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Abstract Ovarian cancer remains a highly lethal disease.
The aim of the present study was to evaluate the usefulness
of measuring serum matrix metalloproteinase-7 (MMP-7),
CC chemokine ligand 18 (CCL18) and CC chemokine
ligand 11 (CCL11) in comparison with serum cancer
antigen 125 (CA 125) for diagnosis of epithelial ovarian
cancer (EOC). This study included 51 patients with EOC,
27 patients with benign ovarian lesions and 29 healthy
volunteers. Serum CA 125 was determined by microparti-
cle enzyme immunoassay, while serum MMP-7, CCL18
and CCL11 were measured using enzyme-linked immu-
nosorbent assay. The sensitivity and specificity were 86.3%
and 92.9% for CA 125, 80.4% and 87.5% for MMP-7,
84.3% and 91.1% for CCL18 and, 68.6% and 62.5% for
CCL11. Combination of CA 125, MMP-7, CCL18 and
CCL11 gave a promising sensitivity of 100%, but speci-
ficity was decreased to 60.7%. The combined use of serum
CA 125, MMP-7, CCL18 and CCL11 effectively detected
early stages EOC with high sensitivity of 94.4%. Our data
indicate that serum MMP-7, CCL18 and CCL11, in com-
bination with CA 125 could be useful in diagnosis of EOC.
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Introduction

Ovarian cancer is the leading cause of death among
gynecological malignancies [1]. Despite advances in sur-
gical management and chemotherapeutic options over the
last three decades, the overall survival for ovarian cancer is
extremely poor. This high death rate is related to the dif-
ficulty of detecting ovarian cancer at an early stage as well
as the lack of effective therapies for advanced disease [2].
The epithelial tumors of the ovary account for 90% of
ovarian malignancies [3].

Cancer antigen 125 (CA 125), a high-molecular weight
glycoprotein, is currently the best clinical marker for epi-
thelial ovarian cancer (EOC). However, it is a consistently
poor diagnostic tumor marker in early stage ovarian car-
cinoma [4, 5]. In addition, falsely elevated levels are
common in many benign conditions such as pregnancy,
endometriosis and intra-abdominal infections [6]. There-
fore, it is important to develop new markers for detection
of EOC, particularly those that can be readily measured in
the serum. Recent studies have evaluated the utility of
multiple serum markers in combination with CA 125 for
EOC diagnosis [7, 8].

Matrix metalloproteinases (MMPs) are a family of
extracellular zinc-dependent neutral endopeptidases col-
lectively capable of degrading essentially all extracellular
matrix (ECM) components and they play important roles at
different steps of tumor growth, invasion, and metastasis
[9]. The role of several tissue MMP family members,
including MMP-2, MMP-8, MMP-9 and membrane type-1
(MT1)-MMP in EOC has been well documented [10-12].
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MMP-7, the smallest known member of MMPs, is con-
sisting of two domains, a pro-peptide domain and a cata-
Iytic domain. Cleavage of the N-terminal pro-peptide
domain yields the active form of the enzyme [13]. MMP-7
has broad proteolytic activity against a variety of ECM
substrates such as elastin, fibronectin, proteoglycans and
type IV collagen [14]. Overexpression of tissue MMP-7
was seen in many malignancies such as prostate, stomach,
colorectal, lung, esophageal, liver, pancreas, skin, breast,
head and neck [reviewed in reference 14]. Previous studies
showed that MMP-7 was overexpressed in EOC surgical
specimens and ovarian cancer cell lines [15-17].

Chemokines are a large group of low-molecular weight
cytokines, which are implicated in many biological pro-
cesses, such as migration of leukocytes, angiogenesis, and
tumor growth and metastasis. Chemokines activate cells
through binding to G-protein-coupled receptors. According
to a new classification, chemokine ligands/receptors are
named L/R. There are four subfamilies of chemokines
ligands: CXCL, CCL, CX3CL and CL (X represents any
amino acid). Six CXCR, ten CCR, and one receptor each
for CX5C and C have been identified. The CCL chemo-
kines (or fi-chemokines) represent the largest family of
chemokines and have adjacent cysteine residues. They
generally attract monocytes, macrophages, T cells, B cells,
basophils, eosinophils, dendritic cells (DCs), mast cells and
natural killer cells [18]. Overexpression of chemokines and
chemokine receptors appears to be a hallmark of cancer
[18]; however, the functional significance of some of these
chemokines is yet to be elucidated. CC chemokine ligand
18 (CCL18) is produced by monocytes/macrophages and
DCs; so far no agonistic receptor has been identified for
this chemokine [19]. CCL18 was more abundantly present
in ovarian carcinoma ascites than CCL2, CCL3, CCL7,
CCL20 and CXCL8 [20]. CC chemokine ligand 11
(CCL11) is an eosinophils-selective chemoattractant.
CCL11 receptors (CCR2, CCR3 and CCRS) were reported
to be overexpressed in ovarian cancer tissue relative to
normal ovary [21]. While some authors did not observe a
significant difference in serum CCLI11 levels between
patients ovarian cancer and healthy controls [22], others
reported that levels of CCL11 in sera of patients with
ovarian cancer was significantly decreased compared to
healthy women [21].

Accumulating evidence indicates that numerous MMPs
and chemokines have critical role in accelerated cancer
growth [reviewed in references 9, 18]. The aim of the
current study was to determine the diagnostic value of
measuring serum MMP-7, CCL18 and CCLI11 in patients
with EOC. The results obtained were compared to serum
CA 125. Moreover, we investigated whether there was a
relationship between investigated serum markers and
clinicopathological features.

Materials and methods
Subjects

This study was conducted on 78 Egyptian female patients
admitted to the Obstetrics and Gynecology Department,
Faculty of Medicine, Ain Shams University, Cairo,
Egypt. The malignant group included 51 female patients
with epithelial ovarian carcinoma. Tumors were classified
histologically according to the World Health Organization
(WHO) criteria [23] as serous (n = 27), endometrioid
(n = 14) and mucinous (n = 10). Tumors were staged
according to the criteria of the International Federation of
Gynecology and Obstetrics (FIGO) [24], while tumor
grading was determined as previously described [25]. The
number of malignant patients with stage I, II, III and IV
was 8, 10, 26 and 7, respectively; while the number of
malignant patients with grade 1, 2 and 3 was 19, 15 and
17, respectively. The mean age = SD of malignant group
was 50.18 + 11.42 (range 26-65 years). The final diag-
nosis of ovarian cancer was based on histopathological
examination. The benign ovarian lesions group consisted
of 27 female patients (9 with mature cystic teratoma, 7
with serous cystadenoma, 5 with ovarian fibroma, 4 with
mucinous cystadenoma and 2 with simple serous cyst).
The mean age £+ SD of benign group was 47.28 £ 10.51
(range 24-62). Blood samples were collected from
malignant and benign patients before surgery. A group of
29 female healthy volunteers matched for age (mean
age = SD: 48.39 + 12.18; range 25-64), body mass
index and menopausal status was also included in this
study. The study was performed in accordance with
declaration of Helsinki and was approved by the
Research Ethics Committee of Ain Shams University,
Cairo, Egypt. An informed consent was obtained from all
subjects.

Biochemical measurements

Serum samples were prepared, aliquoted and stored at
—80°C until analyses. Determination of CA 125 was per-
formed by means of AxSYM microparticle enzyme
immunoassay (MEIA) kit manufactured by Abbott Labo-
ratories, Abbott Park, IL. USA. MMP-7 and CCL11 were
measured by enzyme-linked immunosorbent assay
(ELISA) using quantitative kits manufactured by R&D
systems, Inc., Minneapolis, USA. CCL18 was measured
using ELISA quantitative kit purchased from RayBiotech,
Inc., Norcross, Georgia, USA. Measurements of MMP-7,
CCL18 and CCL11 were carried out using ELISA plate
reader, Lab systems Multiskan® plus, Helsinki, Finland.
The precision and analytical recovery of CA 125, MMP-7,
CCL18 and CCL11 serum assays were tested.
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Statistical analysis

Intra-assay and inter-assay precision of CA 125, MMP-7,
CCL18 and CCLI11 serum assays were represented by
the coefficient of variation (CV). The CV equals the
standard deviation divided by the mean. The Kruskal—-
Wallis and Mann—Whitney U nonparametric tests were
used for the statistical comparison of the variables
between the various groups. The threshold value for
optimal sensitivity and specificity was determined by
receiver operating characteristic (ROC) curve, which was
constructed by calculating the true-positive fraction
(sensitivity %) and false-positive fraction (100-specificity
%) of serum CA 125, MMP-7, CCL18 and CCL11 at
several cutoff points [26]. Sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV)
and accuracy were calculated according to standard sta-
tistical methods. Values of P lower than 0.05 were
considered statistically significant. These analyses were
performed using the Statistical Package for the Social
Sciences (SPSS software, version 12.0, Chicago, Illinois)
on a personal computer.

Results

Validation of MEIA/ELISA for quantification of serum
markers

Intra-assay CV ranged from 3.2% to 4.8% for CA 125,
3.5% to 5.2% for MMP-7, 3.1% to 4.4% for CCL18 and
3.6% to 5.1% for CCL11. While inter-assay CV ranged
from 2.9% to 5.7% for CA 125, 4.0% to 4.9% for MMP-7,
5.1% to 6.3% for CCL18 and 5.5% to 6.7% for CCLI11.
The calculated recovery ranged from 96.6% to 99.1% for
CA 125, 95.6% to 99.8% for MMP-7, 94.1% to 99.3% for
CCL18 and 96.1% to 99.7% for CCL11.

Levels of serum markers in investigated groups

Serum levels of CA 125, MMP-7 and CCLI18 were sig-
nificantly increased in ovarian cancer group compared to
control group (P < 0.001); and in ovarian cancer group
compared to benign ovarian lesions group (P < 0.001).
Furthermore, serum CA 125, MMP-7 and CCL18 levels
were significantly elevated in benign ovarian lesions group
compared to control group (P < 0.001, P < 0.001 and
P = 0.002, respectively). Serum CCL11 level was signif-
icantly decreased in patients with EOC compared to heal-
thy volunteers (P = 0.010) and benign ovarian lesions
group (P = 0.037) (Table 1).
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Relation between investigated serum markers
and clinicopathological factors of patients with EOC

Serum level of CA 125 was significantly increased in EOC
patients with late stages (III, IV) compared to those with
early stages (I, II) (P < 0.001); and in EOC patients with
poorly differentiated tumors (grade 3) compared to those
with well-differentiated and moderately differentiated
tumors (grades 1, 2) (P = 0.001). The level of serum CA
125 was significantly elevated in patients with serous
tumors compared to those with nonserous tumors (endo-
metrioid and mucinous) (P = 0.001) (Table 2). There was
no significant difference in serum level of MMP-7 with
respect to stage, grade or pathological type of the EOC
(Table 3). Serum CCL18 level was significantly elevated in
EOC patients with early stages (I, II) compared to those
with late stages (III, IV) (P = 0.010) (Table 4). Serum
CCL11 level was significantly decreased in EOC patients
with early stages (I, II) compared to those with late stages
I, IV) (P = 0.022); and in EOC patients with well-dif-
ferentiated and moderately differentiated tumors (grades 1,
2) compared to those with poorly differentiated tumors
(grade 3) (P = 0.018) (Table 5).

Sensitivity, specificity, PPV, NPV and accuracy
of investigated serum markers

We constructed ROC curves for investigated parameters to
calculate the best cutoff values to discriminate between
malignant and nonmalignant (patients with benign ovarian
lesions and healthy volunteers) groups. The calculated
cutoff values were >35 U/mL for CA 125, >9.01 ng/mL
for MMP-7 and >81.80 ng/mL for CCL18. Area under the
curve (SE), 95% confidence limits range and P value were
0.973 (0.012), 0.950-0.997, P < 0.001, respectively, for
CA 125; 0.907 (0.028), 0.853-0.961, P < 0.001, respec-
tively, for MMP-7 and 0.930 (0.025), 0.881-0.978,
P < 0.001, respectively, for CCL11 (Fig. 1). Moreover, the
best cutoff value was <139.11 pg/mL for CCL11. Area
under the curve (SE), 95% confidence limits range and
P value were 0.638 (0.053), 0.534-0.743, P = 0.014,
respectively, for CCL11 (Fig. 2). The highest overall val-
ues of sensitivity (86.3%) and specificity (92.9%) were
observed for CA 125 followed by CCL18 (sensitivity:
84.3% and specificity: 91.1%), MMP-7 (sensitivity: 80.4%
and specificity: 87.5%), and then CCLI11 (sensitivity:
68.6% and specificity: 62.5%). CA 125 had higher PPV,
NPV and accuracy than CCL18, MMP-7 and CCL11. The
combined sensitivity of CA 125 with CCL18 (96.1%) was
higher than combined sensitivity of CA 125 with either
MMP-7 (94.1%) or CCLI11 (92.2%). The combined sen-
sitivity of MMP-7 with CCL18 (90.2%) was higher than
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Table 1 The serum levels of CA 125, MMP-7, CCL18 and CCL11 in the three investigated groups using nonparametric Kruskal-Wallis test

Groups Controls (n = 29)

Benign ovarian lesions (n = 27)

Ovarian cancer (n = 51)

CA 125 (U/mL)

Mean rank 15.93 44.81 80.51

Range 5.34-12.91 9.61-39.83 21.54-1704.57
Median 3.36 7.85 11.27
Chi-square = 83.227, P < 0.001*

MMP-7 (ng/mL)

Mean rank 17.83 49.81 76.78

Range 1.08-4.23 2.97-13.19 4.10-19.34
Median 3.39 7.86 11.29

Chi -square = 67.397, P < 0.001*

CCLI8 (ng/mL)

Mean rank 25.03 40.81 77.45

Range 12.19-70.56 29.31-109.83 37.14-271.62
Median 31.42 62.34 146.51

Chi -square = 59.268, P < 0.001*

CCLI11 (pg/mL)

Mean rank 64.31 58.13 45.95

Range 36.11-451.66 30.07-440.32 16.28-274.03
Median 152.04 144.07 108.41

Chi -square = 7.111, P = 0.029*

Comparison by Mann—Whitney U test

CA 125, MMP-7 and CCL18 were significantly increased in ovarian cancer patients compared to either controls (P < 0.001) or patients with

benign ovarian lesions (P < 0.001)

CA 125, MMP-7 and CCL18 were significantly increased in patients with benign ovarian lesions compared to controls (P < 0.001, P < 0.001,

P = 0.002, respectively)

CCL11 was significantly decreased in ovarian cancer patients compared to either controls (P = 0.010) or patients with benign ovarian lesions

(P = 0.037)

* P value is significant

combined sensitivity of CCL11 with either CCL18 (88.2%)
or MMP-7 (86.3%). The combined CA 125, MMP-7,
CCL18 and CCLI11 had a sensitivity of 100%, but the
specificity was only 60.7%, as shown in Table 6.

Discussion

The high ratio of death to incidence for patients with
ovarian carcinoma is largely due to late-stage diagnosis, at
a time when the disease has typically spread into the
peritoneum beyond the pelvic region. Late-stage diagnosis
of EOC can be attributed to the fact that the disease is
relatively “asymptomatic” in its early stages, and that the
symptoms of late-stage disease, such as abdominal dis-
comfort, weight loss, diarrhea or constipation, vaginal
bleeding, and shortness of breath, are nonspecific com-
plaints [27, 28]. The relatively nonspecific nature of these
symptoms underscores the need for disease diagnostics.

Thus, in this study, we measured the concentration of CA
125, MMP-7, CCL18 and CCLI11 in a series of 51 serum
samples from EOC patients with different stages, grades
and pathological types. The levels obtained were compared
with those of 27 patients with benign ovarian lesions and
29 healthy controls. Moreover, we tested the possible
relationship between the levels of investigated parameters
and the clinicopathological factors of EOC patients. To our
knowledge, no published studies have simultaneously
assessed the diagnostic value of serum CA 125, MMP-7,
CCL18 and CCLI11 in patients with EOC.

In the current study, we revealed marked increase of
serum CA 125 and MMP-7 levels in malignant group
compared to either controls or benign group; and in benign
group compared to control group. The diagnostic signifi-
cance of CA 125 is well recognized in patients with EOC
[4, 5, 7, 8]. Serum MMP-7 was previously reported to be
increased in patients with EOC compared to healthy con-
trols; however, it was noticed that such study was limited
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Table 2 The serum levels of CA 125 in relation to clinicopatho-
logical factors of EOC patients using nonparametric Mann—Whitney
U test

Table 4 The serum levels of CCL18 in relation to clinicopatholog-
ical factors of EOC patients using nonparametric Mann—Whitney
U test

Clinicopathological factors Mean rank CA 125 (U/mL) Clinicopathological factors ~Mean rank CCLI18 (ng/mL)

Range Median Range Median
Stage Stage
Stages I, I (n = 18) 11.33 21.54-351.25  105.73 Stages I, I (n = 18) 33.31 64.54-271.62  178.77
Stages III, IV (n = 33) 34.0 187.66-1704.57 701.77 Stages III, IV (n = 33) 22.02 37.14-235.06  129.31
Z = —5.204, P < 0.001* Z = -2.592, P = 0.010%*
Grade Grade
Grades 1, 2 (n = 34) 21.29 21.54-804.76  257.54 Grades 1, 2 (n = 34) 26.72 37.14-271.62  150.38
Grade 3 (n = 17) 35.41 201.14-1704.57 793.14 Grade 3 (n = 17) 24.56 44.17-240.16  139.19
Z = -3.197, P = 0.001* Z = —0.490, P = 0.624
Pathological type Pathological type
Serous (n = 27) 32.67 32.51-1704.57 736.51 Serous (n = 27) 28.96 37.14-265.31  159.12
Nonserous (n = 24) 18.50 21.54-503.02  268.46 Nonserous (n = 24) 22.67 47.72-271.62  130.76

Z = —-3.397, P = 0.001*

Z = —1.510, P = 0.131

Nonserous = endometrioid + mucinous
* P value is significant

Table 3 The serum levels of MMP-7 in relation to clinicopatholog-
ical factors of EOC patients using nonparametric Mann—Whitney
U test

Nonserous = endometrioid + mucinous
* P value is significant

Table 5 The serum levels of CCLI11 in relation to clinicopatholog-
ical factors of EOC patients using nonparametric Mann—Whitney
U test

Clinicopathological factors =~ Mean rank ~ MMP-7 (ng/mL) Clinicopathological factors ~Mean rank CCLI11 (pg/mL)

Range Median Range Median
Stage Stage
Stages I, I (n = 18) 22.94 4.10-16.04  10.19 Stages I, I (n = 18) 19.56 16.28-182.14  81.06
Stages III, IV (n = 33) 27.67 4.49-1934  12.03 Stages III, IV (n = 33) 29.52 28.01-274.03  132.04
Z = —1.084, P = 0.278 Z = —2.286, P = 0.022*
Grade Grade
Grades 1, 2 (n = 34) 24.19 4.10-18.01 11.18 Grades 1, 2 (n = 34) 22.53 16.28-212.09 101.15
Grade 3 (n = 17) 29.62 5.03-19.34  12.10 Grade 3 (n = 17) 32.94 33.06-274.03  170.07
Z = —-1.209, P = 0.227 Z = —2.358, P = 0.018*
Pathological type Pathological type
Serous (n = 27) 23.98 4.10-17.81 11.07 Serous (n = 27) 28.67 23.29-274.03  115.26
Nonserous (n = 24) 28.27 5.11-19.34 11.68 Nonserous (n = 24) 23.0 16.28-212.09 95.61

Z = —1.029, P = 0.304

7 = —1.359, P =0.174

Nonserous = endometrioid + mucinous

to serous ovarian carcinoma [29]. MMP-7 can promote
cancer invasion by proteolytic cleavage of the ECM sub-
strates [14]. MMP-7 also activates other MMPs, such as
proMMP-2 and proMMP-9 to facilitate invasion of ovarian
cancer [15]. Vascular endothelial growth factor was
reported to induce secretion of pro-MMP-7 and pro-MMP-
9 and activation of pro-MMP-2 in EOC DOV13 condi-
tioned medium in a concentration-dependent manner [16].
In vitro studies show that MMP-7 expression correlated
with EOC invasiveness and that lysophosphatidic acid
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Nonserous = endometrioid + mucinous

* P value is significant

induced EOC invasion through the secretion/activation of
MMP-7 [17]. Modification of non-ECM proteins, such as
insulin-like growth factor binding proteins, heparin-bind-
ing epidermal growth factor precursor and E-cadherin, by
MMP-7 is one of the mechanisms by which MMP-7 plays a
role in tumorigenesis [reviewed in reference 14]. A possi-
ble association was suggested between the MMP-7 A/G
polymorphism and susceptibility to EOC [30].
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Fig. 1 ROC curves for serum CA 125, MMP-7 and CCLIS8 to
calculate the best cutoff values to discriminate between malignant
(EOC patients) and nonmalignant (benign and healthy volunteers)
groups
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Fig. 2 ROC curve for serum CCL11 to calculate the best cutoff value
to discriminate between malignant (EOC patients) and nonmalignant
(benign and healthy volunteers) groups

Chemokines are produced by a variety of cell types
including leukocytes and cancer cells [18]. In this work,
serum CCLI18 level was significantly higher in patients
with EOC compared to either healthy volunteers or patients
with benign ovarian lesions. We also observed a significant
increase in serum CCLI18 level in patients with benign

ovarian lesions compared to healthy volunteers. CCL18
was reported to be significantly higher in ascitic fluids from
patients with ovarian carcinoma compared to patients with
nonovarian carcinoma; moreover, the ascitic fluid CCL18
was found to be lymphocytes chemoattractant indicating an
important role for CCL18 in the recruitment of lympho-
cytes to the ovarian carcinoma environment [20]. Tumor-
associated macrophages (TAMs) are demonstrated as the
cellular source of the CCL18 present in the ovarian carci-
noma ascitic fluid [20]. CCL18 is specifically induced in
macrophages by alternative mediators such as I1L-4, IL-13
and IL-10 [31]. These alternatively activated macrophages
are presumed to be immunosuppressive, since they down-
modulate Thl-mediated immunity and exert Th2-associ-
ated effector functions [32]. Moreover, DCs in ascites from
patients with peritoneal carcinomatosis including those
with EOC are reported to be rather immature and inade-
quate in antigen presentation [33]. Decreases in the
expression of MHC class II antigens and costimulatory or
accessory molecules on DCs associated with peritoneal
carcinoma could provide a possible mechanism for the
tumor to evade recognition by the host immune system
[33]. Immature DCs were shown to express CCL18 mRNA
[34, 35]. Overall, CCL18 could be involved in the immu-
nosuppression of a host antitumor response by attracting
tumor-infiltrating lymphocytes toward immature DCs and
suppressive TAMs. The effects of these TAMs are of
considerable importance in the context of malignant
tumors, since a concomitant reduction in immune function
is associated with tumor growth and progression. Inhibition
of the immunosuppressive effects of these TAMs seems to
be reasonable recommended therapeutic approaches to
immunogenic cancers.

In the present work, serum CCLI11 level was signifi-
cantly lower in patients with EOC compared to healthy
volunteers and patients with benign ovarian lesions.
Recently, it was shown that cultured ovarian carcinoma
cells absorbed soluble CCL11 [21] indicating that absorp-
tion by tumor cells could be responsible for the observed
decrease of serum CCL11 in patients with EOC compared
to healthy women and benign patients. CCL11 potently
stimulated growth of ovarian carcinoma cell lines; this
effect was associated with activation of MEK-1, ERK1/2,
and STAT3 and upregulation of VEGF, IL-8, PDGF-BB,
ICAM-1, bFGF and some chemokines [21]. Interestingly,
eosinophils were rarely seen in ovarian tumor microenvi-
ronment [36]. This could be due to that most of produced
CCL11 was rapidly bound to cognate receptors overex-
pressed by ovarian tumor [21]. It was shown that produc-
tion of CCL11 was regulated by Th2 and Thl related
cytokines. The Th2-derived cytokine IL-4 upregulated
while the Thl-derived cytokine IFN-y inhibited CCL11
generation by fibroblasts [37].
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Table 6 Overall sensitivity, specificity, PPV, NPV and accuracy of CA 125, MMP-7, CCL18 and CCL11 when tested independently

or in combination

Parameters Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
CA 125 86.3 92.9 91.7 88.1 89.7
MMP-7 80.4 87.5 85.4 83.1 84.1
CCL18 84.3 91.1 89.6 86.4 87.9
CCL11 68.6 62.5 62.5 68.6 65.4
CA 125 + MMP-7 94.1 85.7 85.7 94.1 89.7
CA 125 4+ CCL18 96.1 89.3 87.5 96.2 92.5
CA 125 + CCL11 92.2 62.5 69.1 89.7 76.6
MMP-7 + CCL18 90.2 83.9 83.6 90.4 86.9
MMP-7 + CCL11 86.3 60.7 66.7 82.9 729
CCL18 + CCL11 88.2 62.5 68.2 85.4 74.8
CA 125 + MMP-7 + CCL18 + CCLI11 100 60.7 69.9 100 79.4

Our data showed that elevated serum CA 125 level was
significantly associated with late stages, poorly differenti-
ated tumors and serous EOC patients. However, we could
not find an association between serum MMP-7 level and
any of the investigated clinicopathological factors (stage,
grade and pathological type). Interestingly, serum CCL18
was significantly increased in EOC patients with early
stages (I, IT) compared to those with late stages (III, IV). In
accordance with previously reported data [21], we found
that EOC patients with early stages of disease had signif-
icantly decreased concentrations of serum CCL11 com-
pared to patients with late stages. Our study also revealed
that lower serum CCL11 level was significantly associated
with well-differentiated and moderately differentiated
tumors. Taken together, results obtained in this study
emphasized the utility of CCL18 and CCLI11 as markers
for early detection of ovarian cancer. The data related to
stage, grade and pathological type should be interpreted
with caution due to small number of investigated patients.

Our study revealed that CA 125 had superior sensitivity,
specificity, PPV, NPV and accuracy compared to CCL18,
MMP-7 and CCL11. Previous studies have evaluated dif-
ferent combination of serum markers for ovarian cancer
detection. Havrilesky et al. [7] reported that combination of
CA 125, MMP-7, human epididymis protein 4 (HE4),
glycodelin and plasminogen activator, urokinase receptor
(Plau-R) gave a sensitivity and specificity of 78.9% and
93.2%, respectively for detection of early stage ovarian
cancer. While for the detection of late stage disease, this
biomarker panel showed an increase in sensitivity to 86.2%
with an accompanying increase in specificity to 94.4%.
Moreover, Palmer et al. [8] showed that combination of CA
125, MMP-7 and HE4 yielded a sensitivity of 72% at 98%
specificity for detecting ovarian cancer. In the current
study, combination of serum CA 125, MMP-7, CCL18
and CCL11 gave a promising sensitivity of 100%, but
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specificity was decreased to 60.7%. Sensitivity of serum
CA 125 alone was 61.1% for detection of early stages (I, IT)
EOC. However, we found that MMP-7, CCL18 and CCL11
in combination with CA 125 provide high sensitivity
(94.4%) for detection of early stages EOC.

In conclusion, the concurrent measurement of serum CA
125, MMP-7, CCL18 and CCL11 can improve the diag-
nosis of EOC. The current study emphasizes the potential
diagnostic efficiency of serum CCL18 and CCL11 in early
detection of EOC, which in turn can noticeably improve
survival rates. However, larger prospective studies are
warranted to validate the diagnostic value of investigated
serum markers in detection of EOC.
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