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Accuracy of CCL20 expression
level as a liquid biopsy-based
diagnostic biomarker for
ovarian carcinoma
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University, Bangkok, Thailand, ?Preclinical Toxicity and Efficacy, Assessment of Medicines and
Chemicals Research Unit, Chulalongkorn University, Bangkok, Thailand, *Department of Obstetrics
and Gynecology, Faculty of Medicine, Srinakharinwirot University, Bangkok, Thailand

Objective: The study aimed to investigate the potentiality of chemokines,
including MCP-1, CCL15, CCL20, and CXCL14, as biomarkers for differential
diagnosis between benign tumors and ovarian cancer (OC).

Methods: A cross-sectional study was conducted in women aged >18 years
who had adnexal masses treated with elective surgery at the HRH Maha Chakri
Sirindhorn Medical Center, Srinakharinwirot University, between 2020 and
2021. The preoperative MCP-1, CCL15, CCL20, and CXCL14 serum levels
were measured using a sandwich enzyme-linked immunosorbent assay.
Preoperative diagnosis was defined according to the risk of malignancy
index. The histological diagnosis and cancer subtype were confirmed using
pathological specimens.

Results: Ninety-eight participants were preoperatively diagnosed with
malignant tumors. The pathological diagnosis confirmed OC in 33 patients
and disclosed 27 misdiagnosed cases, of which endometriotic cyst was the
most common (44.44%). CCL20 and CA125 serum levels were significantly
higher in the patients with cancer than in those with benign. In addition, CCL20
level could differentiate between benign and early-stage malignancy.
Furthermore, only CCL20 levels could distinguish endometriotic cysts from
OC, whereas CA125 levels could not. Concordant with the serum protein level,
the increased mRNA level of CCL20 was observed in ovarian cancers
comparing with that in benign tissues. We found that CCL20 levels could
differentiate between benign tumors and OC with 60.61% sensitivity and
75.44% specificity at the optimal cutoff value of 38.79 pg/ml. Finally, the
logistic regression model integrating CCL20, CA125, and menopause status
promoted diagnostic accuracy by increasing the specificity to 91.23%.

Conclusions: Our study revealed the potential usefulness of CCL20 level as a
biomarker for diagnosing early-stage OC with endometriosis differentiation.
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We recommend further studies to confirm the accuracy of CCL20 levels with
the current diagnosis in a large patient sample.
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ovarian neoplasms, chemokine CCL2, chemokine CCL15, chemokine CCL20,
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Introduction

Ovarian cancer (OC) is the second most common
gynecological cancer, with a reported incidence rate of 7.9 per
100,000 women annually (1). It is the leading cause of cancer
death among women in developed countries, including Thailand
(2, 3). Its fatality and 5-year survival rates are approximately 70%
and 28%, respectively (4). Almost 75% of OC cases are diagnosed
in the advanced disease stage (III/IV), when transperitoneal,
hematogenous, and/or lymphatic spread have already occurred,
leading to poor prognosis and high recurrence rates (5).
Epithelial OC (EOC) is the most common type that can be
classified histologically as high- and low-grade serous,
mucinous, clear cell, and endometrioid carcinomas (1). The
standard treatment for OC is surgical removal of the tumor,
followed by first-line platinum-based and paclitaxel
chemotherapy (6). Although serum carbohydrate antigen 125
(CA125) and ultrasonography are the most widely used
diagnostic tools for OC, they demonstrate low sensitivity and
specificity for the early detection of OC. Elevated CA125 levels
are not specific to OC and also occur in non-cancer patients with
endometriosis inflammation and patients with other cancer
types (7, 8). In addition, approximately 20% of patients with
OC have normal CA125 levels (9). Therefore, the current
research focuses on novel diagnostic biomarkers that show
high accuracy and specificity for OC (10, 11).

Inflammatory conditions increase the risk of developing OC
(12). Inflammation can activate transcription factors such as
nuclear factor-xB, signal transducer and activator of
transcription 3, and hypoxia-inducible factor lo, which are
associated with inflammatory mediators, prostaglandins,
cytokines, and chemokine production in tumor cells. These
processes activate various inflammatory cells and change the
tumor microenvironment, promoting malignant generation
(13). Chemokines are small cytokines secreted during the
inflammatory process to regulate immune cells. Chemokines,
which consist of four conserved cysteine residual domains linked
by a disulfide bond, are divided into four groups according to the
position of these cysteines: C, CC, CXC, and CX3C (14, 15).
Chemokines can induce the migration of leukocytes, including
monocytes, lymphocytes, granulocytes, natural killer cells, and
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tumor-associated macrophages (TAMs), into pathological
conditions, including infections, inflammatory reactions, and
tumors. Chemokines affect tumor progression via several
mechanisms, including angiogenesis, cell proliferation,
migration, and immune invasion, which are necessary to
ensure the success of growing tumors and disseminating
metastasis (15). Angiogenesis is an important condition in the
progression of cancers, including ovarian carcinoma (16).
Several CXC chemokines have been reported to induce either
endothelial cell migration or proliferation and
neovascularization and to play roles in tumor growth. CC
chemokines have been reported to play both direct and
indirect roles in angiogenesis (17). The angiogenic response
induced by CCL2 was accompanied by an inflammatory
response and induced chemotaxis of human endothelial cells
and the formation of blood vessels (18).

Several chemokines have been explored for their potential
usefulness in the diagnosis and prognosis of OC (19, 20).
Previous studies have shown that elevated levels of some
chemokines, including CCL2 or MCP-1 (21), CCL15, CCL20
(22), and CXCL14 (23), were detected in serum samples from
patients with OC. However, these potential biomarkers have
never been validated as preoperative diagnostic markers. The
aim of this study was to evaluate the diagnostic accuracy and
optimal cutoff values of CCL2, CCL15, CCL20, and CXCL14
compared with CA125 for OC diagnosis.

Materials and methods
Ethics statement

This cross-sectional study was conducted at the Department
of Obstetrics and Gynecology, HRH Maha Chakri Sirindhorn
Medical Center, Srinakharinwirot University, with the approval
of the institutional review board (certificate No. SWUEC/F-047/
2563). Written informed consent was obtained from all
participants. All procedures were performed in accordance
with the relevant guidelines and regulations. Research staff
members had completed the Good Clinical Practice training.
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Patients

The inclusion criteria were women with clinically diagnosed
ovarian or adnexal masses who underwent elective surgery
between July 2020 and October 2021, with ages >18 years, and
with an American Society of Anesthesiologists physical status
score of I-II. Participants were excluded if they had a history of
chemotherapy or radiotherapy, serious psychiatric disease,
pregnancy, previous history of OC or any malignancy, active
inflammatory disorders, i.e., rheumatoid arthritis, multiple
sclerosis, and type I diabetes, and refused to sign an informed
consent form. Patients without intraoperative findings indicating
a pelvic or adnexal mass were also excluded from the data analysis.
All participants were hospitalized for preoperative preparation at
least 24 hours before surgery, and a blood sample was
preoperatively collected via a peripheral venous puncture.
Clinical data, preoperative diagnosis, operative procedure, and
postoperative diagnosis were recorded. Preoperative diagnosis was
defined according to the risk of malignancy index (RMI) based on
the score calculated from the serum CA125 level, menopause
status, and ultrasonography. Postoperative diagnosis was based on
pathologists’ histological interpretations.

Quantification of biomarkers

The clot blood sample was centrifuged at 3,000 RPM for 10
minutes to separate serum immediately and stored at —20°C
until the analysis. Chemokines were quantitatively analyzed in
patient serum using a sandwich enzyme-linked immunosorbent
assay (ELISA) kit from R&D Systems (catalog Nos. DY279,
DY360, DY363, and DY866 for MCP-1, CCL20, CCL15, and
CXCL14, respectively), in accordance with the manufacturer’s
instructions. The absorbance was determined instantly using a
CLARIOstar Plus microplate reader (BMG LABTECH,
Germany) at wavelengths of 450 and 570 nm. The
concentration of each chemokine was calculated by subtracting
each absorbance reading at 570 nm from the reading at 450 nm
and the average of duplicate readings, and then normalized with
the average of the blanks. A standard curve was created with a
quadratic polynomial fitting curve in Microsoft Excel for MAC
version 16.58. The standard curve was considered as best fitted if
* value of the fitting line was >0.98. The CA125 level was
obtained from routine hospital laboratory measurements.

Differential expression analysis
The mRNA expression levels of CCL20 and CA125 (MUCI16)
in human ovarian tissues were retrieved from two public

datasets, GSE4122 (24) and GSE17308 (25), available in
NCBTI’s Gene Expression Omnibus, which included 46 and 67
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patients, respectively. We categorized the patient tissues, based
on the pathological diagnosis, into 3 groups, i.e., benign,
borderline ovarian tumors (BOTs), and malignancy groups.

Statistical analysis

Statistical analysis was performed using a power of 80% and
an « value of 0.05. Chemokines with concentrations below the
detection limit were excluded from the data analysis. The
patients’ baseline characteristics were presented as frequency
and percentage or mean and standard deviation. Categorical
data, including patient and operation characteristics, were
analyzed using the chi-square test. Receiver-operating
characteristic (ROC) curves were plotted, and the area under
the curve (AUC) was calculated to compare the performance of
the biomarkers for predicting OC in terms of sensitivity,
specificity, positive predictive value, and negative predictive
value. The ROC curves were compared using a chi-square test.
The web tools easyROC version 1.3.1 and STATA 14.1
(StataCorp. 2015. Stata Statistical Software: Release 14. College
Station, TX: StataCorp LP) were used to calculate the optimal
cutoff values (Youden index) (26). A logistic regression analysis
was performed for the preoperative factors. The preoperative
factors were integrated into the model if the model’s parameter
p-value was <0.05 and excluded from the model if the p-value
was >0.1. P-values <0.05 were considered statistically significant.
A statistical analysis was performed using GraphPad Prism
version 9.3.1 (350) for macOS Monterey (GraphPad Software,
San Diego, California USA, https://www.graphpad.com) and
Statistical Package for Social Sciences (SPSS) versions 28 for
Windows (SPSS, Chicago, IL, USA).

Results
Patients’ characteristics and diagnoses

This study included 100 patients for eligibility. Two patients
with gastrointestinal stromal tumors were excluded from the
analysis; thus, 98 patients were included in the analysis, as shown
in Table 1. We used the RMI to determine the preoperative risk
of malignancy. Forty patients (40.82%) were preoperatively
diagnosed with benign disease; and 58 patients (59.18%), with
malignancy. However, the pathological diagnosis indicated that
59 patients (60.20%) had benign tumors, 6 (6.13%) had BOTs,
and 33 (33.67%) had OCs. We found a discrepancy between the
preoperative and postoperative diagnoses in 27 patients
(27.55%), and 23 histologically confirmed benign cases were
preoperatively diagnosed as malignant. Endometriotic cyst was
the most common misdiagnosis, with up to 12 misdiagnosed
patients (44.44%).
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TABLE 1 Baseline characteristics and histopathology of the
participants who presented with pelvic and adnexal masses.

Variable Total (N = 98)

Clinical characteristics
Age (years), mean (SD) 47.06 (15.55)

Parity, n (%)

0 51 (52.04)
1 16 (16.33)
2 21 (21.43)
>3 10 (10.20)

Menopausal status, n (%)

Premenopausal 67 (68.37)
Postmenopausal 31 (31.63)
Histopathology, n (%)

1. Benign gynecological disease/benign tumors 59 (60.20)
—Functional/simple cyst 6 (10.17)
—Serous cystadenoma 12 (20.34)
—Mucinous cystadenoma 4 (6.78)
—Teratoma 4 (6.78)
—~Endometriotic cyst 31 (52.54)
—Tubo-ovarian abscess 2 (3.39)

2. Borderline ovarian tumors, n (%) 6 (6.12)

3. Cancer subtype, n (%) 33 (33.67)
3.1. Epithelial ovarian cancer 23 (69.70)

—Serous carcinoma 13 (56.52)
—Mucinous cystadenoma 4 (17.39)
—Endometrioid carcinoma 2 (8.70)
—Clear cell carcinoma 4 (17.39)
3.2 Nonepithelial ovarian cancer 10 (30.30)
Tumor stage

Stage I 15 (45.45)

Stage 1I 5 (15.15)

Stage III 12 (36.36)

Stage IV 1 (3.03)

Operation, n (%)

Unilateral SO*/cystectomy 32 (32.65)

TAH with BSO" 12 (12.24)

TAH with BSO' with complete surgical staging 54 (55.10)

*Salpingo-oophorectomy.
"Total hysterectomy with bilateral salpingo-oophorectomy.

Chemokine levels in benign and
malignant cases

To determine the preoperative protein levels in the patients’
serum samples, an ELISA kit was used to measure the
concentrations of MCP-1, CCL15, CCL20, and CXCL14
chemokines. A total of 98 samples were analyzed for MCP-1,
CCL15, and CXCL14. Two samples had CCL20 concentrations
below the detection limit, leaving 96 samples analyzed for this
chemokine. The concentrations of MCP-1 and CCL20 in the
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preoperatively diagnosed malignant group were significantly
higher than those in the benign group (median [IQR], pg/ml:
MCP-1, 75.46 [23.772-92.71] vs 37.67 [0.65-85.58], p=0.041
and CCL20, 36.83 [22.58-65.76] vs 24.35 [8.84-40.19], p=0.009;
Figures 1A, B). CCL15 and CXCL14 levels were not statistically
different between the malignant and benign groups (Figures 1C,
D). As expected, the CA125 level (U/ml) significantly increased
in the malignant group compared with the benign group (97.70
[5.65-245.80] vs 41.30 [15.88-87.43], p=0.0002; Figure 1E).
Next, we analyzed the chemokine concentrations in the
samples categorized according to histologically confirmed
diagnosis to identify the potential biomarker that could predict
pathological results before surgery (Table 2). The results showed
that among the 4 chemokines, only CCL20 showed significantly
different levels (pg/ml) between the benign and malignant
groups (25.64 [13.59-39.32] vs 47.47 [23.69-93.30], p=0.015;
Figure 1F). As a control, the CA125 level (U/ml) was
significantly different between the benign and malignant
groups (51.70 [23.70-117.00] vs 122.00 [58.80-329.50],
p=0.021; Figure 1G). However, the chemokines and CA125
could not differentiate the BOTs in this study (Table 2 and
Figures 1F-]).

CCL20 levels in endometriosis
differentiation

To disclose the potential biomarkers that can distinguish
between patients with malignancy and endometriotic cysts,
chemokine levels were further analyzed in malignant cases
compared with endometriotic and other benign cases, which
were classified according to pathological results (Figure 2). By
comparing with other benign cases (median [IQR], U/ml: 29.00
[17.93-53.15]), CA125 levels (U/ml) were found to be
significantly elevated in the endometriotic cysts and malignant
cases (82.70 [51.00-163.00], p=0.015 and 122.00 [58.80-329.50],
p=0.001, respectively) and were not statistically different
between the endometriotic cysts and malignant cases
(Figure 2A). Of interest, the CCL20 level (pg/ml) in
endometriosis (24.86 [9.74-35.00]) was comparable with that
in other benign cases (32.12 [14.33-40.20]) and significantly
decreased compared with that in malignant cases (47.47 [23.69-
93.30]), with a p-value of 0.019 (Figure 2B). In consideration of
the misdiagnosed subgroup, the endometriotic cysts exhibited
remarkably increased CA125 levels (U/ml: 183.50 [48.90-
394.30]) compared with the other benign cases (46.00 [19.00-
92.00], p=0.002), but the CCL20 levels (pg/ml) were not
significantly different (32.28 [22.05-38.45] vs 34.50 [1.15-
65.44]), respectively; Figure S1). These results suggest that
high CA125 levels in endometriotic cases can lead to
misdiagnosis, and measurement of CCL20 levels can
potentially solve this problem.
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FIGURE 1

Scatter plots of CA125 and chemokine concentrations categorized by preoperative diagnosis (A—E) and pathological diagnosis (F-J). The green
and cyan circles in (A—E) indicate preoperatively misdiagnosed cases of endometriotic cyst and others, respectively.*p<0.05; **p<0.01;
***n<0.001; not significant (ns). The lower and upper whiskers are interquartile ranges, and the middle line is the median
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TABLE 2 Serum concentrations of potential biomarkers in the different pathological subgroups.

Potential biomarker (unit)
Benign (n = 59)

CA125 (U/ml)

CCL20" (pg/ml)
MCP-1 (pg/ml)
CCL15 (ng/ml)
CXCL4 (pg/ml)

51.70 (23.70-117.00)
25.64 (13.59-39.32)
53.86 (1.51-88.04)
10.81 (5.74-16.59)

206.01 (140.21-394.75)

*Comparison with the benign group, p< 0.05
"Total for CCL20, n = 9 6: benign, n = 57; borderline, n = 6; and malignancy, n = 33.

CCL20 level in tumor stage
differentiation

To investigate whether CCL20 could differentiate between
benign and early-stage malignancy, the CCL20 levels were
subgroup analyzed by tumor stage, i.e., early stage (stages I
and II) and advanced stage (stages IIT and IV). CCL20 levels (pg/
ml) significantly increased in early-stage tumor than in benign
cases (median [IQR], 53.02 [22.97-93.43] and 25.64 [13.59-
39.32], p=0.045, respectively) (Figure 3). CA125 level
demonstrated no statistically significant difference between
benign cases and early-stage OCs (median [IQR], 51.70
[23.70-117.00], and 132.4 [4.79-302.40], respectively)
(Figure S2).

CCL20 differential gene expression

We further validated our finding using two public patient
datasets which had available data of the mRNA expression level
of CCL20 and pathological diagnosis results. GSE4122 dataset
showed that CCL20 level significantly increased in the
malignancy compared to benign groups (p<0.001; Figure 4A),
in contrast to CA125 level which significantly decreased in the
malignancy compared to the benign groups (p<0.0001; Figure
S3A). GSE17308 dataset showed a trend of high CCL20 level in
malignancy, though the difference between benign and
malignancy did not achieve the significance level (Figure 4B),
whereas CA125 level increased in malignancy compared to
benign groups (Figure S3B).

Diagnostic accuracy of CCL20 levels

A ROC analysis was performed to demonstrate the
pathological diagnostic performances of CA125 and CCL20
levels as potential biomarkers of OC (Figure 5). The areas
under the ROC curve of CA125 and CCL20 levels for
differentiating malignant from benign (n=90; excluded 6 BOTs
and 2 samples below the detection limit) were 0.666 (95%
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Median serum concentration (interquartile range) (N = 98)

Borderline (n = 6) Malignancy (n = 33)

38.66 (8.21-107.50)
21.75 (11.06-35.35)
17.59 (0.40-79.48)
9.33 (5.25-24.37)
244.73 (143.57-401.80)

122.00 (58.80-329.50)*
47.47 (23.69-93.30)*
78.34 (38.92-94.70)

11.79 (8.30-17.07)

262.66 (121.87-384.03)

confidence interval [CI], 0.544-0.788) and 0.677 (0.558-0.796),
respectively (Figure 5A). The areas under the 2 ROC curves were
not significantly different (p=0.895). The optimal cutoff value
defined using the Youden index method, to distinguish between
benign and malignant tumors was 62.65 U/ml for CA125 and
38.79 pg/ml for CCL20. The sensitivity, specificity, and positive
and negative predictive values at these cutoft points of the ROC
curves are shown in Table 3. Concisely, CCL20 exhibited higher
specificity (75.44% vs 56.14%), improved diagnostic accuracy
(70.00% vs 63.33%), and lower sensitivity (60.61% vs 75.76%)
compared with CA125 at the optimal cutoff point. Logistic
regression was used to build a diagnostic model to identify
preoperative factors that could improve diagnostic accuracy. The
model proposed three predictors, namely postmenopausal
status, CA125 level, and CCL20 level, with odds ratios (95%
CI) of 5.85 (1.99-17.18), 3.63 (1.22-10.79), and 3.12 (1.11-8.77),
respectively. The model demonstrated 51.52% sensitivity and
91.23% specificity, with 76.76% diagnostic accuracy Table 3
and Figure 5B).

Discussion

The standard diagnosis of OC is based on serum CA125
levels, ultrasonography, and menopause status. Three of the 4
patients were diagnosed in the advanced stage and had a poor
prognosis and increased mortality rate compared with early-
stage patients (4-6). The CA125 level is the most widely used
biomarker for diagnosis, monitoring treatment efficacy, and
predicting the prognosis of OC (27). However, the CA125
level is not reliable for screening or early detection because of
the high rates of false-positive and false-negative results and the
many factors that affect CA125 levels, such as age, race, ethnicity,
smoking history, and obesity (28). Elevated CA125 levels could
be found in patients with benign conditions (29); this raises the
malignancy risk (RMI score) and leads to misdiagnosis. Of the
27 misdiagnosed patients in this study, 12 who had
endometriosis (44.44%) were preoperatively diagnosed with
malignancy and exhibited significantly high serum CA125
levels compared with those with other benign cases (Figure
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S1A). The percentage of misdiagnosed endometriosis in our
study was comparable with that previously reported by
Yamamoto et al. (30), who found endometriosis in 40% of
false-positive cases using the RMI method. This non-specificity
drawback of CA125 warrants the need for novel OC-specific
diagnostic biomarkers.

CCL20 is a proinflammatory chemokine originating from T-
helper 17 cells that is responsible for normal function of
lymphocyte cells. CCR6 is a CCL20 receptor expressed on
dendritic cells, T cells, and B cells (31). In cancer research,
CCL20 plays a crucial role in neoplastic processes, and TAM is
its major source. CCL20 and CCR6 in tumors can promote cell
proliferation, migration, invasion, metastasis, and angiogenesis
by directly stimulating vascular endothelial cells, thereby
increasing vascular endothelial growth factor expression (32-
34). CCL20 levels are elevated in many cancer types such as
breast, liver, and pancreatic cancers, but are low in adrenal gland
and lung cancers (31). In OC, it has been reported to contribute
to promoting chemotherapy resistance, stimulating migration,
and poor disease prognosis (35-37). Increased CCL20 levels
were found in serum samples from patients with recurrent OC
who were completely treated with platinum-based
chemotherapy and correlated with decreased recurrence-free
survival rates (19).

Our results showed that CCL20 levels could distinguish OC
from benign diseases, including endometriotic cysts. The
misdiagnosed patients with endometriosis demonstrated low
serum CCL20 levels, similar to those in other benign cases, but
showed remarkably high CA125 levels (Figure S1B). This results in
improved specificity (75.44%) and diagnostic accuracy (70.00%) of
CCL20 compared with those of CA125 (Table 3). Serum CA125
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levels are elevated in women with cystic ovarian endometriosis and
imitate those in OC, especially in premenopausal women (38, 39).
By contrast, the serum CCL20 levels in premenopausal women have
been reported to be lower in those with endometriosis than in those
without endometriosis (40). Our results indicate the potential of
usefulness of CCL20 level as a biomarker to differentiate
endometriosis in the setting of ovarian tumors with elevated
CA125 levels, which can reduce the false positivity rate from
41.11% in preoperative diagnosis to 15.56% at the optimal cutoff
value of CCL20. This suggests that the factors used for preoperative
diagnosis should be modified to improve diagnostic accuracy.
Moreover, the CCL20 levels significantly increased in early-stage
malignancy compared to benign. Whereas CA125 has low
specificity to detect the early-stage OC in our study and in
previous publications (41-43). These suggest the advantage of
using CCL20 level as a biomarker for early OC detection. We
further validated the plasma protein level of CCL20 using
differential gene expression analysis in benign and malignant
tissues. Although there was a limited number of patient tissues,
the CCL20 gene expression was significantly high in malignant
tissues comparing with that in benign tissues. These consistent
expressions support the theory that CCL20 is a proinflammatory
cytokine which is excreted by tumor cells and involved with early
tumor progression (44).

The accuracy of the diagnostic biomarker was calculated using
ROC analysis, and the results suggested that the optimal cutoff value
of CA125 was 62.65 U/ml, with 75.76% sensitivity and 56.14%
specificity (Table 3). Maggino et al. (45) reported that the cutoff
value of CA125 was 65 U/ml, with 71.7% sensitivity and 92.5%
specificity. CA125 showed lower sensitivity (60%) and specificity
rates (89%) at a cutoff value of 65 U/ml in a subgroup of
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Receiver-operating characteristic (ROC) curve analysis and areas under the curve (AUC) for (A) CA125 and CCL20 and (B) the logistic regression

model integrating CA125, CCL20, and menopause status.

premenopausal patients (46) compared with postmenopausal
women (78% sensitivity and 97% specificity). A possible
explanation for the low specificity of CA125 in our study is that
almost 70% of our population were premenopausal and up to 60%
had benign disease. The ROC analysis revealed that using either
CA125 or CCL20 could not differentiate OC in all cases. Thus, we
generated a logistic regression model that finally integrated three
significant predictors of OC, namely postmenopausal status and
CAI125 and CCL20 levels at optimal cutoff values. The model
combining these three parameters exhibited high specificity
(91.23%), with a sensitivity of 51.52% and an accuracy of 76.76%.
Postmenopausal status had the highest probability (5.85 times) of
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predicting OC, followed by CA125 and CCL20 levels (3.63 and 3.12
times, respectively). The final model increased the probability of
diagnosing OC to up to 11 times, indicating that the combination of
CCL20 measurements and the diagnostic index led to a more
efficient diagnosis with improved specificity to OC than the
standard RMI. These results indicate the diagnostic potential of
CCL20 as a specific biomarker and preoperative diagnostic tool for
OC. To our knowledge, CCL20 has never been studied for its role as
a diagnostic biomarker for OC.

Owing to the limited number of patients with OC in this study
(n=33), we did not find any candidate biomarkers for the
histological subtypes of OC (data not shown). The only tissue
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TABLE 3 Diagnostic performances and optimal cutoff values of serum CA125 and CCL20 levels for discriminating between benign disease and

ovarian cancer.

Performance measure

Youden optimal cutoff value
Sensitivity (%)
Specificity (%)
Positive predictive value (%)

Negative predictive value (%)

CA125

62.65 U/ml
75.76 (57.70-88.90
56.14 (42.40-69.30

80.00 (64.40-90.90

CCL20

38.79 pg/ml
60.61 (52.10-77.10)
75.44 (62.20-85.90)
58.82 (40.70-75.40)
76.79 (63.60-87.00)

)
)
50.00 (35.50-64.50)
)
)

Test accuracy (%) 63.33 (52.51-73.25 70.00 (59.43-79.21)

The 95% confidence interval (CI) is in parentheses.

subtype that could be differentiated was the tissue origin, that is,
epithelial, or nonepithelial cells, based on the elevated CA125 levels
in the epithelial subtype (Figure S4). This indicates the variability of
CA125 levels among OCs, which could be further studied. Although
only CCL20 showed potential as an upregulated biomarker for OC,
all other chemokines tested in this study demonstrated trends of
high serum levels in malignancy. We recommend performing
further research on CCL20 with a larger sample size to confirm
our findings and explore the new aspect of this cytokine, especially
in women with endometriotic cysts. To investigate the additional
role of CCL20 as a biomarker for predicting prognosis and
treatment efficacy, we suggest further study to monitor the
postoperative levels of chemokines, disease progression of
patients, and treatment efficacy. Lastly, BOT's are still a problem
in differential diagnosis; the chemokines or CA125 could not
differentiate them from benign or malignant diseases, which
suggests the need for an efficient diagnostic method to overcome
this difficulty.

In conclusion, CCL20 and CA125 could be utilized as
diagnostic biomarkers for OC, although CCL20 provides
higher specificity to endometriotic disease, and early stage of
OCs detection. However, the expression levels of CXCL14,
CCL15, and MCP-1 are not suitable for predicting
endometriosis, as they showed no significant difference
between benign and malignant ovarian tumors. This finding
must be validated in a larger number of patients with
histologically confirmed OC. Testing for a novel biomarker in
patients before surgery will be beneficial for choosing the most
appropriate therapeutic options.
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51.52 (33.50-69.20)
91.23 (80.70-97.10)
77.27 (54.60-92.20)
76.47 (64.60-85.90)

Logistic regression model CA125 + CCL20 + postmenopause

76.67 (66.57-84.94)

Ethics statement

The studies involving human participants were reviewed and
approved by Institutional Review Board (IRB), Strategic
Wisdom and Research Institute, Srinakharinwirot University.
The patients/participants provided their written informed
consent to participate in this study.

Author contributions

WS, WW, PV, and CC performed formal analysis and
investigation. WS also performed data curation, statistical
analysis, and visualization. WS wrote the first draft of the
manuscript. VY supervised formal analysis and investigation.
PN contributed the resources. VY and PN contributed to the
conceptualization, methodology, design of the study, validation
of the results, funding acquisition, and reviewing and editing of
the manuscript. All authors contributed to the article and
approved the submitted version.

Funding

This study was granted by Research Fund, the Faculty of
Medicine, Srinakharinwirot University and supported by The
Second Century Fund (C2F), Chulalongkorn University

Acknowledgments

All members of Department of Obstetrics and Gynecology,
Faculty of Medicine, Srinakharinwirot University. WS and VY
are supported by The Second Century Fund (C2F),
Chulalongkorn University.

frontiersin.org


https://doi.org/10.3389/fonc.2022.1038835
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Sakares et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Ushijima K. Treatment for recurrent ovarian cancer-at first relapse. J Oncol
(2010) 2010:497429. doi: 10.1155/2010/497429

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer ] Clin (2021) 71(3):209-49.
doi: 10.3322/caac.21660

3. Centers for Disease Control and Prevention. Gynecologic cancer incidence,
united States—2012-2016. In: USCS data brief, no 11. Atlanta, GA: Centers for
Disease Control and Prevention, US Department of Health and Human Services
(2019).

4. Howlader N, Noone AM, Krapcho M, Garshell ], Miller D, Altekruse SF, et al.
SEER cancer statistics review, 1975-2011 (2014). Bethesda, MD: National Cancer
Institute. Available at: https://seer.cancer.gov/archive/csr/1975_2011/ (Accessed
2022 Feb 24]).

5. Argento M, Hoffman P, Gauchez AS. Ovarian cancer detection and
treatment: current situation and future prospects. Anticancer Res (2008) 28
(5B):3135-8. Available at: https://ar.iiarjournals.org/content/28/5B/3135.

6. National Comprehensive Cancer Network. Ovarian cancer including
fallopian tube cancer and primary peritoneal cancer, version 1 (2022). Available
at: https://www.nccn.org/professionals/physician_gls/pdf/ovarian.pdf (Accessed
2022 Feb 24).

7. Azzam AZ, Hashad DI, Kamel NA. Evaluation of HE4 as an extrabiomarker
to CA125 to improve detection of ovarian carcinoma: is it time for a step forward?
Arch gynecology obstetrics (2013) 288(1):167-72. doi: 10.1007/s00404-013-2722-2

8. Yanaranop M, Tiyayon J, Nakrangsee S, Thinkhamrop B. Diagnostic
accuracy and optimal cutoff value of serum HE4 to predict ovarian cancer in
Thai women with pelvic masses. ] Med Assoc Thai. (2016) 99(12):1263-71.
Available at: http://www.jmatonline.com/index.php/jmat/article/view/7801#.

9. Urban N, McIntosh MW, Andersen M, Karlan BY. Ovarian cancer screening.
Hematol Oncol Clin North Am (2003) 17(4):989-1005. doi: 10.1016/s0889-8588
(03)00063-7

10. Maryam N, Ahmed SS, Alam R, Hanif MU, Saleem M, Gul R. Role of serum
VEGF-a biomarker for early diagnosis of ovarian cancer instead of CA-125. ] Pak
Med Assoc (2021) 71(9):2192-7. doi: 10.47391/jpma.05-688

11. Stockley J, Akhand R, Kennedy A, Nyberg C, Crosbie EJ, Edmondson RJ.
Detection of MCMS5 as a novel non-invasive aid for the diagnosis of endometrial
and ovarian tumours. BMC Cancer. (2020) 20(1):1000. doi: 10.1186/s12885-020-
07468-y

12. Balkwill F, Mantovani A. Inflammation and cancer: back to virchow? Lancet
(2001) 357(9255):539-45. doi: 10.1016/S0140-6736(00)04046-0

13. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation.
Nature (2008) 454(7203):436-44. doi: 10.1038/nature07205

14. Krieg C, Boyman O. The role of chemokines in cancer immune surveillance
by the adaptive immune system. Semin Cancer Biol (2009) 19:76-83. doi: 10.1016/
j.semcancer.2008.10.011

15. Zlotnik A, Yoshie O. Chemokines: a new classification system and their role
in immunity. Immunity (2000) 12(2):121-7. doi: 10.1016/S1074-7613(00)80165-X

16. Gavalas NG, Liontos M, Trachana SP, Bagratuni T, Arapinis C, Liacos C,
et al. Angiogenesis-related pathways in the pathogenesis of ovarian cancer. Int J
Mol Sci (2013) 14(8):15885-909. doi: 10.3390/ijms140815885

Frontiers in Oncology

11

10.3389/fonc.2022.1038835

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.1038835/full#supplementary-material

17. Strieter RM, Polverini P], Arenberg DA, Walz A, Opdenakker G, Van
Damme J, et al. Role of c-X-C chemokines as regulators of angiogenesis in lung
cancer. ] Leukocyte Biol (1995) 57(5):752-62. doi: 10.1002/j1b.57.5.752

18. Salcedo R, Ponce ML, Young HA, Wasserman K, Ward JM, Kleinman HK,
et al. Human endothelial cells express CCR2 and respond to MCP-1: direct role of
MCP-1 in angiogenesis and tumor progression. Blood (2000) 96(1):34-40. doi:
10.1182/blood.V96.1.34

19. Mlynska A, Salciuniene G, Zilionyte K, Garberyte S, Strioga M, Intaite B,
et al. Chemokine profiling in serum from patients with ovarian cancer reveals
candidate biomarkers for recurrence and immune infiltration. Oncol Rep (2019) 41
(2):1238-52. doi: 10.3892/0r.2018.6886

20. Falcao-Junior JO, Teixeira-Carvalho A, Candido EB, Lages EL, Ferreira
Freitas GG, Lamaita RM, et al. Assessment of chemokine serum levels in epithelial
ovarian cancer patients. Tumori (2013) 99(4):540-4. doi: 10.1700/1361.15108

21. Negus RP, Stamp GW, Relf MG, Burke F, Malik ST, Bernasconi S, et al. The
detection and localization of monocyte chemoattractant protein-1 (MCP-1) in
human ovarian cancer. J Clin Invest (1995) 95(5):2391-6. doi: 10.1172/JCI117933

22. Ignacio RMC, Lee ES, Wilson AJ, Beeghly-Fadiel A, Whalen MM, Son DS.
Chemokine network and overall survival in TP53 wild-type and mutant ovarian
cancer. Immune Netw (2018) 18(4):€29. doi: 10.4110/in.2018.18.29

23. LiX, Zhao L, Meng T. Upregulated CXCL14 is associated with poor survival
outcomes and promotes ovarian cancer cells proliferation. Cell Biochem Funct
(2020) 38(5):613-20. doi: 10.1002/cbf.3516

24. . The data discussed in this publication have been deposited in NCBI's Gene
Expression Omnibus (Tate DL, Mostafavi ZB, Mostafavi MT, 2008) and are
accessible through GEO Series accession number GSE4122. Available at: https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE4122.

25. Merritt MA, Parsons PG, Newton TR, Martyn AC, Webb PM, Green AC,
et al. Expression profiling identifies genes involved in neoplastic transformation of
serous ovarian cancer. BMC Cancer. (2009) 9:378. doi: 10.1186/1471-2407-9-378

26. Goksuluk D, Korkmaz S, Zararsiz G, Karaagaoglu AE. easyROC: an
interactive web-tool for ROC curve analysis using r language environment. R J
(2016) 8(2):213. doi: 10.32614/R]-2016-042

27. Charkhchi P, Cybulski C, Gronwald J, Wong FO, Narod SA, Akbari MR.
CA125 and ovarian cancer: A comprehensive review. Cancers (Basel) (2020) 12
(12):3730. doi: 10.3390/cancers12123730

28. Johnson CC, Kessel B, Riley TL, Ragard LR, Williams CR, Xu JL, et al. The
epidemiology of CA-125 in women without evidence of ovarian cancer in the
prostate, lung, colorectal and ovarian cancer (PLCO) screening trial. Gynecol Oncol
(2008) 110(3):383-9. doi: 10.1016/j.ygyno.2008.05.006

29. Buamah P. Benign conditions associated with raised serum CA-125
concentration. J Surg Oncol (2000) 75(4):264-5. doi: 10.1002/1096-9098(200012)
75:4<264::aid-js07>3.0.c0;2-q

30. Yamamoto Y, Tsuchida A, Ushiwaka T, Nagai R, Matsumoto M, Komatsu J,
et al. Comparison of 4 risk-of-malignancy indexes in the preoperative evaluation of
patients with pelvic masses: a prospective study. Clin Ovarian Other Gynecologic
Cancer (2014) 7(1-2):8-12. doi: 10.1016/j.cogc.2014.11.001

31. Benkheil M, Van Haele M, Roskams T, Laporte M, Noppen S, Abbasi K,
et al. CCL20, a direct-acting pro-angiogenic chemokine induced by hepatitis ¢ virus
(HCV): Potential role in HCV-related liver cancer. Exp Cell Res (2018) 372(2):168-
77. doi: 10.1016/j.yexcr.2018.09.023

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.1038835/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.1038835/full#supplementary-material
https://doi.org/10.1155/2010/497429
https://doi.org/10.3322/caac.21660
https://seer.cancer.gov/archive/csr/1975_2011/
https://ar.iiarjournals.org/content/28/5B/3135
https://www.nccn.org/professionals/physician_gls/pdf/ovarian.pdf
https://doi.org/10.1007/s00404-013-2722-2
http://www.jmatonline.com/index.php/jmat/article/view/7801#
https://doi.org/10.1016/s0889-8588(03)00063-7
https://doi.org/10.1016/s0889-8588(03)00063-7
https://doi.org/10.47391/jpma.05-688
https://doi.org/10.1186/s12885-020-07468-y
https://doi.org/10.1186/s12885-020-07468-y
https://doi.org/10.1016/S0140-6736(00)04046-0
https://doi.org/10.1038/nature07205
https://doi.org/10.1016/j.semcancer.2008.10.011
https://doi.org/10.1016/j.semcancer.2008.10.011
https://doi.org/10.1016/S1074-7613(00)80165-X
https://doi.org/10.3390/ijms140815885
https://doi.org/10.1002/jlb.57.5.752
https://doi.org/10.1182/blood.V96.1.34
https://doi.org/10.3892/or.2018.6886
https://doi.org/10.1700/1361.15108
https://doi.org/10.1172/JCI117933
https://doi.org/10.4110/in.2018.18.e29
https://doi.org/10.1002/cbf.3516
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE4122
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE4122
https://doi.org/10.1186/1471-2407-9-378
https://doi.org/10.32614/RJ-2016-042
https://doi.org/10.3390/cancers12123730
https://doi.org/10.1016/j.ygyno.2008.05.006
https://doi.org/10.1002/1096-9098(200012)75:4%3C264::aid-jso7%3E3.0.co;2-q
https://doi.org/10.1002/1096-9098(200012)75:4%3C264::aid-jso7%3E3.0.co;2-q
https://doi.org/10.1016/j.cogc.2014.11.001
https://doi.org/10.1016/j.yexcr.2018.09.023
https://doi.org/10.3389/fonc.2022.1038835
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Sakares et al.

32. Wang B, Shi L, Sun X, Wang L, Wang X, Chen C. Production of CCL 20
from lung cancer cells induces the cell migration and proliferation through PI 3K
pathway. J Cell Mol Med (2016) 20(5):920-9. doi: 10.1111/jcmm.12781

33. Kimsey TF, Campbell AS, Albo D, Wilson M, Wang TN. Co-Localization of
macrophage inflammatory protein-3alpha (Mip-3alpha) and its receptor, CCR®6,
promotes pancreatic cancer cell invasion. Cancer J (2004) 10(6):374-80.
doi: 10.1097/00130404-200411000-00007

34. Zhu CC, Chen C, Xu ZQ, Zhao JK, Ou BC, Sun J, et al. CCR6 promotes
tumor angiogenesis via the AKT/NF-kappaB/VEGF pathway in colorectal cancer.
Biochim Biophys Acta Mol Basis Dis (2018) 1864(2):387-97. doi: 10.1016/
j.bbadis.2017.10.033

35. Su S, Sun X, Zhang Q, Zhang Z, Chen J. CCL20 promotes ovarian cancer
chemotherapy resistance by regulating ABCB1 expression. Cell Struct Funct (2019)
44(1):21-8. doi: 10.1247/csf.18029

36. Liu W, Wang W, Wang X, Xu C, Zhang N, Di W. Cisplatin-stimulated
macrophages promote ovarian cancer migration via the CCL20-CCRG6 axis. Cancer
Lett (2020) 472:59-69. doi: 10.1016/j.canlet.2019.12.024

37. Ignacio RM, Kabir SM, Lee ES, Adunyah SE, Son DS. NF-kappaB-Mediated
CCL20 reigns dominantly in CXCR2-driven ovarian cancer progression. PloS One
(2016) 11(10):20164189. doi: 10.1371/journal.pone.0164189

38. Muyldermans M, Cornillie FJ, Koninckx PR. CA125 and endometriosis.
Hum Reprod Update (1995) 1(2):173-87. doi: 10.1093/humupd/1.2.173

39. Kashyap RJ. Extremely elevated serum CA125 due to endometriosis. Aust
New Z ] obstetrics gynaecology (1999) 39(2):269-70. doi: 10.1111/j.1479-
828X.1999.tb03392.x

Frontiers in Oncology

12

10.3389/fonc.2022.1038835

40. Jablonski G, Sobkiewicz B, Kaczmarek M, Krygier A, Bienkiewicz J,
Malinowski A. Serum concentrations of CCL20/MIP-3alpha in women with
endometriosis. Prz Menopauzalny (2019) 18(1):9-14. doi: 10.5114/pm.2019.84151

41. Skates SJ, Greene MH, Buys SS, Mai PL, Brown P, Piedmonte M, et al. Early
detection of ovarian cancer using the risk of ovarian cancer algorithm with frequent
CA125 testing in women at increased familial risk—-combined results from two
screening TrialsOvarian cancer early detection: ROCA in increased risk women.
Clin Cancer Res (2017) 23(14):3628-37. doi: 10.1158/1078-0432.CCR-15-2750

42. Whitwell HJ, Worthington J, Blyuss O, Gentry-Maharaj A, Ryan A, Gunu R,
et al. Improved early detection of ovarian cancer using longitudinal multimarker
models. Br ] Cancer. (2020) 122(6):847-56. doi: 10.1038/s41416-019-0718-9

43. Zhang M, Cheng S, Jin Y, Zhao Y, Wang Y. Roles of CA125 in diagnosis,
prediction, and oncogenesis of ovarian cancer. Biochim Biophys Acta Rev Cancer
(2021) 1875(2):188503. doi: 10.1016/j.bbcan.2021.188503

44. Bierie B, Stover DG, Abel TW, Chytil A, Gorska AE, Aakre M, et al.
Transforming growth factor-beta regulates mammary carcinoma cell survival and
interaction with the adjacent microenvironment. Cancer Res (2008) 68(6):1809-19.
doi: 10.1158/0008-5472.CAN-07-5597

45. Maggino T, Gadducci A, D'Addario V, Pecorelli S, Lissoni A, Stella M, et al.
Prospective multicenter study on CA 125 in postmenopausal pelvic masses.
Gynecol Oncol (1994) 54(2):117-23. doi: 10.1006/gyno.1994.1179

46. Malkasian GDJr., Knapp RC, Lavin PT, Zurawski VR]r., Podratz KC,
Stanhope CR, et al. Preoperative evaluation of serum CA 125 levels in
premenopausal and postmenopausal patients with pelvic masses: Discrimination
of benign from malignant disease. Am ] Obstet Gynecol (1988) 159(2):341-6.
doi: 10.1016/s0002-9378(88)80081-

frontiersin.org


https://doi.org/10.1111/jcmm.12781
https://doi.org/10.1097/00130404-200411000-00007
https://doi.org/10.1016/j.bbadis.2017.10.033
https://doi.org/10.1016/j.bbadis.2017.10.033
https://doi.org/10.1247/csf.18029
https://doi.org/10.1016/j.canlet.2019.12.024
https://doi.org/10.1371/journal.pone.0164189
https://doi.org/10.1093/humupd/1.2.173
https://doi.org/10.1111/j.1479-828X.1999.tb03392.x
https://doi.org/10.1111/j.1479-828X.1999.tb03392.x
https://doi.org/10.5114/pm.2019.84151
https://doi.org/10.1158/1078-0432.CCR-15-2750
https://doi.org/10.1038/s41416-019-0718-9
https://doi.org/10.1016/j.bbcan.2021.188503
https://doi.org/10.1158/0008-5472.CAN-07-5597
https://doi.org/10.1006/gyno.1994.1179
https://doi.org/10.1016/s0002-9378(88)80081-
https://doi.org/10.3389/fonc.2022.1038835
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Accuracy of CCL20 expression level as a liquid biopsy-based diagnostic biomarker for ovarian carcinoma
	Introduction
	Materials and methods
	Ethics statement
	Patients
	Quantification of biomarkers
	Differential expression analysis
	Statistical analysis

	Results
	Patients’ characteristics and diagnoses
	Chemokine levels in benign and malignant cases
	CCL20 levels in endometriosis differentiation
	CCL20 level in tumor stage differentiation
	CCL20 differential gene expression
	Diagnostic accuracy of CCL20 levels

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


