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Introduction

Endometrial cancer (EC) is the most common gyneco-

logic malignancy in the United States [1]. It has a better

prognosis than cervical and ovarian cancers. However, pa-

tients who are diagnosed with advanced-stage disease (III

or IV) have a poor prognosis, with a five-year survival rate

of approximately 16%, compared with 95.8% in early-stage

endometrial cancer [2]. Therefore it is important to detect

the disease in its early stage so that the prognosis of EC is

improved.

YKL-40, a secreted glycoprotein of the chitinase family,

is a potential biomarker and has been previously described

in many types of cancer cells. Elevated serum levels of

YKL-40 are predictive of poor prognosis in patients with

13 different types of cancer [3]. In all of these different

types of cancer, a higher serum YKL-40 is related to poorer

prognosis. These studies suggest that this protein may play

a fundamental role in the neoplastic process. Furthermore,

serum YKL-40 has provided independent information on

prognosis over clinical characteristics and biomarkers, such

as serum CA125, LDH, PSA, CEA, and HER2 [4-7]. One

hypothesis is that YKL-40 secreted by cancer cells and in-

flammatory cells surrounding and/or infiltrating the tumor

may play a role in proliferation, activation, and differenti-

ation of the fibroblasts /myofibroblasts surrounding the

tumor [8]. Published studies have shown that elevated

serum YKL-40 in EC may represent the shorter survival

and a higher risk for disease progression [9]. The results

from studies on YKL-40 tissue expression and the correla-

tion to clinical-pathological parameters in EC [10] and

ovarian cancer [11] showed that  high immunoreactivity of

YKL-40 protein was associated with advanced stage and

histological grade. However data from the study of Hog-

dall et al. [12] demonstrated that tissue expression of YKL-

40 was not related to the survival of ovarian cancer. To

obtain the better understanding of the role of YKL-40 in

EC, the relationship of tissue and serum YKL-40 in EC

need to be defined. To the best of the authors’ knowledge,

there are no published studies on the correlation between

serum level and tissue immunohistochemical staining of

YKL-40 in EC. 

The aim of this study was to assess the correlation be-

tween elevated serum YKL-40 levels and the expression of

YKL-40 in EC tissue, as well as its possible correlation to

clinical pathological parameters in EC.

Materials and Methods

Study population
Serum levels of YKL-40 were examined in 50 patients with en-

dometrial cancer, 27 patients with uterine myoma prior to defini-

tive surgery and 30 healthy individuals at The First Affiliated

Hospital of Guangxi Medical University from March 2009 to

March 2011. Five patients with prior history of arthritis or other

malignancy were excluded because rare histologic types may dif-

fer largely in biological behaviours, four patients with rare histo-

logic type (two squamous cell carcinoma, one clear cell

carcinoma, and one serous carcinoma) were excluded from this

study. The remaining 41 patients with EC were surgically staged

according to the FIGO 2009 surgical staging system. The corre-

sponding tumor tissue samples (41 patients with EC and 27 pa-

tients with uterine myoma) were obtained from the pathology
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University. The median age of the healthy individuals were 40.9

years (range 35-51). The clinicopathologic profile of patients with

EC are shown in Table 1. Patients undergoing gynecologic sur-

gery at the present hospital had their tumor specimens and serum

samples banked under the Medical Ethics Committee of GuangXi

Medical University-approved tissue-acquisition protocol after

signing informed consent.

Blood collection and serum YKL-40 and CA125 analysis
The preoperative blood samples from patients and from the

healthy population were left to clot at room temperature for at

least 30 minutes and were then centrifuged at 4°C for ten min at

3,000 rpm. The serum was stored at -80°C until tested. All sam-

ples were retested for CA125 in immunoradiometric assay (RIA).

YKL-40 levels were determined in triplicate for all serum samples

using the commercially available YKL-40 enzyme-linked im-

munosorbent assay (ELISA) kit according to the manufacturer’s

protocol. The authors defined an abnormal YKL-40 value based

on the mean value (99.2 μg/l) obtained from 30 healthy subjects,

plus two standard deviations (95% CI), to be >106.6 μg/l. CA125

serum testing was performed in the clinical chemistry laboratory

of The First Affiliated Hospital of Guangxi Medical University

and the cut-off value was defined as 35 U/ml.

Tissue preparation and immunohistochemistry of YKL-40
Formalin-fixed hematoxylin and eosin (HE) stained four-μm

slides from the tumor tissue of the same patients were performed

and revised by two senior pathologists. Additional four-μm un-

stained tissue slides were dewaxed and rehydrated in a de-

scending series of ethanol to water. The slides were incubated in

three percent hydrogen peroxide for ten minutes to quench en-

dogenous peroxidase activity. High pressure mediated epitope

retrieval was performed for ten minutes in 0.01%M citrate

buffer, pH 6.0. The sections were incubated overnight at 4°C

with primary antibody against YKL-40 (1:100 dilution, mouse

NO.35135). Immunoperoxidase stains were performed using a

polymer detection system and a commercially available two-step

(non-biotinylated) detection kit. For colour development, the

sections were incubated with 3’d-diaminobenzidine tetrachlo-

ride (DAB kit ZLI-9032) for five minutes and counterstained

with haematoxylin and eosin. Section of glioblastoma multi-

forme was used as the positive control for YKL-40 staining.

Phosphate buffered saline (PBS) replaced the primary antibody

as negative control. Immunoreacitivity to YKL-40 protein was

localized in the cytoplasm of tumour and normal cells but not in

the stroma. Scoring for YKL-40 protein expression was based on

the proportion of cells in a given tumor specimen exhibiting dis-

tinct cytoplasmic immunopositivity, as well as intensity of stain-

ing. Percentage of positive cells examined was scored as 1

(<20%), 2 (21-70%), and 3 (> 71%). The staining intensity was

graded as 1, 2, and 3. The two scores were multiplied and the im-

munoreactive score was determined to calculate the final stain-

ing score (0-9) for YKL-40 and immunoreactive score was

determined as follows: 0 as negative; 1 to 3 as weak; 4 to 6 as

positive; 7 to 9 as strongly positive. In case of discrepancies, the

sections were re-examined by two of the authors (J.T. Fan and

P. Shen) individually.

Statistical analysis
Before relative comparison, the serum YKL-40 and CA125 lev-

els were stratified into two groups respectively: ≤106.6 μg/l vs >

106.6 μg/l for YKL-40, ≤ 35 U/ml vs > 35 U/ml for CA125. Pelvic

lymph node metastasis and positive washing cytology were di-

chotomized based on the presence or absence of each factor.

Tumor grade (well vs moderately to poorly differentiated), FIGO

Stage (Stage I, II vs III, IV), depth of myometrial invasion (none

or less than one-half of the myometrium vs one-half or greater),

and YKL-40 tissue staining (the score ≤ 3 vs > 3) were divided

into two groups. Comparisons between groups were done using

student’s t-test. The relationship of the serum YKL-40 levels to

YKL-40 tissue staining and other clinicopathologic profiles was

established using the Chi-square test or the Fisher’s exact test. To

identify statistically independent factors responsible for high pre-

operative serum YKL-40 level (> 106.6 μg/l), significant vari-

Table 2. — Relationship between the serum YKL-40 level
and clinicopathologic profile of patients with EC
Clinicopathologic YKL-40>106.6μg/l YKL-40≤106.6μg/l P value*

factors N % N %

Total 26 15

FIGO stage <0.05

I+II 13 50 13 50

III+IV 13 86.7 2 13.3

Histologic grade <0.01

G1 9 39.1 14 60.9

G2+G3 17 94.4 1 6.6

Myometrial invasion 0.74

≤1/2 16 59.3 11 40.7

>1/2 10 71.4 4 28.6

Lymph node metastasis 1.00

Positive 6 66.7 3 33.3

Negative 20 62.5 12 37.5

Peritoneal cytology <0.01

Positive 16 88.9 2 11.1

Negative 10 43.4 13 56.6

Serum CA125 <0.05

≥35U/ml 14 82.4 3 17.6

<35U/ml 12 50 12 50

* Chi-square test or the Fisher’s exact test

FIGO, International Federation of Gynecology and Obstetrics

Table 1. — Clinical characteristics from patients diagnosed
with EC

No. of patients (n=41) %

Age (years)

median 54.8

range 33-72

FIGO stage

I+II 26 63.4

III+IV 15 36.6

Histologic grade

G1 23 56.1

G2+G3 18 43.9

Myometrial invasion

≤1/2 27 65.8

>1/2 14 34.2

Lymph node metastasis

Positive 9 23

Negative 32 78

Peritoneal cytology

Positive 18 43.9

Negative 23 56.1 



Serum and tissue level of YKL-40 in endometrial cancer306

ables were included in the logistic regression analysis and for-

ward stepwise method were performed. A p-value < 0.05 was con-

sidered significant. All statistical analyses were performed using

the SPSS statistical package, version 13.0 for windows.

Results

Serum YKL-40 in relation to clinical profiles of EC
The median preoperative serum YKL-40 value in the pa-

tients with EC was 157.2 μg/l (range 76.0-301.2). Serum

YKL-40 levels in EC patients were significantly higher than

that of uterine myoma (median 86.6; range 69.3-191.1) and

healthy subjects (median, 86.2; range, 52.1-201.1)(p <

0.05). The authors defined the cut-off value of preoperative

serum YKL-40 level at 106.6 μg/l. Table 2 shows the corre-

lation between elevated preoperative serum YKL-40 level

and each clinicopathologic profile. The median age of 41

EC patients was 54.8 years (range, 33-72). For all EC pa-

tients, elevated level of YKL-40 was seen in 9/23 (39.1%)

patients in histologic grade 1 (G1) vs 17/18(94.4%) patients

in histologic grade 2-3 (G2-3), 13/26 (50%) patients with

Stage I-II vs 13/15 (86.7%) with Stage III-IV, 6/9 (66.7%)

patients with positive lymph node metastasis vs 20/32

(62.5%) with no metastasis, 18/29 (62.1%) patients who

have less than one-half of the myometrium invasion vs

10/14 (71.4%) patients with one-half or greater myometrium

invasion, 16/18(88.9%) patients with positive washing cy-

tology vs 10/23 (43.4%) with negative washing cytology,

and 14/17 (82.4%) patients with elevated serum CA125

level vs 12/24(50%) with CA125 < 35 U/ml. Twenty-six pa-

tients with elevated serum YKL-40 levels statistically dif-

fered from the remaining 15 patients with normal serum

YKL-40 level with respect to FIGO Stage (p < 0.05), histo-

logic grade (p < 0.01), positive washing cytology (p < 0.01),

and serum CA125 level (p < 0.01). Significant variables

were included in the logistic regression analysis and forward

stepwise method were performed in a multivariate analysis,

elevated serum YKL-40 levels only closely correlated with

FIGO Stage (p <0.05) and histologic grade (p < 0.01) and all

other factors including positive washing cytology, and

serum CA125, which had a significant effect on high serum

YKL-40 level in univariate analysis, were no longer signif-

icant in multivariate analysis. 

Immunohistochemistry of YKL-40
Immunoreactivity to YKL-40 was recognized as brown

staining within cells, as shown in Figure 1, and was local-

ized in the cytoplasm of tumor cells. The positive rate of

YKL-40 tissue staining was higher in EC (34.1%, 14/41)

than in uterine myoma (11.1%, 3/27) (p < 0.05). YKL-40

staining was negative in 27 of 41 patients (65.9%), weakly

positive in four (9.8%), positive in three (7.3%), and

strongly positive in seven (17.1%) of EC patients. Thus, 14

of 41 (34.1%) EC tissues tested immunohistochemically

were demonstrated to contain YKL-40 protein.

Serum YKL-40 levels and immunohistochemistry of YKL-40
Table 3 shows the correlation between serum and tissue

YKL-40 in patients with EC. Elevated serum YKL-40 level

in patients with negative tissue staining was found in 14 of

27(51.9%) EC patients. Meanwhile, normal serum YKL-

40 in patients with positive or strongly positive tissue stain-

ing was found in 1 of 10 (10.0%). In all patients, the total

frequency of EC with positive tissue staining (14/41,

34.1%) tended to be lower than that of elevated serum lev-

els (26/41, 63.4%), and the difference reached statistical

significance (p < 0.05).

Discussion

Patients diagnosed with early-stage endometrial cancer

have a good prognosis with a five-year survival rate of 84%

[2]. Conversely patients who are diagnosed with advanced-

stage disease have a poor prognosis. As we all know, there

Table 3. — Correlations between immunohistochemistry
and elevated serum level of YKL-40 in endometrial cancer

serum YKL-40(μg/l)

YKL-40 staining >106.6 ≤106.6 Total

Negative 14 13 27

Weak 3 1 4

Positive 3 1 4

Strongly positive 6 0 6

Total 26 15 41

Weak: ImmunoReactive Score=1-3; Positive: ImmunoReactive Score=4-6;

Strongly Positive: ImmunoReactive Score=7-9.

Figure 1. — The staining results of EC and uterine myoma. A: EC (positive immunostaining ×400); B: EC (positive immunostaining ×100);

C: EC (HE ×400); D: uterine myoma (no immunostaining ×400)
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is no specific tumor marker in detecting endometrial cancer

recently. The elevated serum CA125 had been reported in

some endometrial cancer patients but only in about ten to

20% of patient with Stage I disease [13,14]. Due to the

small lesions confined to the uterine cavity of early-stage

endometrial cancer, there is less serum CA125 in circula-

tion. Thus, mostly early-stage diseases have a low serum

CA125 level. YKL-40 (chitinase-3-like-1), a member of

‘mammalian chitinase-like proteins’, is produced by tumor-

associated inflammatory cells and cancer cells and has a

role in inflammatory cell proliferation, and differentiation,

thus protecting the cells from undergoing apoptosis, stim-

ulating angiogenesis and remodeling extracellular tissue [3-

7]. The aim of the present study was to determine the

expression of YKL-40 in tumor tissue and serum in patients

with EC, and to investigate clinical value of this marker. 

Many studies have demonstrated that elevated YKL-40

protein expression was closely associated with the shorter

survival in several types of cancers [15-18], poor radiation

response, early disease progression, and death in glioblas-

toma [18]. The present preliminary data in a forward step-

wise analysis showed that elevation of preoperative serum

YKL-40 in EC was closely correlated with FIGO Stage

and tumor grade, indicating that serum YKL-40 may rep-

resent some worse biologic characteristic of EC patients.

FIGO Stage refers to the range and spread of the degree

of tumor growth, reflecting the deterioration of the disease.

Results from the present study suggest that the protein

YKL-40 may have a role in tissue remodeling, contribut-

ing to endometrial cancer growth, and metastasis. Tumor

grade identification is based on the degree of differentia-

tion of malignant tumors, atypia, and mitotic figures. The

higher grade means the worse prognosis. This suggests

that YKL-40 testing can be performed to reflect histologic

characteristics of tumor. Preoperative serum YKL-40 lev-

els were elevated in 63.4% (26/41) of EC patients. By con-

trast 41.5% (17/41) of the patients had elevated serum

CA125. It can be inferred that YKL-40 may be a better

predictor of EC than CA125 (p = 0.007). 

Peng et al. [10] had examined the tissue expression of

YKl-40 in EC and noted that high YKL-40 immunoreac-

tivity in EC might be associated with poor prognosis, but

they did not correlate the serum YKL-40 level with tissue

expression. To the best of the authors’ knowledge, the pres-

ent study is the first one to assess the correlation between

tissue expression of YKL-40 with the corresponding serum

level in endometrial cancer patients. Data from this study

showed a discrepancy between tissue staining and serum

level of YKL-40. The present study indicated that only

34.1% of EC tissues contain YKL-40, which was signifi-

cantly lower than that of elevated serum YKL-40 level

(63.4%). A similar study has previously been reported in

ovarian carcinoma, in which no correlation was found be-

tween plasma YKL-40 and the YKL-40 tissue expression

percentage score [12]. The phenomenon of the discordance

between protein expression in cancer tissue and circulating

levels of the protein has been reported in other studies with

respect to CA125 [20,21], in which they found the per-

centage of tissue staining was higher than that of serum

level of CA125, assuming that there might be some mech-

anism that prevents the access of intrauterine CA125 into

circulation, and inferred that the main source of elevated

serum CA125 levels was closely related to the presence of

disseminated cancer cells in the peritoneal cavity in the pa-

tients with endometrial cancer, rather than intrauterine

tumor cells. The observation in the present study is possi-

bly due to the contribution to the circulation of YKL-40

from the many tumor-associated inflammatory cells sur-

rounding the tumor tissue, such as macrophages [22-24],

mast cells [25,26] and neutrophils, which can also produce

YKL-40 protein. Serum YKL-40 level alone cannot suffi-

ciently reflect the real biologic characteristics of endome-

trial cancer. Due to the small sample size of this study of

both study and controlled groups, larger prospective stud-

ies are still needed to investigate the exact function of

YKL-40 protein in endometrial cancer. 

In summary, this study has shown that YKL-40 protein

can be expressed in EC cells. Elevated preoperative serum

YKL-40 level is related to FIGO Stage and tumor grade.

There is no correlation between tissue staining and serum

level of YKL-40, indicating that the tumor tissue of EC may

be not the only source of YKL-40 in circulation. The tumor-

associated inflammatory cells can also contribute to the

level of serum YKL-40. 
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