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Abstract

Our objective was to estimate the efficacy of the measurement of serum YKL-40 alone or with CA125 as biomarkers for the
diagnosis of epithelial ovarian cancer (EOC) using the YKL-40 ELISA kit. An experimental group of 49 ovarian cancer patients
included 42 patients with EOC (53 + 15 years, range: 19-81 years) and 7 patients (48 + 13 years, range: 29-36 years) with
borderline epithelial ovarian tumor. A control group of 88 non-malignant cases included 42 patients (43 + 10 years, range: 26-
77 years) with benign gynecological disease and 46 healthy women (45 £ 14 years, range: 30-68 years) at a teaching hospital.
Both YKL-40 (220.1 + 94.1 vs 61.6 + 48.4 and 50.1 + 41.2 ng/mL) and CA125 (524.9 + 972.5 vs 13.4 £ 7.6 and 28.5 + 29.6
U/mL) levels were significantly higher (P < 0.05) in patients with ovarian cancer compared to the healthy and non-malignant
groups. YKL-40 had 92.9% sensitivity and 94.4% specificity for the diagnosis of EOC. When YKL-40 and CA125 were tested
in parallel, the sensitivity was increased to 98.2%, but the specificity was decreased to 81.3%. The correlations between serum
YKL-40 and tumor stage, grade histology, performance status, patient age, and extension of debulking surgery were tested.
With increasing stage and grade of EOC, preoperative serum YKL-40 levels were significantly increased (P = 0.029, P = 0.05,
respectively). Serum YKL-40 alone or with serum CA125 levels are useful, although with some limitations, to diagnose ovarian
cancer. Our study showed that YKL-40 may not be an independent prognostic factor for ovarian cancer. This prospective study

may be a new trend in looking for biomarkers that optimize diagnosis of ovarian cancer.
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Introduction

YKL-40, a secreted glycoprotein belonging to the chi-
tinase protein family (1), was identified in a search for new
bone proteins in 1992. The name “YKL-40” was based on
its three NH»-terminal amino acids tyrosine (Y), lysine (K),
and leucine (L) and its molecular weight of 40 kDa. The
gene of YKL-40 is located on chromosome 1g32 (2).

YKL-40 is secreted by a variety of human nonmalig-
nant cells, including monocytes, macrophages, articular
cartilage cells, and synovial cells. Studies have indicated
that YKL-40 levels were elevated in patients with inflamma-
tion (3,4). Nevertheless, YKL-40 was mainly secreted by
tumor-associated macrophages, monocytes, neutrophils,
and tumor cells (5). A number of studies have suggested
that YKL-40 was highly expressed in many solid tumors,
such as primary colorectal cancer (6), metastatic breast
cancer (7), cervical cancer (8), endometrial carcinoma
(9), recurrent ovarian cancer (10), and epithelial ovarian
cancer (EOC) (11).

Ovarian cancer is the most common cause of cancer

death associated with gynecological tumors. More than 70%
of patients with EOC are diagnosed with advanced stage
and the 5-year survival rate is approximately 30% among
these patients (12). Cure rate for early stage (I-1l) EOC is
approximately 70 to 90% (13). Thus, the early detection of
EOC is essential to improve survival rates. Until now, there
is no efficient method for the preoperative diagnosis of
ovarian cancer. CA125 is the most widely used marker for
EOC, especially for monitoring the response to treatment
and recurrence of malignant disease. However, using CA125
alone is not an ideal method for preoperative diagnosis. Se-
rum CA125 has been reported to diagnose advanced-stage
EOC with 87 to 94% sensitivity. However, the sensitivity of
diagnosing stage | was as low as 27 to 66% (14).

The search for new tumor markers or biomarkers to
improve the sensitivity of EOC diagnosis is a challenge. A
retrospective clinical study of patients with different types of
solid tumors indicated that the serum level of YKL-40 was
elevated in patients compared to healthy subjects and the
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highest serum YKL-40 levels were detected in patients with
advanced cancer and with the poorest prognosis (15). It
has been suggested that YKL-40 is a better biomarker for
the diagnosis of early-stage EOC than CA125 and CA15-3
(11). High YKL-40 expression has been reported in cancer
cells and in preoperative blood from patients with borderline
tumors and EOC (11).

In the present study, we determined the serum values
of YKL-40 and CA125 and estimated the efficacy of the
measurement of YKL-40 with or without CA125 for the
diagnosis of EOC, and also investigated the prognostic
role of YKL-40 in EOC.

Material and Methods

From May 2007 to January 2008, patients undergoing
gynecologic-oncologic surgeries in the Gynecology Depart-
ment of Second West China Hospital, Sichuan University,
had their preoperative serum samples banked after signing
informed consents. The group with malignancies, based
on the pathologic diagnosis after surgery, included 42
patients with EOC and 7 patients with borderline epithelial
ovarian tumor. The control group included two subgroups,
42 patients with benign gynecological diseases and 46
healthy women. Any women with conditions that could
influence YKL-40 levels, such as arthritis or any other kind
of cancer, were excluded. The collection and use of all
blood samples were approved by the Ethics Committee of
Sichuan University and were in accordance with all regula-
tions and guidelines of China. After being informed about
the details of the research, patients gave written informed
consent 1-2 weeks before surgery and healthy women did
so during routine examination. A 5-mL blood sample was
collected from each subject, clotted at room temperature
for about 1 h, and centrifuged at 4°C for 5 min at 1500
rem. The aliquot of serum was then subdivided into small
volumes and stored at -80°C.

YKL-40 levels were determined in all serum samples us-
ing the YKL-40 enzyme-linked immunosorbent assay (ELISA)
kit (Quidel Corporation, USA) according to manufacturer
instructions. YKL-40 serum concentrations were determined
by measurement of absorbance at 450 nm, which was read
against a standard curve. The receiver operating character-
istics (ROC) curves of YKL-40 and CA125 were constructed
for EOC patients vs controls. The cut-off level of YKL-40 was
determined according to ROC curves.

All serum CA125 levels were determined by an expe-
rienced researcher. The value of 35 U/mL was taken as a
the threshold of CA125 for predicting the possible diagnosis
of ovarian cancer.

All patients with EOC were followed in the outpatient
department of our hospital after surgery. Their information,
including performance status, recurrence and chemothera-
py after surgery, was recorded and their date of death was
confirmed by the families.
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Statistical analysis

Patients were divided into two subgroups in both the
malignant and control groups according to their clinical and
pathological parameters. The least-significant difference
(LSD) test was used for multiple comparisons of the dif-
ference in serum YKL-40 and CA125 between subgroups.
Correlations between serum YKL-40 and International Fed-
eration of Gynecology and Obstetrics (FIGO) stage, between
YKL-40 and pathological grade, and between YKL-40 and
histology were analyzed by the Spearman rank-correlation
coefficient. The prognostic value of YKL-40 was assessed
by univariate Cox analysis and multivariate Cox analysis,
including serum YKL-40, serum CA125, FIGO stage, and
histological grade, respectively. Kaplan-Meier survival
estimates were used to determine the different survival
rates of patients grouped by normal or elevated plasma
YKL-40 levels. The Statistical Package for the Social Sci-
ences Version 13.0 software (SPSS Inc., USA) was used
for all analyses and the difference was considered to be
significant at P < 0.05.

Results

The characteristics of 42 patients with EOC are listed
in Table 1. Fourteen (33.3%) patients were in the early
stage (FIGO stage I-Il) while the rest were in the advanced
stage (FIGO stage llI-1V). Thirty-one (73.8%) cancers were
histological grade 3. Serous and non-serous histology was

Table 1. Demographic characteristics of patients
with epithelial ovarian cancer.

Characteristics Number (%)
FIGO stage
| 11 (26.1%)
Il 3 (7.2%)
1] 27 (64.3%)
\Y, 1(2.4%)
Grade
1 3(7.1%)
2 8 (19.1%)
3 31(73.8%)
Histology
Serous 18 (42.9%)
Endometrioid 3(7.1%)
Clear cell 3(7.1%)
Mixed gland* 14 (33.3%)
Other* 4 (9.5%)

The mean age of the patients was 53 years (range
19-81 years). FIGO = International Federation of
Gynecology and Obstetrics. *Including squamous,
small cell, and carcinosarcoma. *Including gland
plus squamous, endometrioid plus clear cell, se-
rous plus clear cell, and unclassified gland.
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available for 42.9% (18/42) and 57.1% (24/42) patients,
respectively (Table 1).

The preoperative serum levels of YKL-40 and CA125in
each subgroup are listed in Table 2. There was no statisti-
cally significant difference (P > 0.05) between subgroups in
the nonmalignant or malignant group. When each subgroup
in the malignant group was compared to each subgroup
in the nonmalignant group, both YKL-40 and
CA125 levels were significantly higher (P <
0.01) in the former.

L. Zou et al.

better than that of CA125 (92.9 vs 73.8%, P =0.008). When
YKL-40 and CA125 were tested in parallel, the sensitivity
was increased to 98.2%, while the specificity was slightly
decreased from 86.1 to 81.3%. But when they were tested
in series, the specificity was increased to 99.2%, while the
sensitivity was decreased to 68.5%.

Inthe EOC group, 39 of 42 (93%) patients had elevated

Table 2. Serum YKL-40 and CA125 values of the subgroups studied.

The ROC curves of YKL-40 and CA125 Subgroup Healthy women BGD BEOT EOC
were constructed for EOC patients versus (N =46) (N=42) (N=7) (N=42)
controls. As a diagnostic tool for EOC, the YKL-40 value (ng/mL)
approximate area under the ROC curve of Mean 61.6 501 205.1% 220 1%
YKL-40 was 0.975 (95%CIl = 0.945 to 1.004) Median 605 443 201.0 192.7
compared to 0.902 (95%Cl = 0.839 t0 0.965) Range 461428  88-1826 123.3-256.8 71.9-495.6
for CA125 (P =0.0192; Figure 1). According Mean + SD 616+484 501+412 2051+43.8 220.1+94.1
to the ROC curve, when the cut-off value CA125 value (UmL)
of YKL-40 was 121.5 ng/mL, YKL-40 has a Mean 13.4 985 o438+ 524.9*
sensitivity of 92.9%, a specificity of 94.4%, ) ' ' ' '

a positive predictive value of 95.1%, and Median 15 15.9 134.8 3065
an accuracy of 93.6%, respectively, for the Range 5-32 5.1-100.8 9.9-600 13.4-5000
Mean + SD 13.4+7.6 28.5+29.6 243.8+238.6 5249+9725

detection of EOC patients. At the value of

35 U/mL, CA125 had a sensitivity of 73.8%,
a specificity of 86.1%, a positive predictive
value of 86.1%, and an accuracy of 79.5%.
The sensitivity of YKL-40 was significantly

BGD = benign gynecological disease; BEOT = borderline epithelial ovarian tu-
mor; EOC = epithelial ovarian cancer. *P < 0.05 for BEOT or EOC compared to
healthy women or BGD (YKL-40; LSD test). *P < 0.05 for BEOT or ECO com-
pared to healthy women or BGD (CA125; LSD test).
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Reference line
0.25 1
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Figure 1. Receiver operating characteristic (ROC) curves of YKL-40 and CA125 for patients with epithelial ovarian cancer (EOC).
P < 0.05 for approximate area under the ROC curve for YKL-40 compared to CA125 (LSD test).

Braz J Med Biol Res 43(12) 2010

www.bjournal.com.br



YKL-40 in diagnosis of ovarian cancer

serum YKL-40 levels (=121.5 ng/mL), while 31 of 42 (74%)
patients had elevated serum CA125 levels (235 U/mL; 93 vs
74%; P =0.008). Of 14 early-stage EOC patients, 11 (79%)
had elevated YKL-40 levels but only six (43%) had elevated
CA125 levels (P = 0.120). Among 10 EOC patients whose
serum CA125 levels were normal (<35 U/mL), 7 (70%) had
elevated YKL-40 levels. In the borderline epithelial ovarian
tumor subgroup, the serum YKL-40 levels were elevated
in all patients (7/7) but the CA125 levels were elevated in
six patients (6/7).

There were five subtypes of histology, including pap-
serous, clear cell, endometrioid, mixed gland, and others in
42 EOC patients (Table 1). YKL-40 and CA125 were both
elevated in all (100%) 18 patients with serous carcinoma.
Among 24 patients with non-serous malignant tumors, YKL-
40 and CA125 were elevated in 21 (88%) and 13 (54%) (P
=0.011), respectively.

The preoperative YKL-40 value increased with increas-
ing FIGO stage of EOC. Patients with advanced-stage

1235

EOC had 1.42 times higher preoperative YKL-40 values
than those of patients with early-stage EOC. There was a
linear trend in YKL-40 elevation when YKL-40 levels were
compared with FIGO stage | to IV by the Spearman rank
correlation test (r=0.297, P = 0.029; Figure 2A).

Preoperative YKL-40 values increased with increasing
histological grade. Elevated serum YKL-40 levels (2121.5
ng/mL) were presentin 67% (2/3) of patients with histologi-
cal grade 1, as opposed to 75% (6/8) and 100% (31/31) of
patients with histological grades 2 and 3, respectively. There
was a linear trend in YKL-40 elevation when YKL-40 levels
were compared to histological grade using Spearman’s
rank correlation (r=0.303, P = 0.05; Figure 2B). However,
there was no linear trend between YKL-40 and histology
(P = NS; Figure 2C). Also, no linear trend was observed
between YKL-40 and performance status, age or extension
of debulking surgery (data not shown).

Five EOC patients were lost to follow-up and 12
(32.43%) of 37 patients with EOC died. Univariate Cox

500 4 8 P<005 500 P-005 8
o
400 - 400 - g
o
8 8
o 300 — o o 300 o
I 8 5, 8
] ° 2
4 o <
> 200 > 200 —_g/g/i
B [o] o]
100 4 8 100 © )
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0 - 0 -
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400 — ©
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O o
Q 300 g °
<
> 200 — E o
0 ] 8
O o
100 —
o
0 —
| 1 ] I |
Pap-serous  Clear cell ~ Endometrioid Mixed gland Other

Histology

Figure 2. Association of YKL-40 with stage (A; P < 0.05), grade (B; P = 0.05), and histology (C; P = NS) (Spearman rank-
correlation coefficient test). Each dot represents the serum YKL-40 value of 1 patient with epithelial ovarian cancer. The

regression line is shown in Panels A and B.
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analysis of serum YKL-40 showed no
significant association with overall sur-
vival (P = 0.171). Thirty-four of 37 EOC
patients had elevated serum YKL-40
levels (>121.5 ng/mL) and only 3 had
normal serum YKL-40 levels. All of the
patients who died had elevated YKL-40.
The Kaplan-Meier survival estimates
stratified by normal serum YKL-40 vs
elevated serum YKL-40 are illustrated in
Figure 3. Performing a multivariate Cox
analysis including serum YKL-40, FIGO
stage, serum CA-125, histologic grade,
performance status, age, and extension 0.0

0.8

Survival
o
o
1

o
IS
1

0.2 -

XX X

X Normal plasma YKL-40
O Elevated plasma YKL-40

of debulking surgery showed that all the T
parameters had no independent prog- 10
nostic value in EOC patients.

T T T T T T
15 20 25 30 35 40
Survival time (months)

Figure 3. Kaplan-Meier survival estimates for patients with epithelial ovarian cancer

Discussion

The high mortality of ovarian cancer is primarily caused
by the absence of efficient methods of preoperative diag-
nosis and recurrence detection. Tumor biomarkers have
been regarded as effective and convenient methods for
detecting ovarian cancer before surgery.

CA125is a widely used biomarker for detecting patients
with EOC, the leading histology in all malignant ovarian
tumors (14). But sensitivity and specificity for the diagnosis
of patients with ovarian cancer are still unsatisfactory (16).
Only 40 to 50% patients with stage | ovarian tumors can be
detected on the basis of elevated serum CA125 (17). Even
when CA125 is used in combination with a range of various
biomarkers, sensitivity ranges from 60.8 to 82.1% (18).

Although in vivo proof is yet to be obtained, it has been
suggested that YKL-40 may have an important effect on
the proliferation and differentiation of cancer cells, and on
the prevention of cell apoptosis, and may play a role in
extracellular tissue remodeling, and stimulate angiogen-
esis and fibroblasts surrounding the tumor (1,2). Clinical
studies of patients with different types of solid tumors have
indicated that YKL-40 values are remarkably elevated in
cancer patients compared to healthy women (9-11,16,19).
Moreover, YKL-40 has been regarded as a “biomarker”
or “possible cancer marker” for detecting some malignant
tumors (7,9,16,19,20).

It has been reported that YKL-40 is strongly dependent
on handling procedures, although freezing and thawing
repeated eight times had no significant effect on the YKL-40
concentrations measured (6,21). All blood samples must be
processed to obtain plasma within 8 h at room temperature
or to obtain serum within less than 3 h at room temperature
(6,21). In the present study, all blood samples had been
processed to obtain serum within 3 h before centrifugation.
Each serum sample was subdivided into several smaller
volumes and stored at-80°C until testing, avoiding repetitive

Braz J Med Biol Res 43(12) 2010

according to normal and elevated serum levels of YKL-40.

freezing and thawing. Thus, the YKL-40 values measured
in our research were reliable and repeatable.

In the present study, we analyzed and compared the
diagnostic parameters of YKL-40 and CA125 in order to
assess the potency of YKL-40 alone or in combination
with CA125 for the diagnosis of ovarian cancer. YKL-40
and CA125 levels were both significantly higher in the
malignant group than in the control group, indicating that
YKL-40 may act as a biomarker to distinguish patients with
ovarian cancer from patients with no malignancy.

The approximate area under the ROC curve evaluating
serum YKL-40 for the detection of ovarian cancer against
controls was 0.975 compared to 0.902 for CA125 (P =
0.0192). The sensitivity of YKL-40 was significantly better
than that of CA125, indicating that YKL-40 may be a valuable
biomarker for the diagnosis of ovarian cancer. When YKL-40
and CA125 were tested in parallel, sensitivity increased from
73.8t0 98.2%, while specificity was slightly decreased from
86.11081.3%. Thus, the combination of YKL-40 and CA125
seems to be preferable for the diagnosis of ovarian cancer.
In 24 patients with non-serous histology for EOC, YKL-40
levels were higherthan CA125 levels. These results indicate
that YKL-40 may be more sensitive than CA125 in detect-
ing EOC and that more EOC patients could be detected if
YKL-40 and CA125 levels were tested in parallel.

Currently, there is a tendency towards a new grading
system for ovarian cancer, which has been approved by the
International Society of Gynecologic Pathologists. In this
new system, a 2-tier system has been proposed in which
serous carcinomas are subdivided into low and high grades
(22), while endometrioid carcinomas are still subdivided into
grades 1-3. Some special histological subtypes, including
clear cell, transitional cell and undifferentiated carcinomas,
are all classified into high grade. Because of the limited
number of cases of every histological subtype, in which the

www.bjournal.com.br



YKL-40 in diagnosis of ovarian cancer

histological grade of EOC was subdivided into grades 1-3,
the traditional FIGO grading system was used to classify
our ovarian cancer patients.

In order to identify the possible mechanism of YKL-40
as a biomarker for the detection of EOC, the correlations
between YKL-40 value and FIGO stage, histological grade,
and histology were tested. In our study, preoperative serum
levels of YKL-40 increased linearly with increasing FIGO
stage and histological EOC grade. These results partly
explained why YKL-40 may be a biomarker for the detec-
tion of EOC. However, the associations between YKL-40
and stage and histological grade, although significant,
were rather weak because of the traditional FIGO grading
system, limited number of each subtype and unbalanced
distribution of case numbers.

Some reports have indicated that YKL-40 is associ-
ated with the survival of ovarian cancer patients, being
even regarded as the independent prognostic marker of
overall survival (11,23). However, our results indicated
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