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Background: We aimed to explore the expression of chitinase-3-like protein 1 (CHI3L1) in different
traditional Chinese medicine (TCM) syndromes and its correlation with liver fibrosis.

Methods: A total of 95 patients with hepatitis B e antigen (HBeAg)-positive chronic hepatitis B who were
diagnosed by pathological examination of liver biopsy specimens were selected as study subjects. According
to different TCM syndrome types, 47 cases were divided into damp-heat moderate resistance type, and 48
cases were liver depression and spleen-deficiency type. Serum samples of the 2 groups were collected, then
the levels of CHI3L1 were detected by enzyme-linked immunosorbent assay (ELISA). Hyaluronic acid (HA),
laminin (LN), fibronectin (FN), collagen type IV (CIV), and N-terminal procollagen IIT propeptide (PIIINP)
were measured by chemiluminescence. The levels of CHI3L1 was studied to explore the correlations
between the 2 types of TCM syndromes and liver fibrosis.

Results: The serum CHI3L1 level of the 2 groups increased with increasing fibrosis stage and peaked at
the S4 stage. The serum CHI3LI levels of liver depression and spleen deficiency type patients in the SO-S1,
S2-S3, and S4 stages were higher than those of patients with damp-heat moderate resistance type, and the
difference was significant (P<0.01). The levels of HA, LN, FN, CIV, and PIIINP in the 2 groups increased
with the increase of fibrosis stage and reached the highest level at the S4 stage. Compared to patients with
damp-heat syndrome, the levels of HA, LN, FN, CIV, and PIIINP in patients with liver depression and
spleen deficiency syndrome were lower, and the difference was statistically significant (P<0.05). There were
positive correlations between CHI3L1 and HA, LN, FN, CIV, and PITIINP (all <0.05).

Conclusions: The expression level of CHI3L1 in HBeAg-positive chronic hepatitis B patients was higher
than expected. The levels of CHI3L1, HA, LN, FN, CIV, and PIIINP in liver depression and spleen
deficiency type patients were lower than those in damp-heat moderate resistance type patients. These
findings indicated that CHI3L1 is correlated with HA, LN, FN, CIV, PIIINP liver fibrosis indexes, and the

syndrome of stagnation of spleen deficiency has a better correlation.
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Introduction

Hepatitis B virus infection is a worldwide epidemic. About
25% of patients with chronic hepatitis B will eventually
suffer from decompensated cirrhosis or rapid deterioration
of chronic hepatitis B. This can even lead to death due to
liver failure caused by hepatocellular carcinoma, posing a
significant threat to the health of people (1). In traditional
Chinese medicine (TCM), Chronic hepatitis B belongs
to this category because it is similar to “liver depression”,
“hypochondriac pain”, “jaundice”, and other diseases. Liver
depression and spleen deficiency type, along with damp-
heat moderate resistance type, are the most common (2).
According to the characteristics and pathogenesis of the
hepatitis B virus, when the hepatic damp-heat virus invades
the liver, spleen, stomach, and kidneys, the patients suffers
from damp-heat or damp-heat virus (3). Hepatitis B e
antigen (HBeAg)-positive chronic hepatitis B infection is
mainly caused by pre-C region mutation and core promoter
mutation. The liver tissue damage induced by this disease is
severe, and the disease progresses rapidly.

Liver fibrosis refers to the abnormal hyperplasia of
connective tissue in the liver caused by various pathogenic
factors (4). Chitinase-3-like protein 1 (CHI3L1) is a
secretory glycoprotein and is a liver-specific or highly
enriched gene, which can be used as a good marker of liver
disease. Some studies have shown that the hepatitis C virus
and fibrosis are related, but the expression of CHI3LI in
HBeAg-positive chronic hepatitis B fibrosis has rarely been
reported (5,6). TCM believes that syndrome differentiation
can reflect the different development stages of the
pathology of chronic hepatitis B. Our study intends to select
the TCM syndrome types with good correlation between
CHI3L1 and the degree of fibrosis on the basis of TCM
syndrome differentiation to verify whether it can be become
a reliable method for the diagnosis and staging of liver
fibrosis. Therefore, in this study, we explored the expression
of CHI3L1 in different TCM syndromes and its correlation
with liver fibrosis. We present the following article in
accordance with the MDAR reporting checklist (available
at https://apm.amegroups.com/article/view/10.21037/apm-
21-3760/r0).

Methods
Research subjects

A total of 95 patients with HBeAg-positive chronic hepatitis
B diagnosed by liver biopsy in Changzhou Third People’s
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Hospital from December 2016 to December 2019 were
selected as the research subjects. According to the different
TCM syndrome types, they were divided into 47 cases of
damp-heat moderate resistance type and 48 cases of liver
depression and spleen deficiency type. Among damp-heat
moderate resistance type, there were 29 male patients and
18 female patients, aged from 32 to 51 years old, with an
average age of 41.5+£8.2 years old. There were 32 male
patients and 16 female patients, aged from 35 to 54 years
old, with an average age of 44.5+7.6 years old in liver
depression and spleen deficiency type. The general data of
all patients were comparable. All procedures performed in
this study involving human participants were in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by the Ethics Committee of Changzhou
Third People’s Hospital (No.: 2018-06) and informed

consent was obtained from all the patients.

Inclusion criteria

For Western medicine diagnosis, HBeAg-positive chronic
hepatitis B patients were required to meet the diagnostic
criteria of chronic hepatitis B according to the “guidelines
for the prevention and treatment of chronic hepatitis B
(2019)”: serum hepatitis B surface antigen (HBsAg) and
hepatitis B virus HBV DNA were positive for more than
6 months; serum alanine aminotransferase (ALT): 2x upper
limit of normal (ULN) < ALT <10x ULN. For diagnosis
by TCM, all patients met the diagnostic criteria of chronic
hepatitis B in the standard of syndrome differentiation of
TCM for viral hepatitis. According to the actual number of
cases in our hospital, we selected 2 syndrome types: damp-
heat moderate resistance type and liver depression and
spleen deficiency type.

For TCM Syndrome Differentiation Standard:

(I) Syndrome of damp-heat resistance: main symptoms:
(1) lack of food and poor appetite; (ii) Bitter mouth
and dry mouth; (iii) red tongue and yellow greasy
coating. Secondary symptoms: (i) loose stools or
uncomfortable stickiness; (ii) sleepiness and fatigue;
(iii) pulse string or string slippage. Dialectical
criteria: (i) those who have all the main certificates;
(i) those who have any 2 of the main certificates and
2 of the secondary certificates.

(II) Syndrome of liver depression and spleen deficiency:
main symptoms: (i) flank ribs swelling and pain;
(if) abdominal distension or loose stools; (iii) light
tongue, tooth marks, white coating. Secondary
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symptoms: (i) emotional depression; (ii) fatigue and
fatigue; (iii) thin pulse. Dialectical criteria: (i) those
who have all the main certificates; (ii) those who have
2 main certificates and 2 secondary certificates.

Exclusion criteria

Pregnant or lactating women were excluded from this
study. Patients with other viral infections, abnormal thyroid
function, or previous liver diseases, mental disorders, and
autoimmune diseases were excluded. Those who used
interferon for antiviral treatment, immunosuppression,
or anticancer chemotherapy were not included. The
study excluded patients with liver cancer or other cancers
confirmed by biopsy.

Liver biopsy

All patients underwent ultrasound-guided percutaneous
liver biopsy with 16 G bard biopsy needles. The
1.5-2.5 cm liver tissues contained at least 6 hepatic portal
tracts for analysis. Then, the routine specimens were fixed
and embedded in alkaline paraffin for hematoxylin and eosin
(HE) staining. According to the staining, the degree of liver
fibrosis was divided into stages S0-S4, where SO: no fibrosis;
S1: the fibrosis of the portal area was enlarged, and there
was fibrosis around the sinus and in lobules; S2: fibrosis
appeared around the portal area with fibrous septa and
lobular structure preserved; S3: fibrous septum with lobular
structure disorder, but without cirrhosis; S4: cirrhosis. S >2
was defined as significant hepatic fibrosis.

Blood Sample collection

All samples were centrifuged at room temperature for 5 min
with a radius of 5 cm and a rotating speed of 3,000 r/min.
The supernatant was separated into an EP tube without
RNase. The supernatant was centrifuged at 4 °C for 10 min
with a radius of 5 cm and a rotating speed of 12,000 r/min.
The supernatant was then collected and stored in an EP
tube without RNase at -80 °C for further use.

Evaluation of liver fibrosis level

The chemiluminescence method detected the levels of
hyaluronic acid (HA), laminin (LN), fibronectin (FN),
collagen type IV (CIV), and N-terminal procollagen III
propeptide (PIIINP). The antibodies of HA, LN, FN, CIV,
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and PIIINP were coated in 96-well microplates to prepare
solid phase carriers. The standard or sample was added to
the microplate. HA, LN, FN, CIV, and PIIINP combined
with the antibodies attached to the solid carriers. Then,
biotinylated antibodies HA, LN, FN, CIV, and PIIINP
were added. After washing, HRP-labeled avidin was added,
and then the substrate was added after thorough washing.
A luminescent light signal will be generated. The emission
intensity was positively correlated with HA, LN, FN, CIV,
and PIIINP. A chemiluminescence instrument measured the
relative light unit (RLU).

Statistical analysis

SPSS 20.0 statistical software was used to analyze and
process the data. The mean + standard deviation (SD) of
different groups was compared by the independent sample
t-test. Pearson analysis was used for correlation analysis.
P<0.05 was statistically significant.

Results

Comparison of CHI3L1 levels in different syndrome types
and fibrosis stages

As shown in Table 1, the serum CHI3L1 level of the 2
groups increased with the fibrosis stage and peaked at the
S4 stage. The serum CHI3L1 levels of patients with liver
depression and spleen deficiency in the S0-S1, S2-S3, and
S4 stages were higher than those of patients with damp-heat
moderate resistance type, showing a significant difference
between the 2 groups (P<0.01).

Comparison of liver fibrosis markers in different syndrome

types

As shown in Tubles 2-6, the levels of HA, LN, FN, CIV,
and PIIINP in the 2 groups increased with the increase of
fibrosis stage and reached the highest level at the S4 stage.
Compared to patients with damp-heat syndrome, the levels
of HA, LN, FN, CIV, and PIIINP in patients with liver
depression and spleen deficiency syndrome were lower, and
the difference was statistically significant (P<0.05).

Correlation analysis between CHI3L1 and liver fibrosis

As shown in Figure 1, the correlation analysis between
CHI3L1, HA, LN, FN, CIV, and PIIINP demonstrated
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Table 1 Comparison of CHI3L1 levels in different syndrome types and different fibrosis stages (x+s, pg/mL)

Fibrosis stage

TCM syndrome type n

S0-S1 S2-S3 S4
Damp-heat moderate resistance type 47 52.36+7.69 62.58+7.69 153.24+20.14
Liver depression and spleen 48 60.15+12.16 72.34+11.25 186.44+22.46
deficiency type
t 3.723 4.926 7.580
P 0.001 0.001 0.001

CHI3LA1, chitinase-3-like protein 1; TCM, traditional Chinese medicine.

Table 2 Comparison of HA levels in different syndrome types and different fibrosis stages (x+s, ng/mL)

Fibrosis stage

TCM syndrome type n

S0-S1 S2-S3 S4
Damp-heat moderate resistance type 47 63.24+11.21 75.38+13.69 84.52+16.38
Liver depression and spleen 48 59.63+9.68 65.11+10.29 72.15+12.36
deficiency type
t 1.676 4.139 4.161
P 0.042 0.001 0.001

HA, hyaluronic acid; TCM, traditional Chinese medicine.

Table 3 Comparison of LN levels in different syndrome types and different fibrosis stages (x=s, ng/mL)

Fibrosis stage

TCM syndrome type n

S0-S1 S2-S3 S4
Damp-heat moderate resistance type a7 90.23+16.32 96.59+15.32 103.85+25.41
Liver depression and spleen 48 75.33+13.42 75.23+12.49 91.35+19.56
deficiency type
t 4.865 7.455 2.690
P 0.001 0.001 0.008

LN, laminin; TCM, traditional Chinese medicine.

Table 4 Comparison of FN levels in different syndrome types and different fibrosis stages (x+s, ng/mL)

Fibrosis stage

TCM syndrome type n

S0-S1 S2-S3 S4
Damp-heat moderate resistance type 47 96.85+11.25 110.25+17.21 138.52+34.25
Liver depression and spleen 48 81.12+8.63 92.31+11.26 108.24+20.11
deficiency type
t 7.656 6.025 5.268
P 0.001 0.001 0.001

FN, fibronectin; TCM, traditional Chinese medicine.
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Table 5 Comparison of CIV levels in different syndrome types and different fibrosis stages (x+s, ng/mL)

Fibrosis stage

TCM syndrome type n

S0-S1 S2-S3 S4
Damp-heat moderate resistance type 47 71.26+10.26 79.85+11.25 90.35+19.65
Liver depression and spleen 48 48.26+7.35 65.88+9.58 72.52+14.25
deficiency type
t 12.580 6.521 5.071
P 0.001 0.001 0.001

ClV, collagen type IV; TCM, traditional Chinese medicine.

Table 6 Comparison of PIIINP levels in different syndrome types and different fibrosis stages (xxs, ng/mL)

Fibrosis stage

TCM syndrome type n

S0-S1 S2-S3 S4
Damp-heat moderate resistance type 47 6.58+1.00 9.02+1.06 11.35+2.89
Liver depression and spleen 48 4.02+0.65 5.68+1.26 8.35+1.89
deficiency type
t 14.820 13.970 6.000
P 0.001 0.001 0.001

PIINP, N-terminal procollagen Il propeptide; TCM, traditional Chinese medicine.

that CHI3L1 was positively correlated with HA (r=0.329,
P=0.001), LN (r=0.588, P=0.001), FN (r=0.329, P=0.001),
CIV (r=0.298, P=0.002), and PIIINP (r=0.267, P=0.006).

Discussion

After the human body is infected with the hepatitis B virus,
various immune reactions occur. The body can clear the
virus through an immune response. After entering the body,
the virus will be integrated into liver cells and form an
immune complex. It is attacked by the body’s complement
system and inflammatory factors. In the process of immune
killer cells removing the virus, it will also cause damage to
the liver cells. In addition, a small number of hepatitis B
patients develop chronic hepatitis B. This can then worsen
to cirrhosis, liver failure, and even liver cancer, and the
incidence of this disease is higher. The consequences are
therefore not ideal (7,8).

In recent years, Chinese medicine has shown unique
advantages in diagnosing and treating chronic hepatitis B.
Dialectical treatment is the essence of Chinese medicine.
The different TCM syndromes can reflect chronic hepatitis
B disease development, which is essential for the clinical
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understanding of disease progression, guiding treatment,
and judging prognosis. In this study, patients with HBeAg-
positive chronic hepatitis B were classified into TCM
syndrome types. Two types were selected for investigation
and research: damp-heat moderate resistance type and liver
depression and spleen deficiency type.

Liver fibrosis is caused by toxins, virus infections,
and alcohol abuse, among other factors. It is a standard
chronic pathological marker of all kinds of liver injury.
Intrahepatic inflammatory activities lead to sustained
damage and repair of hepatocytes and repeated destruction
and reconstruction of liver tissue structure. This eventually
leads to structural changes in the liver. In the late stage,
it can progress to cirrhosis. It is also an important factor
affecting the prognosis of chronic liver disease (9-11). The
“gold standard” for the diagnosis of liver fibrosis is liver
biopsy, but this examination causes particular trauma to
the body and is limited in clinical application. Therefore,
further exploration of serum markers is a research hotspot
in this field (12). The Chi3ll gene is located on human
chromosome 1q32.1, which contains 7,948 bases and 10
exons. Its sequence is highly conserved and is primarily
expressed in the liver, 15-227 times that in the human
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Figure 1 Correlations between chitinase-3-like protein 1 (CHI3L1) and hyaluronic acid (HA), laminin (LN), fibronectin (FN), collagen

type IV (CIV), and N-terminal procollagen III propeptide (PIIINP).

brain, heart, breast, and other organs. It is also a highly liver
enriched gene (13). CHI3L1 is a monomer glycosylated
protein and a member of the glycohydrolase family. It has
383 amino acids and is about 40 kDa in size. It can bind
to chitosan but has no chitosanase activity, and plays an
essential role in inflammation and tissue remodeling (14).
Studies have shown that CHI3L1 plays a vital role in the
occurrence and development of liver fibrosis (15,16). It
participates in the formation of liver fibrosis by activating
stellate cells. By regulating part of the cell response, it
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promotes the production of FN and LN and engages in
the development of liver fibrosis cells. In addition, as a
component of the extracellular matrix, it can participate in
fibrosis and forms positive feedback to signaling pathways
to accelerate fibrosis. In this study, CHI3L1 was highly
expressed in liver fibrosis with specificity, suggesting that
it participates in this process. We also found that the
serum CHI3L1 levels of patients with liver depression
and spleen deficiency syndrome in the S0-S1, S2-S3, and
S4 stages were higher than those of patients with damp-
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heat syndrome, indicating that its correlation with liver
depression and spleen deficiency syndrome was better.

HA, LN, FN, CIV, and PIIINP are 5 suitable biomarkers
for fibrosis diagnosis. HA is synthesized by intrahepatic fat-
storing cells and is a crucial component of the extracellular
matrix of the liver. In liver fibrosis, HA increases due to the
proliferation of fibroblasts and stromal cells. In addition, the
degradation ability of HA will decrease after liver damage,
which further increases the level of HA in vivo (17). LN
is mainly synthesized by endothelial cells and fat-storing
cells in the liver and consists of a 400 kDa cell a Chain
and two 200 KD B Chains. It is a non-collagen structural
protein and one of the basement membrane components,
which is positively correlated with the activity of liver
fibrosis (18). In the previous study, FN is a high molecular
weight glycoprotein with a molecular weight of about
450 kDa, which can participate in collagen metabolism,
hepatocyte damage repair, and can regulate the function
of the reticuloendothelial system (19). Its level is positively
correlated with the degree of liver fibrosis. CIV is the main
component of the basement membrane reticular structure.
It is involved in adhesion and binding with collagen fibers,
cell membrane receptors, and cells. However, it cannot
directly participate in the formation of collagen fibers.
When liver fibrosis occurs, its upregulation can be seen in
the early stage, which can be used as a serum indicator for
the diagnosis of liver fibrosis (20). Increased PIIINP level
is related to an increase in type III procollagen synthesis.
In the early stage of liver fibrosis, the synthesis of type III
procollagen is active. Its level is associated with hepatitis,
necrosis, and fibrosis, and is a good marker of liver fibrosis
activity (21). In this study, the above indicators showed
abnormally high expression in liver fibrosis. This suggests
that these markers can be used to diagnose liver fibrosis,
and the combination of multiple indicators can effectively
improve the diagnostic value. We also found that HA, LN,
FN, CIV, and PIIINP levels were highly expressed in the
2 syndrome types. Compared with those in the S0-S1, S2-
S3, and S4 stages, HA, LN, FN, CIV, and PIIINP levels
in patients with liver depression and spleen deficiency type
were lower than those of patients with damp-heat moderate
resistance type, which indicated that the correlation with
liver depression of spleen deficiency type was better.

In summary, the results of this study show that the
expression level of CHI3L1 is higher in HBeAg-positive
chronic hepatitis B patients, and there are differences in
the expression levels of markers related to HBeAg-positive
chronic hepatitis B in the liver depression and spleen
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deficiency type and the damp-heat moderate resistance
type. The level of CHI3L1 in liver depression and spleen
deficiency syndrome patients was higher than that of the
damp-heat moderate resistance patients. HA, LN, FN,
CIV, and PIIINP levels in the liver depression and spleen
deficiency syndrome patients were lower than those of the
damp-heat and moderate resistance patients. These findings
show that CHI3L1 is correlated with HA, LN, FN, CIV,
and PIIINP liver fibrosis indexes, and liver depression of
spleen deficiency syndrome has a better correlation.
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