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Abstract

Liver fibrosis is a major disease that is primarily caused by hepatitis virus infections, toxins, and alcohol abuse.
Diagnosing and staging liver fibrosis are critical in guiding the treatment of chronic liver diseases, according to
several international and Chinese guidelines. Liver biopsy is the gold standard for diagnosing and staging liver
fibrosis, but it is invasive and suffers from several limitations. Consequently, much research has focused on the
search for a noninvasive serum biomarker of fibrosis. In this study, we determined that Chitinase 3-like 1
(CHI3L1) is an abundantly expressed liver gene whose expression is highly enriched in the liver. We then
compared serum levels of CHI3L1 among patients with various stages of liver fibrosis, as determined by liver
biopsies, and found that the CHI3L1 levels were able to differentiate early stages of liver fibrosis (S0–S2) from
late stages of liver fibrosis (S3–S4). We further showed that CHI3L1 is a good marker of substantial fibrosis,
with areas under the ROC curves (AUCs) of 0.94 for substantial (S2, S3, S4) fibrosis and 0.96 for advanced
(S3, S4) fibrosis. Finally, we showed that CHI3L1 is superior to hyaluronic acid (HA), type III procollagen
(PCIII), laminin (LN), and type IV collagen (CIV), which are also serum biomarkers of liver fibrosis, in
identifying advanced liver fibrosis in patients with HBV-related liver fibrosis in China.

Introduction

L iver fibrosis is a wound-healing response of liver
cells to chronic injuries caused by viral infections, tox-

ins, alcohol abuse, and other causes. Liver fibrosis is ac-
companied by a constant process of destruction and repair of
the hepatic parenchyma that is caused by inflammation, and it
often results in serious complications, including portal hy-
pertension and liver failure. It can also give rise to hepato-
cellular carcinoma (HCC). Liver fibrosis can lead to cirrhosis,
which is defined as the end stage of liver fibrosis (Pellicoro
et al., 2014).

In China, hepatitis B is the major cause of injuries leading
to liver fibrosis and cirrhosis (Liao et al., 2013; Xu et al.,
2003). Cirrhosis is a important factor in the development of
HCC because the cumulative 5-year risk of developing HCC

in patients with cirrhosis ranges from 5% to 30%, depending
on several factors, including the presence and stage of un-
derlying liver disease, ethnicity, age, gender, and the dura-
tion of exposure to primary hepatotropic viruses. Therefore,
staging liver fibrosis before cirrhosis develops could allow
early-stage liver fibrosis to be detected soon enough for
potentially curative treatments to be administered.

According to several international and Chinese guidelines
for the treatment of chronic liver diseases, including hepatitis
B virus (HBV) infection, accurate determination of fibrosis
stages is critical for optimizing the timing of antiviral treat-
ment (Asia-Pacific Consensus on Hepatitis B and C, 2000;
National Institutes of Health, 2002). Elevated alanine trans-
aminase (ALT) levels equal to or greater than the upper limit
of normal (ULN) have been used as a major factor in deciding
to initiate antiviral therapy (Chao et al., 2014). Approximately
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one-fifth of patients with ALT levels less than the ULN
have substantial liver fibrosis; these patients would be missed
using ALT alone as the determining factor for initiating
treatment (Chao et al., 2014). Therefore, additional staging
markers are needed.

Liver biopsy is the gold standard for detecting and staging
liver fibrosis (Papatheodoridis and Manolakopoulos, 2009).
However, liver biopsy is a complicated procedure that in-
cludes sampling and staining tissue and having the resulting
slides read by a pathologist. Liver biopsies may also cause
complications, including post-procedure pain or bleeding, sam-
pling error (as only 1/50,000th of the liver is sampled), and
inter- and intra-pathologist variability (Afdhal, 2004). Over
the past decades, many noninvasive techniques have been
developed with the aim of either replacing liver biopsies or
conducting pre-screening for liver biopsies.

These techniques rely on either of two distinct but com-
plementary approaches: a non-biomarker-based approach,
which relies on the measurement of liver stiffness using
elastography-based technologies, such as the widely pro-
posed FibroScan method; or a serum marker-based approach,
which relies on the quantification of biomarkers of fibrosis
in serum.

The FibroScan method, which uses transient elastography,
reliably detects cirrhosis in most HBV and HCV patients;
however, it cannot be used in approximately 20% of HBV
and HCV patients, particularly those with ascites and obesity,
and its performance varies with operator experience (Degos
et al., 2010). For serum biomarkers, the most common test
platforms are the FibroTest (Biopredictive, Houilles, France)
and the ActiTest (Biopredictive), both of which use a com-
bination of levels of alpha-2-macroglobulin, alpha-2 globulin
(or haptoglobin), gamma globulin, apolipoprotein A1, gamma-
glutamyl transpeptidase (GGT), or total bilirubin, and age
and sex information to generate their results. Together, these
tests are marketed as the HCV-FibroSure Test (LabCorp,
Burlington, NC); this test is the most widely used test for the
assessment of fibrosis.

However, this test does not stage liver fibrosis well. Rossi
et al. (2003) investigated FibroTest scores of 125 patients
with hepatitis C and found that 57 of these patients had
FibroTest scores either less than 0.1 (indicating no fibrosis) or
greater than 0.6 (indicating substantial fibrosis). They found
that 6 (18%) of 33 patients who had FibroTest scores less than
0.1 and were therefore deemed unlikely to have fibrosis in
fact had substantial fibrosis. Conversely, five (21%) of the 24
patients with scores greater than 0.6 who were thus predicted
to be likely to have substantial fibrosis instead had mild fi-
brosis. The investigators found large discrepancies between
the test results and the biopsy results in approximately 19% of
the patients. The discordance between the FibroTest and liver
biopsy results was similarly reported to be 28.7% (154 of 537
patients) by Poynard et al. (2012). Therefore, serum markers
that can be used to stage fibrosis with greater accuracy are
needed.

Chitinase 3-like 1 (CHI3L1, also known as YKL-40) is a
member of the chitinase family but lacks chitinase activity; it
encodes a glycoprotein that is a member of the 18-glycosyl
hydrolase family (Libreros et al., 2013). The function of this
glycoprotein is unclear, but it has been hypothesized that
CHI3L1 plays a role in both inflammation and tissue remodel-
ing (Libreros et al., 2013). Immunohistochemical analysis

demonstrated positive staining for CHI3L1 antigens in areas
with fibrosis, particularly areas with active fibrogenesis.
Several studies have established that CHI3L1 is a biomarker
for alcoholic cirrhosis ( Johansen et al., 1997) and HCV-
induced liver fibrosis ( Johansen et al., 2000; Tran et al., 2000;
Nojgaard et al., 2003). However, to our knowledge, the
performance of CHI3L1 in staging or diagnosing HBV-
related liver fibrosis has not been systematically analyzed.
Our laboratory seeks to identify novel biomarkers of liver
fibrosis in the Chinese population. Therefore, we sought to
determine whether CHI3L1 is a good biomarker for staging
or diagnosing liver fibrosis in HBV-related chronic liver
disease in the Chinese population.

Materials and Methods

Patients

Ninety-eight consecutive treatment-naive chronic hepati-
tis B (CHB) patients who had undergone percutaneous liver
biopsies were prospectively enrolled in this study in the
Department of Infectious Diseases of the Zhejiang Provincial
People’s Hospital from June 2012 through December 2013.
The inclusion criteria for the study were age greater than 20
years, positive HBsAg for more than 6 months, HBV DNA
levels ‡ 103 copies/mL, and ALT levels £ 2 ULN (ULN =
50 U/L); ALT and HBV DNA levels were monitored monthly
for 6 months prior to enrollment to ensure that ALT levels £ 2
ULN and HBV DNA levels ‡ 103 copies/mL were main-
tained. Exclusion criteria for the study included co-infection
with human immunodeficiency virus (HIV) or hepatitis C virus
(HCV), compensated or decompensated liver cirrhosis, alco-
holic liver diseases, non-alcoholic fatty liver disease (NAFLD),
autoimmune liver diseases, chronic liver diseases due to other
causes, renal insufficiency, inadequate biopsy samples, and
incomplete clinical data. In addition, 146 serum samples
from stage S3 and S4 hepatic fibrosis patients were collected
at three other major hospitals in Hangzhou, China, including
the First Affiliated Hospital of College of Medicine, the
Second Affiliated Hospital of College of Medicine of Zhe-
jiang University, and Sir Run Run Shaw Hospital. Informed
consent was obtained from each patient, and the study pro-
tocol complied with the ethical guidelines of the 1975 De-
claration of Helsinki. The study was approved by the
institutional review board of each hospital.

Enzyme-linked immunosorbent assay (ELISA)

CHI3L1 ELISA kits (Hangzhou Proprium Biotech Co.
Ltd, Hangzhou, Zhejiang, China) were used to quantify the
serum CHI3L1 levels.

Liver biopsies and the staging of fibrosis

The staging of fibrosis was confirmed by liver biopsies.
Percutaneous liver biopsies were conducted using an 18G
biopsy needle guided by ultrasound. The specimens were
then fixed, paraffin-embedded, and stained with hematoxylin
and eosin (HE). For the diagnosis of fibrosis, 1.5–2.5 cm of
liver tissue containing at least six portal tracts was used in
analyses. Liver fibrosis stages (S0–S4) were determined using
Scheuer’s classification system by a single pathologist who
was blinded to the patients’ clinical data.

340 HUANG ET AL.



Statistical analysis

All statistical analyses were performed using MedCalc
software (Version 13.0.0.0). Differences between groups
were tested using the Mann-Whitney U-test (for continuous
variables and for nonparametric analyses for independent
samples). Comparative ROC analyses were conducted using
a nonparametric approach previously described by Delong
et al. (1988).

Results

CHI3L1 is an abundantly expressed liver gene whose
expression is highly enriched in the liver

Under normal physiological conditions, CHI3L1 expres-
sion is low or absent in many tissues ( Johansen, 2006). For
example, CHI3L1 expression is absent in normal human
monocytes but is strongly induced during the late stages of
human macrophage differentiation (Krause et al., 1996). How-
ever, a systematic analysis of CHI3L1 expression in multiple
tissues was not conducted before the arrival of high-throughput
technologies. In 2008, Dezso et al. performed a microarray
analysis of 32 human tissues and found that the highest levels
of expression of CHI3L1 were observed in the liver, out of all
of the 32 tissues that were tested (data not shown). However,
because the dynamic range of microarrays is limited, we did
not initially appreciate that CHI3L1 is, in fact, highly ex-
pressed in liver tissue.

RNA sequencing (RNA-seq), which is capable of detecting
expression levels over a much greater dynamic range than is
possible using older technologies, such as cDNA arrays, al-
lows CHI3L1 expression levels to be determined over a large
dynamic range in many normal human tissues. The data from
the Illumina Human Body Map 2.0 (http://genomicdbdemo
.bxgenomics.com/) show that CHI3L1 is expressed at a level
of 552 FPKM (fragments per kb of exon per million fragments

mapped) in the liver, whereas it is expressed at very low levels
(median 15, with a maximum of 36 in the kidney) in all of the
other 15 tissues for which data are available, including all of
the major organs: the heart, brain, breast, colon, kidney, lung,
muscle, lymph node, and thyroid, and leukocytes (Fig. 1).

The level of expression of CHI3L1 in the liver is 15.3-fold
(compared with that in the kidney) to 276-fold higher (com-
pared with that in the heart) than its level of expression in
other tissues. These data suggest that CHI3L1 is a liver-
specific or a highly liver-enriched gene and that it is also
abundantly expressed. At 552 FPKM, the level of expression
of CHI3L1 is even higher than that of PSA (KLK3), at 349
FPKM in the Illumina Human Body Map 2.0 database, and
PSA is a prostate-specific gene and a marker of prostate
cancer. The establishment of CHI3L1 as an abundantly ex-
pressed gene whose expression is enriched in the liver is im-
portant because this corrects the misconception that CHI3L1 is
expressed at similar levels in many tissues and thus should
alleviate concerns that it might not be a good marker of liver
disease ( Johansen, 2006).

CHI3L1 is able to differentiate early stages
of liver fibrosis (S0-S2) from late stages
of liver fibrosis (S3-S4)

To investigate whether CHI3L1 was able to differentiate
early stages of liver fibrosis from late stages of liver fibrosis,
we compared serum levels of CHI3L1 and stages of liver
fibrosis determined from liver biopsies from 39 patients with
stage S0 liver fibrosis, 36 patients with stage S1 liver fibrosis,
16 patients with stage S2 liver fibrosis, and 153 patients with
stage S3 or S4 liver fibrosis. Representative images of staining
of liver biopsy tissue for different stages of fibrosis are shown
in Figure 2. All of the raw data used in this analysis are shown
in Supplementary Table S1 (supplementary material is avail-
able online at www.liebertpub.com/omi). We calculated the

FIG. 1. CHI3L1 expression levels among 16 normal human tissues, as determined using
the Illumina Human Body Map 2.0 (http://genomicdbdemo.bxgenomics.com/). Y-axis:
FPKM (fragments per kb of exon per million fragments mapped) values. Each column
represents a different tissue.
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median levels of CHI3L1 in serum samples from patients
with different pathological stages of fibrosis (Table 1). We
found little difference in the expression level of CHI3L1
between patients with no fibrosis (S0) and those with the
earliest stage of fibrosis (S1); therefore, we grouped patients
with early-stage fibrosis (S0–S1) together. The median ex-
pression level of CHI3L1 was 46.51 ng/mL, and the mean
expression level of CHI3L1 was 64.79 ng/mL in the S0–S1
group of patients.

In patients with stage S2 fibrosis, the median and mean
CHI3L1 levels increased to 69.48 ng/mL and 130.04 ng/mL,
respectively. In patients with stage S3–S4, the median and
mean CHI3L1 levels further increased to 188.88 ng/mL and
277.46 ng/mL, respectively. A box-and-whisker plot for the
three groups of patients with different stages of liver fibrosis

is shown in Figure 3A. We found that the difference in
CHI3L1 levels between the group of patients with stage
S0-S1 fibrosis and the group of patients with stage S2 fibrosis
patients is highly statistically significant ( p = 0.0015, Mann-
Whitney U-test, two-tailed). We also found a highly statis-
tically significant difference ( p = 0.0002, the Mann-Whitney
U-test, two-tailed) between the group of patients with stage
S2 liver fibrosis and those with stage S3–S4 liver fibrosis.
Thus, we found that serum CHI3L1 levels could differentiate
between early-stage (S0–S1), middle-stage (S2), and late-
stage (S3–4) liver fibrosis in patients with HBV-related liver
fibrosis in China.

CHI3L1 is a diagnostic marker
of substantial or advanced liver fibrosis

Determining whether substantial fibrosis, defined as fibro-
sis at stages greater than or equal to S2 (i.e., stage S2, S3,
or S4 fibrosis), in chronic HBV patients is critical for guid-
ing the prognosis and treatment of patients with hepatitis
B (Asia-Pacific Consensus on Hepatitis B and C, 2000; Na-
tional Institutes of Health, 2002). Encouraged by our finding
that CHI3L1 is a good marker for staging fibrosis, we sought
to determine whether CHI3L1 is a good marker for identi-
fying substantial fibrosis. ROC curve analysis produced areas

FIG. 2. Pathology staining of liver biopsies at different stages of fibrosis. Representative
images of liver fibrosis at stages S0, S1, S2, and S4, clockwise from the top left.

Table 1. Median Levels of CHI3L1 Expression

in Patients with Different Stages of Liver Fibrosis

Stage N Median 95% CI

S0 39 46.150 38.692–55.790
S1 36 47.050 35.963–55.396
S2 16 69.475 57.165–125.007
S3–S4 153 188.800 169.408–228.196
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under ROC curves (AUCs) of 0.94 and 0.96 for substantial
(S2, S3, S4) fibrosis and advanced (S3, S4) fibrosis, respec-
tively (Fig. 3B–C). CHI3L1 levels differentiated between
substantial and advanced fibrosis with a sensitivity of 94.1%
and a specificity of 87.7% when a criterion of CHI3L1
level > 73.4 ng/mL was used to diagnose advanced fibrosis.
We next recruited patients from Sir Run Run Shaw Hospital
(Hangzhou) as a validation set for testing predictions made
using serum CHI3L1 levels. We recruited 168 normal indi-
viduals and 85 advanced (S3, S4) fibrosis patients (Supple-
mentary Table S2). The area under the ROC curve (AUC) for
advanced fibrosis for the validation set is 0.96. The sensitivity
and specificity were 91.8% and 91.7%, respectively, when a
cutoff value of 78.48 ng/mL was used. When using a cutoff
value of 73.4 ng/mL as determined previously, the sensitivity
was 91.76% for the validation set, and the specificity was 87.06%.

Comparison of CHI3L1 and several commonly used
serum markers for diagnosing advanced liver fibrosis

Traditionally, the serum markers hyaluronic acid (HA),
type III procollagen (PCIII), laminin (LN), and type IV col-
lagen (CIV) have been used to diagnose liver fibrosis or
cirrhosis (Rossi et al., 2007). We compared the performance
of CHI3L1 to the performance of these serum fibrosis
markers for the detection of advanced liver fibrosis. We
measured the levels of CHI3L1 side-by-side with the levels of
these older four markers—HA, PCIII, LN, and CIV—in 36
patients with advanced-stage liver fibrosis and 50 healthy
individuals. All data are presented in Supplementary Table
S3. We conduced a comparative ROC analysis for these 5
markers individually for diagnosing advanced liver fibrosis
(Fig. 4A). CHI3L1 performed the best among the five markers,
with an AUC of 0.99 (Fig. 4B).

Discussion

The correct staging of liver fibrosis is critical for guiding
the treatment of chronic hepatitis. The gold standard for
staging liver fibrosis, the liver biopsy, is an invasive proce-
dure and has many limitations (Motola et al., 2014). First,
only approximately 1/50,000 the volume of the liver is
sampled in a liver biopsy; therefore, a biopsy is unable to
reflect fibrotic changes occurring throughout the entire liver
and hence does not detect cirrhosis in 10%–30% of patients
(Motola et al., 2014). Additional disadvantages include dis-
agreements between pathologists and a risk of complications
that range from mild abdominal pain to severe hemorrhage
and injury to the biliary system (Motola et al., 2014). There-
fore, many investigators are pursuing the development
of noninvasive procedures or tests for staging liver fibrosis or
diagnosing substantial liver fibrosis.

In this study, we showed that CHI3L1 is a marker that is
able to differentiate early-stage fibrosis from late-stage fi-
brosis (Fig. 3A) in HBV-related liver fibrosis patients in
China. Such determinations are critical for guiding the clin-
ical treatment of chronic HBV carriers (Asia-Pacific Con-
sensus on Hepatitis B and C, 2000; National Institutes of
Health, 2002). Adams et al. (2005) sought to create an al-
gorithm that accurately and reliably predicts liver fibrosis
stages among hepatitis C patients based on the levels of
several serum markers and developed a model (HepaScore)
based on bilirubin levels, gamma-glutamyl transferase levels,

FIG. 3. Analysis of CHI3L1 as a staging and diagnostic
marker for liver fibrosis. (A) Box-and-whisker plots of CHI3L1
in different groups of patients with various stages of fibrosis.
(B) ROC curve analysis for substantial fibrosis (S2, S3, S4). (C)
ROC curve analysis for advanced (S3, S4) fibrosis.
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hyaluronic acid (HA) levels, alpha-2-macroglobulin levels, age,
and gender that produced areas under the ROC curves (AUCs)
of 0.85, 0.96, and 0.94 for substantial (S2, S3, S4) fibrosis,
advanced (S3, S4) fibrosis, and cirrhosis (S4), respectively.

We further showed that CHI3L1 is capable of identifying
substantial liver fibrosis ( ‡ S2) or advanced liver fibrosis
( > S3; Fig. 3B, C). We showed that CHI3L1 identifies ad-
vanced liver fibrosis in patients with HBV-related liver fi-
brosis in China better than hyaluronic acid (HA), type III
procollagen (PCIII), laminin (LN), and type IV collagen

(CIV), all of which are other serum markers of liver fibrosis
(Fig. 4A, B). Our observations in Chinese patients with HBV-
related liver fibrosis are similar to previous observations in
HCV-related liver fibrosis. Rath et al. (2011) tested the
abilities of many biomarkers, including CHI3L1 (YKL-40),
hyaluronic acid (HA), laminin, C-terminal procollagen I pep-
tide, MMP-9, TIMP-1, TIMP-2, and a complex of MMP-9
and TIMP-1, to detect HCV-related liver fibrosis and found
that CHI3L1 performed the best among the biomarkers
tested.

FIG. 4. Comparison of CHI3L1 with four other serum markers for the detection of liver
fibrosis. (A) Comparative ROC analysis of CHI3L1 and four other serum markers, hya-
luronic acid (HA), type III procollagen (PCIII), laminin (LN), and type IV collagen (CIV),
for the detection of advanced liver fibrosis. (B) AUC (area under the curve) values for the
five serum markers.
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Conclusions

We have shown that CHI3L1 is a liver-enriched gene that
may aid in the staging of liver fibrosis and in the diagnosis of
advanced liver fibrosis in chronic HBV patients in China.
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