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Abstract
Ovarian carcinoma is the most lethal gynecological malignancy among women and its poor
prognosis is mainly due to metastasis. Chemokine receptor CCR9 is primarily expressed by a
small subset of immune cells. The interactions between CCL25 and CCR9 have been implicated in
leukocyte trafficking to the small bowel, a frequent metastatic site for ovarian cancer cells. We
have previously shown that ovarian cancer cells express CCR9 and play an important role in cell
migration, invasion and survival in the presence of its natural ligand in vitro. In this study, we
have evaluated the expression of CCR9 and CCL25 in ovarian cancer cells and clinical samples.
Ovarian cancer tissue microarrays from University of Alabama at Birmingham and AccuMax
were stained for CCR9 and CCL25. Aperio ScanScope was used to acquire 80X digital images
and expression analysis of CCR9 and CCL25. Flow cytometry and the Image stream system were
used to conform the expression of CCR9 and CCL25 in ovarian cancer cells. Our results show
significantly higher (p<0.001) expression of CCR9 and CCL25 in serous adenocarcinoma
followed by serous papillary cystadenoma, endometrioid adeno-carcinoma, mucinous
adenocarcinoma, cystadenoma, mucinous boderline adenocarcinoma, clear cell carcinoma,
granulosa cell tumor, dysgerminoma, transitional cell carcinoma, Brenner tumor, yolk sac tumor,
adenocarcinoma and fibroma cases, compared to non-neoplastic ovarian tissue. Similar to tissue
expression, CCR9 was also significantly expressed by the ovarian cancer cell lines (OVCAR-3
and SK-OV-3) in comparison to normal adult ovarian epithelial cell. We provide the first evidence
that CCR9 and its natural ligand CCL25 are highly expressed by ovarian cancer tissue and their
expression correlates with histological subtypes. Expression of this chemokine receptor and its
ligand CCL25 within primary tumor tissue further suggests a potential role of this chemokine-
receptor axis in ovarian cancer progression.

Keywords
chemokine; ovarian cancer; CCR9 and CCl25

Introduction
Ovarian cancer is the fifth most common cause of death from all cancers occurring in
women and is a leading cause of mortality from gynecologic cancer. Human epithelial
ovarian cancer (EOC) constitutes approximately 90% of ovarian malignancies and is most
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thought to arise from ovarian surface epithelium (1). Despite aggressive treatment, 5-year
survival rate remains only 25%, the main cause of treatment failure and death for cancer
patients is metastasis (2). Metastasis is the result of several sequential steps and represents a
highly organized, nonrandom and organ selective process (3). Ovarian cancer is
characterized by early spreading to peritoneal wall, diaphragm and omental structures.
Although a number of molecules have been implicated in the metastasis, the precise
mechanisms of the directional migration and invasion of tumor cells into specific organs
remain to be established. Many studies suggested the mechanisms used for homing of
leukocytes and hematopoietic progenitors may be appropriated for the dissemination of
tumors via the bloodstream and lymphatics.

Chemokines belong to 8–10 kDa chemoattractive cytokines. They are divided into four
subfamilies: CC, CXC, C and CX3C, on the basis of the position of their NH2-terminal
cysteine residues. They possess a wide range of biological activities, including the
regulation of leukocyte trafficking, the modulation of hematopoietic cell proliferation,
adhesion to extracellular matrix molecules and directional migration by binding to
transmembrane G-protein-coupled receptors of target cells (4,5). Thymus-expressed
chemokine (TECK) or CCL25, a CC chemokine expressed predominantly in thymus and
epithelium of the small intestine and a ligand of CCR9, mediates chemotaxis of CCR9-
bearing T cells (6,7). A number of studies have shown selective expression of CCR9 on
small intestinal infiltrating T cells (8–10). Recent studies have also shown more evidence of
this site-specific immunity by demonstrating that, in patients with inflammatory bowel
disease, there are increased numbers of CCR9 (+) lymphocytes circulating in peripheral
blood (11). We have previously shown the CCR9 expressed by prostate cancer cells and
tissues (12) and recently show that CC chemokine receptor 9 (CCR9) and its natural ligand
CCL25 interaction up-regulates anti-apoptotic proteins (i.e. PI3K, AKT, ERK1/2 and
GSK-3β) and down-regulates activation of caspase-3 in prostate cancer cells (13). Based on
this information, we investigated the specific expression of CCR9-CCL25 axis in the
ovarian cancer. The aim of the present study was to evaluate expression of CCR9 and
CCL25 in normal ovarian surface epithelium and epithelial ovarian cancer tissue by
immuno-histochemical staining. We further explored the potential association between
expression of CCR9 and CCL25 and clinico-pathological features.

Materials and methods
Tissue specimens

The tissue microarray (TMA) slides con-taining malignant and non-neoplastic ovarian
tissues (n=94) were procured from AccuMax Array (ISU Abxis Co., Ltd.). To construct
tissue microarrays, at least two cores (1 mm in diameter) per patient were arrayed on a
receiver blank paraffin block. A qualified pathologist concerning the histopathology, the
class and the grade of the tumor validated each core of the tissue microarray one additional
time. The ovarian cancer tissue microarray used in this study was composed of tumors from
43 patients. These ovarian tumors represent all histo-pathological subtypes. TMA consisted
of 8 non-neoplastic, 18 serous adenocarcinoma, 2 serous papillary cystadenoma, 10 endo-
metrioid adenocarcinoma, 4 mucinous adenocarcinoma, 6 cystadenoma, 2 mucinous
boderline adenocarcinoma, 10 clear cell carcinoma, 6 granulosa cell tumor, 6
dysgerminoma, 6 transitional cell carcinoma, 2 Brenner tumor, 8 yolk sac tumor, 2
adenocarcinoma and 4 fibroma tissue samples. These tissues represented each tumor grade
of ovarian cancer.
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Immunohistochemistry
The TMA slides were stained with anti-human CCR9 and CCL25 mAb by antigen retrieval
immunohistochemistry technique using a Vector ABC kit (Vector Laboratories). Briefly, the
TMA slides were deparaffinized, rehydrated, and incubated in 0.3% H2O2. After antigen
retrieval, slides were incubated in Vectastain normal serum. The samples were then probed
with anti-human CCR9 (Clone) and CCL25 mAb. After washing with PBS containing
0.05% Tween-20 (PBS-T), samples were incubated with secondary antibody and washed
again with PBS-T before incubation with ABC solution. The immunohistochemical reaction
color was developed with 3,3′-diaminobenzidine (DAB) substrate (DAB substrate kit,
Vector Laboratories). The slides were washed, counterstained with haematoxylin,
dehydrated, and mounted with Vectamount permanent mounting media (Vector
Laboratories). All slides were analyzed using Aperio ScanScope scanning system (Aperio
Technologies).

Quantitation of immunohistochemical staining
To numerically analyze the immunohistochemical staining, virtual slides were created from
the stained samples after scanning each specimen using Aperio ScanScope scanning system
(Aperio Technologies). The ScanScope generated true color digital images of each stained
sample, which were viewed using Aperio ImageScope (version 6.25) software. The
algorithm for determining the intensity of membrane-specific staining was used to calculate
the staining intensity and percent target labeled for each sample by digitally analyzing the
color intensity. A color markup image for each slide was obtained based on membrane
staining intensity. The output was viewed as determinations of staining intensity ranging
from 0 to 3 to correlate with conventional manual scoring methods (0, negative; and 3,
strong staining) and statistical analyses were performed using the mean of these values.
Further, hierarchical cluster analysis of immunohistochemistry was performed using
EPCLUST (http://www.bioinf.ebc.ee/EP/EP/EPCLUST/index).

Cell culture
Human ovarian cancer cell lines (OVCAR-3 and SK-OV-3) were obtained from the ATCC.
The cells were cultured in RPMI-1640 (Mediatech, Inc.), supplemented with 10% fetal
bovine serum (FBS, Sigma) at 37°C with 5% CO2. Prior to each experiment, cells were
cultured for 24 h in RPMI-1640 and 2% charcoal-striped FBS.

Flow cytometry analysis of CCR9 surface expression
Fluorescein- conjugated mouse anti-human CCR9 (clone 112509) antibody and fluorescein-
conjugated mouse IgG2a immunoglobulin isotype control was purchased from R&D
Systems. Ovarian cancer cells were washed three times in phosphate buffered saline (PBS)
[supplemented with 1% bovine serum albumin (BSA)] and treated with 1.0 µg of Fc Block
(Pharmingen) per 105 cells for 15 min at room temperature. Fc-blocked cells were stained
with 1.0 µg of fluorescein-conjugated mouse anti-human CCR9 or fluorescein-conjugated
mouse IgG2a isotype control antibody per 105 cells at 4°C for 1 h. Subsequently, the cells
were washed with 1.0 ml of fluorescence-activated cell-sorting (FACS) buffer (1% BSA in
PBS) to remove unbound antibodies. Next, labeled cells were fixed in 500 µl of 2%
paraformaldehyde solution, and 105 cells were analyzed by flow cytometry using a
FACScan flow cytometer as well as using Amnis Image stream system and data were
analyzed using CellQuest software (BD Pharmingen).

Statistical analyses
CCR9 and CCL25 expression intensity by ovarian TMAs was tested for normality
assumptions using the Shapiro-Wilk test and was transformed to a log scale. The general
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linear models (GLM) procedure was used to test the association of CCR9 and CCL25
expression and disease condition using SAS version 9.1.3 statistical analysis software.
Results were declared significant at a α level of 0.001. The experimental data were
compared using a two-tailed Student's t-test and expressed as the mean ± SEM. The results
were analyzed using the StatView II program (Abacus Concepts, Inc.) and were recorded
statistically significant at p-value <0.01. Using the Cell Quest Software, the Kolmogorov-
Smirnov (K-S) two-sample test was used to calculate the statistical significance of the CCR9
histograms.

Results
Ovarian cancer TMAs consisting of tissue from 43 cases were evaluated for CCR9 and
CCL25 expression

Forty-three patients were diagnosed with histological subtypes, 9 serous adenocarcinoma, 1
serous papillary cystadenoma, 5 endometrioid adenocarcinoma, 2 mucinous
adenocarcinoma, 3 cystadenoma, 1 mucinous boderline adenocarcinoma, 5 clear cell
carcinoma, 3 granulosa cell tumor, 3 dysgerminoma, 3 transitional cell carcinoma, 1 Brenner
tumor, 4 yolk sac tumor, 1 adenocarcinoma and 2 fibroma. There are 8 non-neoplastic cases.
CCR9 and CCL25 expression was not detected significantly in non-neoplastic tissue (Fig.
2), but they were expressed in different ovarian carcinomas. CCR9 surface protein
expression was evaluated in ovarian cancer cells by flow cytometry (Fig. 1A) and further
evaluated using Amnis Image stream system (Flow-based Imaging system) to show CCR9
and CCL25 expression (Fig. 1B). To study the coordinated expression of CCR9 and CCL25
we analyzed 92-stained core of tissue samples using unsupervised hierarchical clustering
analysis (average linkage method) with CCL25 and CCR9 co-expression in ovarian
carcinomas (Fig. 3). All cancer specimens showed significantly (p<0.0001) higher
expression of CCR9 and CCL25 in comparison to non-neoplastic tissue (Figs. 4 and 5).
Serous adenocarcinoma significantly correlated with dysgerminoma (p=0.0023), yolk sac
tumor (p=0.0123) and adenocarcinoma (p=0.0025) in CCR9 expression, whereas CCL25
was positively correlated with cystadenoma (p=0.0283), dysgerminoma (p=0.0014),
transitional cell carcinoma (p=0.0092) and fibroma (p=0.0044). Endometrioid carcinoma
significantly expressed CCL25 correlating to mucinous adenocarcinoma (p=0.0052),
dysgerminoma (p=0.0249), transitional cell carcinoma (0.0019), adenocarcinoma (0.0438)
and fibroma (p=0.0337), whereas CCR9 expression only significantly correlated with
dysgerminoma (p=0.0251) and adenocarcinoma (p=0.0009). Mucinous adenocarcinoma
expressed CCR9 and CCL25 that is significantly correlated with cystadenoma (p=0.0059
and 0.0031), dysgerminoma (p=0.0026 and 0.0002), Brenner tumor (p=0.0106 and 0.0082),
yolk sac tumor (p=0.0136 and 0.0162) and fibroma (p=0.0219 and 0.0003), respectively.
CCR9 expression was also higher in adenocarcinoma (p=0.0163) and CCL25 in mucinous
boderline adenocarcinoma (p=0.0169) and clear cell carcinoma (p=0.0036). Cystadenoma
expressed CCR9 as well as CCL25 that showed significant differences with transitional cell
carcinoma (p=0.0451 and 0.0021) and adenocarcinoma (p=0.0002 and 0.02). Expression of
CCR9 and CCL25 by mucinous boderline adenocarcinoma showed significant difference
with dysgerminoma (p=0.047), Brenner tumor (p=0.0052), transitional cell carcinoma
(p=0.044) and adenocarcinoma (p=0.0088 and 0.0235), similarly, clear cell carcinoma
expressed the same, but granulosa cell tumor, yolk sac tumor and fibroma was not
significantly correlated with any carcinoma except transitional cell carcinoma (p=0.015).
Transitional cell carcinoma expressed CCR9 and CCL25, which significantly correlated
with Brenner tumor and yolk sac tumor. These results showed CCR9 and its ligand CCL25
is co-expressed in ovarian cancer carcinomas depending on the different stages.
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Discussion
Ovarian cancer is the most lethal gynecological malignancy and the fifth leading cause of
cancer-related deaths among women in the United States. Late diagnosis and metastasis are
major causes for this high mortality rate (14). Chemokines have been shown to play
important roles in organ-specific homing of cancer cells to distant organs (5,15). CCL25-
CCR9 interactions are key to leukocyte homing to the small bowel (16,17), a common and
fatal site of ovarian cancer metastasis. CCL25-CCR9 interactions have been previously
implicated in the progression of melanoma and prostate cancers (12,18). Other studies
concluded CCR9 is highly expressed by melanoma cells and all melanoma cells isolated
from small intestine metas- tases (19). In this regard, high levels of CCL25 in the gut
mucosa and expression of CCR9 by ovarian cancer cell lines suggest CCL25-CCR9
interactions might play a significant role in the mucosal homing of ovarian cancer cells.

Ovarian tumors display histological heterogeneity (20). The histological classification of
ovarian tumors by the World Health Organization (WHO) is based on the histogenesis of the
normal ovary (20). The histogenetic classification categorizes ovarian neoplasms with
regard to their derivation from coelomic surface epithelium, germ cells, and mesenchyme
(the stroma and the sex cord). The majority of malignant ovarian tumors are epithelial. They
can be further grouped into histological types as follows: serous, mucinous, endometrioid,
clear cell, transitional cell tumors (Brenner tumors), mixed epithelial tumor and others.
Efforts at early detection and new therapeutic approaches to reduce mortality have been
largely unsuccessful, because the origin and pathogenesis of epithelial ovarian cancer are
poorly understood. Despite numerous studies that have carefully scrutinized the ovaries for
precursor lesions, none have been found. This has led to the proposal that ovarian cancer
develops de novo. Studies have shown that epithelial ovarian cancer is not a single disease
but is composed of a diverse group of tumors that can be classified based on distinctive
morphologic and molecular genetic features. One group of tumors, designated type I, is
composed of low-grade serous, low-grade endometrioid, clear cell, mucinous and
transitional (Brenner) carcinomas. These tumors generally behave in an indolent fashion, are
confined to the ovary at presentation and, as a group, are relatively genetically stable. They
lack mutations of TP53, but each histologic type exhibits a distinctive molecular genetic
profile. Moreover, the carcinomas exhibit a shared lineage with the corresponding benign
cystic neoplasm, often through an intermediate (borderline tumor) step, supporting the
morphologic continuum of tumor progression (21).

In this study, we used immunohistochemical staining to examine CCR9 and CCL25
expression in non-neoplastic and epithelial ovarian cancer tissue. We failed to detect CCR9
and CCL25 expression in non-neoplastic ovarian surface epithelium, but they were co-
expressed in the follicular cells of ovarian cortex. Ovarian cancer cells mainly showed
cytoplasmic CCR9 staining. We have previously shown that human prostate tumor cells
express CCR9 (12,13). The specific ligand of this receptor is CCL25, previously it was
reported that CCR9 is expressed on human melanoma cells and participates in the enhanced
motility of melanoma cells and is likely a ‘homing receptor’ for melanoma to the small
bowel (18,19). The ligand for CCR9, CCL25, is strongly expressed in the small bowel and
the thymus (11,22). Tumors of surface epithelial origin constitute about two thirds of all
ovarian neoplasms and an even greater proportion of ovarian malignant neoplasms. They
occur predominantly in adults, with the malignant forms generally appearing later in life.
Serous neoplasms are the most common neoplasms. Macroscopically, serous cystadenoma is
often a unilocular cyst, with a smooth surface and filled with serous fluid, and sometimes
consists of multilocular cysts. Adenofibroma is a predominantly solid fibrous tumor. Serous
carcinoma expresses CCR9 and CCL25 (Fig. 2); it exhibits a mixture of cystic, papillary,
and solid growth patterns. The carcinoma often invades through the ovarian capsule and

Singh et al. Page 5

Int J Oncol. Author manuscript; available in PMC 2013 September 03.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



grows on the surface of the ovary. Foci of necrosis and hemorrhage are common in serous
carcinoma. Serous adenoma is lined by tubal-type epithelium. The tubal-type epithelium is
composed of tall ciliated and non-ciliated cuboidal cells with elongated nuclei, and
intercalated and clear cells are fewer. In serous adenofibroma, the stroma is the dominant
component of the neoplasm. A serous borderline tumor is lined by tubal-type epithelium as
is a benign serous tumor, but with fewer ciliated cells and some evidence of proliferative
activity. The cells are stratified into several layers, forming tufts. Complex papillary and
glandular growth patterns are characteristic. The tumor cells exhibit mild to marked nuclear
atypia, and mitotic figures are present, but neither of these features is as pronounced as in
serous carcinoma. Obvious stromal invasion is not identified. However, peritoneal implants
of this tumor are rarely identified (23). Serous carcinoma is composed in part of papillae
lined by stratified cells of serous type. More extensive cellular budding, more confluent
cellular growth, and usually greater nuclear atypia than serous borderline tumors
characterize serous carcinomas by obvious stromal invasion (Fig. 2). The detection of CCR9
and CCL25 protein expression should be useful for the diagnosis and prognosis of ovarian
serous cancers, and CCL25 might be a useful molecular target for ovarian cancer therapy.

Mucinous cystadenoma is one of the most common ovarian neoplasms, we have shown it
expresses CCR9 and CCL25 and shows significant difference in comparison to non-
neoplastic type. Mucinous adenocarcinomas are predominantly solid. Necrosis and
hemorrhage are more common in invasive than borderline and benign mucinous tumors.
Most of the neoplastic cells contain abundant cytoplasmic mucin, but some have mucin-free
and eosinophilic cytoplasm. The stroma is diffusely infiltrated with neutrophils. This tumor
is often associated with endometriosis. In contrast, intestinal type mucinous borderline
tumors either lack papillae or have branching papillae. The cysts and papillae are lined by
atypical epithelium that contains variable numbers of goblet cells and other intestinal cell
types (24). Similarly, endometrioid tumors also express CCR9 as well as CCL25;
histologically resembling adenocarcinoma of the endometrium (25). These tumors are solid
masses with a soft, firm, or fibrous consistency. They are often predominantly cystic and
contain soft or firm solid nodular masses. These cysts are usually filled with chocolate-
colored fluid. Because most patients with mucinous adenocarcinoma are in the early stage
(26), these patients show a better prognosis than those with other histological types (27). It is
known that the majority of mucinous adenocarcinoma is either well- or moderately-
differentiated and this contributes to the low risk of relapse for FIGO stage I tumors (27).
We also found that patients in the early stage showed a good outcome. On the other hand,
patients with advanced mucinous adenocarcinoma had a poorer outcome, which is well
recognized, supporting the findings of Winter et al 28). There was no significant difference
in survival between mucinous invasive adenocarcinoma and serous adenocarcinoma in
patients with optimal operation. In contrast, patients with suboptimal operation showed a
significantly worse prognosis than those with serous adenocarcinoma. CCR9-CCL25
expression was strongly associated with endometroid histological subtype. In ovarian
cancer, however, CCR9 staining seems to be of prognostic importance with respect to
staining in univariate analysis.

We have shown that clear cell tumors, comprise 5–10% of all ovarian cancers in Western
countries (29) and expressed higher CCL25. Microscopically, clear cell carcinoma contains
clear cells and hobnail cells. Clear cells are typically polygonal, have distinct cell
membranes, and contain abundant clear cytoplasm and eccentric nuclei (Fig. 2). The clear
cells grow as tubular, papillary, solid, or frequently mixed types. The hobnail cells are
characterized by apical nuclei that protrude into the lumen of tubules and cysts beyond the
cytoplasmic limits of the cells. Multiple complex papillae are often encountered. The
hyaline condensations of basement membrane materials are seen, particularly in the core of
papillae. The transition between endometriosis and clear cell carcinoma is often observed.
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Nests and columns of epithelial cells characterize Brenner tumors, majority are of
transitional type, resembling urothelial cells. These tumor nests are distributed within a
predominant fibrous stroma. Cells filled with mucin are present in varying amounts in one-
third of the cases. Malignant transitional cell tumors (Brenner tumors) resemble a high-grade
transitional cell carcinoma of the bladder (30).

We demonstrated that clear cell and endometrioid carcinomas express significantly higher
CCR9 and CCL25 than other tumors; these carcinomas tend to remain confined to the ovary,
and approximately half the cases are associated with endometriosis. Clear cell and
endometrioid carcinomas may arise from the ovarian endometriosis, and the ovary is
primary site of these tumors. Therefore, clear cell carcinomas in extra ovarian extension may
have an aggressive clinical course.

In contrast, serous carcinomas generally have extensive peritoneal implantation and ascites;
spread above the pelvic floor is evident at operation in more than half the cases. Lymph
node metastasis and pulmonary involvement are frequent, particularly in the late stages of
the disease; hematogenous metastases are occasionally encountered. These tumors arise
from the surface epithelium, which is basically similar to peritoneal surface epithelium, most
often via neoplastic transformation of a surface epithelial inclusion cyst. Clear cell and
endometrioid carcinomas may be unique histological types compared with serous
carcinomas in respect to stage distribution and association with endometriosis.

We provide the first evidence that ovarian cancer cells and patient tissue express functional
CCR9 and CCL25. Expression of the receptor and its natural ligand with in primary tumor
tissue suggest that this chemokine-receptor axis may be involved in ovarian cancer
progression.
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Figure 1.
CCR9 and CCL25 expressed by the ovarian cancer cells (A). Ovarian cancer cells were
stained with fluorescein-conjugated anti-CCR9 and fluorescein-conjugated isotype control
antibody and analyzed by FACS. (B) Ovarian cancer cells were stained with fluorescein-
conjugated anti-CCR9. Intracellular CCL25 was stained with PE-conjugated anti-CCL25
and nuclei were stained with Draq-5. Merged data show the expression of CCR9 on the
surface and CCL25 expression in the nucleus.
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Figure 2.
CCR9 and CCL25 expressed by the ovarian cancer tissue. Ovarian cancer tissues from non-
neoplastic (n=8), serous adenocarcinoma (n=9), serous papillary cystadenoma (n=1),
endometrioid adenocarcinoma (n=5), mucinous adenocarcinoma (n=2), cystadenoma (n=3),
mucinous boderline adenocarcinoma (n=1), clear cell carcinoma (n=5), granulosa cell tumor
(n=3), dysgerminoma (n=3), transitional cell carcinoma (n=3), Brenner tumor (n=1), yolk
sac tumor (n=4), adenocarcinoma (n=1) and fibroma (n=2) were stained with isotype control
or anti-CCR9 and CCL25 antibodies. Brown (DAB) color shows CCR9 staining and
Magenta color show CCL25. An Aperio Scan Scope system with a ×40 objective captured
digital images of each slide. Representative cases are indicated and immuno-intensities of
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CCR9 and CCL25 were quantified using image analysis Aperio ImageScope v.6.25
software.
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Figure 3.
Hierarchial cluster analysis of CCR9 and CCL25 expression in ovarian cancer. Each column
represents a different tumor and each row a different marker. The red segment of the
dendogram indicates a group of cases positive for all markers with interpretable data. Green,
score 0; black, score 1; brown, score 2; red, score 3; and blue, missing data.
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Figure 4.
Analysis of CCL25 expressed by the ovarian cancer tissue. CCL25 expression was analyzed
and presented as a modified box plot. Lower, middle and upper lines, respectively, in the
box represent the first quartile (Q1), median (Q2) and third quartile (Q3). Upper (T) and
lower (_I_) whiskers are represented by median ±1.5 (Q3-Q1). Significant differences from
non-neoplastic are indicated in table with their respective p-value to show significant
differences between serous adenocarcinoma, serous papillary cystadenoma, endometrioid
adenocarcinoma, mucinous adenocarcinoma, Cystadenoma, mucinous boderline
adenocarcinoma, clear cell carcinoma, granulosa cell tumor, dysgerminoma, transitional cell
carcinoma, Brenner tumor, yolk sac tumor, adenocarcinoma and fibroma.
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Figure 5.
Analysis of CCR9 expressed by the ovarian cancer tissue. CCR9 expression was analyzed
and presented as a modified box plot. Lower, middle and upper lines, respectively, in the
box represent the first quartile (Q1), Median (Q2) and third quartile (Q3). Upper (T) and
lower (_I_) whiskers are represented by median ±1.5 (Q3-Q1). Significant differences from
non -neoplastic are indicated in table with their respective p-value to show significant
differences between serous adenocarcinoma, serous papillary cystadenoma, endometrioid
adenocarcinoma, mucinous adenocarcinoma, Cystadenoma, mucinous boderline
adenocarcinoma, clear cell carcinoma, granulosa cell tumor, dysgerminoma, transitional cell
carcinoma, Brenner tumor, yolk sac tumor, adenocarcinoma, and fibroma.
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