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Abstract
AIM
To identify whether chitinase 3-like 1 (CHI3L1) serves 
as a suitable biomarker for the prognosis of esophageal 
squamous cell carcinoma (ESCC) and to analyze this 
protein’s cellular source.

METHODS
An ELISA was conducted to detect the concentration of 
CHI3L1 in the serum of 150 ESCC patients diagnosed 
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between January 2001 and February 2005. The prognostic 
relevance of CHI3L1 was evaluated by a Kaplan-Meier 
and Cox regression analysis. The immunohistochemistry 
was reanalyzed, and fluorescent staining was utilized 
to explore the cellular origins of CHI3L1. We stimulated 
monocyte-derived macrophages (MDMs) with either IL-6 
or the supernatant of the ESCC cell line Eca-109 and later 
investigated the level of CHI3L1 by qPCR and ELISA.

RESULTS
The level of serum CHI3L1 was higher in older patients (≥ 
60) than in patients under the age of 60 (P  = 0.001). The 
patients with higher levels of CHI3L1 had a significantly 
shorter overall survival, whereas the traditional markers, 
carcinoembryonic antigen and squamous cell carcinoma 
antigen, were less effective (P  > 0.05). A multivariate 
Cox analysis (P  = 0.001) indicated that CHI3L1 was 
an independent prognostic factor for ESCC patients. 
Peritumoral macrophages in ESCC exhibited high levels 
of CHI3L1. Interleukin-6 (IL-6) and the supernatant of 
Eca-109 containing IL-6 stimulated MDMs to secrete 
CHI3L1. The serum concentration of CHI3L1 in the ESCC 
patients showed a weak correlation with the laboratory 
inflammatory parameters neutrophil (NEU, P  = 0.045), 
neutrophil/lymphocyte rate (NLR, P  = 0.016), and 
C-reactive protein (CRP, P  < 0.001).

CONCLUSION
Our study first established a connection between the 
pretreated CHI3L1 and patients with ESCC, and the serum 
CHI3L1 was primarily secreted by ESCC-surrounded 
macrophages.

Key words: Esophageal squamous cell carcinoma; Pro-
gnostic biomarker; Chitinase 3-like 1; Macrophage; 
Esophageal squamous cell carcinoma

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The current staging system is inadequate for 
predicting post-treated survival. Our study first established 
a connection between pretreated chitinase 3-like 1 
(CHI3L1) and patients with esophageal squamous cell 
carcinoma (ESCC), and serum CHI3L1 was primarily 
secreted by ESCC-surrounded macrophages, suggesting 
that CHI3L1 was a simple and inexpensive prognostic 
factor. This simple, convenient serological testing allows 
for clinical application. In addition, in our study, the 
ESCC microenvironment, especially the secretion of IL - 
6 by esophageal tumor cells, promotes the macrophage 
production of CHI3L1. These findings might help to identify 
high-risk patients for treatment decisions and to elucidate 
the mechanisms of ESCC.
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INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) is one of 
the major histological subtypes of esophageal cancer. 
ESCC is the fourth most lethal cancer in China[1,2]. Ninety 
percent of the cases are squamous cell carcinomas[3,4]. 
With improvements in the diagnosis, staging system and 
treatment strategies, the overall 5-year survival rate of 
ESCC patients increased slightly. However, patients at 
the same stage undergoing similar treatment regimens 
often have notably different clinical outcomes, which 
suggests that the current staging system is inadequate 
for predicting survival. Several recent studies show that 
clinically used tumor markers, such as squamous cell 
carcinoma antigen (SCCA) and carcinoembryonic antigen 
(CEA), play important roles in tumorigenesis and the 
development of ESCC[5-7]. However, these antigens lack 
sufficient power and validity to be adopted for prognosis 
of cancer[8]. Certain studies have identified mRNA and 
protein biomarkers correlated with the prognosis of ESCC 
patients[9,10], but few biomarkers have sufficient evidence 
to be adopted for clinical use. Therefore, the identification 
of accurate biomarkers for ESCC is necessary to improve 
the clinical outcome of patients.

Chitinase 3-like 1 (CHI3L1) is a secreted glycoprotein 
that belongs to a group of mammalian proteins with an 
amino acid sequence that is similar to the 18-glycosyl 
hydrolase group of bacterial chitinases[11]. Various human 
cells, such as synovial, cartilage, endothelial, neutrophil 
and macrophage cells produce CHI3L1[12]. This protein is 
associated with the malignant behavior of several types 
of cancers, and elevated levels of CHI3L1 are notably 
correlated with a poor prognosis and short survival 
in ovarian cancer[13], breast cancer[14], lung cancer[15], 
hepatocellular carcinoma[16] and glioblastoma[17]. How-
ever, no information exists regarding whether serum 
CHI3L1 predicts ESCC patient survival.

Our previous study suggested that CHI3L1 may 
represent a diagnostic biomarker in ESCC patients[5]. In 
this study, we examined CHI3L1 expression in the serum 
from 150 ESCC patient by ELISA and later explored 
its cellular source. For the first time, we investigated 
the ability of CHI3L1 to predict ESCC patient survival, 
as well as the exact origin of CHI3L1 in ESCC. This 
signature represents a novel biomarker to predict ESCC 
patient survival more accurately and understand the 
mechanisms of the genesis and development of ESCC.

MATERIALS AND METHODS
Serum and tissue specimen
In this study, all the selected ESCC patients met the 
following inclusion criteria: Pathological examination 
confirmation of primary ESCC by the available biopsy 
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samples at the Sun Yat-sen University Cancer Center 
(SYSUCC) and no anticancer treatments having been 
given previously. The absence of diseases, such as 
COPD and second primary carcinomas, was assessed 
by physical examination, clinical history, gastroscopy, 
colonoscopy and routine laboratory tests (including 
liver and renal function tests). Follow-up information 
was available for all of these patients.

The tumors were staged according to the 7th edition 
of the tumor-node-metastasis (TNM) classification for 
esophageal carcinoma (UICC, 2009).

Serum from 150 ESCC patients was obtained at the 
time of diagnosis before treatment from January 2001 
to February 2005. The final confirmation date of the 
patients’ condition was in February 2010. Venous blood 
(3-5 mL) was clotted at room temperature, centrifuged 
at 3000 r/min for 10 min and stored at -80 ℃ until it was 
used. A total of 20 formalin-fixed and paraffin-embedded 
ESCC tumor specimens for immunochemistry and 
fluorescent staining were obtained from 2012 to 2013 as 
described before[8].

Prior to the use of these serum and tissues, informed 
consent was obtained from each participant. This ex-
periment was approved by the Institute Research Ethics 
Committee of SYSUCC, Guangzhou.

Cell lines
The ESCC cell line Eca-109 (Chinese Academy of Sciences, 
Shanghai, China) was grown at 37 ℃ in 5% CO2 in RPMI 
1640 (Invitrogen, United States) supplemented with 
10% fetal bovine serum. The Eca-109 supernatant was 
collected after an incubation for 48 h. The cell line was 
obtained between 2012 and 2014.

ELISA
Serum CHI3L1 levels were determined by a double-
antibody sandwich ELISA according to the manufacturer’
s instructions (R&D systems, United States). Briefly, 
96-well microplates were coated with 100 μL/well of the 
capture antibody (rat anti-human CHI3L1, 2.0 μg/mL) 
overnight at room temperature. After blocking with 
3% BSA for 1 h, 100 μL of the patients’ serum (1:100 
diluted in blocking buffer) was added and incubated 
for 2 h at room temperature. Subsequently, 100 μL/
well of the detection antibody (biotinylated goat anti-
human CHI3L1, 200 ng/mL) was added and incubated 
for 2 h at room temperature. Next, 100 μL/well of 
Streptavidin-HRP (1:200) was added and incubated 
for 20 min at room temperature. Finally, the substrate 
(tetramethylbenzidine) solution was added, and the 
reaction was stopped with 2 mol/L H2SO4 and read at 
an OD of 450 nm. Each test included a standard control 
(CV < 12%).

CEA and SCCA assays
The level of CEA in the serum was assessed using an 
electrochemiluminescence immunoassay (ECLIA) kit 
(Roche, German) on a Roche Cobas8000 fully automatic 

electrochemistry luminescence immunity analyzer 
(Roche, Germany). The concentration of SCCA in the 
serum was detected using an ARCHITECT I2000SR 
immune analyze system (Abbott, United States). Each 
test included a standard control (CV < 5%).

Immunohistochemistry
IHC was performed in our previous study[8]. The 
degree of immunostaining was analyzed again by two 
independent observers.

Fluorescent staining of the paraffin-embedded sections
After rehydrating and blocking, the formalin-fixed, 
paraffin-embedded ESCC sections incubated with a 
rabbit polyclonal anti-CHI3L1 antibody (1:100, Bioss, 
China) and a mouse polyclonal anti-CD68 antibody 
(1:100, Zhongshan Golden Bridge, China) overnight at 
4 ℃. The slides were washed 3 times for 15 min each in 
PBST wash buffer and were then incubated with a goat 
anti-rabbit IgG secondary antibody (FITC) and a goat 
anti-mouse IgG secondary Antibody (PE) for 30 min at 
room temperature (1:500, Ebioscience, United States). 
After 3 washes, the tissue sections were incubated by 
diluted DAPI for 5 min at room temperature, mounted 
with an anti-fade mounting media and then visualized 
using a fluorescence microscope by two independent 
observers.

Cytokines
Cytokines in serum samples were measured with the BD 
CBA Th1/Th2/Th17 Cytokine Kit (BD Bioscience, United 
States). The kit was used for the simultaneous detection 
of interleukin-2 (IL-2), IL-4, IL-6, interferon-γ (IFN-γ) 
and IL-10 in a single sample. This array kit provides 
a mixture of capture beads with distinct fluorescence 
intensities are coated with capture antibodies specific 
for each cytokine. The operations were performed 
according to the manufacturer’s instructions. The 
individual cytokine concentrations were indicated by 
their fluorescent intensities. The concentrations of all 
the cytokines were reported in pg/mL.

Isolation and culturing of primary monocytes to obtain 
monocyte-derived macrophages
Human peripheral blood was collected from healthy 
donors, and monocytes from Ficoll-isolated PBMCs were 
separated from the lymphocytes by adherence to tissue 
culture-treated plates[18]. After 48 h of incubation, the 
non-adherent cells were removed via two washes with 
warm RPMI. The monocytes were differentiated into 
macrophages (MDMs) by culturing in RPMI medium 
supplemented with 10% fetal bovine serum for 15 
d prior to stimulation. The MDMs were washed with 
phosphate-buffered saline (PBS), and the culture 
medium was replaced every 2 d. MDMs were stimulated 
for 24 h with IL-6 (1 μg/mL) or the Eca-109 cell line 
supernatant. After 24 h, the RNA was extracted for with 
the Trizol reagent (Invitrogen, United States), and the 
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150 ESCC patients are summarized in Table 1. Among 
these patients, 113 (75.3%) were males, and 37 
(24.7%) were females, exhibiting a median age of 60 
(range 30-96). In total, there were 51 (34.0%) early 
stage (Ⅰ-Ⅱ) ESCC patients and 93 (62.0%) advanced 
stage (Ⅲ-Ⅳ) patients in the cohort. Of the included 
patients, 73 patients underwent surgery. Of the 73 
patients who underwent surgery, 3 patients received 
chemotherapy followed by surgical resection, 2 
received radiation before surgery and the others did not 
undergo any additional treatment. Fifty-seven patients 
received chemotherapy administered concurrently with 
radiation therapy. Eleven subjects underwent systemic 
chemotherapy. A variety of chemotherapy regimens 
were employed, and most commonly, they were 
cisplatin and 5-Fluorouracil. The relationship between 
the CHI3L1 and clinicopathological characteristics of 
the ESCC patients is presented in Table 1. There were 
no differences of CHI3L1 level in regards to sex (P = 
0.713), smoking behavior (P = 0.514), alcohol status 
(P = 0.984), tumor grade (P = 0.736) T classification 
(P = 0.886), N classification (P = 0.218), metastasis (P 
= 0.156), clinical stage (P = 0.712), SCCA level (P = 
0.539) CEA level (P = 0.389) or treatment options (P 
= 0.138). However, the CHI3L1 level was associated 
with age (P = 0.001). The level of serum CHI3L1 was 
higher in older patients (≥ 60) than in patients under 
the age of 60.

Prognostic value of CHI3L1 in ESCC
The median OS was 1.82 years for the entire cohort 
of patients with a five-year overall survival of 24.67%. 
The patient survival curves were constructed via the 
Kaplan-Meier method and were compared using the 
log-rank test. Kaplan-Meier estimates of the OS for 
patients with CHI3L1 and the levels of the clinically used 
ESCC markers, SCCA and CEA, are shown in Figure 1. 
The results showed that patients with elevated CHI3L1 
levels were significantly associated with a shorter 
OS (P = 0.019; Figure 1A). Further stratification of 
the patient groups based on stage displayed that the 
correlation of elevated CHI3L1 levels and a shorter OS 
was statistically significant in Stage Ⅰ-Ⅱ patients with 
ESCC (P = 0.003; Figure 1B). However, in Stage Ⅲ-Ⅳ, 
there was no significant association between elevated 
CHI3L1 levels and a shorter OS (P = 0.089; Figure 1C). 
The traditional ESCC markers, SCCA and CEA, were not 
significantly relevant to the OS (SCCA, All: P = 0.087, 
Figure 1D, Stage Ⅰ-Ⅱ: P = 0.756, Figure 1E, Stage Ⅲ-
Ⅳ: P = 0.003, Figure 1F; CEA, All: P = 0.847, Figure 
1G, Stage Ⅰ-Ⅱ: P = 0.325, Figure 1H, Stage Ⅲ-Ⅳ: P = 
0.835, Figure 1I).

Next, we examined the OS using the Cox pro-
portional hazards model to determine whether the level 
of CHI3L1 serves as an independent predictor. A series 
of factors, including age, sex, alcohol intake, G grade, 
TNM stage, treatment options, SCCA, CEA, and CHI3L1 
concentration, were entered into the univariate Cox 

culture medium were collected for ELISA.

Real-time RT-PCR
Total RNA was extracted from the cell lines and frozen 
ESCC tissues using the Trizol reagent (Invitrogen, United 
States) according to the manufacturer’s instructions. 
Reverse transcription of the total RNA (2 μg) was 
derived using SuperScript Ⅱ reverse transcriptase 
(BioRad, United States). The quantification of the 
target and reference (GAPDH) genes was performed 
in triplicate on a LightCycler® 480 Ⅱ (Roche, Applied 
Science) using a SYBR green-based assay (BioRad, 
United States). The primers used in the real-time 
RT-PCR reaction were as follows: CHI3L1, NBCI 
RefSeq Database entry: NM_001276.2, forward 5’- 
GAGGATGGAACTTTGGGTCTC-3’ and reverse 5’- 
TCATTTCCTTGATTAGGGTGGT-3’ and GAPDH, NBCI 
RefSeq Database entry: NM_001256799.2, forward 
5’-GACTCATGACCACAGTCCATGC-3’ and reverse 
5’-AGAGGCAGGGATGATGTTCTG-3’. The results were 
expressed as mean ± SD.

White blood cell, neutrophil, lymphocyte, platelet counts 
and C-reactive protein assay
White blood cell (WBC), neutrophil (NEU), lymphocyte 
(LY) and platelet (PLT) were collected from the blood 
acquired during a routine examination, and the results 
were detected using a Sysmex XE5000 analyzer 
(Sysmex, Japan). The NLR was defined as the ratio 
of NEUs and LYs, and the PLR was defined as the 
ratio of PLTs and LYs. Serum C-reactive protein (CRP) 
was determined by a latex-enhanced homogeneous 
immunoassay on a Hitachi LAS008 analyzer (Hitachi, 
Japan).

Statistical analysis
The data were analyzed by SPSS standard version 16.0 
(SPSS, Chicago, United States). The optimal cutoff 
level for CHI3L1 was determined as the value with 
the maximization of the Yuden index by the receiver 
operating characteristic (ROC) analysis, whereas the 
cutoff levels for the clinical markers, SCCA and CEA, were 
the upper limit of normal reference values, which were 
5.0 ng/mL for CEA and 1.5 ng/mL for SCCA. The Kaplan-
Meier method was used to estimate the overall survival 
(OS), and the multivariate analysis was performed 
using the Cox proportional hazards model. The χ 2 test 
was used to analyze the relationship between CHI3L1 
level and the clinicopathological characteristics. The 
associations of CHI3L1 with inflammatory indexes were 
analyzed by a Spearman correlation. All of the statistical 
tests were two-sided, and P < 0.05 was considered to be 
statistically significant.

RESULTS
Patients’ characteristics
The clinicopathological and laboratory characteristics of 
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regression analysis in Table 2 to assess their impact on 
the OS of ESCC patients. Sex, smoking status, TNM 
stage, treatment options, SCCA, and CHI3L1 were 
significant in the univariate analysis, and therefore, we 
further analyzed these using a multivariate analysis. 
The multivariate analysis model revealed that the 
predominant independent predictors of OS were the 
CHI3L1 level (HR, 1.004; 95%CI: 1.002-1.005; P < 
0.001), sex (HR, 0.346; 95%CI: 0.154-0.776; P = 
0.010), TNM stage (HR, 1.755; 95%CI: 1.288-2.390; P 
< 0.001) and SCCA concentration (HR, 1.056; 95%CI: 
1.013-1.100; P = 0.010) as presented in Table 2. 
Separate analyses of the prognostic effect of CHI3L1 

in the subgroup of patients treated with surgery also 
showed a significant effect for predicting the OS (P = 
0.014, not shown).

Tumor surrounded macrophages in ESCC show high 
expression levels of CHI3L1
In this experiment, we sought to identify the cells in 
the ESCC tissues secreting CHI3L1. In our previous 
study[8], we confirmed that CHI3L1 was expressed in 
85% of ESCC tissues, among which 7/20 ESCC tissues 
had a strong stain, and 3/20 did not show any CHI3L1 
expression. Additionally, the expression rate of CHI3L1 
in the normal esophageal epithelium was only 10%. 
Through a reanalysis, we found that in 18/20 slices, 
the esophageal tumor surrounded cells had a high 
expression of CHI3L1 (Figure 2A). Fluorescence staining 
was performed to explore the origins of CHI3L1 in the 
surrounding areas of the tumor cells. As shown in Figure 
2B, CD68 protein expression, indicated by the red stain, 
was found in the same areas as CHI3L1 expression, 
supporting that CHI3L1 was expressed by macrophages.

Supernatant of the ESCC cell line Eca-109 and IL-6 
stimulate Monocyte-derived macrophages to secret 
CHI3L1
To explore the role of the tumor microenvironment in 
the secretion of CHI3L1 by macrophages, we used the 
supernatant of the ESCC cell line Eca-109 to culture 
the MDMs. Compared with the controls, the stimulation 
group had a higher level of CHI3L1 expression at both 
the mRNA level (Figure 3A left, 2.186 ± 1.719 vs 0.1982 
± 0.2918, P = 0.0378) and the protein level (Figure 3A 
right, 59.31 ± 28.31 vs 27.28 ± 16.89, P = 0.0337). 
In order to access which component in the Eca-109 
cell supernatant works, we detected the cytokine and 
CHI3L1 levels in the Eca-109 cell supernatant. As shown 
in Figure 3B, the IL-6 concentration was the highest 
(119.21 pg/mL), whereas IL-4, IL-2, IL-10, IFN-γ and 
TNF-α were rarely detected (< 2.5 pg/mL). To imitate 
the cell media, we used 2 ng/mL of IL-6 to stimulate 
healthy MDMs. The results showed that the IL-6 group 
had a higher level of CHI3L1 expression at both the 
mRNA level (Figure 3C left, 3.841 ± 3.637 vs 1.465 
± 1.813, P = 0.0493) and the protein level (Figure 3C 
right, 160.9 ± 187.8 vs 116.8 ± 194.7, P = 0.0174).

Correlation of CHI3L1 and laboratory inflammatory 
parameters
Macrophages are the central cell type that directs host 
inflammatory and immune processes, and inflammation 
plays a vital role in tumorigenesis. Thus, we further 
investigated the correlation of CHI3L1 and laboratory 
inflammatory parameters. The serum concentration of 
CHI3L1 in the ESCC patients showed a weak correlation 
with NEUs (R2 = 0.027, P = 0.045), NLR (R2 = 0.039, 
P = 0.016), and CRP (R2 = 0.093, P < 0.001) but 
no correlation with WBCs, LYs, PLTs, and PLR when 

Table 1  Levels of chitinase 3-like 1 and clinical and laboratory 
characteristics of 150 esophageal squamous cell carcinoma 
patients

Characteristics No. of patients Levels of CHI3L1

Low High P  value

All 150 97 53
Age 0.009
Median   60
Range 30-96
   < 60   81 60 21
   ≥ 60   69 37 32
Sex 0.713
   Male 113 74 39
   Female   37 23 14
Smoking status 0.514
   Smoker   99 66 33
   Non-smoker   49 30 19
Alcohol intake 0.984
   Yes   56 36 20
   No   90 58 32
Grade 0.736
   Grade 1   24 16   8
   Grade 2   57 36 21
   Grade 3   41 29 12
T status 0.886
   pT 1/2   31 21 10
   pT 3/4 113 75 38
N status 0.154
   pN 0   63 46 17
   pN 1/2/3   81 50 31
M status 0.156
   pM 0 112 78 34
   pM 1   32 18 14
Stage 0.712
   Ⅰ–Ⅱ   51 35 16
   Ⅲ-Ⅳ   93 61 32
SCCA 0.539
   ≤ 1.5 101  67 34
   > 1.5   49 30 19
CEA 0.389
   ≤ 5.0 132 87 45
   > 5.0   18 10   8
Treatment 0.138
   Surgery   73 49 24
   Chemoradiotherapy   57 37 20
   Chemotherapy   11   4   7

CHI3L1: Chitinase 3-like 1; SCCA: Squamous cell carcinoma antigen; CEA: 
Carcinoembryonic antigen.
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Table 2  Univariate and multivariate analysis of overall survival

Variables Univariate analysis Multivariate analysis

HR 95%CI P  value HR 95%CI P  value

Age 0.989 0.970-1.009 0.271 - - -
Sex 0.489 0.293-0.815 0.006 0.346 0.154-0.776 0.010
Smoke status 0.745 0.595-0.932 0.010 1.071 0.761-1.507 0.694
Alcohol intake 0.817 0.546-1.223 0.327 - - -
G grade 1.131 0.836-1.530 0.533 - - -
TNM stage 2.001 1.564-2.560 < 0.001 1.755 1.288-2.390 < 0.001
CHI3L1 1.002 1.001-1.004 0.011 1.004 1.002-1.005 < 0.001
SCCA 1.065 1.028-1.104 < 0.001 1.056 1.013-1.100 0.010
CEA 1.048 0.972-1.130 0.224 - - -
Treatment 1.402 1.218-1.613 < 0.001 1.167 0.979-1.391 0.084

Variables: Age, ≥ 60 vs < 60; gender, female vs male; smoke, smoker vs non-smoker; alcohol intake, yes vs no; grade, grade 3 vs grade 2 vs grade 1; stage, 
Ⅳ vs Ⅲ vs Ⅱ vs treatment, surgery vs chemotherapy vs chemoradiotherapy; -: Represent “date not available”. CHI3L1: Chitinase 3-like 1; SCCA: Squamous 
cell carcinoma antigen; CEA: Carcinoembryonic antigen.
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measured in the serum of the same patients (Figure 4).

DISCUSSION
To the best of our knowledge, this is the first report 
that demonstrates serum CHI3L1 could serve as a 
prognostic predictor for esophageal cancer. ESCC is 
the eighth most common tumor in the world. Over the 
past 20 years, with the development of translational 
medicine and clinical practice, esophageal cancer 
treatments have made substantial progress. However, 
the 5-year survival rate of esophageal cancer still 
varies between 15% and 25%. Thus, an effective 
biomarker is urgently needed to both screen early 
ESCC and accurately predict its prognosis.

In our previous study, we observed that CHI3L1 
exhibited a higher expression level in esophageal 

squamous cell carcinoma and served as an ideal tumor 
marker applied in ESCC screening[8]. In this study, 
we further explored this protein’s prognostic value in 
ESCC patients. Serum CHI3L1 concentrations were 
significantly associated with a poor clinical outcome. 
This was confirmed by Kaplan-Meier survival curves, 
showing that patients with serum CHI3L1 levels above 
the cutoff value showed a significantly reduced OS 
compared to patients with levels below the cutoff value. 
Moreover, compared to the advanced stages, a stronger 
correlation between elevated CHI3L1 and short survivals 
was found at the early stages. Moreover, CHI3L1 
performed better than the conventional parameters 
CEA and SCCA in predicting prognosis. Concordantly, 
the Cox proportional hazards regressions model 
analysis illustrated that the level of serum CHI3L1 
was an independent prognostic factor, similar to the 

Figure 2  Representative micrographs of esophageal squamous cell carcinoma tissues after immunohistochemistry and immunofluorescence assay. A: 
Sections stained with a CHI3L1 specific antibody (left- × 200; right- × 40); B: Sections immunofluorescence stained with CHI3L1 (upper left), an antibody against the 
macrophage specific marker CD68 (upper right), a nuclear counterstain DAPI (lower left) and their merge (lower right). CHI3L1: Chitinase 3-like 1.
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TMN staging system. Different from the Kaplan-Meier 
analysis, in the Cox proportional hazards regression 
model, SCCA was defined as an independent prognostic 
factor. The statistical approaches may account for 
some of the differences in error management. Many 

investigators report similar findings in other types of 
tumors. Thom et al[15] quantified circulating CHI3L1 
in the serum of non-small cell lung cancer and found 
it was an independent predictor of prognosis. This 
protein’s serum level was elevated in patients with 
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poor prognoses. In studies by Zhu et al[16], elevated 
serum CHI3L1 levels also predicted poor prognosis 
in hepatocellular carcinoma serum. Hogdall EV[19] 
concluded that high plasma CHI3L1 levels in patients 
with ovarian cancer stage Ⅲ is related to a shorter 
survival. Thus, we speculate that serum CHI3L1 might 
also serve as a prognostic biomarker for ESCC.

Since elevated serum CHI3L1 is found in patients 
with different types of solid tumors[20,21], the manner 
in which serum CHI3L1 is released and regulated is 
essential for the understanding of tumors. Several 
studies mention the origin of CHI3L1. It is reported that 
the human osteosarcoma cell line MG-63[22] and the 
glioblastoma cell line U87 produces CHI3L1, as does the 
pluripotent myeloid leukemia cell lines HL-60, THP-1 and 
U937 when they are differentiated into a macrophage-
like cell types[23-25]. The location of CHI3L1 expression 
was explored in several in vivo settings. Studies by 

Roslind A showed the expression of CHI3L1 in malignant 
HNSCC (squamous cell carcinoma of the head and 
neck) cells[26]. Junker et al[27] concluded that the pre-
dominant source of elevated serum CHI3L1 in SCLC 
is peritumoral macrophages. These studies suggest 
that CHI3L1 in human tumors is expressed either by 
cancer cells or stromal cells, such as macrophages, 
perhaps depending on the cancer type. Appealingly, 
no observations concerning cell specific expression in 
ESCC have previously been published. Here, we find 
pronounced CHI3L1 expression in tumor-surrounded 
macrophages at the tumor stroma, suggesting that 
these cells are responsible for the high serum CHI3L1 
levels in ESCC patients. 

Our observation that ESCC macrophages express 
CHI3L1 fits well into current knowledge and theories. 
Serum concentrations of CHI3L1 are often elevated 
in patients with diseases characterized by extensive 
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inflammation, the development of fibrosis and remodeling 
of the extra cellular matrix, such as inflammatory 
bowel disease[28], active rheumatoid arthritis[29], giant 
cell arteritis[30], severe bacterial infections[31,32] and 
development of fibrosis[33,34]. In all the above situations, 
macrophages are involved. Simultaneously, CHI3L1 
expression in macrophages has been confirmed in 
several in vivo settings[24,30,35]. All these phenomena 
suggest the rationality of the secretion of CHI3L1 by 
ESCC-associated macrophages. Moreover, CHI3L1 levels 
were significantly correlated with CRP levels, a systemic 
marker of inflammation. These findings are consistent 
with previous studies that reported significant correlations 
between CHI3L1 levels and CRP[36]. Additionally, the 
levels of other inflammation markers, such as neutrophil 
counts (NEU) and the neutrophil/ lymphocyte ratio 
(NLR), positively correlated with CHI3L1. Therefore, it is 
possible that CHI3L1 may be involved in the formation 
and development of tumors by promoting ESCC-related 
inflammation.

We further explored the release mechanisms of 
CHI3L1 by peritumoral macrophages. This study shows 
that CHI3L1 concentrations increase in monocyte-
derived macrophages in response to IL-6 stimulation, 
indicating that a certain increase in IL-6 concentration, 
as seen in esophageal cancer cell, is needed to stimulate 
the release of CHI3L1. These findings are consistent 
with previous studies reporting significant correlations 
between CHI3L1 levels and IL-6[36,37]. Matsumoto T 
showed that CHI3L1 was correlated positively with 
IL-6, and this association seems to be determined by 
IL-6[36]. Johansen et al[38] indicated that CHI3L1 and IL-6 
correlate positively in low concentrations of IL-6. Anders 
R. Nielsen reported that following the IL-6 infusion, the 
plasma level of CHI3L1 increased from 30 to 57 ng/mL (P 
< 0.05) at 24 h and returned to normal values after 48 
h[39]. Therefore, we propose that esophageal cancer cells 
have the ability to produce IL-6, which promotes the 
secretion of CHI3L1 by ESCC-associated macrophages.

In conclusion, our study first showed that the level 
of serum CHI3L1 in patients with ESCC provides a 
reference mark for evaluating prognosis. This simple, 
convenient serological testing enables clinical app-
lication. In addition, the ESCC microenvironment, in our 
study, especially the secretion of IL-6 by esophageal 
tumor cells, promotes the macrophage production of 
CHI3L1. This provides some guidance for elucidating the 
pathogenesis of ESCC. Further studies are needed to 
determine how CHI3L1, produced by ESCC-associated 
macrophages, influences the development of ESCC. 
Besides, which type of macrophage, M1 or M2, is 
responsible for the secretion of CHI3L1 remains to be 
further explored.

Our study first established a connection between 
pretreated CHI3L1 and patients with ESCC, and 
the serum CHI3L1 was primarily secreted by ESCC 
surrounded macrophages, suggesting that CHI3L1 
was a simple, non-invasive and inexpensive prognostic 
factor. These finding may help to identify high-risk 

patients for treatment decisions and to understand the 
mechanisms of ESCC.

ARTICLE HIGHLIGHTS
Research background
Esophageal squamous cell carcinoma (ESCC) is one of the most aggressive 
and lethal human malignancies. With improvements in the diagnosis, staging 
system and treatment strategies, the overall 5-year survival rate of ESCC 
patients yielded a slight increase. However, patients at the same stage 
undergoing similar treatment regimens often have quite different clinical 
outcomes, which suggests that the current staging system is inadequate for 
predicting survival. Therefore, the identification of accurate biomarkers for 
ESCC is necessary to improve the clinical outcome of patients.

Research motivation
Elevated serum chitinase 3-like 1 (CHI3L1) is notably correlated with a 
poor prognosis and short survival in many malignant tumors. However, no 
observation concerning the role of CHI3L1 in ESCC prognosis has been 
reported. In addition, previous studies suggest that CHI3L1 in human tumors 
are expressed either by cancer cells or stromal cells, such as macrophages. 
However, no observations concerning the cell specific expression in ESCC 
were published previously.

Research objectives
To identify whether CHI3L1 serves as a suitable biomarker for the prognosis of 
ESCC and to analyze this protein’s cellular source.

Research methods
ELISA was conducted to detect the concentration of CHI3L1 in serum of 150 
ESCC patients. Immunohistochemistry (IHC) was reanalyzed and fluorescent 
staining utilized to explore the cellular origins of CHI3L1. Cytokines in serum 
samples were measured with BD CBA Th1/Th2/Th17 Cytokine Kit. We 
stimulated the monocyte-derived macrophages (MDMs) with either interleukin-6 
(IL-6) or the supernatant of ESCC cell line Eca-109 and then investigated the 
level of CHI3L1 by qPCR and ELISA.

Research results
This study finds that the level of serum CHI3L1 in patients with ESCC 
provides a reference mark for evaluating prognosis. In addition, the ESCC 
microenvironment, in our study, especially the secretion of IL-6 by esophageal 
tumor cells promotes the macrophage production of CHI3L1.

Research conclusions
This study first established a connection between pretreated CHI3L1 and 
patients with ESCC, and the serum CHI3L1 was primarily secreted by ESCC 
surrounded macrophages, suggesting that CHI3L1 was a simple, non-invasive 
and inexpensive prognostic factor. These finding may help to identify high-risk 
patients for treatment decisions and to understand the mechanisms of ESCC.

Research perspectives
Further studies are needed to determine how CHI3L1, produced by ESCC-
associated macrophages, influences the development of ESCC. As CHI3L1 is 
reported to be associated with the malignant behavior, especially angiogenesis. 
We will seek whether it plays a role on the development of ESCC through 
promoting angiogenesis. And which type of macrophage, M1 or M2, is 
responsible for the secretion of CHI3L1 remains to be further explored.
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