
Introduction

Endometriosis is a gynecological disease that affects ap-

proximately 2%-48% of women during their reproductive

years [1]. It is characterized by the presence and proliferation

of endometrial glands and stroma outside the uterus. The pa-

tients mainly complain of pelvic pain, dysmenorrhea, and in-

fertility. Laparoscopy offers the most specific and sensitive

technique for evaluating and monitoring endometriosis.

However, microscopic or occult endometriosis may be mis-

diagnosed due to the inability to visualize the lesions. More-

over, invasive procedures have been linked to the accidental

development of endometriosis [2]. Furthermore, persistence

or recurrence of endometriosis mostly occurs after regular

therapy. Therefore, the benefits of non-invasive, biochemical

diagnostic markers, especially in serum, for detection of en-

dometriosis are evident. To date, however, no molecules are

shown to be competent for the diagnosis of endometriosis.

YKL-40 is a 40 kDa heparin- and chitin-binding glyco-

protein also known as human cartilage glycoprotein 39

(HCgp39), 38-kDa heparin-binding glycoprotein or chiti-

nase-3-like protein 1 (CHI3L1) [3]. The abbreviation YKL-

40 is based on the one letter code for the first three

N-terminal amino acids, tyrosine (Y), lysine (K) and leucine

(L) and the apparent molecular weight of YKL-40 [4]. YKL-

40 is normally expressed by a number of different cell types

such as chondrocytes, synoviocytes, vascular smooth mus-

cle cells, macrophages, and neutrophils. It has been recog-

nized as a growth factor capable of stimulating connective

tissue cell growth and endothelial cell migration, while in-

hibiting mammary epithelial cell differentiation [5]. 

Growing evidence has indicated that expression levels of

YKL-40 are elevated in multiple human diseases including

type 2 diabetes, obesity and insulin resistance in children,

Alzheimers’ diseases, and heart failure [6]. Elevated YKL-

40 levels were observed in a vast array of inflammatory

diseases that contain bacterial infections, rheumatoid arthri-

tis, osteoarthritis, hepatitis, asthma and chronic obstructive

pulmonary diseases, neuroinflammation, and bowel lesions

[7]. In the chronic inflammatory diseases, YKL-40 is sup-

posed to mediate infiltration, differentiation, and matura-

tion of macrophages, the primary leukocytes in response to

inflammation [8].

The present study was designed to establish serum YKL-

40 concentrations in patients with endometriosis compared to

age-matched healthy subjects. To the authors’ knowledge,

this is the first study that evaluates serum YKL-40 levels in

endometriosis patients. Potential markers could lead to novel

diagnostic, therapeutic, and prognostic methods for the man-

agement of endometriosis and may improve our under-

standing of the pathogenic mechanism of endometriosis.

Materials and Methods 

Study design
This study was approved by the local Institutional Review

Board. Written informed consent was obtained from all subjects.

A total of 63 women of reproductive age with regular menstrual
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cycles (25-32 days) admitted to the present tertiary center between

February and September 2013 constituted the study group. Of

these participants, 33 patients with endometriosis (patient group)

and 30 fertile women (control group) without endometriosis were

included in the study. The diagnosis of endometriosis was con-

firmed histopathologically in all cases in patient group. The deci-

sion of the operation was verified by high CA-125 levels

combined with at least four-months of ultrasound examination.

Serum YKL-40 analysis
YKL-40 levels were determined using a YKL-40 enzyme-linked

immunosorbent assay (ELISA) kit, according to the manufacturer’s

protocol. Absorbance was measured using a microplate reader.

Statistical analyses
Data were analyzed using the Statistical Package for Social Sci-

ences 19.0 for Windows. Parametric tests were applied to data of

normal distribution and non-parametric tests were applied to data of

questionably normal distribution. Independent-samples t-test and

Mann–Whiney U-test were used to compare independent groups.

Data are expressed as mean ± SD or median (interquartile range),

as appropriate. All differences associated with a chance probability

of 0.05 or less were considered statistically significant. 

Results

A total of 63 cases consisting of 33 endometriosis patients

and 30 healthy controls met the eligibility criteria for the

study. The mean age of the patient group was 32.06 ± 0.86

(range 30 to 34) years, while the mean age of the controls

was 31.53 ± 1.43 (range 26 to 34) years (p = 0.087). The

mean body mass index (BMI) of the patient group was 26.21

± 2.29 (range 20.3 to 31.9) kg/m2, while the mean BMI of

the controls was 25.63 ± 2.68 (range 21.2 to 32.3) kg/m2 (p
= 0.358). The mean CA-125 level of the controls was 59.88

± 5.79 (range 49.63 to 75.08) U/ml, while the mean CA-125

level of the controls was 19.6 ± 3.54 (range 10.16 to 28.17)

U/Ml (p < 0.001). Dysmenorrhea and chronic pelvic pain

were found to be more frequent in endometriosis group (p
< 0.001). Demographic and clinical variables of the groups

are shown in Table 1. 

The mean serum YKL-40 levels of the patient group was

106.0 ± 15.9 (range 23.44 to 382.55) years, while the mean

serum YKL-40 levels of the controls was 52.2±7.0 (range

22.35 to 160.0) years (p = 0.003, Figure 1).

Discussion

In the present study, the authors attempted to demonstrate

whether there was a relationship in serum YKL-40 con-

centrations between patients with endometriosis and age-

matched healthy subjects. This is an original and unique

study for evaluating serum YKL-40 levels in endometrio-

sis and the authors found elevated YKL-40 levels in pa-

tients with endometriosis compared with control subjects.

Endometriosis is a multifactorial disease and angiogenesis

plays an important role in pathophysiology [9]. The angio-

genic potentials of both the endometrium and the peritoneal

environment influence lesion establishment [10]. Indeed, en-

dometriotic lesions require an adequate blood supply to sur-

vive in their ectopic sites. In normal eutopic (intrauterine)

endometrium, it has been suggested that vessel elongation,

rather than branch point sprouting, is the primary mechanism

for rapid vessel growth during the proliferative phase [11]. The

precise mechanism in endometriosis lesions has not been eval-

uated up to now. Recruitment of new capillaries from exist-

ing, adjacent peritoneal microvessels was postulated [10].

Derivation of new blood vessels from circulating endothelial

progenitor cells, the so-called “vasculogenesis,” also seems to

be important in the pathogenesis of endometriosis [12]. The

initiation, extent, and suppression of angiogenesis are highly

dependent on the balance between pro- and anti-angiogenic

factors. Hanahan and Folkman described this phenomenon as

the angiogenic switch in tumors [13]. Recently, molecules with

anti-angiogenic potential appear to be suppressed in patients

with endometriosis compared to controls. For example, inter-

feron gamma-induced protein 10 concentrations are reduced in

peritoneal fluid and adiponectin levels are reduced both in the

peritoneal fluid and serum of endometriosis patients compared

to controls [14]. Vascular endothelial growth factor (VEGF) is

one of the most prominent and well-studied proangiogenic

growth factors in endometriosis and it is widely believed that

VEGF is the main stimulus for angiogenesis and increased

Table 1. — Demographic and clinical variables of the study
group. Data are expressed as mean ± SD or number (per-
centage).

Patient group Control group p value

(n = 33) (n = 30)

Age 32.06 ± 0.86 31.53 ± 1.43 0.087

BMI 26.21 ± 2.29 25.63 ± 2.68 0.358

CA-125 level (U/ml) 59.88 ± 5.79 19.6 ± 3.54 < 0.001*

Dysmenorrhea 25 (76%) 9 (30%) < 0.001*

Chronic pelvic pain 22 (66.7%) 5 (16.7%) < 0.001*

Marital status

(Married/single)
22/11 13/17 0.108

Figure 1. — Figure comparing serum YKL-40 values in patients

with endometriosis and controls. Serum YKL-40 was significantly

higher in patients with endometriosis.
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vessel permeability in this disease [15]. Significantly increased

VEGF levels have been detected in the peritoneal fluid and le-

sions of endometriosis patients compared to controls [16].

Similarly, YKL-40 was recently identified as a potent angio-

genic factor capable of inducing endothelial cell angiogenesis

in breast cancer [17]. In the tumor microenvironment, a sig-

nificant amount of angiogenic factors are secreted from tumor

cells and activate adjacent vascular endothelial cells to induce

angiogenic responses [18]. YKL-40 and VEGF are believed to

be mainly derived from tumor cells and both have strong an-

giogenic activities in tumor development.

Dupont et al. suggested that YKL-40 may be a novel

marker for the detection of early stage ovarian cancer com-

pared to CA 125 and CA 15-3 [19]. The usefulness of YKL-

40 in the management of recurrent ovarian cancer has been

reported. Patients with high plasma YKL-40 at the time of re-

lapse had significantly shorter survival rates than patients with

normal levels the plasma YKL-40 was demonstrated to be an

independent prognostic factor [20]. Therefore, an elevated

level of serum YKL-40 can serve as a novel marker for the de-

tection of endometrial cancer, and identify a high risk subset

of patients at risk for poor clinical outcomes. To date, only

one study has reported the expression and distribution of the

YKL-40 in peritoneal endometriosis [21]. The results of this

study yielded that YKL-40 was associated with the severity of

peritoneal endometriosis. However, it is not clear whether the

expression of YKL-40 was caused by the proliferation and

turnover of ectopic endometrial tissue or extracellular matrix

remodeling and fibrosis. In the present study, serum YKL-40

concentrations in patients with endometriosis were signifi-

cantly higher than age-matched healthy subjects. The authors

think that inflammatory process during endometriosis results

in elevated YKL-40 levels. The exact mechanism through

which YKL-40 levels are elevated remain to be elucidated via

further in vitro and in vivo trials.

Limitations of the present study are relatively small size of

this series and lack of definite criteria for selection of patients.

In addition, some details of history and factors that may in-

fluence the outcome may not be completely documented. Due

to these restrictions, associations should be interpreted with

caution. However, the authors hope that this study will pio-

neer further studies on this method.

Conclusion

The present data demonstrate that YKL-40 is an effective

tool for identification of women with and without en-

dometriosis. The authors anticipate that further studies of the

proteins identified herein will expand our understanding of

the nature of endometriosis and assist in the eventual devel-

opment of new diagnostic and therapeutic approaches for en-

dometriosis.
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