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Abstract

Background: This study aimed to evaluate the value of chitinase activity in prognosticating the occurrence of metastasis
in and prognosis of patients with colorectal cancer (CRQO).

Methods: The chitinase activity in four different groups, namely 335 CRC patients without distant metastasis at their first
visit (Group 1), 51 patients with CRC having synchronous liver metastasis (Group 2), 100 healthy age-matched controls
(Group 3) and 40 patients with liver cancer (Group 4), were assayed using an enzyme-linked immunosorbent assay. The
Cox proportional hazards ratio model and Kaplan—Meier curve were used to identify the association between chitinase
activity and the clinical outcome of CRC patients without metastasis in the training set and testing set at their first visit.
An in vitro Transwell experiment was performed to evaluate the migration of colon cancer cells.

Results: Patients with high chitinase activity had a significantly higher metastasis risk than those with low chitinase activity
in the training and testing sets during follow-up, both at stage I/l and stage Ill. Further, multivariate analysis revealed that
chitinase activity was an independent risk factor prognosticating liver metastases (P = 0.001). The combination of chitinase
activity and lymph node metastasis status increased the accuracy of the prognosis of liver metastases after radical resection
(P=0454E-011). In addition, chitinase promoted CRC cell migration in vitro.

Conclusions: Chitinase activity can prognosticate the occurrence of metastasis in patients with CRC. Moreover,
the combination of chitinase activity and N stage increased the power of prognosticating the occurrence of

metastasis. Inhibiting chitinase activity may serve as a new strategy to treat metastases of CRC.
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Background

Colorectal cancer (CRC) is one of the most common
cancers and the second leading cause of cancer-related
mortality worldwide. The majority of CRC cases have
regional and distant status, with 5-year survival rates of
71.2 and 13.5%, respectively [1]. It is obvious that distant
metastasis is the main cause of death in patients with
CRC. The liver is the most commonly involved organ in
CRC, with approximately 21% of CRC patients having
synchronous liver metastasis [1, 2]. Furthermore, liver
metastasis occurs in 30-40% patients with CRC during
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the disease course [3]. Chemotherapy and biological
agents significantly improve disease-free survival and
overall survival (OS).

Unfortunately, less than one-third of liver metastases in
CRC patients are potentially resectable at the time of
diagnosis. A useful and stable biomarker to prognosticate
the early diagnosis of liver metastases is urgently needed
to overcome this problem.

We previously identified several inflammatory bio-
markers (chitinase activity, stathmin level, elongation
factor 1 alpha protein level, and N-acetyl-glucosaminidase
activity) of biological aging [4]. Available evidence shows a
relationship between inflammation and cancer initiation
and progression. Chitinase-3-like protein 1 (CHI3L1), a
member of the chitinase family, has been implicated in
several cancers, such as glioblastoma, breast cancer, and
ovarian cancer [5-7]. These studies support the role of
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chitinase-like proteins in tumor cell proliferation, angio-
genesis, inflammation, invasion, and metastasis [8]. How-
ever, no study has reported a correlation between blood
chitinase activity and CRC.

The present study investigated 386 patients with CRC
for 2—7 years and found that chitinase activity in blood
could prognosticate the occurrence of metastasis in
patients with CRC in the training and testing sets,
indicating that chitinase activity could be a powerful
biomarker for prognosticating the metastasis of CRC.

Methods

Study population and follow-up

This was a retrospective study performed on 335 CRC
patients without distant metastasis at their first visit
(Group 1) that were enrolled at the Sir Run Run Shaw
Hospital (SRRSH), Zhejiang University, between 2008
and 2015. These patients were divided into a training set
of 99 patients and a testing set of 236 patients based on
a random process. Our aim was to identify the sig-
nificant prognostic value of chitinase activity from the
training set and tested it in the internal testing set.
Additionally, 51 patients with CRC having synchronous
liver metastasis (Group 2) were enrolled between 2012
and 2015. Moreover, 100 healthy age-matched controls
(Group 3) that underwent medical examinations without
tumors or major illnesses and 40 patients with liver can-
cer (Group 4) were analyzed together as a control. After
written informed consent when admitted, a single blood
puncture at the time of initial diagnosis was performed
by our professional biobank team according to the
Standard operation procedures (SOP) (Biospecimen
collection procedures of SRRSH Biobank, Version 1.0).
In brief, using Blood Collection Tube (BD Medical 367,
983 Vacutainer® Plus Plastic SST™ Blood Collection
Tubes with Polymer Gel for Serum Separation) to take
blood sample 3ml and then transporting to laboratory
for centrifugation immediately at room temperature.
Next, we placed the blood in a centrifuge set at 4 °C for
10 min at 3000 g. After that, We take the supernatant
1.5 ml carefully to microtube (MCT-200-C, 2 ml, Axygen
Scientific Inc.). Next, we stored the microtube in a — 80 °C
refrigerator until the start of the experiment. All patients
who underwent surgery were diagnosed by pathologists in
SRRSH. Patients who received (neo) adjuvant radiotherapy
or chemotherapy before surgery were excluded. Further,
19 patients with CRC having synchronous liver metas-
tasis received chemotherapy or radiotherapy after
losing the opportunity for radical surgery. The CEA
levels of patients with CRC were regularly examined
before surgery or other treatments. Written informed
consent was obtained from all patients before specimen
collection. This study was approved by the ethics commit-
tee of SRRSH, Zhejiang University.
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Patients were followed up through telephone consulta-
tions by the study team who was blinded to the experi-
mental results. Overall survival (OS) and Recurrence free
time (RFS) were calculated based on the medical records
and the follow-up results. OS was defined as the time
from a pathology diagnosis (imaging diagnosis date
replaced if no pathology diagnosis) to death due to the
tumor. RFS was defined as the time from a pathology
diagnosis (imaging diagnosis date replaced if no pathology
diagnosis) to the appearance of a new metastasis (path-
ology diagnosis again or imaging diagnosis). OS and RFS
were again calculated based on the follow-up results and
medical records. Survival and non-metastasis were
censored at the time of the last visit if no death or metas-
tasis occurred, respectively. Together, 386 patients with
CRC were followed up. The median (interquartile range)
follow-up period was 39 (22.59-68.07) months. At the last
follow-up on December 1st, 2015, 93 patients (24.1%) had
died and 49 (14.6%) of 335 patients without metastasis at
their initial diagnosis had distant metastasis occurrence.
Therefore we defined patients with CRC with meta-
chronous metastasis as Group 1A and patients with CRC
without metastasis until the last follow-up as Group 1B.
Then we performed subgroup analysis of stage-by-stage of
cox proportional hazards models analysis for identifying
the prognosis factors for metastasis between Group 1A
and Group 1B.

Enzyme-linked immunosorbent assay for detecting
Chitinase activity

Chitinase activity was measured by an enzyme-linked
immunosorbent assay (ELISA) using the Chitinase Assay
Kit (Catalog Number CS1030, Sigma-Aldrich, St. Louis,
MO, USA). A substrate (4-methylumbelliferyl N-acetyl-
B-D-glucosaminide) suitable for detecting exochitinase
activity (p-N-acetylglucosaminidase activity) was chosen
for measuring chitinase activity. The experiment was per-
formed according to the manufacturer’s instructions. The
standard solution (standard blank, 5pg/mL, 10 pg/mL,
20 pg/mL, 25 pg/mL, and 50 pg/mL) was added to a 96-
well plate to obtain the standard curve. Next, 2 pL of
serum were added to each well according to a preset
order. The preset order was set that samples from
the four groups proportionally in one 96-well plate to
achieve homogenization procedures. Then, 100 pL of
the assay buffer and 98 pL of substrate working solutions
were added to each well using multichannel pipettes
(Eppendorf, Hamburg, Germany). The plate was in-
cubated for 30 min at 37 °C after mixing using a hori-
zontal shaker for 2min. Next, the reactions were
stopped by adding 200 uL of stop solution to each
well. Subsequently, the fluorescence was measured in a
microplate reader (BioTek Synergy™ 2, Winooski, VT,
USA) with at an excitation wavelength of 360 nm and an
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emission wavelength of 450 nm. Each measurement was
performed in triplicate.

Cell line and culture

Human colon cancer cell lines RKO and SW48 were
obtained from the American Type Culture Collection
(Manassas, VA, USA). The two cell lines were cultured
in Dulbecco’s modified Eagle’s Medium (DMEM, high
glucose, Gibco, Thermo Fisher Scientific, Waltham, MA,
USA) supplemented with 10% fetal bovine serum (FBS)
and 1% streptomycin/penicillin at 37°C in a 5% CO,
atmosphere.

Transwell migration assay

Cell migration was performed using 24-well Transwell
chambers with 8-um-pore-size polycarbonate membranes
(Corning Inc., Corning, NY, USA). After cells grew till the
logarithmic phase of growth, they were properly cultured
with serum-free DMEM (high glucose) during the 24-h
starvation period at 37 °C in a 5% CO, atmosphere. Then,
the starving cells were harvested, resuspended at a
concentration of 3 x 10> cells in 100 uL with serum-free
DMEM (high glucose), and seeded into the upper
chambers of a Transwell plate. Chitinase (0 ug, 2 pg, or
4 ug, Catalog Number C6242, Sigma—Aldrich) was added
to the upper chambers of the Transwell plate. The lower
chambers were filled with 600 uL of DMEM supple-
mented with 10% FBS. After incubating the cells for 24 h
at 37°C in a 5% CO, atmosphere, the noninvasive cells on
the top side of the membrane were removed thoroughly
but gently using a cotton swab. The invaded cells on
the lower membrane surface were fixed in 20% methanol
for 15min and then stained with 0.1% crystal violet
for 30 min. The cells were photographed with four
randomly visual fields in each well under a light micro-
scope at 100x magnification (Olympus, Tokyo, Japan) and
counted using Image-Pro Plus 6.0 software (Media Cyber-
netics, Inc., Rockville, MD, USA).
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Statistical analysis

Student’s t-test, Chi-squared test, Mann—Whitney test,
Kruskal-Wallis test and one-way analysis of variance
(ANOVA) were used to analyze differences of variables
among subgroups according to data type and distri-
bution. The Kolmogorov-Smirnov test was used to judge
the normality of continuous data distribution. The optimal
cutoff point of chitinase activity for metastasis risk pre-
diction in the training set was calculated based on the
receiver operating characteristic (ROC) curve and applied
in the testing set [9]. The comparisons of ROC curves
were used to discriminate the power of the biomarkers in
predicting metastasis. Kaplan—Meier analyses with the
log-rank test were used to analyze metastasis probability
and prognosis. The multivariate Cox proportional hazards
analysis was used to identify independent predictors of
metastasis. All statistical analyses were performed using
SPSS Software V19 (IBM, Armonk, NY, USA), MedCalc
V12.7 (MedCalc Software, Ostend, Belgium), and Graph-
Pad Prism V6.0 (GraphPad Software, San Diego, CA,
USA). P values less than 0.05 in a two-tailed test were
considered statistically significant.

Results

Chitinase activity correlated with OS in patients with CRC
The serum levels of chitinase were analyzed in 386
patients with CRC, including Group 1 and Group 2, at
their first visit to determine whether chitinase was over-
expressed in patients with CRC compared with healthy
controls. Additionally, sera from Group 3 were tested as
a control. Demographics and characteristics of all
patients with CRC and healthy controls are summarized
in Additional file 1: Table S1. The ELISA results revealed
that serum chitinase activity was significantly higher in
patients with CRC than in healthy controls [median (inter-
quartile range, IQR) (ng/pL): 21.13 (17.35-26.16) vs 17.21
(15.39-21.27); P<0.0001, Mann—Whitney test] (Fig. 1).
Based on the cutoff value (23.162, P = 0.0092) of chitinase
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Fig. 1 Chitinase activity correlates with metastases in colorectal cancer patients. Bar graph showed that the level of chitinase activity in different
groups. Kruskal-Wallis test among Group 1,2,3,4. Mann Whitney test between Group 1A and 1B; Data in bar graph are shown as median with
interquartile range; CRC, Colorectal Cancer. *P < 0.05, ***P < 0.001, ****P < 0,0001
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activity for OS from the ROC curve (Additional file 2:
Figure S1), patients with CRC were divided into the high
chitinase activity group (Median OS time, 32.467 months)
and the low chitinase activity group (Median OS time,
39.367 months). The Kaplan—Meier survival analysis
indicated that higher chitinase activity was significantly
associated with poor survival in all patients with CRC
(Fig. 2a, log-rank P=0.0012). The correlation between
CEA level and the OS of patients with CRC was initially
analyzed by univariate analysis. A high CEA level was
significantly associated with poor survival in all patients
with CRC (Fig. 2b, P = 0.0009). However, the multi-
variate Cox’s analysis revealed that neither chitinase
activity [hazard ratio (HR), 1.069; 95% confidence in-
terval (CI), 0.671-1.701; P =0.780] nor CEA level (HR,
1.276; 95% CI; 0.788-2.064; P=0.322) was an in-
dependent prognostic factor of OS in patients with CRC
(Additional file 1: Table S2). However, N stage (HR, 1.96;
P=0.011), M stage (HR, 5.33; P<0.001), and histological
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type (HR, 2.15; P=0.022) were identified as independent
prognostic factors.

Chitinase activity showed a significant correlation with
liver metastases in patients with CRC

The serum levels of chitinase activity were analyzed in
Group 1 and Group 2 to determine chitinase activity in
the serum of patients with CRC at different tumor stages.
The ELISA results revealed that serum chitinase activity
was significantly higher in Group 2 compared with Group
1 [median IQR (ng/pL): 31.14 (23.69-38.37) vs 20.66
(16.85-24.60); P <0.0001, Mann—Whitney test] (Fig. 1).
Detailed demographics and characteristics of the two
groups are summarized in Additional file 1: Table S3.
Chitinase activity in Group 4 was also analyzed to confirm
whether chitinase activity was associated with metastases.
Chitinase activity was significantly higher in Group 2 than
Group 4 [median IQR (ng/pL): 31.14 (23.69-38.37) vs
20.53 (17.38-23.98), P<0.0001, Mann—Whitney test]
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(Additional file 2: Figure S2A). Moreover, the CEA level
was significantly higher in Group 2 than Group 1 (median
IQR (ng/mL): 22.50 (8.37-70.09) vs 3.71 (2.13-8.69),
P <0.0001, Mann—Whitney test] (Additional file 2:
Figure S2B). Interestingly, multiple liver metastases
had significantly higher chitinase activity compared with
single liver metastasis in patients with CRC (P =0.0223,
Mann—-Whitney test) (Additional file 2: Figure S3A).
Demographics and characteristics of CRC patients with
single and multi-synchronous liver metastases were
summarized in Additional file 1: Table S4. Chitinase
activity was measured before radical surgery in patients
with CRC. Chitinase activity was upregulated in Group 1A
compared with Group 1B [median IQR (ng/pL): 23.3846
(18.4999-27.4225) vs 20.1088 (16.5437-23.8659);
P =0.0005, Mann—Whitney test], indicating a correlation
between previous chitinase activity and metachronous
metastases during follow-up (Fig. 1). Further subanalysis
with a stage-by-stage comparison showed that at both
early stage [stages I and II; median IQR (ng/pL): 25.95
(22.10-29.68) vs 20.48 (17.10-23.39); P =0.0038,
Mann—Whitney test] and advanced stage [stage III;
median IQR (ng/pL): 23.28 (18.32-26.83) vs 19.77
(15.46-24.21); P=0.0156, Mann—Whitney test], Group
1A had higher chitinase activity compared with Group 1B
(Additional file 2: Figure S3B).

The correlations between chitinase activity and various
clinicopathological variables were investigated in all
patients with CRC to further identify the clinical sig-
nificance of chitinase activity in patients with CRC (Add-
itional file 1: Table S5). Chitinase activity was significantly
associated with sex (P =0.031), age (P =0.002), distant
metastasis (P < 0.0001), and TNM stage (P < 0.0001). The
ROC analysis revealed that the area under the curve
(AUC) of chitinase was 0.815, with a corresponding sensi-
tivity of 70.59% and a specificity of 80.30% in discrimina-
ting patients with or without metastasis (Additional file 2:
Figure S4A). Univariate and multivariate Cox’s ana-
lyses confirmed (Additional file 1: Table S6) chitinase
activity as an independent marker in discriminating
Group 2 from Group 1 (univariate analysis: HR, 6.594;
95% CI, 3.611-12.043; P <0.0001; multivariate analysis:
HR, 3.240; 95% CI, 1.118-6.078; P = 0.001).

Chitinase activity, but not CEA level, is an independent
biomarker that could prognosticate liver metastases in
CRC in the training and testing sets

Since chitinase activity was significantly upregulated and
exhibited metastasis-discriminating power in the serum
of Group 2 compared with Group 1, we next wanted to
determine whether chitinase activity, as a biomarker,
could prognosticate metastasis in patients with CRC at
pathological stages I-III. Demographics and characte-
ristics of patients with CRC after radical resection are
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summarized in Additional file 1: Table S7. Random
process divided Group 1 into the training and testing sets.
Clinical characteristics of patients according to chitinase
activity in the training and testing sets are summarized in
Additional file 1: Table S8. There was no significant
association between chitinase activity and most clinical
characteristics in any set. Patients with CRC in the train-
ing set were then divided into high and low chitinase
activity groups based on the ROC analysis (cutoff
value = 21.4154), revealing that the AUC was 0.71,
with a corresponding sensitivity of 75% and a specifi-
city of 71.26% (P =0.0166) for prognosticating metas-
tases during follow-up (Additional file 2: Figure S4B).
These results indicate that chitinase activity can prognos-
ticate metastasis in patients with CRC at stages I-IIL
Meanwhile, CEA was not significantly elevated in Group
1A compared with Group 1B (Additional file 2: Figure
S2C) [median IQR (ng/mL): 4.51 (2.76-9.28) vs 3.55
(1.99-6.75); P=0.083, Mann—Whitney test]. Next, the
Kaplan—Meier test was used to analyze the metastatic
rates in the high and low chitinase activity groups in
the training and testing sets. The Kaplan—Meier curve
showed that either in the training set (Additional file 2:
Figure S5A, P=0.0032) or in the testing set (Add-
itional file 2: Figure S5B, P =0.0284), patients with high
chitinase activity had a significantly higher risk of develop-
ing metastases compared with patients with low chitinase
activity at stages I-III. Consistent results were obtained in
the combined patient population (Fig. 2c) (P =0.0007).
Correspondingly, a subanalysis with a stage-by-stage com-
parison for these two groups was performed to analyze
the metastatic rate. At both early stage (Additional file 2:
Figure S5C; stages I and II; log-rank test, P = 0.0029) and
advanced stage (Additional file 2: Figure S5D; stage IIL;
log-rank test, P=0.0264), patients with high chitinase
activity were more likely to metastasize compared with
patients with low chitinase activity. A paralleled analysis
was also performed to investigate the role of CEA in
prognosticating the occurrence of metastasis in CRC
considering the significant diffidence in the CEA level be-
tween Group 2 and Group 1. However, the Kaplan—Meier
analysis revealed no significant difference in metastasis
occurrence between patients with high and low CEA
levels at stages I-III (Fig. 2d; log-rank test, P =0.4054).
The subanalysis of the Kaplan—Meier test with a stage-by-
stage comparison showed that patients with a high CEA
level had the same occurrence of metastases as patients
with a low CEA level at either early stage (Additional file 2:
Figure S5E; stages I and II; log-rank test, P=0.1177) or
advanced stage (Additional file 2: Figure S5F; stage IIL;
log-rank test, P =0.5523).

The univariate Cox’s proportional hazards analysis in
Group 1 (Table 1) revealed that only high chitinase activity
and N stage were associated with the occurrence of
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metastasis among the training, testing and total sets. Next,
the variables of chitinase activity and N stage were in-
cluded in the multivariate Cox’s analysis in the training,
testing and total sets. The multivariate analysis showed
that chitinase activity and N stage played a significant role
as independent factors in prognosticating metastasis in all
sets. The subanalysis of Cox’s analysis with a stage-by-
stage comparison (Table 2) confirmed that chitinase

Page 7 of 12

activity was an independent factor in prognosticating
metastasis at both early stage (stages I and II; HR,
7.101, P=0.010) and advanced stage (stage III; HR,
2.100, P=0.03). Since the multivariate analysis revealed
that N stage and chitinase activity had the power to prog-
nosticate the occurrence of metastasis in CRC with stage
I- III, an equation was obtained based on the multivariate
Cox’s analysis (0.066 x chitinase activity + 1.301 x N stage;

Table 2 Subanalysis of stage-by-stage of Cox proportional hazards models analysis for identifying the prognosis factors for

metastasis between metachronous metastasis CRC patients and non-met CRC patients after last follow-up

Characteristics Univariate Multivariate
HR 95% Cl p Value HR 95% Cl p Value

All CRC patients with Stage | — Il at first visit (Cox proportional
hazards models)

Age (Zmedian vs. <median) median=62y 1.395 0.789-2.466 0.251

Sex (male vs. female) 1313 0.739-2.334 0351

T stage (T3/T4 vs. T1/T2) 2474 0.890-6.879 0.073

N stage (N1/N2 vs. NO) 3.686 1.954-6.951 <0.0001 3.133 1.590-6.174 0.001

CEA (25 vs. < 5) 1.276 0.718-2.267 0405

Tumor location (Colon vs. Rectum) 1.165 0.663-2.046 0.596

Histological type (Mucus adenocarcinoma vs. Adenocarcinoma) 1812 0.769-4.274 0.168

Tumor size (ZMedian vs. <Median) 1.084 0.617-1.904 0.778

Schistosomiasis history (Yes vs. No) 1.131 0.352-3.638 0.836

Treatment (Surgery vs. Surgery+ Postoperative chemotherapy) 2.562 1.241-5.290 0.011 0.605 0.279-1.312 0.203

Chitinase enzyme activity (2Cut-off vs. <Cut-off) 2.703 1.487-4.912 0.001 2.785 1.532-5.064 0.001
CRC patients with Stage | and Il at first visit (Cox proportional
hazards models)®

Age (Zmedian vs. <median) Median =63y 2157 0.704-6.609 0.168

Sex (male vs. female) 0.952 0.320-2.833 0.930

T stage (T3/T4 vs. T1/T2) 0811 0.250-2.636 0.727

CEA (25 vs. < 5) 2334 0.782-6.968 0.118

Tumor location (Colon vs. Rectum) 1.115 0.374-3.320 0.845

Tumor size (ZMedian vs. <Median) 1.058 0.356-3.149 0919

Schistosomiasis history (Yes vs. No) 1.151 0.150-8.857 0.892

Treatment (Surgery vs. Surgery+ Postoperative chemotherapy) 0.371 0.114-1.206 0.086

Chitinase enzyme activity (2Cut-off vs. <Cut-off) 7.101 1.585-31.814 0.010 7.101 1.585-31.814 0.010
CRC patients with Stage Il at first visit (Cox proportional hazards models)

Age (Zmedian vs. <median) median=63y 1.219 0.631-2.352 0.556

Sex (male vs. female) 1316 0.666-2.600 0.429

CEA (25 vs. < 5) 0.962 0.492-1.881 0910

Tumor location (Colon vs. Rectum) 1.119 0.579-2.164 0.738

Histological type (Mucus adenocarcinoma vs. Adenocarcinoma) 1518 0.630-3.655 0352

Tumor size (ZMedian vs. <Median) 1.071 0.554-2.069 0.838

Schistosomiasis history (Yes vs. No) 1453 0.349-6.054 0.608

Treatment (Surgery vs. Surgery+ Postoperative chemotherapy) 0.845 0.328-2.179 0.727

Chitinase enzyme activity (2Cut-off vs. <Cut-off) 2.100 1.078-4.093 0.03 2.100 1.078-4.093 0.03

Bold values indicate statistically significant
N stage is excluded for patients with Stage | and Il are at NO stage
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NO = 0; N1/N2 = 1). For comparison, chitinase activity and
CEA level were also combined to obtain an equation
based on the multivariate Cox’s analysis (0.06718 x chiti-
nase activity + 0.2322 x CEA; CEA <5, 0; CEA =25, 1). The
ROC curve analysis (Fig. 3a) based on metastasis until
the last follow-up confirmed that the combination of
chitinase activity and N stage significantly increased the
prognostic power (AUC =0.746; sensitivity = 67.35%;
specificity = 74.83%; P = 0.454E-011), which was superior to
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either chitinase activity (AUC = 0.654; sensitivity = 69.39%;
specificity = 60.49%; P =0.511E-003) or N stage (AUC=
0.666; sensitivity = 73.47%; specificity = 59.79%; P =
0.204E-005) alone. The pairwise comparison of the
ROC curve analysis revealed that the combination
curve was significantly different from chitinase activity
(P=0.0283) and N stage (P=0.008) curves, but the
chitinase activity curve was not significantly different from
the N stage curve (P =0.8419). However, the ROC curve

1004 CRC(Stage I - ) AUC  Sensitive  Specificity P
1 f */ ;J (%) (%)
i I Chitinase 0.654 69.39 60.49 0.0005
80—_ i CEA 0530 38.78 67.13 0.4347
E N stage 0.666 7347 59.79 0.000002
) Combination 0.746  67.35 74.83 0.454E-011
J it
§ 60 Combination  0.661  57.14 7413 0.0003
B
S | Comparison of ROC curves P
D 4o Chifinase vs. CEA 0.0315
) Chitinase vs. N stage 0.8419
i — CEanase activity Citinase vs. Combination 1 0.0283
20 — N stage N stage vs. Combination 1 0.0008
1 — Combination 1 = —
] . . hi Y .5497
Combination 2 Chitinase vs. Combination 2 0.549
0 1 CEA vs. Combination 2 0.0093

LI L L B B |
0 20 40 60 80 100
100-Specificity

Low chitinase activity + Stage I/ll: Reference
50 High chitinase acitivity + Stage I/ll: HR 5.70 95%CI:1.20-26.99
Low chitinase activity + Stage Ill: HR 6.79 95%Cl:1.49-30.97
- High chitinase activity + Stage Il : HR 10.89 95%Ci: 2.41-49.14 High chitinase acitivity + Stage Il
100 [T T T T |

a0l Log rank P<0.0001

Low chitinase activity + Stage Il
1 11l

20+

10 High chitinase acitivity + Stage I/1l

Metastasis probability (%)

Low chitinase activity + Stage /Il
1l JImINl 1 [T

U 1 . 1 . 1 . 1
0 20 40 60 80 100
Months

Number at risk
Low chitinase activity + Stage I/l

104 95 52 36 1 0
Low chitinase activity + Stage IlI

88 68 40 24 1 0
High chitinase acitivity + Stage /Il

80 71 46 36 4 0
High chitinase acitivity + Stage I

63 50 31 21 3 0

Fig. 3 Chitinase activity combined with N stage but not CEA level prognosticates metastasis in CRC patients. a Receiver Operating Characteristic
(ROQ) analysis showed that chitinase activity combined with N stage but not CEA played an effective role in metastasis prognosis for CRC
patients with Stage I-lII* Combination 1 denotes that chitinase activity and N stage. # Combination 2 denotes that chitinase activity and CEA
level. Equation: Combination 1 = 0.066*chitinase activity+ 1.301*N stage (NO, 0; N1/N2, 1). Combination 2 = 0.2322*chitinase activity+ 0.06718*CEA
(CEA< 5, 0; CEA =5, 1) Equation coefficients were obtained from multivariate Cox’s analysis. b Kaplan—Meier curves of metastasis probability of
CRC patients subgrouped by chitinase activity and TNM. Hazard ratios and 95% Cls were calculated by the multi-variate Cox proportional hazards
regression model, adjusted for age, sex, tumor location, histological type, tumor size, gross tumor type, schistosomiasis history and treatment
methods as covariates




Song et al. BMC Cancer (2019) 19:629

of CEA (Fig. 3a) showed that it had no prognostic power
for metastasis in CRC (AUC = 0.530; sensitivity = 38.78%;
specificity = 67.13%; P = 0.4347). The pairwise comparison
of the ROC curve analysis revealed that the combination
curve was not significantly different from the chitinase ac-
tivity curve (P = 0.5497), indicating no significant improve-
ment in the power of prognosticating the occurrence of
metastasis after chitinase activity was combined with
CEA. These data suggest that chitinase activity, but not
CEA, is an independent biomarker that can prognosticate
the occurrence of liver metastases in CRC. Moreover, the
combination with N stage, but not CEA, improved the
prognostic power for metastasis in CRC. Considering the
metastasis risk heterogeneity in the same TNM stage, we
evaluated the prognostication value of chitinase activity in
different TNM stages in the combined patient population.
Kaplan—Meier analyses (Fig. 3b) showed that patients with
high chitinase activity at TNM stage III had the highest
metastasis risk, whereas those with low chitinase
activity at TNM stage I/II had the lowest metastasis
risk (P < 0.0001). Interestingly, patients with high chitinase
activity at TNM stage I/II had a similar metastasis risk
compared with those with low chitinase activity at TNM
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stage III, indicating that patients with high chitinase
activity at TNM stage I/II need further intervention
post-operation.

Chitinase promoted the migration of CRC cells in vitro

To further investigate whether chitinase plays a direct
role in cancer metastasis, a Transwell migration assay
was performed using RKO and SW48 cell lines. Both
RKO and SW48 cell lines were treated with 0 pg, 2 g,
or 4 ug chitinase protein. The number of RKO and
SW48 cells (Fig. 4a) through the Transwell significantly
increased with the increase in chitinase concentration:
the number of RKO and SW48 cells at 4 pg (mean,
318.25/field and 151.5/field, respectively) significantly
increased compared with that at 2 pg (mean, 263.5/
field, P<0.0001, and 116.75/field, P<0.0001, respec-
tively) and at Opg (mean 6.25/field, P<0.0001, and
53.5/field, P <0.01, respectively) (Fig. 4b, ANOVA with
Tukey’s multiple comparison test). Moreover, the cell
lines were treated with 10 pg chitinase, which resulted
in rapid cell death (data not shown). Taken together,
these data indicate that chitinase promotes CRC cell
migration in vitro.
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Fig. 4 Chitinase promotes migration of colorectal cancer cells in vitro. (A) RKO cells and SW48 cells were treated with chitinase by 0, 2 ug and
4 ug, respectively. Images shown were representative at each concentration in each cell line. (B) Histogram of RKO cell line is in Black and SW48
cell line is in Gray. Each bar with its error bar represented Mean + standard deviation (SD) at one concentration. **P < 0.01, ***P < 0.0001, one-
way analysis of variance with Tukey's multiple comparisons test. All tests were at two sides
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Discussion

This study demonstrated the potential role of serum
chitinase activity as a noninvasive biomarker for CRC
metastases. It highlighted the clinical significance of serum
chitinase activity for determining patient prognosis and
CRC metastases. It also demonstrated that preoperative
serum chitinase activity is better than serum CEA for
prognosticating metastases in CRC. Moreover, the results
were substantiated through in vitro experiments.

Nonanatomic cancer prognostic factors are important
for the risk stratification of patients with CRC and the
choice for further treatment in patients with early-stage
CRC after surgery [10]. However, no recognized bio-
markers with sufficient data are available at present to
determine the prognosis of patients with CRC [10].
Currently, it is believed that tumor stage, tumor dif-
ferentiation, and DNA mismatch status are important
prognostic factors for deciding further treatment stra-
tegies [11]. However, these biomarkers are difficult for
general use because of unavoidable technical difficulties
inherent in the subjective definition and discriminant
analysis [10]. Moreover, gene signatures specific for
intestinal stem cells have broad implications but cannot
be feasibly translated into clinical applications due to
certain limitations [12].

CEA is commonly used to monitor cancer relapse after
curative resection. Further evaluation by diagnostic
imaging is recommended if the blood CEA level increases
above threshold. However, false-positive results can be
caused by smoking and certain diseases. The univariate
analysis in this study showed that both preoperative CEA
level and chitinase activity were significantly correlated
with metastases and prognosis; however, the multivariate
analysis showed that chitinase activity was superior to
CEA in predicting metastases in CRC.

The 18 Chitinases and human chitinase-like proteins
(CLPs) secreted by macrophages, neutrophils, and cancer
cells are most likely to influence tumor progression, as the
majority of these cells are located in the tumor micro-
environment [8, 13]. Moreover, chitinase and human CLPs
play important roles in inflammation, tissue remodeling,
and tissue injury [13]. Previous studies have described an
association between genes of the 18-glycosyl hydrolase
family of chitinases and certain types of cancer [14, 15].
Recent evidence showed that inflammation can pro-
mote cancer development and metastases. The chiti-
nase family could induce the generation of pro- and
anti-inflammatory cytokines and chemokines, such as
interleukin (IL)-1p, IL-6, IL-12, and IL-13, making them
potential modulators in an inflammatory tumor micro-
environment [8, 16]. Inflammation plays a key role in
cancer progression [17]. Therefore, the correlations
between chitinase and cancer and inflammation require
further investigation. Tumor-associated macrophages in
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breast cancer as major innate immune cells secrets CLPs
which could regulate intra-tumoral immunity and angio-
genesis [18]. Furthermore, high CLPs expression in tu-
mors after neoadjuvant chemotherapy was associated with
increased risk of distant metastasis in breast cancer [18].
A study using ELISA assay to detect the concentration of
chitinase 3-like 1 in the serum indicated that higher
chitinase 3-like 1secreted by peri-tumoral macrophages in
esophageal carcinoma had a significantly poor overall
survival [19]. More than macrophages, chitinase is also
related to epithelial-mesenchymal transition (EMT). Jefri
and his colleague in their study proposed that YKL-40,
one member of chitinase family, regulated EMT and
migration/invasion enhancement by detecting the
EMT markers such as Twist, N-cadherin, Vimentin,
and E-cadherin in non-small cell lung cancer [20].
Also they found that elevated YKL-40 expression was
correlate with the phenotypic characteristics of metastasis
in lung cancer [20]. These studies above indicated that
macrophage secretion in humans is one main source of
chitinase and elevated expression of chitinase is correlate
with the occurrence of metastasis in cancer.

However, no studies have reported on the association of
chitinase activity in serum with the metastasis of CRC.
Chitinase enzyme is extremely stable [21], suggesting that
the enzyme activity assay evaluating metastases in CRC is
feasible and not influenced by other factors. Moreover, the
enzyme activity assay has some advantages including
measuring a biological function with high specificity and
reliability and avoiding cross-contamination by unspecific
protein binding, which is prior to the measurement of
the protein.

This study provided experimental proof that chitinase
activity in serum represents a novel, noninvasive bio-
marker for prognosticating metastasis in CRC. A signi-
ficant difference in chitinase activity was observed in the
serum of patients with CRC relative to healthy controls.
Then, chitinase activity was tested in patients with CRC
with or without metastasis. Chitinase activity was revealed
as an independent biomarker with the power to dis-
tinguish patients with CRC having synchronous liver
metastasis from patients with CRC without metastasis at
their first visit after analyzing together with age, sex, T
stage, N stage, CEA level, tumor location, tumor size,
histological type, and schistosomiasis history in the multi-
variate Cox’s analysis. Therefore, the present study
focused on patients with CRC without metastasis at
their first visit with a long-term follow-up, investigating
whether chitinase activity could prognosticate the occur-
rence of metastasis in patients with early-stage CRC.
Interestingly, chitinase activity, but not CEA level, in
patients with CRC having metachronous metastasis was
significantly higher compared with patients with CRC
without metastasis until the last follow-up both in the
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training and testing sets. Furthermore, the multivariate
Cox’s analysis, which included age, sex, T stage, N stage,
CEA level, tumor location, tumor size, histological type,
therapeutic method, schistosomiasis history, and chitinase
activity (dichotomized by the ROC curve), revealed that
chitinase activity, but not CEA level, was an independent
prognosis of metastasis in patients with CRC. Of note, a
subanalysis that used Cox’s analysis models by the Ameri-
can Joint Committee on Cancer TNM Stage revealed that
patients with CRC having high chitinase activity, whether
at early stage (stages I and II) or advanced stage (stage III),
were at high risk of metastasis (either in the training or
testing set), indicating that essential intervention measures
must be taken for these high-risk patients. Moreover, the
ROC analysis revealed that the combination of chitinase
activity with N stage, but not with CEA, had the best
power of prognosticating the occurrence of metastasis in
patients with CRC. Interestingly, high chitinase activity at
TNM stage I/II had the same metastasis risk with low
chitinase activity at TNM stage III, indicating that patients
with high chitinase activity at TNM stage I/II need further
intervention post-operation. More multi-centers pros-
pective studies are required to further clarify the role of
chitinase in evaluating the metastasis risk of patients with
early-stage CRC.

Patients with CRC stage II showed good prognosis
with a low occurrence of metastases and a 5-year
survival rate of 72-85% [22]. Only patients with profi-
cient mismatch repair tumors and clinicopathological
high-risk features, particularly those with T4 cancers or
multiple high-risk features such as obstruction, per-
foration, and poor differentiation, are treated with
chemotherapy in clinical practice. However, the present
study showed that high chitinase activity is associated
with a high risk of metastases. These data indicate that
patients with high chitinase activity might benefit from
adjuvant chemotherapy and strict supervision. There-
fore, further clinical trials should be performed in
patients with CRC stage II to decrease the chances of
distant metastases and improve patient survival.

In addition to clinical data, a Transwell migration
assay was also performed to substantiate these results.
RKO and SW48 CRC cell lines treated with chitinase
showed significant cancer cell migration, indicating that
chitinase activity promoted cancer metastases. Studies
on inhibiting chitinase activity in the liver metastasis
model with high chitinase activity should be performed.
Whether cells or tumor tissues secrete chitinase also
needs to be explored. Moreover, it is still unknown
whether upregulating chitinase expression in the CRC
model can induce metastases in vivo.

There are some limitations to this study. Although a
sample size of 386 is not small, dividing subjects into
groups with or without metastasis and into training and
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validation sets may have made each group small. We will
continue to conduct ongoing follow-up studies and in-
crease the sample size to obtain a higher level of evidence.

Conclusions

Taken together, this novel study demonstrated the clinical
significance of chitinase activity in the blood as a non-
anatomic cancer biomarker for prognosticating the occur-
rence of metastasis in patients with CRC. Moreover, the
combination of chitinase activity and N stage had the best
power of prognosticating the occurrence of metastasis
in patients with CRC. Considering the exploratory
design of this study, randomized clinical trials are
needed to confirm these findings, which is a prerequisite
for designing further interventions for patients with CRC
at high risk of metastasis.

Additional files

Additional file 1: Supplementary Tables. (DOCX 54 kb)
Additional file 2: Supplementary Figures. (PPTX 191 kb)

Abbreviations

AUC: Area under the curve; CEA: Carcinoembryonic antigen; CHI3L1: Chitinase-
3-like protein 1; Cl: Confidence interval; CLP: Chitinase-like proteins;

CRC: Colorectal cancer; DMEM: Dulbecco’s modified Eagle’s Medium;

ELISA: Enzyme-linked immunosorbent assay; FBS: Fetal bovine serum;

HR: Hazard ratio; IQR: Interquartile range; OS: Overall survival; RFS: Recurrence
free survival; ROC: Receiver operating characteristic; SRRSH: Sir Run Run
Shaw Hospital

Acknowledgements

We would like to thank Wiley Editing Services (https://secure.
wileyeditingservices.com/cn/researcher/) for English-language editing
(Certificate Verification Key: E2FC-9D12-6067-ACCA-6B54). We thank the
biobank team of SRRSH for excellent technical support and facilitating
our research work.

Authors’ contributions

ZFS and EGC designed the study, performed the experiments, analyzed and
interpreted the data, and wrote the manuscript. JQ, GYC, WZ, MC, DYX, FW,
and XWW provided patients’ samples and clinical data, analyzed and interpreted
the data, and wrote the paper. JBX and WZ provided, analyzed, and interpreted
patients” samples and clinical data and revised the manuscript. XTH and XFH
provided patients' samples, clinical data and revised the manuscript. ZYJ and XJC
conceptualized and designed the study, and revised the manuscript. All authors
have vouched for the data analysis, approved the final version, and agreed to
publish the manuscript.

Funding

This work is supported by the National Natural Science Foundation of China
(Nos. 81771502 & 81701820) and Medical and Health Science and Technology
Project of Zhejiang Provincial Health Commission (Nos. 2018KY473 &
2018PY025). Both funding sources had no role in the design of the study, the
collection, analysis and interpretation of data or the writing of the manuscript.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article. Further details are available from the corresponding author upon request.

Ethics approval and consent to participate

Written informed consent was obtained from all patients before specimen
collection. This study was approved by the ethics committee of SRRSH,
Zhejiang University. The ethics approval reference number is No. 20140213-19.


https://doi.org/10.1186/s12885-019-5834-7
https://doi.org/10.1186/s12885-019-5834-7
https://secure.wileyeditingservices.com/cn/researcher/
https://secure.wileyeditingservices.com/cn/researcher/

Song et al. BMC Cancer (2019) 19:629

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Colorectal Surgery, Sir Run Run Shaw Hospital of Zhejiang
University, Hangzhou 310016, China. “Zhejiang Province Key Laboratory of
Biological Treatment, Hangzhou, China. *Department of colorectal surgery,
Xinchang Hospital, Xinchang, China. *Key Laboratory of Regenerative
Medicine of Ministry of Education, Institute of Aging and Regenerative
Medicine, Jinan University, Guangzhou, China. *Department of General
Surgery, Sir Run Run Shaw Hospital, Zhejiang University, Hangzhou 310016,
China.

Received: 28 August 2018 Accepted: 13 June 2019
Published online: 25 June 2019

References

1. SEER Cancer Statistics Review, 1975-2013. http://seer.cancer.gov/csr/1975_
2013/. Accessed 12 Sept 2016.

2. Fong Y, Cohen AM, Fortner JG, Enker WE, Turnbull AD, Coit DG, Marrero
AM, Prasad M, Blumgart LH, Brennan MF. Liver resection for colorectal
metastases. J Clin Oncol. 1997;15(3):938-46.

3. Penna C, Nordlinger B. Colorectal metastasis (liver and lung). Surg Clin
North Am. 2003;82(5):1075-90.

4. Jiang H, Schiffer E, Song Z, Wang J, Zurbig P, Thedieck K, Moes S, Bantel H,
Saal N, Jantos J, et al. Proteins induced by telomere dysfunction and DNA
damage represent biomarkers of human aging and disease. Proc Natl Acad
Sci U S A. 2008;105(32):11299-304.

5. Dupont J, Tanwar MK, Thaler HT, Fleisher M, Kauff N, Hensley ML,
Sabbatini P, Anderson S, Aghajanian C, Holland EC, et al. Early
detection and prognosis of ovarian cancer using serum YKL-40. J Clin
Oncol. 2004;22(16):3330-9.

6. Shao R, Francescone R, Ngernyuang N, Bentley B, Taylor SL, Moral L,
Yan W. Anti-YKL-40 antibody and ionizing irradiation synergistically
inhibit tumor vascularization and malignancy in glioblastoma.
Carcinogenesis. 2014;35(2):373-82.

7. Shao R, Hamel K, Petersen L, Cao QJ, Arenas RB, Bigelow C, Bentley B, Yan
W. YKL-40, a secreted glycoprotein, promotes tumor angiogenesis.
Oncogene. 2011;28(50):4456-68.

8. Kzhyshkowska J, Yin S, Liu T, Riabov V, Mitrofanova I. Role of chitinase-like
proteins in cancer. Biol Chem. 2016;397(3):231-47.

9. Akobeng AK. Understanding diagnostic tests 3: receiver operating
characteristic curves. Acta Paediatr. 2007;96(5):644~7.

10.  Compton C, Fenoglio-Preiser CM, Pettigrew N, Fielding LP. American joint
committee on Cancer prognostic factors consensus conference: colorectal
working group. Cancer. 2000,88(7):1739-57.

11. Tournigand C, de Gramont A. Chemotherapy: is adjuvant chemotherapy an
option for stage Il colon cancer? Nat Rev Clin Oncol. 2011;8(10):574-6.

12. Merlos-Suarez A, Barriga FM, Jung P, Iglesias M, Cespedes MV, Rossell D,
Sevillano M, Hernando-Momblona X, da Silva-Diz V, Munoz P, et al. The
intestinal stem cell signature identifies colorectal cancer stem cells and
predicts disease relapse. Cell Stem Cell. 2011;8(5):511-24.

13. Lee CG, Da Silva CA, Dela Cruz CS, Ahangari F, Ma B, Kang MJ, He
CH, Takyar S, Elias JA. Role of chitin and chitinase/chitinase-like
proteins in inflammation, tissue remodeling, and injury. Annu Rev
Physiol. 2011;73:479-501.

14.  Fuksiewicz M, Kotowicz B, Rutkowski A, Achinger-Kawecka J, Wagrodzki M,
Kowalska MM. The assessment of clinical usage and prognostic value of
YKL-40 serum levels in patients with rectal Cancer without distant
metastasis. Technol Cancer Res Treat. 2018;17:1533033818765209.

15. Liu X, Zhang Y, Zhu Z, Ha M, Wang Y. Elevated pretreatment serum
concentration of YKL-40: an independent prognostic biomarker for poor
survival in patients with colorectal cancer. Med Oncol. 2014;31(8):85.

16. Xiao W, Meng G, Zhao Y, Yuan H, Li T, Peng Y, Zhao Y, Luo M, Zhao W, Li Z,
et al. Human secreted stabilin-1-interacting chitinase-like protein aggravates
the inflammation associated with rheumatoid arthritis and is a potential
macrophage inflammatory regulator in rodents. Arthritis Rheumatol.
2014,66(5):1141-52.

Page 12 of 12

17. Antonioli L, Blandizzi C, Pacher P, Hask G. Immunity, inflammation and
cancer: a leading role for adenosine. Nat Rev Cancer. 2013;13(12):842-57.

18. Liu T, Larionova |, Litviakov N, Riabov V, Zavyalova M, Tsyganov M,
Buldakov M, Song B, Moganti K, Kazantseva P, et al. Tumor-associated
macrophages in human breast cancer produce new monocyte
attracting and pro-angiogenic factor YKL-39 indicative for increased
metastasis after neoadjuvant chemotherapy. Oncoimmunology. 2018;
7(6):21436922.

19. Xing S, Zheng X, Zeng T, Zeng MS, Zhong Q, Cao YS, Pan KL, Wei C, Hou F,
Liu WL. Chitinase 3-like 1 secreted by peritumoral macrophages in
esophageal squamous cell carcinoma is a favorable prognostic factor for
survival. World J Gastroenterol. 2017;23(43):7693-704.

20. Jefri M, Huang YN, Huang WC, Tai CS, Chen WL. YKL-40 regulated epithelial-
mesenchymal transition and migration/invasion enhancement in non-small
cell lung cancer. BMC Cancer. 2015;15:590.

21. Boden N, Sommer U, Spindler K-D. Demonstration and characterization of
chitinases in the Drosophila kc cell line. Insect Biochem. 1985;15(1):19-23.

22. O'Connell JB, Maggard MA, Ko CY. Colon cancer survival rates with the new
American joint committee on Cancer sixth edition staging. J Natl Cancer
Inst. 2004,96(19):1420-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://seer.cancer.gov/csr/1975_2013/
http://seer.cancer.gov/csr/1975_2013/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population and follow-up
	Enzyme-linked immunosorbent assay for detecting Chitinase activity
	Cell line and culture
	Transwell migration assay
	Statistical analysis

	Results
	Chitinase activity correlated with OS in patients with CRC
	Chitinase activity showed a significant correlation with liver metastases in patients with CRC
	Chitinase activity, but not CEA level, is an independent biomarker that could prognosticate liver metastases in CRC in the training and testing sets
	Chitinase promoted the migration of CRC cells in vitro

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

