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PTKY7 protein is decreased in epithelial ovarian
carcinomas with poor prognosis
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Abstract: Epithelial ovarian cancer is the most common tumor of ovary. PTK7 plays an important role in tumors. Till
now, there is no report about the role of PTK7 in ovarian epithelial neoplasms. This study aims to investigate the ex-
pression of PTK7 protein in epithelial ovarian tumors, and its relationship with clinical pathological characteristics.
In this study, immunohistochemical staining was used to detect the expression of PTK7 protein in 14 samples of
normal fallopian tube epithelium and 204 cases of epithelial ovarian tumor. The relationship between the expres-
sion of PTK7 and pathological indicators was statistically analyzed. Kaplan-Meier survival function was used to
analyze the prognosis. The expression of PTK7 was found in 92.86% (13/14) of normal fallopian tube epithelium
and 45.10% (92/204) of epithelial ovarian tumor tissues. The expression level of PTK7 was significantly decreased
from the benign, the intermediate type, to malignant ovarian epithelial tumors (P < 0.001), and decreased from the
normal control group to serous carcinomas (P < 0.001). The expression of PTK7 was significantly different in type |
and type Il epithelial ovarian carcinomas (P < 0.001). PTK7 protein expression was associated with clinical stages (P
=0.038) and metastases (P = 0.038) in ovarian borderline serous tumors. PTK7 protein expression was associated
with clinical stages (P = 0.011), WHO grading (P = 0.004), and MDACC grading (P < 0.001) in ovarian serous carci-
nomas. The survival analysis showed that patients with negative expression of PTK7 protein had a poorer outcome
than those with positive expression (P = 0.017). These results indicate that PTK7 protein may be a tumor suppressor
and a potential prognostic marker in ovarian serous carcinomas.
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Introduction

Ovarian cancer is one of the most common and
lethal cancers in women. Epithelial ovarian can-
cers comprise the vast majority of ovarian
malignancies, which are most commonly
serous carcinomas [1]. In 2013, about 22,240
new cases diagnosed and 14,030 deaths from
ovarian cancer occurred in the United States
[2]. As ovarian cancer is often asymptomatic in
its early stages or presents with vague symp-
toms mimicking extra-ovarian disease, more
than two thirds of the patients with ovarian can-
cer were diagnosed at advanced stage and the
overall survival is very poor. Despite advances
in surgery and chemotherapy, overall cure rate
has remained approximately 30%. The poor
clinical outcome mainly comes from the high

percentage of cases being diagnosed at an
advanced stage and the frequent emergence of
chemoresistance. An improved understanding
of the molecular mechanisms underlying ovari-
an cancer may lead to the development of more
effective therapeutic strategies.

The receptor protein tyrosine kinase 7 (PTK7),
known as colon carcinoma kinase 4 (CCK4) [3]
was first identified as a protein overexpressed
in colon cancer cell lines [4]. The PTK7 gene
organized into 20 exons [B], is a receptor tyro-
sine kinase-like molecule containing an extra-
cellular domain with seven immunoglobulin-like
loops, a transmembrane domain, and a defec-
tive tyrosine kinase domain that resembles a
catalytic domain but lacks catalytic activity [6].
PTK7 is classified as a so-called pseudokinase,
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Table 1. Relationship between the patient’s histologic subtypes and

PTK7 expression in 204 epithelial ovarian carcinomas

known in various cancers
including colon cancer [3,

13], gastric cancer [14],

PTK7
Cell type Rate (% X2 P value
yp Negative Positive (%) lung cancer [15, 1.6], acute
A. Benign tumor Lnyelotld Ieukelnrga [1?
Endometrioid cyst 11 2 9 81.81 reast cancer [18], esop ,_
ageal squamous cell carci-
Serous cyst 6 1 5 83.33 .
i 6 1 83.33 1,000 noma [19], liposarcoma
Mucinous cyst 5 : . samples of all five subtypes
23 4 19 82.61 and in liposarcoma cell
B. The intermediate type lines [20]. There is no
Borderline serous tumor 51 28 23 45.10 report about the role of
51 28 23 45.10 PTK7 in ovarian epithelial
C. Malignant tumor neoplasms. This study
Serous carcinoma 97 69 28 28.87 aims to investigate the
Mucinous carcinoma 5 3 2 40.00 expression of PTK7 in epi-
Endometrioid carcinoma 13 4 9 69.23 thelial ovarian tumor.
Clear-cell carcinoma 15 4 11 73.33 0.000* M ial h
130 80 50 38.46 aterial and methods
*
Total 204 112 92 45.10 15.383 0.000 Patients and clinicopatho-
*P < 0.001.

while no specific ligand has yet been identified
[7]. Pseudokinase PTK7 is a Wnt co-receptor
and an essential regulator of planar cell polarity
(PCP) and directional cell motility in vertebrate
development and embryogenesis [8-10]. Other
data suggest that the stabilized full-length
membrane PTK7 up-regulates the Akt and
c-Jun pathways, and down-regulates the p53
pathways leading to the cell survival signaling
[11]. Full-length PTK7 also suppresses ERK
and CREB-mediated gene expression and cell
motility. The proteolysis of PTK7 ectodomain
(Ig1-1g7) by MT1-MMP and ADAMs generates
the soluble sPTK7 form. The subsequent cleav-
age of the C-terminal membrane PTK7 frag-
ment by y-secretase releases the intracellular
domain (cPTK7). The soluble sPTK7 species
binds the full-length membrane PTK7 and acti-
vates the RhoA [12] and p38a pathways, which
regulate the actin cytoskeleton and the expres-
sion of the migratory genes, including IL1B. The
intracellular PTK7 domain fragment, cPTKY,
enters the cell nucleus and induces the RAS/
p90RSK/CREB signaling resulting in the CREB
and ATF1 phosphorylation at Ser133 and
Ser63, respectively, and the expression of the
pro-migratory genes, including cadherin-11
(CDH11).

The expression of PTK7 is frequently deregu-
lated in cancers. Up-regulation of PTK7 was
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logic variables

The study cohort consisted of 204 epithelial
ovarian tumor tissue samples and 14 normal
fallopian tube tissue samples obtained from
patients who underwent surgery for benign
gynecological diseases from the years 2001 to
2013 at Jinling Hospital, Nanjing, China (Table
1). All hematoxylin-and eosin-stained slides
were reviewed by two gynecological patholo-
gists to verify the diagnosis, histological grade,
and stages. Pathological stage and histological
subtype were determined for each surgical
specimen according to 2002 International
Federation of Gynecology and Obstetrics (FIGO)
criteria, and Pathology and Genetics Tumors of
the Breast and Female Genital Organs (World
Health Organization, WHO 2003). A two-tier
(low-grade and high-grade) system was used to
define the differentiation of ovarian serous car-
cinomas. A dualistic model proposed by Nik
[21] was used to groups various types of epi-
thelial ovarian cancers into two broad catego-
ries, designated type | and type Il. The record of
patients reviewed in the context of clinicopath-
ological information, including 51 cases of
serous tumors and 97 cases of serous carci-
noma. 83 patients with serous carcinoma were
followed up until March 2012. The records of
patients who were alive at follow-up or who did
not die of disease were considered to be cen-
sored. None of the patients received preopera-
tive chemotherapy or radiation therapy. This
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Figure 1. A: Expression of PTK7 was strongly positive expression in mucinous cyst; B: The expression of PTK7 was
weakly positive expression in endometrioid cyst; C: The expression of PTK7 was strongly positive in endometrioid
carcinoma; D: The expression of PTK7 was negative in ovarian endometrioid carcinoma; E: The expression of PTK7
was strongly positive in mucinous carcinoma; F: The expression of PTK7 was strongly positive in clear-cell carci-
noma; (EnVision x400).

investigation was performed after approval
was obtained from the Ethics Committee of
Jinling Hospital. Informed consent was obtained
from each patient.

Immunohistochemistry

Sections from surgical specimens had been
fixed in 10% formalin and embedded in paraffin
and were used for immunohistochemical stain-
ing according to a standard method. Briefly,
each 4-uym tissue section was deparaffinized
and rehydrated. After rehydration through a
graded ethanol series, the sections were auto-
claved in 10 mM citrate buffer (pH 6.0) at
120°C for 2 min for antigen retrieval, then
cooled to 30°C and washed with phosphate-
buffered saline (PBS, pH 7.3). After endogenous
peroxidase had been quenched with aqueous
3% H,0, for 10 minutes and washed with PBS,
the sections were incubated at 4°C overnight
with primary rabbit polyclonal anti-PTK7 anti-
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bodies (Abgent, 9765 Clairemont Mesa Bivd,
Suite C, San Diego, CA 92124) at a dilution of
1:100 and then washed with PBS. Next, the
sections were incubated with secondary anti-
body (Dako REAL EnVision Detection System,
Dako, UK) for 20 min at room temperature. This
was followed by the color development with 3,
3’-diaminobenzidine solution for 2 min and
counterstained with hematoxylin for 3 min.
After counterstaining, slides were washed with
PBS, dehydrated, cleared in xylene, and mount-
ed in neutral balsam.

The PTKY staining of cytoplasmic and nucleus
was independently evaluated for immunoreac-
tivity by two pathologists who were double-
blinded to clinical data according to the scoring
criteria described previously. The evaluation
was analyzed according to both the percentage
of positive cells and the intensity of cytoplas-
mic and nucleus staining. PTK7 expression was
assessed for intensity (O = no staining, 1 =
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Figure 2. A: The expression of PTK7 was strongly positive expression in normal fallopian tube epithelium; B: The
expression of PTK7 was strongly positive expression in benign serous ovarian tumors; C: The expression of PTK7
was weakly positive in borderline serous ovarian tumors; D: The expression of PTK7 was negative in ovarian serous
carcinoma.

Table 2. Percentage of expression of PTK7 in type | and type Il epithelial ovarian carcinomas

PTK7
Type No - — Rate (%) X2 P value
Negative Positive

Type | tumors 48 15 33 68.75 29.459 0.000*
Low-grade serous carcinoma 21 7 14

Low-grade endometrioid carcinoma 7 1 6

Clear cell carcinoma 15 4 11

Mucinous carcinoma 5 3 2

Type Il tumors 82 65 17 20.73

High-grade serous carcinoma 76 62 14

High-grade endometrioid carcinoma 6 3 3

Total 130 80 50 38.46

*P < 0.001.
weak, 2 = moderate, 3 = strong) and the per- Statistical analysis

centage of positive cells (0 = 0%, 1 < 10%, 2 =
10% to 50%, 3 = 51% to 80%, 4 > 80% positive
cells) as defined previously. The scores for
intensity and percentage were multiplied and a
cut-off of 6 was used.
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Chi-square test (Fisher’'s exact test) was used
to assess the associations of PTK7 protein
expression with clinicopathological variables.
Survival curves were constructed using the
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Table 3. Percentage of expression of PTK7 in epithelium of normal
oviduct, benign, borderline, and malignant serous carcinomas

ously expressed according
to the histological subtype

in epithelial ovarian carci-

Group PTK7 o )
- —— Rate (%) X Pvalue nomas (P < 0.001) and was
Negative Positive predominantly expressed
Contrast group 14 1 13 92.86 0.521 (a/b) in benign epithelial ovarian
10140 0.001 (a/¢) tumors in our study (Table

* .

21.507  0.000* (a/d) 1). The expression of PTK7
Benign group 6 1 5 83.33 0.102 (b/c) was significantly different
Borderline group 51 28 23 4510 3.900 0.048 (c/d) in type | and type Il epithe-
Malignant group 97 69 28 28.87 0.012 (b/d) lial ovarian carcinomas (P

*P < 0.001.

Table 4. Comparison of the general characteristics of the in negative

< 0.001). The expression
of PTK7 was more fre-
quently expressed in type |
than type Il (Table 2).

and the positive of PTK7 in ovarian borderline serous carcinomas

L PTK7 PTKT7 Expression in ovar-
Characteristic Negative Positive Rate (%) X2 P value ian serous tumor and
Clinical stages normal fallopian tube

[ 32 14 18 56.25 N .
I, 1 19 14 5 2632 4314 003gx ¢ Positiverateof PTK7in
normal fallopian tube epi-
Metastases thelial expression was
ves 9 14 5 2632 92.86% (13/14), in benign
No 32 14 18 56.25 4.314 0.038* serous tumors was 83.33%
The position of tumors (5/6), in the borderline
Single 36 17 19 52.78 serous tumor expression
Double 15 11 4 26.67 2916 0.088 was 45.10% (23/51), and
Age in serous carcinoma was
<40 35 19 16 45.71 28.87% (28/97) respec-
>40 16 9 7 4375 0.017 0.896 tively. The expression of
*P < 0.05. PTK7 protein was signifi-

Kaplan-Meier method and the differences
between the curves were compared by the log-
rank test. P-values <0.05 (two-sided) were con-
sidered statistically significant. All analyses
were performed by SPSS software (version
16.0, Chicago, IL).

Results

PTKY expression in epithelial ovarian tumors
and its correlation with histological subtypes

Positive staining was noted in 45.10% (92/204)
of epithelial ovarian tumor samples. As shown
in Figure 1A-F and Figure 2A-D, PTK7 staining
was localized predominantly in the cytoplasm
and some in nucleus. The expression of PTK7
protein was significantly decreased from the
benign to malignant ovarian epithelial tumors
(P < 0.001). PTKY protein expression was vari-
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cantly decreased from nor-

mal control group, benign,
borderline and to malignant ovarian serous
tumors (P < 0.001) (Figure 2A-D). And in the
two comparisons, the other groups were statis-
tically significant except for benign serous
tumors and serous tumors (Table 3).

PTKY expression in ovarian borderline serous
tumors and its correlation with clinicopatho-
logical features

The relationship between PTK7 expression and
clinicopathological parameters was depicted in
Table 4. The association of PTK7 expression
and clinicopathological features was analyzed
statistically and demonstrated a direct relation-
ship between PTK7 expression and clinical
stages and metastases (P = 0.038 and 0.038),
while PTK7 expression and other features
failed to reach statistical significance in our
study (Table 4).
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Table 5. Comparison of the general characteristics of serous ovar-
ian carcinomas with negative and positive expression of PTK7

staining experiments, we
showed that positive expres-
sion cases had a significantly

Characteristic - —— Rate (%) x> Pvalue favorable overall survival
Negative Positive .
— (0S) than negative cases (P
Clinical stages = 0.017) (Figure 3).
Early (1, 1) 19 9 10 52.63
Advanced (lll, IV) 78 60 18 23.07 6.499 0.011* Discussion
Who's grades
1,2 28 16 12 42.86 Recent literatures revealed
3 55 47 8 1455 8131 0.004* the function of PTK7 and its
No data 14 §|gnal|ng pathway both dur-
MDACC's grade ing develppment and can(_:er
progression. Most studies
Low 247 14 have indicated that PTK7
High 76 62 14 18.651 0.000* acts as an important regula-
Metastasis tor of both non-canonical
Yes 43 32 11 25.58 Wnt/PCP and canonical
No 54 37 17 31.48 0.406 0.524 Wnt/B-catenin signaling to
Number of tumor promote the migration and
Single Yol 27 14 34.15 proliferation of tumor cells.
Double 56 42 14 2500 0964 0.326 Meng et al found that PTK7
: ) inhibited apoptosis of colon
Maximum diameter of the tumor (cm) cancer cells by mitochondri-
<5 31 23 8 2580 al pathway [22]. Shin et al
5-10 25 21 4 16.00 found that the reduction of
>10 18 13 5 27.77 1.062 0.588 PTK7 expression inhibits
No data 23 tube formation, migration,
Age and invasion of endothelial
<50 39 27 12 30.78 cells and angiogenesis [23].
5055 23 15 8 34.78 PTK7 was known as an onco-
>55 3 27 8 2286 1076 0.584 gene in various cancers.
*P < 0.05.

PTKY expression in serous ovarian cancers
and its correlation with clinicopathological
features

The relationship between PTK7 expression and
clinicopathological parameters was depicted in
Table 5. The association of PTK7 expression
and clinicopathological features was analyzed
statistically and demonstrated a positive rela-
tionship between PTK7 expression and Clinical
stages, WHO grading and MDACC grading (P =
0.011, 0.004, and <0.001), while PTK7 expres-
sion and other features failed to reach a statis-
tical significance in our study (Table 5).

Association of PTK7 expression with the
overall survival among serous ovarian cancer
patients

Using the follow-up data of the 83 patients in
conjunction with the results from the PTK7 IHC
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In this study, we evaluated

the expression of PTK7 pro-
tein and the relationship between PTK7 status
and clinical features in a relatively large cohort
of patients with epithelial ovarian tumors. Our
results show that the expression of PTK7 pro-
tein significantly decreased from the benign to
malignant ovarian epithelial tumors including
serous ovarian tumors. In addition, the current
study showed that the expression of PTK7 was
more frequently expressed in the early clinical
and no transfer of borderline ovarian serous
tumors (Table 4). The expression of PTK7 was
more frequent positive in the early clinical and
well-differentiated serous ovarian cancer
(Table 5). Our study was designed to include a
large sample size to decrease bias of the
results, according to the reporting of expres-
sion profiling of the ovarian surface kinome
[24]. In Pejovic’s study, PTK7 displayed a dis-
tinctive linear decrease trend in expression
from normal, high risk (two or more first-degree
relatives with ovarian and/or breast cancer or

Int J Clin Exp Pathol 2014;7(11):7881-7889
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Survival Functions

Lin et al reported that PTK7
expression was significantly relat-

Group
—MPTKTnegative ed to the favorable overall surviv-
IPTK7postive . .
B A et A al and disease free survival of
= PTK7postive-censored

gastric cancer [27]. In the pres-

10
i | (N=63)positive
. L )
> 06
C
3
w
E =
b (N=20)negative
0.2
P=0.017
0.0
T T v T T T
0 25 50 75 100 125
time(month)

Figure 3. Comparison of the Kaplan-Meier survival curves between two

groups (P < 0.05).

they had a personal history of breast cancer
and a first-degree relative with breast and/or
ovarian cancer), and malignant epithelium by
using semiquantitative reverse transcription
polymerase chain reaction and tissue array of
202 ovarian cancer samples [24]. Our study
showed that the expression of PTK7 protein
decreased and was in consistence with down-
regulation of PTK7 mRNA reported by Pejovic et
al. Based on these results, we postulate that
PTK7 may play a role of tumor suppressor in
epithelial tumors of the ovary. Interestingly, the
deletion of chromosome 6p, where the PTK7
gene is located (6pl12.2-21.1) [25], was also
found in certain cancers including breast can-
cer [26]. The molecular mechanisms of
decreased expression in ovarian epithelial
tumors should to be explored in next study.

On the basis of a series of morphologic and
molecular genetic studies, Nik et al proposed a
dualistic model that divides the various histo-
logical types of EOCs into two broad categories
designated type | and type Il [21]. Type | tumors
comprise low-grade serous, low-grade endome-
trioid, mucinous, and clear cell carcinomas.
Type Il tumors are composed of high-grade
serous, high-grade endometrioid, undifferenti-
ated carcinomas, and malignant mixed meso-
dermal tumors (carcinosarcomas). Our study
showed that the positive expression of PTK7
was more frequent in type | than in type Il. PTK7
may be a molecular marker for studying the ori-
gin and a dualistic model of ovarian cancers.
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ent study, the survival analysis
showed that patients with nega-
tive expression of PTK7 protein
had a poorer outcome than those
with positive expression. Our
data indicate that PTK7 (Figure
3) may be a potential prognostic
marker in  ovarian  serous
carcinoma.

In summary, we found that the
PTK7 expression was signifi-
cantly relevant to histological
classification of epithelial ovarian
cancers, the clinical stages and
metastasis of borderline ovarian
serous tumors. The expression of PTK7 protein
significantly decreased from the benign, bor-
derline and to malignant ovarian epithelial
tumors as well as from normal control group,
benign, borderline and to malignant ovarian
serous tumors. PTK7 acts as a tumor suppres-
sor in epithelial tumors of the ovary and it may
be a potential prognostic marker in ovarian
Serous carcinomas.
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