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Abstract

The serum Chitinase 3-like protein 1 (CHI3L1) protein level can distinguish the stages
of liver fibrosis to a great extent. However, the diagnostic and prognostic signifi-
cance of serum CHI3L1 in hepatocellular carcinoma (HCC) is not clarified. To evaluate
the diagnostic and prognostic value of CHI3L1 in HCC, a total of 128 HCC patients
treated in the HwaMei Hospital, University of Chinese Academy of Sciences, from
December 2018 to April 2020 were collected retrospectively. Matched age and gen-
der subjects, 40 patients with liver cirrhosis, 40 patients with chronic hepatitis, and
40 healthy subjects were enrolled in the control group. The relevant clinical labora-
tory and examination data and the overall survival time (OS) of the HCC patients
were collected. The serum CHI3L1 expression level is related to a-fetoprotein (AFP),
tumor-node-metastasis (TNM) stage, maximum tumor diameter, liver cirrhosis, and
HCC patient's OS (p < 0.05). The area under the curve (AUC) of CHI3L1 was 0.7875
with the cutoff value of 91.36 ng/ml. Combining the serum CHI3L1 and a-fetoprotein
(AFP) by a binary logistic regression model can increase the diagnostic sensitivity to
97.5%. Multivariate Cox regression analysis indicated that CHI3L1 is an independent

prognostic factor in patients with HCC.
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1 | INTRODUCTION

Primary liver cancer is the sixth diagnosed cancer and the fourth
cause of cancer-related death worldwide. Hepatocellular carcinoma
(HCC) is the major pathological category and comprises a 75%-85%
incidence of primary liver cancer cases.! Because of the occult at-
tacks and high recurrence rate of HCC, the overall survival (OS) rate
of HCC patients is unsatisfactory.? Despite the progress that has
been made in screening and forecasting the prognosis of HCC, there
is still a lack of reliable and simple biomarkers that can detect and
monitor the prognosis of patients with HCC.®

CHI3L1 belongs to the family 18-glycosyl hydrolase but lacks
chitinolytic activity.* The Omic study conducted by Huang et al.
has shown that CHI3L1 is specifically expressed in the liver.> Our
previous study has shown that CHI3L1 has better performance in
diagnosing liver fibrosis than other noninvasive methods in chronic
hepatitis B patients.® In some cancers such as gastrointestinal tu-
mors, ovarian cancer, melanoma, urinary system tumors, lung cancer,
and glioblastoma, CHI3L1 can help to distinguish patients between
a good prognosis and poor prognosis.” Studies have shown that de-
ficiency of CHI3LI can ameliorate liver fibrosis and that upregulation
of CHI3L1 can exaggerate HCC cells proliferation, invasion, and mi-
gration.2'3 Itis promising that CHI3L1 can help to screen and monitor
the prognosis of patients with HCC.

So, we designed a retrospective study to evaluate the diagnostic
value of serum CHI3L1 and determine serum CHI3L1 prognostic rel-

evance in HCC patients.

2 | MATERIALS AND METHODS

2.1 | Clinical data

A total of 128 HCC patients treated in the HwaMei Hospital,
University of Chinese Academy of Sciences, from December 2018
to April 2020 were enrolled in the HCC patient group. The eligibil-
ity of enrolled patients meets the criteria according to Guidelines
for the Diagnosis and Treatment of Hepatocellular Carcinoma (2019
Edition)®; patients had not received any specific treatment (surgery,
radiotherapy, and chemotherapy, etc.). Exclusion criteria included
severe organ dysfunction (such as heart, lung, and kidney), diseases
associated with immunity or blood system, metastatic liver cancer,
and malignancy other than HCC. During the follow-up period, 30
patients in the HCC group underwent transcatheter arterial chem-

oembolization (TACE) and 17 patients underwent hepatectomy.

The age- and gender-matched control group consists of 120
subjects: 40 patients with liver cirrhosis and 40 patients with
chronic hepatitis (CH) from the HwaMei Hospital, University
of Chinese Academy of Sciences, and 40 healthy subjects from
International Health Care Center of Ningbo Mingzhou Hospital,
excluding subjects with any liver disease and severe heart, lung,
kidney, and other organ dysfunction. This study was approved by
the Human Research Ethics Committee from HwaMei Hospital,
University of Chinese Academy of Sciences, and Zhejiang
University MingZhou Hospital. Each patient signed an informed

consent form.

2.2 | Sample collection and detection

The serum CHI3L1 level was determined by enzyme-linked immu-
nosorbent assay (ELISA) and in a blinded manner. The CHI3L1 ELISA
Kit was produced by Proprium Biotech Company Limited, Hangzhou,
China. The expression level of CHI3L1 was detected once the sub-

jects first visit the clinic or admit to hospital.

2.3 | Follow-up of patients

128 patients with HCC were followed up. Follow-up data were ob-
tained by hospital electronic medical records, telephone calls, and
outpatient clinics. The follow-up time was 8-22 months. During
the follow-up period, laboratory monitoring was performed every
3-6 months, including routine blood chemistry tests and imaging
studies using computed tomography (CT) or magnetic resonance
imaging (MRI) to monitor disease status. The OS is from the day of
the patient's first serum sample test to the day of death; for patients
who are still alive on the follow-up deadline, the period between the
day of the first serum sample test and the last follow-up date will be

obtained.

2.4 | Establishment of an HCC prognostic model

According to multivariate Cox regression analysis, a prognostic
model was demonstrated using a small number of clinicopathologi-
cal features. The risk score was calculated as 3 Ni = 1 (Ci x Si), where
“N” was the number of prognostic factors, “C” represented the re-
gression coefficient, and “S” represented the risk score of clinical

characteristics.
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2.5 | TCGA data analysis

The clinicopathological data of 50 paired HCC and adjacent non-
tumor tissues as well as 278 unpaired HCC tissues, and the relative
expression levels of CHI3L1 were downloaded from The Cancer
Genome Atlas (TCGA)-Liver Cancer RNA sequencing database

(https://genome-cancer.ucsc.edu).

2.6 | Statistical analysis

In this study, the SPSS18.0 software package and the GraphPad8.0
software package were used for statistical analysis and graphing. An
independent sample t test was used for comparing the continuous
variables of normal distribution. Mann-Whitney U test was used for
comparing the continuous variables of non-normal distribution. The
ROC curve was drawn to evaluate diagnostic power, and the optimal
cutoff was deemed as the value that maximized the sum of sensitiv-
ity and specificity. Kaplan-Meier (K-M) curve and log-rank test were
used to describe the survival of patients. Univariate and multivariate
analyses were evaluated by the Cox regression method, and p < 0.05

indicates a significant difference.

3 | RESULTS

3.1 | Serum CHI3L1 expression in the HCC group
and the control group

The median serum level of CHI3L1 in the HCC group was 168.84
(95%Cl = 96.24, 322.61) ng/ml, which was significantly higher than the
median serum level of CHI3L1 in the control group (median = 71.36 ng/
ml, 95% Cl = 48.63, 114.77 ng/ml) (p < 0.0001, Figure 1).

3.2 | Diagnostic value of serum CHI3L1 for HCC group

In our study, to evaluate the diagnostic significance of CHI3L1 and
AFP in HCC, we screened out 120 cases in the HCC group and the
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FIGURE 1 Expression of serum CHI3L1 in the HCC group
(n = 128) and the control group (n = 120); ****p < 0.0001

control group, which can meet the requirements of collecting AFP
and CHI3L1 expression levels at the same time, and there is no sig-
nificant difference in gender and age. As is shown in Figure 2, an
AUC of CHI3L1 was 0.7875 (p < 0.0001); according to the Youden
index, the sensitivity and specificity were 78.33% and 66.67% when
the optimal cutoff was 91.36 ng/ml. However, the diagnostic value
of AFP (AUC = 0.8346, sensitivity = 85.83%, specificity = 76.67%,
the optimal cutoff value = 6.05) was better than that of CHI3L1.
Combining serum CHI3L1 and AFP by a binary logistic regression
model, the regression model formula is logit(P) = -1.86 + 0.008 x C
HI3L1 + 0.018 x AFP. We transformed the formula and got the com-
bining predictors' formula as CHI3L1 + 9/4AFP. The sensitivity of
the combined predictors reached 97.50%, and the AUC was 0.8636
(p < 0.001) when the cutoff is 280.8 (Figure 2).

3.3 | Relevance between serum CHI3L1
expression and clinicopathological characteristics

The clinical data of 128 HCC patients were analyzed. Serum
CHI3L1 level was closely correlated with serum AFP level, tumor-
node-metastasis (TNM) stage, Child-Pugh stage, the maximum di-
ameter of tumor, and presence of liver cirrhosis (p < 0.05), but there
was no significant correlation between gender and age (p > 0.05).
The patients with high AFP level (>400 ng/L), TNM IIl + IV stage,
large tumor diameter, liver cirrhosis, and Child-Pugh B + C had
higher serum CHI3L1 levels (Table 1).

3.4 | Relationship between serum CHI3L1
expression and HCC patients survival

According to the survival data of patients with HCC, the median ex-
pression level of CHI3L1 (168.84 ng/ml) was taken as the boundary,
and the patients were divided into the low expression group (n = 64)
and the high expression group (n = 64). To understand the relation-
ship between the expression level of CHI3L1 and the prognosis of
patients, the prognosis of HCC patients with high and low expres-
sion of CHI3L1 was analyzed by Kaplan-Meier curves. The OS rate
of patients with high expression of CHI3L1 was lower than that of
patients with low expression of CHI3L1, and the difference was sta-
tistically significant (Log-rank test, p < 0.0001, Figure 3).

3.5 | Independent factors for the prognosis of the
HCC group

Univariate Cox regression analysis demonstrated that TNM
stage(p < 0.0001), the maximum diameter of tumor (p = 0.01), AFP
(p < 0.0001) and CHI3L1 serum levels (p < 0.0001), hepatectomy
(p = 0.001), and TACE treatment (p < 0.0001) were the prognos-
tic factors, while multivariate Cox regression analysis showed
that TNM stage (p = 0.023), the serum AFP level (p = 0.003) and
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FIGURE 2 Diagnostic value of serum CHI3L1 (orange) or serum
AFP (green) alone, and the combination of these two markers for
the diagnosis of HCC (blue)
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FIGURE 3 K-M curves for OS of HCC patients with high and low
CHI3L1 expression

CHI3L1 expression (p = 0.037), hepatectomy (p = 0.013), and TACE
(p = 0.004) treatment were the independent prognostic factors
(Table S1).

3.6 | Subgroup analysis of HCC patients

Hepatocellular carcinoma patients were divided into subgroups ac-
cording to several clinical characteristics such as TNM stage, serum
AFP level, exposure to hepatectomy, and exposure to TACE treatment.
Then, subgroup analysis was conducted to further explore the correla-
tion between serum CHI3L1 expression level and the prognosis of pa-
tients with different characteristics of HCC. According to the median
CHI3L1 expression level (168.84 ng/ml), the serum CHI3L1 level was
divided into the low expression group and the high expression group.
There was no significant difference in OS in the group with the low
level of serum AFP (Figure 4A), but there was a significant difference
in the group with the high level of serum AFP (Figure 4B). In the sub-
group of patients without liver cirrhosis, the patients with high CHI3L1
expression have a shorter OS than that of patients with low CHI3L1

TABLE 1 Relationship between serum CHI3L1 level and
clinicopathological characteristics in the HCC group

All patients
(n=128) CHI3L1 (ng/ml)
Variable n Median (P25, P75) p-value
Gender
Male 104 168.76 (94.23, 329.01) 0.7725
Female 24 174.65 (104.91, 290.19)
Age (years)
<60 64 137.24 (83.97, 408.92) 0.1635
>60 64 201.08 (116.9, 310.88)
AFP (ng/ml)
<400 68 129.16 (81.03, 232.42) <0.0001
>400 50 241.95(143.61, 459.37)
Cirrhosis
No 36 109.97 (62.02, 164.29) <0.0001
Yes 86 224.17 (108.37, 449.64)
Child-pugh grade
A 53 146.46 (94.50, 270.66) <0.0001
B+C 33 432.63(239.79, 682.53)
Size of tumor (cm)
<5 67 118.42(80.80, 231.61) 0.0379
>5 40 156.50 (106.11, 438.35)
TNM stage
[+ 11 48 104.02 (78.07, 161.44) <0.0001
I+ v 75 242.46(143.23, 459.25)

expression (Figure 4C). In the subgroup of patients with liver cirrho-
sis, the OS rate of patients with low expression of CHI3L1 was higher
than that of patients with high expression of CHI3L1 (p < 0.0001,
Figure 4D). There was a significant difference in the group with TNM
Il + IV stage (Figure 4E). However, in the TNM I+ll stage group, there
were no deaths, making it difficult to draw a survival curve.

3.7 |
for HCC

Establishment of survival prognostic model

To further evaluate the prognostic value of CHI3L1, we combine the
expression level of CHI3L1 with other clinicopathological features
and establish a survival and prognostic model of HCC. Based on
multivariate Cox regression analysis, AFP < 400ng/ml, low CHI3L1
expression, TNM I+1l stage, no hepatectomy, no TACE was O in the
score, and AFP > 400ng/ml, high CHI3L1 expression was 1 in the
score. The score of TNM IIl + |V stage score was 2. The score was 2
for hepatectomy and 1 for the TACE as is shown in Table S2. We can
get the formula of the prognostic risk model:

Risk score = 1.333 x SAFP + 2.384 x STNM + 0.879 x SCHI3L1

- 2.544 x Shepatectomy - 1.110 x STACE.

Based on the median risk score, HCC patients were divided into
the high-risk group and the low-risk group, and K-M analysis was
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vival status in patients with HCC using the TCGA database and found
that CHI3L1 had no significant difference in paired HCC tissues (n = 50,
p = 0.2483; Figure 6A). To assess the prognostic significance of CHI3L1
in HCC, we analyzed the prognostic value in patients with HCC. As 4 |
shown in Figure 6B, the cutoff value of CHI3L1 (12.59) was acquired ac-

low-risk group

DISCUSSION

cording to its expression levels in HCC tissue, and the patients were di-
vided into high CHI3L1 expression and low CHI3L1 expression groups.
K-M analysis showed that HCC patients with high CHI3L1 expression
in HCC tissues had no difference in OS (p = 0.7304, Figure 6C). While
K-M analysis showed that HCC patients with high CHI3L1 expression
in paired non-tumorous tissues harbored poorer survival (p = 0.0015,
Figure 6D) as compared with those with low CHI3L1 expression.

CHI3L1 plays an active role in the occurrence and progress of tu-
mors. Studies have shown that CHI3L1 induces the expression of an-
giogenic molecules including C-C motif chemokine ligand 2 (CCL2),
C-X-C motif chemokine ligand 2 (CXCL2), and matrix metalloprotein-
ase-9 (MMP-9) in macrophages, thus promoting the occurrence of
lung metastasis.” Jeet et al.X found that knockout of CHI3L1 can
significantly reduce the invasion and migration of prostate cancer
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cells, while overexpression of CHI3L1 makes prostate cancer cells
have higher invasiveness and migration ability. At present, it has
been found that overexpression of CHI3L1 is associated with a poor
prognosis of cancer in some tumors. 1112

Hepatocellular carcinoma is one of the high incidences of tumors
in China and is one of the main contributors to cancer-related deaths,1
which indicates the importance of discovering applicable prognostic
markers or simple prognostic models that can be used for HCC patients.
Qiu et al.’® found that the overexpression of CHI3L1 can significantly
increase the number of S-phase cells in vitro and can promote the prolif-
eration of cancer cells, putting forward the hypothesis that CHI3L1 may
participate in the regulation of HCC by acting on TGF-p pathway. Pan's
group reported that when compared with adjacent tissues, the mRNA
and protein levels of CHI3L1 in HCC tissues were up-regulated and fur-
ther increased in tumors with metastases and that the higher expres-
sion level of CHI3L1 in HCC tissues has the worse prognosis.'* But, our
results from the TCGA database are not consistent with the results from
Pan's group, showing that there is no significant difference between
HCC tissues and para-non-tumorous tissues and that the expression of
CHI3L1 in HCC tissues has no prognostic value but that in paired non-
tumorous tissues has prognostic value. Our previous study has indicated
that the expression level of serum CHI3L1 was steadily increased from
CH to liver cirrhosis to HCC in monoinfected hepatitis B virus patients.
Serum CHI3L1 expression levels were positively associated with non-
invasiveness liver fibrosis methods such as liver stiffness measurement
(LSM), fibrosis-4 (FIB-4) index, aspartate aminotransferase-to-platelet
ratio index (APRI), and serum CHI3L1 has better performance than
these noninvasive methods with an area under the ROC curve (AUC) of
0.97 in diagnosing significant fibrosis. With the results from the TCGA
database, the CHI3L1 expression level in paired non-tumor tissues has
the prognostic value in OS of HCC patients, which hinted that CHI3L1
may play a role in the tumor microenvironment of HCC.

In our study, the abnormal expression feature was confirmed
by comparing clinical serum samples between patients with HCC
and the control group including liver cirrhosis, CH, and healthy
subjects during the same period. According to the ROC curve,
serum CHI3L1 level has a good diagnostic performance for HCC
(AUC =0.7875, the optimal cutoff value = 91.36 ng/ml), while serum
AFP has better performance with an AUC of 0.8346 when the op-
timal cutoff value is 6.05ng/ml. when combining CHI3L1 with AFP,
the AUC reaches 0.8636 and sensitivity reaches 0.975, indicating
that a combination of the serum CHI3L1 and AFP can be used as a
powerful biomarker for the diagnosis of HCC.

At present, the commonly used treatment methods for HCC in-
clude hepatectomy, liver transplantation, local ablation, TACE,'® and
targeted therapy.'® Some researchers found serum CHI3L1 is an inde-
pendent prognostic biomarker for HCC patients treated with TACE.
The OS of the groups whose CHI3L1 expression was higher than the
95th percentile serum level of healthy controls was shorter than those
of patients with normal CHI3L1 expression.17 Similar results were ob-
tained in the study of HCC patients undergoing hepatectomy.18

In our study, high CHI3L1 expression is closely related to the
high level of serum AFP and TNM IIl + IV stage. The expression
level of CHI3L1 has been determined to be negatively correlated
with the survival of patients. Cox analysis of OS showed that the ex-
pression of CHI3L1 was an independent prognostic factor in HCC.
Subgroup analysis showed that the low AFP expression group can-
not distinguish differences in the survival of patients with high and
low CHI3L1 expression. But in patients with high AFP expression or
TNM Il + IV stage, regardless of whether there is cirrhosis, the OS
of patients with high CHI3L1 expression is shorter than that with
low CHI3L1 expression. In the survival prognostic model, CHI3L1
was positively correlated with OS, indicating that it is a risk prog-
nostic factor for HCC.
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This study has some limitations. First, the number of patients
receiving TACE and radical surgery is small. Second, our study is ret-
rospective. Third, we did not distinguish HCC patients with different
liver disease backgrounds. Finally, this study is only aimed at Chinese
patients, and it is not clear whether the expression of serum CHI3L1
is increased in HCC patients with different races.

5 | CONCLUSIONS

In summary, we compared the difference of serum CHI3L1 between
the HCC group and the control group, analyzed the diagnostic perfor-
mance of CHI3L1 for HCC, and evaluated the prognostic power of serum
CHI3L1 in HCC patients. The results showed that serum CHI3L1 can help

to increase diagnostic power and evaluate prognosis for HCC patients.
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