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Abstract:
Aims and background: YKL-40 is secreted by several types of tumors. Increased serum YKL-40 levels have been reported in prostate, 
glioblastoma, breast and colorectal cancers. Determination of YKL-40 levels may serve as a valuable biomarker for the diagnosis and 
treatment of gastric cancer. The purpose of this study was to determine the serum YKL-40 levels expressed in gastric carcinomas.
Methods: Between 2009 and 2011, we retrospectively reviewed 100 patients with gastric cancer and compared their serum samples to 
75 healthy volunteers. YKL-40 levels were determined by an enzyme-linked immunosorbent assay (ELISA).
Results: We found significantly higher serum levels of YKL-40 in patients with gastric cancer compared to the healthy population 
(P , 0.0001). We also found significant differences in serum YKL-40 levels between female and male patients with gastric cancer 
(P , 0.01).
Conclusions: YKL-40 is over-expressed in gastric cancer, suggesting a more aggressive phenotype. YKL-40 may be a useful serum 
biomarker for gastric cancer identification, and future studies should focus on the role of YKL-40 in the tumorigenesis of gastric cancer 
and responsiveness toward treatment.
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Introduction
Gastric cancer is the fourth most common aggressive 
malignancy.1 Although gastric cancer has a poor prog-
nosis, with a 25% five-year survival rate in the United 
States,2 there is no standard biomarker for early diag-
nosis and no consensus on screening programs. As a 
result, new molecular markers and therapeutic strate-
gies are necessary to design effective diagnostic and 
therapeutic agents. Degradation or breakdown of the 
extracellular matrix is the main structural change dur-
ing the invasion and metastasis of gastric cancer.3

YKL-40 (also called CHI3L1), a member of the 
mammalian chitinase-like protein family (which 
has no chitinase activity), is a heparin- and chitin-
binding lectin4–6 secreted by activated neutrophils7 
macrophages during late stages of differentiation,8,9 
arthritic chondrocytes,12 differentiated vascular 
smooth cells,6 and fibroblast-like synovial cells.10,11

YKL-40 is a growth factor for connective tissue cells 
and also plays a role in the migration of endothelial 
cells.5–11 Although the biological function of YKL-40 is 
unknown, its pattern of expression in normal and vari-
ous disease stages suggests that it plays a role in the 
remodeling or degradation of the extracellular matrix.

Recent studies have identified YKL-40 as a bio-
marker for a variety of cancers.13 A number of stud-
ies in patients with solid tumors and hematological 
malignancies14–21 have shown that elevated serum 
YKL-40 levels are correlated with many malignant 
tumors.22

In vivo, elevation of YKL-40 mRNA levels has been 
demonstrated in tumor-associated macrophages23 and in 
normal and malignant epithelial cells of the breast.24 The 
human YKL-40 gene (CHI3LI)8,25 and the crystal struc-
ture of the protein26,27 have also been characterized.

The serum levels of YKL-40 in gastric cancer 
are unknown. We hypothesized that YKL-40 serum 
levels in patients with gastric cancer might be asso-
ciated with tumor aggression. The aim of our study 
was to determine whether YKL-40 levels are elevated 
in the serum of gastric cancer patients compared to 
healthy controls and whether YKL-40 could serve as 
a peripheral biomarker for gastric carcinomas.

Patients and Methods
This study included 100 patients (48 women and 
52 men, aged 41–67 years) with recently diagnosed, 
histologically confirmed gastric adenocarcinomas 

who were admitted to the Department of General 
Surgery in Yuzuncu Yil University Medical Fac-
ulty, Van, Turkey. The control group consisted of 75 
healthy volunteer subjects (35 women and 40 men, 
aged 40–55  years). Diseases such as infection and 
asymptomatic early adenocarcinomas and adenomas 
were ruled out by clinical history, physical examina-
tion, and routine laboratory tests, including liver and 
renal function tests and colonoscopies.

The study protocol was approved by the Research 
Ethics Committee of the Yuzuncu Yil University 
Medical Faculty Van, Turkey. Written informed con-
sent was obtained from each individual. Demographic 
characteristics and clinical data, including symptoms 
and medications, were obtained via a questionnaire 
transcribed by trained personnel.

From every patient, 5 ml of blood was taken from 
the cubital vein in the operating room before the start 
of the operation. Blood samples were processed into 
serum aliquots within 3 hr, stored at -70 °C, and ana-
lyzed by researchers blind to the clinical parameters 
and the study endpoints. Serum levels of YKL-40 
were determined in duplicate by an ELISA assay 
(Quidel Corporation, San Diego, CA).26

A biotinylated Fab monoclonal mouse antibody 
against human YKL-40 (capture antibody) and an 
alkaline phosphatase-labeled polyclonal rabbit anti-
body against human YKL-40 (detection antibody) 
were added to streptavidin-coated microplate wells to 
determine YKL-40 levels. Bound enzyme activity was 
detected with p-nitrophenyl phosphate as the substrate. 
The detection limit of the ELISA is 20  ng/ml, the 
intra-assay coefficient of variation (during an 11-day 
period) is ,3.7%, and the long-term inter-assay coef-
ficient of variation (during a 5-year period) is ,8.6%. 
The YKL-40 ELISA is useful for the measurement of 
serum concentrations of YKL-40 in humans.

Statistical Analysis
Comparisons between the two groups were performed 
using the Mann-Whitney U-test. The differences 
were considered statistically significant at P , 0.05. 
The median average is given as the mean ± standard 
deviation.

Results
Average values of the YKL-40 serum levels from 
patients with gastric cancer and from healthy controls 
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Table 1. Mean values of YKL-40 levels in patients with 
gastric cancer and in healthy subjects.

Gastric cancer 
patients

Healthy P-value

Age 55.7 ± 14.2 52.8 ± 10.9 P . 0.05
Total YKL-40 
(μg/l)

140 ± 78 25 ± 9 ,0.0001

Note: Data are presented as the means ± SD.
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Figure 1. Graph showing the age of the healthy controls and patients 
with gastric cancer Age (y).
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Figure 2. Graph showing the age versus the serum YKL-40 levels of 
healthy controls and patients with gastric cancer YKL-40 µ/l.

are shown in Table 1. The relationships between age 
and serum YKL-40 levels for patients with gastric 
cancer and healthy controls are shown in Figures 1 
and  2. The median age of the patients who partici-
pated in this study was 57  years (range: 41 to 67, 
mean: 56.8 ± 12.5).

YKL-40 levels were significantly higher in 
patients with gastric cancer than in healthy individu-
als (P , 0.0001). Additionally, we found significant 
differences between the serum YKL-40 levels of male 
and female patients with gastric cancer (P  ,  0.01) 
(Tables 2–4).

Discussion
Gastric cancer is the second leading cause of cancer-
related deaths worldwide. In the majority of cases, 
it is not diagnosed until it reaches an advanced 
stage, and no efficient therapeutic modality has been 
suggested to overcome the problem of treatment 
resistance. Gastric adenocarcinomas involve a com-
plex network of molecular alterations throughout 
their carcinogenesis.

Various factors influence the biology of gas-
tric cancer.2 To our knowledge, this study repre-
sents the first report on the novel serum biomarker 

YKL-40 in patients with gastric cancer. All patients 
with gastric cancer had significantly higher serum 
concentrations of YKL-40 compared to the healthy  
population.

The YKL-40 ELISA is useful for the measurement 
of serum (or EDTA-treated plasma) YKL-40 concen-
trations in humans,29 but not in other species, such as 
bovine, swine, rabbit, mouse, and rabbit. The detec-
tion limit of the ELISA is 20 ng/ml.22

The median serum concentration of YKL-40 in 
healthy adults was 43 µg/l (90th percentile = 95 µg/l; 
95th percentile  =  124  µg/l).22,28 By quantitatively 
measuring the elevated serum levels of YKL-40 
using an ELISA assay, we demonstrated that the 
production of YKL-40 is a crucial event in gastric 
carcinogenesis.

In 1995, we reported increased serum levels of 
YKL-40 in some patients with metastatic breast 
cancer.29 Recent studies have found elevated serum 
levels of YKL-40 in patients with several types of 
localized or advanced solid cancers.14–20 These can-
cer patients were scored as having elevated serum 
YKL-40 levels if their serum YKL-40 levels were 
higher than the age-adjusted upper 95th percentile 
confidence limit of serum YKL-40 levels in healthy 
subjects.28–30 Preoperative serum levels of YKL-40 

Table 2. Mean values of serum YKL-40 levels grouped by 
age in healthy subjects. 

Serum YKL-40 levels (μ/l) in healthy controls

,50 years 15 ± 6
$50 years 20 ± 3
P-value ,0.05
Note: Data are presented as the means ± SD.
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were elevated in 19% of patients with primary 
breast cancer, and patients with metastases to axil-
lary lymph nodes had higher serum YKL-40 levels 
compared to lymph-node-negative patients.31 Preop-
erative YKL-40 serum levels from patients with col-
orectal cancer were elevated in 26% of the patients, 
and there was an association between serum YKL-40 
levels and Dukes’ stage; 16% of the patients with 
Dukes’ A, 26% of patients with Dukes’ B, 19% of 
patients with Dukes’  C, and 39% of patients with 
Dukes’ D had elevated preoperative serum YKL-40 
levels.32 In patients with small-cell lung cancer, 22% 
of patients with local disease and 40% of patients 
with extended disease had elevated serum YKL-40 
levels.15 Forty-three percent of patients with meta-
static prostate cancer,14 83% of patients with meta-
static renal cell cancer33–35 and 45% of patients with 
metastatic malignant melanoma12 had elevated serum 
YKL-40 levels. In patients with glioblastoma, the 
serum YKL-40 levels were related to tumor grade 
and burden; 72% of patients with glioblastoma multi-
forme and 57% of patients with lower grade gliomas 
had high serum YKL-40 levels.21 Additionally, we 
found higher serum YKL-40 levels in patients with 
gastric cancer. Because of the activity of YKL-40 
in the carcinogenesis pathway, serum YKL-40 lev-
els may represent a useful, cost-effective, and non-
invasive biomarker for the early detection of gastric 
cancer. Further studies with larger sample sizes are 

required to establish the use of serum YKL-40 levels 
for this purpose.

The biological function of YKL-40  in cancer 
remains unknown. It has been suggested that YKL-40 
may play a role in the proliferation and differentia-
tion of tumor cells, the prevention of apoptosis, the 
stimulation of angiogenesis, the remodeling of extra-
cellular tissue, and the stimulation of fibroblasts sur-
rounding the tumor, although in vivo proof of these 
hypotheses has yet to be obtained.35 YKL-40 is not 
produced by fibroblasts, but it is a growth factor for 
fibroblasts, synovial cells, and chondrocytes.9 Some 
studies have demonstrated that the increased serum 
YKL-40 levels found in various cancer patients 
reflect YKL-40  secretion from a subset of tumors 
with a more aggressive phenotype.

The oncogenic function of YKL-40 might be asso-
ciated with its activation of the Akt pathway.36 Recent 
studies have sought to determine which member of 
the Akt pathway is activated by YKL-40 in gastric 
cancer. YKL-40 induces mitogen-activated pro-
tein kinase (MAP) and PI3K signaling cascades in 
fibroblasts, leading to the phosphorylation of both 
the extracellular signal-regulated kinase (ERK)-1/2 
MAP kinase- and protein kinase B (AKT)-mediated 
signaling cascades,36 which are associated with the 
control of mitogenesis. Aberrant activation of the PI3 
K/Akt pathways has been reported in several cancers. 
Activation of Akt kinase is necessary for many events 
of the metastatic pathway, including the escape of 
cells from the tumor’s original environment, entrance 
into and departure from the circulation, activation of 
proliferation, blockage of apoptosis, and activation of 
angiogenesis.36

Not all cancer patients in this study had elevated 
serum YKL-40 levels compared to healthy age-
matched controls, suggesting either that not all tumors 
secrete YKL-40 or that the protein is secreted at a 
low level in these patients. Cancer cells that secrete 
YKL-40 may have a different phenotype than cancer 
cells that do not express and secrete YKL-40; YKL-40 
expression may therefore reflect differences in the 
biology of various cancer types. Serum concentra-
tions of YKL-40 were independent of serum carcino-
embryonic antigen (CEA) in patients with colorectal 
cancer,20 serum CA-125 and CA15-3 in patients with 
ovarian cancer,19 serum HER2 in patients with 
metastatic breast cancer,14 serum prostate-specific 

Table 4. Mean values of serum YKL-40 levels grouped 
by gender in patients with gastric cancer and in healthy 
controls.

Healthy 
controls

Gastric cancer 
patients

Female 17 ± 5 99 ± 31
Male 23 ± 7 124 ± 20
P-value ,0.05 ,0.01
Note: Data are means ± SD.

Table 3. Mean values of serum YKL-40 levels grouped by 
age in patients with gastric cancer. 

Serum YKL-40 levels (μ/l) in patients with gastric cancer

,50 years 87 ± 35
$50 years 132 ± 29
P-value ,0.001
Note: Data are presented as the means ± SD.
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antigen (PSA) in patients with metastatic prostate 
cancer,17 and serum lactate dehydrogenase (LDH) in 
patients with small-cell lung cancer,18 indicating that 
serum YKL-40 reflects other aspects of tumor growth 
and metastasis than these tumor markers.22

This study shows that serum concentrations of 
YKL-40 have a high sensitivity for gastric cancer, 
and determination of serum YKL-40 can be used as 
a test for the presence of gastric cancer. We demon-
strated that over-expression of serum YKL-40 was 
frequently detected in patients with gastric cancer.

In conclusion, this study demonstrated that 
YKL-40 is expressed in gastric cancer. Further stud-
ies investigating serum YKL-40 expression may 
provide valuable information about its role in gas-
tric cancer. Additionally, serum concentrations of 
YKL-40 may be useful in the early diagnosis of gastric  
cancer.
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