment for chronic hepatitis B. Zhonghua Gan Zang Bing Za Zhi. 
(2022) 30:131–6. doi: 10.3760/cma.j.cn501113-20220209-00060

 61. Polaris Observatory HCV Collaborators. Global change in hepatitis C virus 
prevalence and cascade of care between 2015 and 2020: a modelling study. Lancet 
Gastroenterol Hepatol. (2022) 7:396–415. doi: 10.1016/S2468-1253(21)00472-6

 62. Chinese Society of Hepatology, Chinese Society of Infectious Diseases, Chinese Medical 
Association. Guidelines for the prevention and treatment of hepatitis C (2019 version). 
Zhonghua Gan Zang Bing Za Zhi. (2019) 27:962–79. doi: 10.3760/
cma.j.issn.1007-3418.2019.12.008

https://doi.org/10.3389/fmed.2024.1372434
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1053/j.gastro.2018.01.005
https://doi.org/10.1016/S2468-1253(20)30252-1
https://doi.org/10.21037/apm-21-957
https://doi.org/10.21037/apm-21-957
https://doi.org/10.1007/s15010-018-1136-2
https://doi.org/10.1007/s15010-018-1136-2
https://doi.org/10.1016/j.celrep.2013.07.032
https://doi.org/10.17980/2016.1
https://doi.org/10.1186/s13046-018-0876-2
https://doi.org/10.1172/JCI147552
https://doi.org/10.1002/jbmr.5650070506
https://doi.org/10.1002/jbmr.5650070506
https://doi.org/10.1016/j.lungcan.2004.11.011
https://doi.org/10.1042/BJ20131151
https://doi.org/10.1042/BJ20020075
https://doi.org/10.1016/j.pharmthera.2019.107394
https://doi.org/10.7150/thno.20183
https://doi.org/10.1371/journal.pone.0050826
https://doi.org/10.7150/thno.26467
https://doi.org/10.1073/pnas.2019633118
https://doi.org/10.3389/fphys.2014.00075
https://doi.org/10.1002/hep.22099
https://doi.org/10.1016/s0168-8278(00)80095-1
https://doi.org/10.1111/hepr.12982
https://doi.org/10.18632/oncotarget.5440
https://doi.org/10.1186/s12948-016-0053-0
https://doi.org/10.1089/omi.2015.0037
https://doi.org/10.1038/onc.2017.65
https://doi.org/10.1038/onc.2017.65
https://doi.org/10.1186/s13054-020-03383-7
https://doi.org/10.1038/s41598-022-11532-x
https://doi.org/10.1016/j.immuni.2023.11.015
https://doi.org/10.1053/j.gastro.2019.03.021
https://doi.org/10.1016/j.immuni.2023.11.002
https://doi.org/10.5483/bmbrep.2018.51.5.094
https://doi.org/10.1016/j.expneurol.2019.113082
https://doi.org/10.3389/fimmu.2018.01143
https://doi.org/10.1016/j.jcmgh.2023.12.002
https://doi.org/10.1111/hepr.13396
https://doi.org/10.1007/s00109-023-02388-3
https://doi.org/10.1016/S2468-1253(22)00124-8
https://doi.org/10.2471/BLT.18.219469
https://doi.org/10.1016/j.jhep.2007.11.011
https://doi.org/10.1002/hep.23785
https://doi.org/10.1002/hep.28156
https://doi.org/10.1002/hep.29800
https://doi.org/10.3760/cma.j.cn501113-20220209-00060
https://doi.org/10.1016/S2468-1253(21)00472-6
https://doi.org/10.3760/cma.j.issn.1007-3418.2019.12.008
https://doi.org/10.3760/cma.j.issn.1007-3418.2019.12.008


Hu et al. 10.3389/fmed.2024.1372434

Frontiers in Medicine 10 frontiersin.org

 63. Kim NJ, Vutien P, Cleveland E, Cravero A, Ioannou GN. Fibrosis stage-specific 
incidence of hepatocellular Cancer after hepatitis C cure with direct-acting antivirals: a 
systematic review and Meta-analysis. Clin Gastroenterol Hepatol. (2023) 
21:1723–1738.e5. doi: 10.1016/j.cgh.2022.04.013

 64. Kang Q, Chen J, Luo H, Tan N, Gao H, Zhang X, et al. Decrease in Chitinase 3-like 
protein 1 levels reflects improvement in liver fibrosis after HCV eradication. Dis 
Markers. (2020) 2020:8539804–9. doi: 10.1155/2020/8539804

 65. Sahin M, Sucu P, Serin E, Yetim A, Alkim H, Alkim C. Serum fibrosis markers could 
aid in the prediction of factor for successful oral antiviral treatment in hepatitis C. Eur J 
Gastroenterol Hepatol. (2021) 33:e348–54. doi: 10.1097/MEG.0000000000002083

 66. Kang Q, Xu J, Luo H, Tan N, Chen H, Cheng R, et al. Direct antiviral agent 
treatment leads to rapid and significant fibrosis regression after HCV eradication. J Viral 
Hepat. (2021) 28:1284–92. doi: 10.1111/jvh.13558

 67. Mangoud NOM, Ali SA, El Kassas M, Soror SH. Chitinase 3-like-1, Tolloid-like 
protein 1, and intergenic gene polymorphisms are predictors for hepatocellular 
carcinoma development after hepatitis C virus eradication by direct-acting antivirals. 
IUBMB Life. (2021) 73:474–82. doi: 10.1002/iub.2444

 68. Xue F, Wei L. The epidemiology and screening of hepatitis D. Zhonghua Gan Zang 
Bing Za Zhi. (2022) 30:1017–21. doi: 10.3760/cma.j.cn501113-20221019-00498

 69. Shen Z-X, Wu D-D, Xia J, Wang X-B, Zheng X, Huang Y, et al. Prevalence and 
clinical characteristics of autoimmune liver disease in hospitalized patients with 
cirrhosis and acute decompensation in China. World J Gastroenterol. (2022) 28:4417–30. 
doi: 10.3748/wjg.v28.i31.4417

 70. Osiowy C, Swidinsky K, Haylock-Jacobs S, Sadler MD, Fung S, Wong D, et al. 
Molecular epidemiology and clinical characteristics of hepatitis D virus infection in 
Canada. JHEP Rep. (2022) 4:100461. doi: 10.1016/j.jhepr.2022.100461

 71. Fan J-G, Kim S-U, Wong VW-S. New trends on obesity and NAFLD in Asia. J 
Hepatol. (2017) 67:862–73. doi: 10.1016/j.jhep.2017.06.003

 72. Diehl AM, Day C. Cause, pathogenesis, and treatment of nonalcoholic 
Steatohepatitis. N Engl J Med. (2017) 377:2063–72. doi: 10.1056/NEJMra1503519

 73. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global 
epidemiology of nonalcoholic fatty liver disease-Meta-analytic assessment of prevalence, 
incidence, and outcomes. Hepatology. (2016) 64:73–84. doi: 10.1002/hep.28431

 74. He W, Huang C, Zhang X, Wang D, Chen Y, Zhao Y, et al. Identification of 
transcriptomic signatures and crucial pathways involved in non-alcoholic steatohepatitis. 
Endocrine. (2021) 73:52–64. doi: 10.1007/s12020-021-02716-y

 75. Zhang F, Han Y, Zheng L, Liu J, Wu Y, Bao Z, et al. Association of non-invasive 
markers with significant fibrosis in patients with nonalcoholic fatty liver disease: a cross-
sectional study. Diabetes Metab Syndr Obes. (2023) 16:2255–68. doi: 10.2147/DMSO.
S417754

 76. Graupera I, Thiele M, Serra-Burriel M, Caballeria L, Roulot D, Wong GL-H, et al. 
Low accuracy of FIB-4 and NAFLD fibrosis scores for screening for liver fibrosis in the 
population. Clin Gastroenterol Hepatol. (2022) 20:2567–2576.e6. doi: 10.1016/j.
cgh.2021.12.034

 77. Harrison SA, Ratziu V, Magnanensi J, Hajji Y, Deledicque S, Majd Z, et al. 
NIS2+™, an optimisation of the blood-based biomarker NIS4® technology for the 
detection of at-risk NASH: a prospective derivation and validation study. J Hepatol. 
(2023) 79:758–67. doi: 10.1016/j.jhep.2023.04.031

 78. Zhang S, Sousa A, Lin M, Iwano A, Jain R, Ma B, et al. Role of Chitinase 3-like 1 
protein in the pathogenesis of hepatic insulin resistance in nonalcoholic fatty liver 
disease. Cells. (2021) 10:201. doi: 10.3390/cells10020201

 79. Chen Y-T, Chen T-I, Yang T-H, Yin S-C, Lu S-N, Liu X-R, et al. Long-term risks 
for cirrhosis and hepatocellular carcinoma across Steatotic liver disease subtypes. Am J 
Gastroenterol. (2024) 00:1-10. doi: 10.14309/ajg.0000000000002778

 80. Colapietro F, Maisonneuve P, Lytvyak E, Beuers U, Verdonk RC, van der Meer AJ, 
et al. Incidence and predictors of hepatocellular carcinoma in patients with autoimmune 
hepatitis. J Hepatol. (2024) 80:53–61. doi: 10.1016/j.jhep.2023.09.010

 81. Rusak A, Buzalewicz I, Mrozowska M, Wiatrak B, Haczkiewicz-Leśniak K, Olbromski 
M, et al. Multimodal study of CHI3L1 inhibition and its effect on angiogenesis, migration, 
immune response and refractive index of cellular structures in glioblastoma. Biomed 
Pharmacother. (2023) 161:114520. doi: 10.1016/j.biopha.2023.114520

 82. Cheng D, Zhu C, Liao F, Zhao L, Shen L, Jiang W. Reciprocal induction of hepatitis 
C virus replication and stimulation of hepatic profibrogenic cytokine release and cellular 
viability by YKL-40. Ann Transl Med. (2021) 9:1649. doi: 10.21037/atm-21-4537

 83. Lee CH, Kim JH, Lee S-W. The role of microRNAs in hepatitis C virus 
replication and related liver diseases. J Microbiol. (2014) 52:445–51. doi: 10.1007/
s12275-014-4267-x

https://doi.org/10.3389/fmed.2024.1372434
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.cgh.2022.04.013
https://doi.org/10.1155/2020/8539804
https://doi.org/10.1097/MEG.0000000000002083
https://doi.org/10.1111/jvh.13558
https://doi.org/10.1002/iub.2444
https://doi.org/10.3760/cma.j.cn501113-20221019-00498
https://doi.org/10.3748/wjg.v28.i31.4417
https://doi.org/10.1016/j.jhepr.2022.100461
https://doi.org/10.1016/j.jhep.2017.06.003
https://doi.org/10.1056/NEJMra1503519
https://doi.org/10.1002/hep.28431
https://doi.org/10.1007/s12020-021-02716-y
https://doi.org/10.2147/DMSO.S417754
https://doi.org/10.2147/DMSO.S417754
https://doi.org/10.1016/j.cgh.2021.12.034
https://doi.org/10.1016/j.cgh.2021.12.034
https://doi.org/10.1016/j.jhep.2023.04.031
https://doi.org/10.3390/cells10020201
https://doi.org/10.14309/ajg.0000000000002778
https://doi.org/10.1016/j.jhep.2023.09.010
https://doi.org/10.1016/j.biopha.2023.114520
https://doi.org/10.21037/atm-21-4537
https://doi.org/10.1007/s12275-014-4267-x
https://doi.org/10.1007/s12275-014-4267-x

	Research advances in serum chitinase-3-like protein 1 in liver fibrosis
	1 Introduction
	2 Overview of CHI3L1
	2.1 CHI3L1 structure and receptors
	2.2 Synthesis of CHI3L1
	2.3 Biological functions of CHI3L1
	2.3.1 CHI3L1 as an inflammatory factor
	2.3.2 Immunosuppressive effects

	3 The relationship between CHI3L1 and liver fibrosis
	4 Application of CHI3L1 in the diagnosis of liver fibrosis
	4.1 CHB
	4.2 CHC
	4.3 Chronic hepatitis D
	4.4 NAFLD
	4.5 Other liver diseases

	5 Discussion
	Author contributions

	References

