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Abstract: Protein tyrosine kinase 7 (PTK7) is a catalytically inactive receptor tyrosine kinase that is involved in de-
velopment and tumorigenesis. PTK7 expression and its functional roles have been investigated in several human
cancers, although controversial results have been obtained. In this study, we investigated the expression of PTK7
protein in invasive ductal breast cancer tissues, and analyzed its relationship with clinicopathologic parameters.
Seventy-nine consecutive invasive breast cancer tissues were included in the study, and PTK7 protein was detected
in invasive ductal breast cancers and normal breast epithelial cells by immunohistochemistry. Positive staining was
noted in all normal breast epithelial cells and differential expression was observed in breast carcinomas. Thirty-
eight of 79 samples (48.1%) were negative or stained weakly for PTK7 (-), 19 (24.1%) showed moderate staining (+),
and 22 (27.8%) were strongly stained (++). PTK7 expression was negatively associated with tumor grade (P=0.025,
r=-0.251), tumor-node-metastasis stage (P=0.004, r=-0.317), lymph node metastasis (P=0.002, r=-0.351), human
epidermal growth factor receptor 2 expression (P=0.029, r=-0.245), and Ki67 expression (P=0.004, r=-0.317), and
positively associated with estrogen receptor (ER) expression (P=0.037, r=0.235). No significant relationship was
found between PTK7 expression and patient age or progesterone receptor (PR) expression. Our data indicated that
PTK7 protein was down-regulated in breast cancer cells compared with healthy epithelial cells, and that PTK7 may
be a tumor suppressor gene in breast cancer. Future studies should explore the molecular mechanisms underlying
the down-regulation and functional roles of PTK7 in breast cancer.
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Introduction

Protein tyrosine kinase 7 (PTK7) was originally
identified as an mRNA expressed in human
colon carcinomas [1]. It is classified as a pseu-
dokinase, which is a highly evolutionarily con-
served cell surface planar cell polarity receptor
belonging to the receptor tyrosine kinase family
[2]. PTK7 expression has been investigated in
several human cancers, and was shown to be
upregulated in colorectal cancer [3, 4], esopha-
geal squamous cell carcinoma [5], and intrahe-
patic cholangiocarcinoma [6]. Moreover, Tian et
al. documented higher PTK7 mRNA expression
in colorectal cancer than non-tumorous muco-
sa [4].

PTK7 expression has been correlated with
tumor differentiation, lymph node metastasis,
distant metastasis, and tumor-node-metasta-

sis(TNM) stage in colorectal cancer. Additionally,
a significant correlation between PTK7 overex-
pression and favorable survival was observed
in colorectal cancer patients. Jin et al. explored
the underlying mechanism of PTK7 in intrahe-
patic cholangiocarcinoma by suppressing its
expression in cell lines [6]. PTK7 knockdown
with small interfering RNA in cells expressing
high levels of PTK7 impaired invasion, migra-
tion, and DNA synthesis, and also induced cell
apoptosis and decreased phospho-RhoA ex-
pression. Moreover, PTK7 protein expression
was detected in 75.9% of intrahepatic cholan-
giocarcinoma samples, compared with 6.8% of
healthy bile ducts, suggesting that PTK7 has an
oncogenic role in tumorigenesis.

However, PTK7 also has a tumor suppressive
role in some cancer types. PTK7 expression
was tested in a panel of human melanoma cell
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Table 1. Relationship between PTK7 expression and clinicopathologicdatain invasive ductal breast

carcinoma
PTK7 protein expression
Parameters No. - N T Pvalue r
79 38 (48.1%) 19 (24.1%) 22 (27.8%)

Age (years)
>50 47 25 (53.2%) 11 (23.4%) 11 (23.4%) 0.232 0.136
<50 32 13 (40.6%) 8 (25.0%) 11 (34.4%)

Grade
1/2 54 22 (40.7%) 13 (24.1%) 19 (35.2%) 0.025 -0.251
3 25 16 (64.0%) 6 (24.0%) 3(12.0%)

TNM stage
1 19 3 (15.8%) 6 (31.6%) 10 (52.6%) 0.004 -0.317
2 40 23 (57.5%) 9 (22.5%) 8 (20.0%)
3/4 20 12 (60.0%) 4 (20.0%) 4 (20.0%)

Lymph node metastasis
No 32 9 (28.1%) 9 (28.1%) 14 (43.8%) 0.002 -0.351
Yes 47 29 (61.7%) 10 (21.3%) 8 (17.0%)

Molecular subtype
A+B 43 16 (37.2%) 14 (32.6%) 13 (30.2%) 0.195 -0.147
HER2 21 14 (66.7%) 3 (14.3%) 4 (19.0%)
Triple 15 8 (53.3%) 2 (13.3%) 5 (33.3%)

ER expression
- 38 24 (63.2%) 5 (13.2%) 9 (23.7%) 0.037 0.235
+ 41 14 (34.1%) 14 (34.1%) 13 (31.7%)

PR expression
- 33 15 (45.5%) 7 (21.2%) 11 (33.3%) 0.508 -0.076
+ 46 23 (50.0%) 12 (26.1%) 11 (23.9%)

HER2 expression
0/1+/2+ 59 24 (40.7%) 16 (27.1%) 19 (32.2%) 0.029 -0.245
3+ 20 14 (70.0%) 3 (15.0%) 3 (15.0%)

Ki67 expression
<20% 49 17 (34.7%) 15 (30.6%) 17 (34.7%) 0.004 -0.317
>20% 30 21 (70.0%) 4 (13.3%) 5 (16.7%)

lines at defined stages of progression, together
with 10 melanoma biopsies [7], and shown to
be quantifiable in healthy melanocytes. These
levels were significantly higher than the trace
amounts detected in primary melanomas and
metastatic melanoma cell lines. Moreover,
PTK7 expression was only detected only in 3/4
early melanomas, and in 2/10 metastatic mel-
anoma biopsy samples. These results suggest-
ed a tendency toward the loss of PTK7 expres-
sion with increasing tumorigenicity of melano-
ma cell lines.

Kim et al. detected PTK7 downregulation at
both the mRNA and protein level in lung squa-
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mous cell carcinoma [8], and found that PTK7
overexpression inhibited cell proliferation, inva-
sion, and migration. PTK7 downregulation was
also observed in clear renal cell carcinoma
compared with normal renal tissues [9]. We
previously measured PTK7 expression in epi-
thelial ovarian cancer, and found that PTK7 was
expressed in 92.8% of normal fallopian tubes
and in 45.1% of epithelial ovarian tumors [10].
PTK7 expression was significantly associated
with clinical stage and metastasis in ovarian
borderline serous tumors, and associated with
clinical stage, World Health Organization grad-
ing, and M.D. Anderson Cancer Center grading
in ovarian serous carcinoma. Survival analysis
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Figure 1. Representative examples of the intensity of PTK7 antibody stain-

ing. A. Score 0; B. Score 1; C. Score 2; D. Score 3.
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Figure 2. Representative example of final scores obtained by adding staining
intensity and staining extent values together. Final score = intensity score (1)

+ extent score (1) =2; PTK7 expression (-).

showed that patients with negative PTK7 ex-
pression had a poorer outcome than those with
positive expression, indicating that PTK7 may
be a tumor suppressor in ovarian serous
carcinoma.

To date, PTK7 expression and its role in breast
cancer have not been well documented [11,
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Intensity score 1

Extent < 25% (score 1)

Final score = intensity score + extent score
=1+1

12]. Therefore, the present
study aimed to explore PTK7
expression in a set of consec-
utive invasive ductal breast
carcinoma tissues, and to
analyze the relationship bet-
ween PTK7 expression and
clinicopathologic data.

Materials and methods
Tissue samples

Breast cancer tissues were
retrospectively collected from
the Pathology Department of
Nantong Women and Children
Health Care Hospital, China.
Seventy-nine consecutive in-
vasive breast cancer tissues
were included in this project,
and patients were diagnosed
between 2015 and 2016 at
the Nantong Women and
Children Health Care Hospital.
All patients were diagnosed
with invasive ductal breast
cancer, and received surgical
intervention as their primary
treatment without adjuvant
chemotherapy before the op-
eration. Clinicopathogic data
are detailed in Table 1. The
study was approved by the
Regional Committee for Me-
dical Research Ethics of Nan-
tong Women and Children
Health Care Hospital, China.

Immunohistochemical analy-
sis

Immunohistochemical stain-
ing was performed on 4 pm-
thick formalin-fixed, paraffin-
embedded tissue sections as
previously described [10]. Briefly, each section
was deparaffinized and rehydrated, then auto-
claved in 10 mM citrate buffer at 120°C for 2
min for antigen retrieval. Endogenous peroxi-
dase was quenched with 3% H,0, for 10 min.
The following primary antibodies were incubat-
ed at 4°C overnight: rabbit polyclonal anti-PTK7
antibody (Abgent, San Diego, CA; 1:600), mono-
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control for PTK7 detection,
and healthy fallopian tube tis-
sue was used as a positive
control.

The specificity of the PTK7
antibody was tested by a pep-
tide absorption assay. The
PTK7 antibody (N-term) block-
ing peptide (Abgent) was used
to block PTK7 antibody bind-
ing to the PTK7 protein in
tumor cells. The PTK7 anti-

- : .
_ Final score = intensity score + extent score

body and peptide were added

w ke into antibody dilution buffer at
) 1:20 mol, incubated at 4°C
overnight with rotation, then
used as the primary antibody.
To further test the specificity
of the PTK7 antibody, fresh
breast cancer tissues were
collected for western blotting,
then homogenized in T-PER
Tissue Protein Extraction Rea-

gent (Thermo Fisher, Rockford,
IL) at 1:20 (w/v). The lysate
was centrifuged at 10,000 g
for 5 min to pellet tissue
debris, and western blotting

Figure 3. Representative example of final scores obtained by adding staining
intensity and staining extent values together. Final score = intensity score (3)
+ extent score (1) =4; PTK7 expression (+).

Intensity score: 2

60% was performed using stan-
dard protocols with an anti-
body against PTK7.

Extent > 50% (score 3 . .
: ) Immunohistochemistry scor-

ing and quantification

Final score = intensity score + extent score

PTK7 protein expression was

=2+3
=5 semi-quantitatively assessed.
() Tissue specimens were as-

Figure 4. Representative example of final scores obtained by adding staining
intensity and staining extent values together. Final score = intensity score (2)

+ extent score (3) =5; PTK7 expression (++).

clonal antibodies for estrogen receptor (ER)
(Dako, Carpenteria, CA), progesterone receptor
(PR) (Dako, Carpenteria, CA), human epidermal
growth factor receptor (HER)2 (Dako), and Ki67
(abcam, Cambridge, UK). Secondary antibodies
and the color development kit were purchased
from Dako (Dako REAL Envision Detection
System, Dako). Phosphate-buffered saline was
used instead of primary antibody as a negative
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signed one of four scores
according to the intensity of
antibody staining (O, none; 1,
weakly positive/pale yellow; 2,
moderately positive/medium
brown-yellow; and 3, strongly
positive/dark brown) (Figure 1). The extent of
staining was graded according to the percent-
age of stained tumor cells, and was defined as
follows: O for complete absence of staining; 1
for <25%; 2 for 25%-50%, and 3 for >50% posi-
tively stained cells. The staining intensity and
staining extent values were added together and
used to define the expression status as follows:
0-2, negative (-); 3-4, weakly positive (+); and
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Figure 5. Specificity of the PTK7 antibody was tested by peptide absorption
and western blotting. Peptide absorption test. A. Positive staining of PTK7
in breast cancer. B. Negative staining of the same slide after the PTK7 an-
tibody was blocked by a blocking peptide (magnification x400). C. Western
blot analyses detected differential PTK7 protein expression in breast cancer
samples as a single band (11.8 kDa).
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Figure 6. Immunohistochemistry of PTK7 protein in invasive ductal breast
carcinoma. A. Strongly positive staining in healthy breast epithelial cells. B.
Negative staining in invasive ductal breast carcinoma. C. Weak staining in
invasive ductal breast carcinoma. D. Strongly positive staining in invasive
ductal breast carcinoma (magnification x400).

5-6, strongly positive (++) [13] (Figures 2-4). ER
and PR expression was determined by estimat-
ing the percentage of positively-stained nuclei
as follows: <1% negative (0/1+), 1%-9% low
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positive (2+), and =10% (3+).
HER2 immunostaining was
scored as previously described
for gastric cancer [14] as fol-
lows: O (negative), no reactivi-
ty or <10%; 1+ (negative), faint
with partial membrane stain-
ing >10%; 2+ (positive) for
weak-to-moderate with com-
plete or basolateral staining
>10%; and 3+ (positive) for
moderate-to-strong with com-
plete or basolateral staining
>10%. Ki67-positive tumor
cells demonstrated punctate
yellow-brown nuclear staining.
High Ki67 expression was
defined as >50% positive tu-
mor cell staining [15]. Im-
munostained specimens were
evaluated independently by
two pathologists, and any dis-
crepancies were resolved by
consensus after further eva-
luation.

Statistical analysis

Statistical analysis was per-
formed using SPSS version
17.0 for Windows (SPSS Inc.,
Chicago, IL). The Spearman
test was used to analyze pos-
sible associations between
PTK7 expression and clinico-
pathologic parameters. A P
value <0.05 was considered
significant.

Results
Antibody specificity test

The specificity of the PTK7
antibody was tested by a pep-
tide absorption assay. As
shown in Figure 5A and 5B,
positive staining of PTK7 was
observed in breast cancer, but

this was prevented after inhibition with the
blocking peptide. Western blotting analyses of
breast cancer tissues revealed that PTK7 pro-
tein was differentially detected in breast cancer

Int J Clin Exp Pathol 2019;12(3):1052-1059
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Figure 7. Representative example of positive associations between PTK7
and ER expression, and negative association with HER2 and Ki67 expres-

noma cells, and were consid-
ered to represent positive
antigen staining of the Golgi
apparatus (Figure 6). Positive
staining was noted in all
healthy breast epithelial cells
(Figure 6A), but was different
in breast carcinoma cells,
ranging from negative (Figure
6B), to weak (Figure 6C), and
strongly positive (Figure 6D).
As shown in Table 1, 38 out of
79 samples (48.1%) were neg-
atively or weakly stained (-),
19 (24.1%) were moderately
stained (+), and 22 (27.8%)
were strongly stained (++).

Association of PTK7 expres-
sion with clinicopathologic
parameters

sion. A. Positive staining of PTK7. B. Weak staining of Ki67. C. Negative stain-

ing of HER2. D. Positive staining of ER (magnification x400).

Figure 8. Representative examples of positive association between PTK7
and positive expression, and negative association with HER2 and Ki67 ex-
pression. A. Negative staining of PTK7. B. Positive staining of Ki67. C. Posi-
tive staining of HER2. D. Negative staining of ER (magnification x400).

tissues (Figure 5C). The molecular weight of the
PTKY protein was 11.8 kDa, which is consistent
with the expected value.

PTK7 expression in breast carcinoma

Diffuse PTK7 staining and granular particles
were detected in the cytoplasm of breast carci-
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To better understand the role
of PTKY in breast tumorigene-
sis, we examined PTK7 pro-
tein expression using immu-
nohistochemistry in 79 human
invasive ductal carcinomas.
PTK7 expression was nega-
tively associated with tumor
grade (P=0.025, r=-0.251),
tumor-node-metastasis stage
(P=0.004, r=-0.317), lymph
node metastasis (P=0.002,
r=-0.351), human epidermal
growth factor receptor 2 ex-
pression (P=0.029, r=-0.245),
and Ki67 expression (P=
0.004, r=-0.317), and posi-
tively associated with estro-
gen receptor (ER) expression
(P=0.037, r=0.235) (Figures 7
and 8). No significant relation-
ship was found between PTK7
expression and patient age or
PR expression.

Discussion

Receptor tyrosine kinases including PTK7 have
been shown to have various roles in tumorigen-
esis, including as tumor promoters or tumor
suppressors in different tumors or organs. The
overexpression of PTK7 has been reported in
colorectal cancer, esophageal squamous cell
carcinoma, and intraheptic cholangiocarcino-
ma, while PTK7 downregulation was found in

Int J Clin Exp Pathol 2019;12(3):1052-1059
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lung cancer, melanoma, renal clear cell carci-
noma, and ovarian serous carcinoma.

In this study, we examined PTK7 expression in
a set of invasive ductal breast cancer tissues
and analyzed its association with clinicopatho-
logical parameters. Our data showed that PTK7
protein expression was lost in some invasive
ductal breast cancers compared with healthy
breast epithelial cells, as reported in several
otherhumancancers[8-10, 16]. Downregulation
of a gene can be caused by the hypermethyl-
ation of CpG islands in the promoter region,
microRNA regulation, gene deletions, or muta-
tions [17-20]. We previously reported that the
downregulation of receptor tyrosine kinase
EphA7 expression in colorectal cancer was
caused by hypermethylation of CpG islands in
the promoter region [17], so we hypothesize
that this is a likely mechanism of PTK7 loss in
breast cancer. However, the molecular mecha-
nisms leading to of PTK7 downregulation in
breast cancer should be investigated in future
studies.

Our data indicated that PTK7 expression was
negatively associated with HER2 and Ki67
expression, and positively associated with ER
expression. Ataseven et al. previously assessed
PTK7 expression in 133 patients with triple
negative breast cancer (TNBC) by immunohis-
tochemistry [11]. They found that expression
levels were correlated with clinicopathological
features and survival, and that PTK7 was
expressed in 28.6% of tumors. As shown in
Table 1, we observed PTK7 staining in 33.3%
of TNBC, which is similar to the results of
Atseven et al.

Atseven et al. also found no significant impact
of PTK7 expression on disease-free survival
(DFS) or overall survival, but detected higher
PTK7 expression in smaller tumors (£2 cm).
These data suggested that PTK7 has a tumor
suppressor role in TNBC. We were unable to
analyze the association of PTK7 with patient
survival in our present study because of time
restraints. In another study, Atseven et al.
detected PTK7 mRNA expression in breast can-
cers [11], and observed a variation in the effect
of PTK7 expression according to whether che-
motherapy was administered. A particular ben-
efit from chemotherapy was noted for patients
with high lymph node tissue PTK7 mRNA ex-
pression.
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Golubkov et al. reported that PTK7 is an impor-
tant component of the Wnt/planar cell polarity
pathway [21]. They found that membrane type-
1 matrix metalloproteinase (MT1-MMP) func-
tions as a principal sheddase of PTK, directly
cleaving full-length PTK7 to generate an N-
terminal PTK7 fragment (sPTK7). The enforced
expression of membranous PTK7 in cancer
cells leads to reorganization of the actin cyto-
skeleton and the inhibition of cell invasion.
These data suggested that PTK7 acts as a
tumor suppressor.

PTK7 exists as six isoforms that are generated
by alternative splicing: (http://www.uniprot.org/
uniprot/Q13308). In the present study, we
detected PTK7 protein using a specific poly-
clonal antibody for the N-terminal region (amino
acids 21-25). However, we were unable to dis-
tinguish the expression levels of different PTK7
isoforms and their clinical significance in breast
cancer.

In summary, we found that PTK7 protein expres-
sion was negatively associated with tumor
grade, TNM stage, lymph node metastasis, and
HER2 and Ki67 expression, and positively
associated with ER expression. Together with
the findings of other studies, these results indi-
cate that PTK7 has a tumor suppressor role in
breast cancer.
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