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breast cancer and its impact on prognosis.

analysis and COX analysis.

sion in any of the groups.

Background The aim of this study was to investigate the expression of PTKé in different groups of triple negative

Methods Retrospective study of a total of 209 surgical specimens of breast cancer were identified by IHC or FISH
methods as triple negative,and divided into a lymph node metastasis positive (LNM+)group (n=102) and a lymph
node metastasis negative(LNM-) group (n=107) according to the lymph node status of the surgical specimen. PTK6
expression was detected by IHC technique in all surgical specimens. PTK6 expression and clinicopathological features
was explored by Chi-square test. The prognosis of different groups of patients was analyzed by Kaplan-Meier survival

Results The incidence of PTK6 expression in the LNM+group (78.4%) was significantly higher than in the LNM-
group (28%). Clinicopathological analysis showed that PTK6 expression in the LNM +group was negatively correlated
with the 5-year survival of patients. Kaplan—-Meier analysis showed that only PTK6 expression in the LNM + group

was negatively correlated with OS and DFS. COX analysis also showed that PTK6 expression and N stage were inde-
pendent prognostic factors for DFS in the LNM +group. No correlation was observed between HER2 and PTK6 expres-

Conclusions This study suggests that PTK6 promotes tumor development and was associated with poor prognosis
in the LNM+ group of triple negative breast cancer. Inhibition of PTK6 may be a new approach for the treatment of tri-
ple negative breast cancer patients, especially those with metastasis.

Keywords Triple negative breast cancer, PTK6, DFS, OS, HER2 low expression

Introduction

Triple negative breast cancer (TNBC) is a subtype of
breast cancer in which patients are at high risk of recur-
rence or metastasis despite receiving standard treatment.
The poor prognosis of these patients means it is impera-
tive to develop new therapeutic options. The current
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molecular understanding of TNBC metastasis is incom-
plete, and there is no standardized treatment in clinical
practice [1]. It has been demonstrated that BRK/PTK6
is a central molecule in the regulation of numerous sig-
nals related to cell growth, proliferation, angiogenesis,
survival, invasion, metastasis, apoptosis, and autophagy.
This protein is highly expressed during the development
and progression of breast cancer, and hence may serve as
a target for breast cancer therapy [2, 3].

Protein tyrosine kinase 6,PTK6 (BRK, breast tumor
kinase), located at 20q13.33, is a non-receptor kinase
that consists of an amino-terminal domain, Src homolo-
gous SH3 domain, SH2 domain, and a carboxy-terminal
tyrosine kinase catalytic domain [4—7]. The SH2 domain
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promotes proliferation and metastasis of tumor cells,
however the impact of the kinase activity on tumor prog-
nosis is controversial [8—10]. PTK6 is highly expressed
in many tumor types, including lung, breast, ovarian
and prostate cancers, as well as in about 70% of TNBC
[11-14]. It has been reported that PTK6 promotes cell
proliferation and migration by phosphorylating Eps8
[15]. In a TNBC cell model, PTK6 was found to regulate
the expression of E-cadherin through the degradation
of SNAIL protein, thereby promoting epithelial stromal
transformation and regulating the migration of cells [14].
Brk/ptkeé is also an important downstream effect or of the
Met signaling pathway in cell migration [16]. Therefore,
targeting of PTK6 may serve as a therapeutic strategy for
metastatic breast cancer and other cancer types.At the
same time, many compounds have also been proved to
inhibit the tumor process by inhibiting the expression of
PTK®6, such as (E)-5-(benzylideneamino)-1 h-Benzo [d]
imidazol-2(3H), semi-synthetically optimized siphole-
nol A ester, and 4-aniline-substituted a-carboline com-
pounds [17-19].

Most of the studies to date on PTK6 and breast can-
cer have been based on animal models or celllines, with
little validation carried out in tumor tissues from breast
cancer patients [14—16, 20]. Therefore, we collected sur-
gical excision specimens from 209 patients with TNBC,
of which 102 cases had lymph node metastasis (LNM +)
and 107 cases did not (LNM-). We then conducted a five-
year postoperative follow-up study to investigate the rela-
tionship between PTK6 expression and the metastasis,
clinicopathological features and prognosis of TNBC.

Materials and methods

Case data

Specimens of 209 patients with invasive breast can-
cer who underwent mastectomy in the Department of
Pathology, Nanchang People’s Hospital(formerly The
Third Hospital of Nanchang) from January 2013 to
December 2017 were collected for retrospective analy-
sis. Inclusion criteria: 1. All patients were pathologically
confirmed to be invasive breast cancer; 2. Triple-nega-
tive breast cancer confirmed by immunohistochemistry
or FISH; 3. The patient had complete clinicopathologi-
cal data, postoperative pathology and follow-up data;
Exclusion criteria: 1. Bilateral breast cancer patients;
2. Patients with other malignant tumors; 3; Preopera-
tive radiotherapy, neoadjuvant chemotherapy and endo-
crine therapy, etc. 4. Patients who died due to accidents
(such as traffic accidents or other sudden diseases) in the
follow-up data.A total of 209 patients with TNBC were
identified according to their negative ER, PR and HER2
status, as determined by IHC or FISH methods. Of these,
102 patients were LNM +and 107 patients were LNM-,
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according to the lymph node metastasis score of the sur-
gical specimen. Patients with lymph node metastasis at
the time of surgical removal of breast cancer specimens
were identified as the LNM + group, and vice versa, as the
LNM- group.According to the time of surgery for each
patient, 5 years was set as the cut-off point, and 5-year
overall survival (OS) and disease-free survival (DFS) were
determined by telephone follow-up or imaging data.All
patients provided written informed permission.

Immunohistochemical(IHC) Test

Experimental reagent: The EnVision two-step method
was used for IHC.Antibody kits for estrogen receptor
(ER, clone number SP1) and progesterone receptor (PR,
clone number SP2) were purchased from Fujian Maixin
Company. Primary antibody for HER2 was purchased
from Roche(VENTANA anti-HER2/nue(4B5)Rabbit
Monoclonal Primary). PTK6 antibody (abs117941) was
purchased from Uning Wei Co., LTD.Secondary antibody
(MaxVision-HRP rat/rabbit) and DAB(3, 3-diaminoben-
zidine) color developing solution were purchased from
Fuzhou Mai Xin Co., Ltd.

IHC staining procedure: surgically resected specimens
were fixed with 10% neutral formalin, embedded in dehy-
drated paraffin, sliced continuously at 4 pum thickness,
dewaxed, hydrated, washed with distilled water 3 times
for 3 min each, and washed with PBS 3 times for 5 min
each. The sections then underwent antigen repair with
EDTA (pH9.0) and high-pressure steam for 3 min, and
were cooled at room temperature. Wash 3 times with
PBS for 5 min each; add3%H,0, for 10 min; rinse 3 times
with PBS for 5 min each; pour off the sealing solution and
rinse 3 times with PBS for 5 min each. The staining pro-
cedures for ER, PRand HER2 were carried out in strict
accordance with instructions from the antibody sup-
plier. The incubation with ER and PRprimary antibody
was for 30 min at room temperature, while the PTK6
antibody was diluted at 1:400 and placed in the refrig-
erator at 4 °C overnight. Drop plus primary antibody was
placed at 4°C overnight and washed 3 times with PBS for
5 min each. The secondary antibody (Maixin Company)
was then added and allowed to stand at room tempera-
ture for 45 min; wash 3 times with PBS for 5 min each;
DAB (3, 3-diaminobenzidine) color development kit
(Maixin Company); hematoxyl in stained and sealed by
dehydration.

Result Interpretation: (1) Interpretation of PTK®6.
Multi-head optical microscopes were used to grade stain-
ing results based on immune response scores (IRS) [21].
Staining intensity scores were O(no staining), 1(weak
staining, yellowish brown), 2(moderate staining, yel-
lowish brown) or 3(strong staining, brown), while the
percentage of positive cells was evaluated as 0(0%),
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1(1-10%), 2(11-50%), 3(51-70%) or 4(71-100%). The
score for PTK6 expression was obtained by multiplying
the staining intensity with the number of stained positive
cells. The median score (4.0) was chosen as the critical
value. "PTK6-negative” was defined as a score of 0—4, and
"PTK6-positive" as a score of 5-12. The stained tissue
sections were evaluated and scored by two senior pathol-
ogists, neither of whom knew the clinical parameters.

(2) The interpretation of HER?2 staining was according
to the Breast Cancer HER-2 Detection Guidelines (2019
edition) [22]: 0: none of the cancer cells had any stain-
ing of the cell membrane; 1+: any proportion of cancer
cells showing weak or incomplete cell membrane stain-
ing; 2+:>10% of cancer cells showed mild to moderate,
complete but uneven cell membrane staining, or <30% of
cancer cells showed strong and complete cell membrane
staining; 3 +:>30% of cancer cells shows trong and intact
cell membrane coloration.

(3) IHC positive for ER and PR was defined as>1%
tumor cell nuclei showing different degrees of staining.
Negative ER and PR were defined as < 1% tumor cell nuclei
with varying degrees of staining or no staining [23].

Fluorescence in situ hybridization (FISH)

The HER2 gene probe kit and protease were purchased
from Wuhan Kanglu Co., Ltd. Methods: The 4 um slices
were heated overnight at 60°C, dewaxed, dehydrated in
a gradient, boiled in distilled water for 30 min, digested
with protease at 37°C, then denatured at 83°C for 5 min,
hybridized overnight at 42°C, washed and dried, then
re-stained with DAPI and observed by fluorescence
microscopy.

Result interpretation:HER2 gene signal was shown
in orange, and the centromeric signal on chromosome
17 was shown in green. A total of 100 cancer cells were
counted, the total value of orange signal and green sig-
nal was counted, and the ratio calculated. A ratio<2.0
was classified as negative and considered as no gene
amplification, while ratios>2.0 or clusters of orange sig-
nals were classified as positive and considered as gene
amplification.If the ratio was 1.8 to 2.0, the cell count was
increased to 200, or the test was repeated.

Statistical methods

Statistical analysis was performed by SPSS 22.0 soft-
ware and Graphpad 9.0 software. The difference of
measurement data was analyzed by T test in Graph-
pad 9.0 software.Chi-square test and the Pearson
Chi-Square,Continuity Correction and Fisher’s Exact
Testmethods were used to analyze the correlation
between the expression of PTK®6 in different groups and
the clinicopathological characteristics of patients. The
Kaplan—Meier method was used for survival analysis
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and the log-rank test to evaluate differences in survival
curves. Univariate and multivariate prognostic analy-
ses were performed using COX proportional regression
models. P <0.05 was considered statistically significant.

Results

PTK6 protein is highly expressed in the LNM + group

The cancer tissues of all TNBC patients were examined
for PTK6 expression using IHC technique. The results
of this analysis are shown in Table 1, and an exam-
ple of the staining is shown in Fig. 1. The incidence of
PTK6 expression in the LNM + group was 78.4% and in
the LNM-group it was 28.0% (P<0.05), suggesting that
PTK6 protein expression may be related to lymph node
metastasis. The IRS score for PTK6 in the LNM + group
was also higher than in the LNM- group (P<0.0001), as
shown in Fig. 2. This result suggests that PTK6 expres-
sion may be correlated with tumor cell metastasis. Since
many previous studies have reported that PTK6 pro-
motes tumor cell migration [15], PTK6 is more likely to
promote triple-negative breast cancer metastasis. The
results of triple negative IHC staining of breast cancer are
shown in Fig. 3.

PTK6 protein expression and clinicopathologic features

of TNBC

Table 2 shows the correlation analysis between PTK6
protein expression and various clinicopathological fea-
tures of TNBC patients, including histological type, age,
site, histological grade, T stage, N stage, distant metasta-
sis or recurrence, and overall survival.

PTK6 protein expression in the LNM+group corre-
lated with 5 years overall survival, and that patients with
high PTK6 expression had worse prognosis.

However, there were no statistically significant associa-
tions between PTK6 protein expression and any of the
clinical parameters in the LNM- group.

No correlation between HER2- low expression and PTK6
protein in the TNBC groups

HER2-low breast cancer refers to tumors with low lev-
els of HER2 protein expression and no detectable gene
amplification (IHCl1+or IHC2+and FISH negative).
Studies on the prognosis of HER2-low breast cancer

Table 1 PTK6 protein expression in different groups

PTK6 LNM + LNM- P value
Negative(IRS: 0-4) 22 77 <0.05
Positive(IRS: 5-12) 80 30

Total 102 107

LNM + represented lymph node metastasis group; LNM- represented no lymph
node metastasis group
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Fig. 1 PTK6 staining strength (400X) A O(no staining); B 1(weak staining, yellow-brown); C 2(medium staining, yellow-brown); D 3 (Strong stain,

brown)

<0.0001
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Fig. 2 RS scroes of different groups LNM +represented lymph node
metastasis group; LNM- represented no lymph node metastasis
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have yet to reach consensus [24—26]. These account for
45-55% of all breast cancer patients, and 54% in Chinese
breast cancer patients [24, 27].

The relationship between HER2- low expression and
PTK6 expression is still unclear. In the present study,
patients with HER2- low expression accounted for 51%
of the LNM + group, and 51% of the LNM-group also.
PTK6 expression did not correlate with HER2- low
expression in any of the groups(shown in Table 3), sug-
gesting the synergistic expression of PTK6 protein and
HER?2 may not be applicable to patients with HER2-low
expression.

High PTK6 protein expression is associated with poor
prognosis of TNBC patients in the LNM + group
In the current study, Kaplan—Meier survival analysis
revealed that high PTK6 protein expression was associ-
ated with worse OS(P=0.046)and DFS(P=0.042)in the
LNM +group (Fig. 4). These results suggest that inhibi-
tion of PTK6 may be a potential target for TNBC therapy.
Wang et al. also found that PTK6 was associated with
poor prognosis of breast cancer [28]. PTK6 expression
was not associated with DFS in the LNM- group.
Subsequently, we conducted COX survival analysis, as
shown in Table 4. In the LNM + group, COX univariate
and multivariate analysis showed that PTK6 expression(
P=0.039,HR=4.507) and N stage(P=0.011,HR=2.432)
were independent risk factors for DFS. However, no risk
factors affecting overall survival were found. In the LNM-
group, low HER2 expression(P=0.049,HR=0.215) was a
risk factor for DFS, but not an independent risk factor.

Discussion

TNBC is a highly aggressive form of breast cancer,
accounting for about 10-20% of all cases and being more
common in young women.Systemic cytotoxic chemo-
therapy regimens, including taxanes, are currently used
to treat TNBC.However, chemotherapy resistance often
develops and hence there is an urgent need to iden-
tify novel molecular targets for other drugs. In the early
years, Some scholars crossed Ptk6-/- mice with the
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Fig. 3 Immunohistochemical Analysis of ER,PRHER2(400X). A ER negative; B PR negative; C HER2Immunohistochemical score 0: No staining
on tumor cellmembrane; D HER2 Immunohistochemical score 1+: Faintly perceptible staining on> 10% tumor cell membrane E HER2
Immunohistochemical score 2 +: Moderate staining on > 10%tumor cell membrane; F HER2 FISH,Low-level amplification of HER-2

mouse mammary tumor virus-ERBB2 transgenic mouse
line expressing activated ERBB2 and characterized by
tumor development and progression, the role of PTK6 in
ERBB2-induced breast tumor initiation and metastasis
was explored [20]. PTK6 has also been shown to promote
cell proliferation and migration through phosphorylation
of Eps8, regulate the expression of E-cadherin through
SNAIL protein degradation, promote epithelial mesen-
chymal transformation and regulate the metastasis of
triple-negative breast cancer cells [14, 15]. PTK6 expres-
sion has been shown to contribute to breast cancer cell
migration, invasion and metastasis in many other studies
(14, 29-32].

Although PTK®6 plays an important role in tumor devel-
opment, it can act as a promoter or inhibitor depending
on the tumor type [33, 34]. Hsieh et al. reported that up-
regulation of PTK6 through epigenetic modification pro-
moted the proliferation, migration, and invasion of oral
squamous cell carcinoma cells [35]. These authors also
found that PTK6 promoted the development and metas-
tasis of cancer by increasing STAT3 phosphorylation and

ZEBI expression. In a study of prostate cancer, activation
of PTK®6 in the plasma membrane was found to increase
phosphorylation and to activate AKT,p130Cas and FAK,
thereby promoting cancer cell proliferation, survival,
migration, and epithelial-mesenchymal cell transforma-
tion [11].

PTK®6 has also been found to induce tumor cell migra-
tion, invasion and metastasis in breast cancer, ovarian
cancer, nasopharyngeal cancer, small cell lung cancer
and prostate cancer [36—39]. However, PTK6 appears to
promote apoptosis in colorectal cancer, human osteo-
sarcoma U20S cells and astrocytes, thereby inhibit-
ing cell division and proliferation [40-42]. However,
the mechanism of this difference remains unclear and
may be due to differences in tumor type, sample size,
and statistical methods.PTK6 regulates RhoA and Ras
via phosphorylation of p190 to promote the growth,
migration and invasion of breast cancer [43]. It thus has
important prognostic value in this cancer type.Results
obtained recentlyusingmouse models have shown that
PTK6 promotes cell survival, delays degeneration, and
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Table 2 PTK6 protein expression and clinicopathologic features

Clinicopathologic features LNM + P LNM- P
- + - +
Histological type 0451° 0.498°
IDC 20 65 54 19
Other types 2 15 23 11
Agely) 0.368° 0.155°
>50 10 45 40 Il
<50 12 35 37 19
Site 0.656° 0427°
Left breast 13 43 50 17
Right breast 9 37 27 13
Histological grading 0.308° 0.312¢
| 1 0 0 0
Il 6 25 30 20
Il 15 55 40 17
T stage 0416° 0.181°
T1-T2 21 69 74 26
T3-T4 1 M 3 4
N stage 0.322° N
N1 16 49 N N
N2 4 12 N N
N3 2 19 N N
HER2 09178 07117
N 1 39 38 16
L 1 41 39 14
DorR 0078° 1°
Yes 3 29 8 3
No 19 51 69 27
Survival time(y) 0.018° N¢
<5 0 15 0 0
>5 22 55 79 30

Represented PTK6 negative(IRS: 0-4); + represented, PTK6 Positive(IRS: 5-12), IDC Represented invasive ductal Carcinoma; Other types represented specific types of
invasive ductal carcinoma; HER N represented HER2 negative; HER L represented HER2 low expression of HER2; D or R distant represented metastasis or recurrence. N
represented not detected. P represented P value

@ Pearson Chi-Square
b Continuity Correction
€ Fisher’s Exact Test

Table 3 Correlation between HER2- low and PTK6 protein in different groups

PTK6 LNM + P LNM- P
HER2-L HER2-N 0.9 HER2-L HER2-N 0.7

- M il 39 38

+ 41 39 14 16

represented PTK6 negative(IRS: 0-4); + represented PTK6 positive(IRS: 5-12);HER2-L represents HER2- low, HER2-N means HER2-negative;LNM + represented lymph
node metastasis group; LNM- represented no lymph node metastasis group.P represented P value

favors tumor formation by inducing a P38-driven pro- and migration [8]. Hypoxia inducible factor (HIF) 1a/2a,
survival signaling pathway. These studies strongly sug-  glucocorticoid receptor (GR), and the phosphoryl-
gest a role for PTK®6 in the promotion of cell proliferation  ated S134-GR/PELP1/HIF signaling complex have been
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Fig. 4 Kaplan—-Meier analysis of DFS and OS in different groups A. DFS of lymph node metastasis group(LNM+), B. OS of lymph node metastasis

group(LNM+), C. DFS of no lymph node metastasis group(LNM-)

Table 4 COX survival analysis in different groups

parameter LNM + LNM-
oS P DFS P DFS P
HR(95%Cl) HR(95%Cl) HR(95%Cl)
COX univariate survival analysis
PTK6 28.957 (0. 115-7280.0) 0.233 4.665(1.116-19.507) 0.035 0.937(0.249-3.534) 0924
Agely) 3454 (0.963-12.385) 0.057 1.951(0.946-4.026) 0.070 0.925(0.282-3.032) 0.898
Histological type 0.881(0.197-3.937) 0.868 0.922(0.356-2.389) 0.868 1.188(0.348-4.059) 0.783
HER2 0.719(0.249-2.072) 0.541 0.887(0.448-1.755) 0.730 0.215(0.046-0.994) 0.049
T stage 3.132(0.982-9.989) 0.054 1.949(0.804-4. 722) 0.139 0.045(0.000-3138.2) 0.587
N stage 4.853(1.521-15.482) 0.008 2498(1 .257-4.967) 0.009 None None
breast 1.896(0.653-5.658) 0.252 314(0.662-2.607) 0435 0.955(0.279-3.262) 0.941
Histological grading 1.374(0.383-4.927) 0.625 479(0 642-3.407) 0358 0.727(0.222-2.381) 0.598
COX multifactor survival analysis
PTK6 4.507(1.077-18.856) 0.039
N stage 2432(1.223-4.839) 0.011

HER2 represents HER2- low or not; breast represents Left breast or Right breast; LNM + represented lymph node metastasis group; LNM- represented no lymph node
metastasis group.P represented P value;OS represented Overall survival, DFS represented Disease-free survival

shown to induce the expression of PTK6, thus promot-
ing the survival and metastasis of tumor cells [29, 44, 45].
Moreover, PTK6 binds to EGFR to enhance pro-mitosis
signaling by promoting the recruitment of phosphati-
dylinositol 3-kinase (PI3K) and activating Akt. This stim-
ulates cell migration by activating signaling molecules
such as mitogen activated protein kinase (MAPK) and
parsiline [46]. In the present study, the incidence of PTK6
positive expression in the LNM +subgroup (78.4%) of
TNBC patients was significantly higher than in the LNM-
subgroup (28%). This result suggests that PTK6 may be

related to tumor metastasis, but the relationship between
these two need to be revealed by more experiments in the
future. However, combined with the above studies, PTK6
is more likely to promote the metastasis of triple-negative
breast cancer.

Breast tumor kinase (Brk/PTK6) was overexpressed in
over 80% of breast cancers and is associated with poor
patient outcomes.PTK6 protein expression is associated
with different prognosis indifferent tumor types. Xu et al.
found that PTK6 overexpression correlated with poor
prognosis in patients with bladder cancer [47]. However,
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high PTK6 expression was associated with good OS
and DFS in laryngeal squamous cell carcinoma patients
[33]. The mechanisms responsible for these differences
between tumor types is presently unclear. In the current
study, Kaplan—Meier survival analysis showed that the
OS and DFS of PTK6-positive patients were lower than
those PTK6-negative patients in the LNM + group, which
also confirmed that PTK6 was associated with poor prog-
nosis of breast cancer. However, PTK6 protein expres-
sion did not show statistical significance for DFS in the
LNM- group. Subsequently, COX survival analysis was
performed, and the results of COX univariate and mul-
tivariate analysis showed that PTK6 protein expression(
P=0.039,HR=4.507) and N stage(P=0.011,HR=2.432)
were independent risk factors for DFS, and PTK6-posi-
tive patients were more likely to develop tumor progres-
sion, recurrence or metastasis than that PTK6-negative
patients in the LNM + group, representing a poor prog-
nosis. Patients with higher N stages are also more likely to
have tumor progression, recurrence, or metastasis,also.
However, no risk factors affecting OS were found in the
LNM + group, which may be due to the fact that 5 years
as the cut-off point for observing survival influenced
the experimental results. However, in the LNM- group,
only HER2-low expression(P=0.049,HR=0.215) was
observed as a risk factor for DFS, but not an independent
risk factor. The inconsistent survival analysis results of
the LNM + group and LNM- group may be due to the dif-
ferent biological functions and prognostic value of PTK6
in TNBC patients with different lymph node metastasis
status, or perhaps PTK®6 is only negatively associated with
the prognosis of patients with metastatic triple-negative
breast cancer, or it may also be related to the low positive
rate of PTK6 in the LNM- group, and the limited abil-
ity to promote tumor metastasis and recurrence. More
experiments may be needed in the future to uncover this
phenomenon.PTK6 expression has been studied in dif-
ferent breast cancer subtypes. Up-regulation of PTK6
expression can promote the growth of ER+breast can-
cer cells, whereas down-regulation can induce cell apop-
tosis. These results suggest that PTK6 may be involved
in regulating the growth and survival of drug-resistant
ER+ breast cancer cells and with drug resistance to endo-
crine therapy, thereby supporting combined ER/PTK6
targeting of ER+breast cancer [48, 49]. Several studies
have reported that PTK6 and c-erbB-2 protein expres-
sion in breast cancer is positively correlated, suggesting
they play a synergistic role in the occurrence and devel-
opment of breast cancer, and therefore it has been sug-
gested that inhibition of both these signaling proteins
may be more effective in the control of breast cancer
[20, 50—53]. Therapy for breast cancer patients with low
HER?2 expression has become a hot topic in recent years.
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Novel HER2 antibody-drug conjugates(ADCs) may ben-
efit such patients.In the present study, however, PTK6
protein expression did not correlate with the expression
of HER2. This may be related to the expression status of
HER2, since most previous studies were performed on
patients with HER2 overexpression, whereas most of the
patients in the present study had HER2-low or HER2-
negative expression. Hence, combined PTK6/HER?2 inhi-
bition may not be suitable for patients with HER2-low or
HER2- negative expression.

A role for PTK6 in the occurrence and development
of tumors appears to have been confirmed. Conse-
quently, many studies have focused on inhibiting PTK6
expression in order to slow tumor progression.The novel
compounds(E)-5-(benzylideneamino)-1 h-Benzo [d]imi-
dazol-2(3H), semi-synthetically optimized sipholenol A
ester, and 4-aniline-substituted a-carboline have all been
confirmed to prevent tumor development by inhibiting
the expression of PTK6 [17-19]. Other studies have also
shown that Hsp90 plays an important role in regulating
the stability of PTK6, raising the possibility that Hsp90
inhibitors may be used as therapeutic drugs for PTK6-
positive cancers,including breast cancer [54]. While it is
clear that PTK6 can promote the proliferation and migra-
tion of tumor cells, the specific mechanism and signal-
ing pathway is still unknown. Although many inhibitors
have been designed for BRK, none have reached the clini-
cal stage. Understanding the successes and challenges
involved in the development of these inhibitors is critical
for producing clinically relevant drugs in the future [55].
Roja et al. recently described the therapeutic significance
of Brk and mTOR and their associated signals in the
development of breast cancer, thus providing a possible
new strategy for gene therapy in this cancer type [2].

This study also has some limitations, because the prog-
nosis of breast cancer is generally good, so the 5-year sur-
vival time as the follow-up cut-off point may be a little
short, setting the 10-year survival time for the study may
have greater differences. The sample size will also affect
the research results, and a large enough sample size can
draw more accurate conclusions. In addition, the results
of immunohistochemistry test and FISH test vary accord-
ing to the laboratory environment, lymph node tests may
show false negative results, thus affecting the grouping of
experiments. All of these factors could have influenced
the results of the experiment.

Conclusion

In summary, current study showed that the positive rate
of PTK6 in the LNM +group was higher than that in the
LNM-group, and the former had worse OS and DFS. COX
survival analysis also showed that the PTK6 expression
and N stage were independent risk factors for DFS in the
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LNM +group. These results suggest that PTK6 positive
is associated with poor prognosis and plays an important
role in promoting the recurrence and metastasis of TNBC,
but these results are based on the presence of lymph node
metastasis in patients. Perhaps the status of lymph node
metastasis in patients with TNBC can affect the effect of
PTK®6 on the prognosis, or perhaps PTK6 is only negatively
correlated with the prognosis of patients with metastatic
TNBC. In view of the poor prognosis of PTK6 for TNBC,
the future research direction may be to achieve the treat-
ment of TNBC by inhibiting PTK®6, especially for patients
with metastatic TNBC, and provide more drug options for
patients with TNBC.

Abbreviations
PTK6  Protein tyrosine kinase 6
BRK Breast tumor kinase

ER Estrogen Receptor

PR Progesterone receptor

HER2 ~ Human epidermal growth factor receptor-2
IHC Immunohistochemical

FISH Fluorescence in situ hybridization

TNBC  Triple negative breast cancer
oS Overall survival
DFS Disease-free survival

Acknowledgements
We thank the study participants for making this study possible.

Authors’ contributions

Xingxing Gui conceived and designed the study. Yuexia Chen conducted
most of the experiments and data analysis, and wrote the manuscript. Wei
Qu conducted the experiment.Jianhong Tu and Liu Yang participated in
collecting data and helped to draft the manuscript. All authors reviewed and
approved the manuscript.

Funding
This research was supported by Jiangxi Province Health Commission science
and technology plan (202211527).

Availability of data and materials
All data are included in the manuscript.

Declarations

Ethics approval and consent to participate

All procedures carried out in studies involving human participants complied
with the ethical standards of the Research Committee of Nanchang People’s
Hospital(formerly The Third Hospital of Nanchang) and the 1964 Declara-
tion of Helsinki and subsequent amendments or similar ethical standards.
The study was approved by the Bioethics Committee of Nanchang People’s
Hospital(formerly The Third Hospital of Nanchang) (KY2021058). All subjects
gave informed consent to participate in the study. All methods were per-
formed in accordance with relevant guidelines and regulations.

Consent fo publication
Not applicable.

Competing interests

The authors declare no competing interests.

Received: 27 March 2023 Accepted: 27 October 2023
Published online: 07 November 2023

Page 9 of 10

References

1. Sukumar J, Gast K, Quiroga D, Lustberg M, Williams N. Triple-negative
breast cancer: promising prognostic biomarkers currently in develop-
ment. Expert Rev Anticancer Ther. 2021;21(2):135-48.

2. Sahu R, Pattanayak SP. Strategic Developments & Future Perspective on
Gene Therapy for Breast Cancer: Role of mTOR and Brk/ PTK6 as Molecular
Targets. Curr Gene Ther. 2020,20(4):237-58.

3. Paul MR, Pan TC, Pant DK, Shih NN, Chen'Y, Harvey KL, Solomon A,
Lieberman D, Morrissette JJ, Soucier-Ernst D, et al. Genomic landscape of
metastatic breast cancer identifies preferentially dysregulated pathways
and targets. J Clin Investig. 2020;130(8):4252-65.

4. Park SH, Lee KH, Kim H, Lee ST. Assignment of the human PTK6 gene
encoding a non-receptor protein tyrosine kinase to 20q13.3 by fluores-
cence in situ hybridization. Cytogenet Cell Genet. 1997,77(3-4):271-2.

5. Mitchell PJ, Barker KT, Shipley J, Crompton MR. Characterisation and
chromosome mapping of the human non receptor tyrosine kinase gene,
brk. Oncogene. 1997;15(12):1497-502.

6.  Mitchell PJ, Barker KT, Martindale JE, Kamalati T, Lowe PN, Page MJ,
Gusterson BA, Crompton MR. Cloning and characterisation of cDNAs
encoding a novel non-receptor tyrosine kinase, brk, expressed in human
breast tumours. Oncogene. 1994;9(8):2383-90.

7. LeeH,Kim M, Lee KH, Kang KN, Lee ST. Exon-intron structure of the
human PTK6 gene demonstrates that PTK6 constitutes a distinct family of
non-receptor tyrosine kinase. Mol Cells. 1998;8(4):401-7.

8. Dwyer AR, Kerkvliet CP, Krutilina RI, Playa HC, Parke DN, Thomas WA,
Smeester BA, Moriarity BS, Seagroves TN, Lange CA. Breast Tumor Kinase
(Brk/PTK6) Mediates Advanced Cancer Phenotypes via SH2-Domain
Dependent Activation of RhoA and Aryl Hydrocarbon Receptor (AhR)
Signaling. Mol Cancer Res. 2021;19(2):329-45.

9. Qiul, Levine K, Gajiwala KS, Cronin CN, Nagata A, Johnson E, Kraus
M, Tatlock J, Kania R, Foley T, et al. Small molecule inhibitors reveal
PTK6 kinase is not an oncogenic driver in breast cancers. PLoS ONE.
2018;13(6):e0198374.

10. JiangJ, GuiF, He Z, Li L, LiY, Li S, Wu X, Deng Z, Sun X, Huang X, et al. Tar-
geting BRK-Positive Breast Cancers with Small-Molecule Kinase Inhibitors.
Can Res. 2017,77(1):175-86.

11. Zheng Y, Tyner AL. Context-specific protein tyrosine kinase 6 (PTK6)
signalling in prostate cancer. Eur J Clin Invest. 2013;43(4):397-404.

12. Irie HY, Shrestha Y, Selfors LM, Frye F, lida N, Wang Z, Zou L, Yao J, LuYY,
Epstein CB, et al. PTK6 regulates IGF-1-induced anchorage-independent
survival. PLoS ONE. 2010;5(7):e11729.

13. Fan C, ZhaoY, Liu D, Zhang X, Wang E. Detection of Brk expression in
non-small cell lung cancer: clinicopathological relevance. Tumour Biol.
2011,32(5):873-80.

14. Ito K, Park SH, Nayak A, Byerly JH, Irie HY. PTK6 Inhibition Suppresses
Metastases of Triple-Negative Breast Cancer via SNAIL-Dependent
E-Cadherin Regulation. Can Res. 2016;76(15):4406-17.

15. Shin WS, Shim HJ, Lee YH, Pyo M, Park JS, Ahn SY, Lee ST. PTK6 Localized
at the Plasma Membrane Promotes Cell Proliferation and MigratiOn
Through Phosphorylation of Eps8. J Cell Biochem. 2017;118(9):2887-95.

16. Ostrander JH, Daniel AR, Lofgren K, Kleer CG, Lange CA. Breast tumor
kinase (protein tyrosine kinase 6) regulates heregulin-induced activa-
tion of ERK5 and p38 MAP kinases in breast cancer cells. Can Res.
2007,67(9):4199-209.

17. Shim HJ, Yang HR, Kim HI, Kang SA, No KT, Jung YH, Lee ST. Discovery of
(E)-5-(benzylideneamino)-1H-benzo[d]imidazol-2(3H)-one derivatives as
inhibitors for PTK6. Bioorg Med Chem Lett. 2014,24(19):4659-63.

18. Foudah Al, Sallam AA, Akl MR, El Sayed KA. Optimization, pharmacophore
modeling and 3D-QSAR studies of sipholanes as breast cancer migration
and proliferation inhibitors. Eur J Med Chem. 2014;73:310-24.

19. Mahmoud KA, Krug M, Wersig T, Slynko |, Schachtele C, Totzke F, Sippl W,
Hilgeroth A. Discovery of 4-anilino alpha-carbolines as novel Brk inhibi-
tors. Bioorg Med Chem Lett. 2014;24(8):1948-51.

20. Peng M, Ball-Kell SM, Tyner AL. Protein tyrosine kinase 6 promotes ERBB2-
induced mammary gland tumorigenesis in the mouse. Cell Death Dis.
2015;6(8): €1848.

21. ChenYF, Ma G, Cao X, Huang ZL, Zeng MS, Wen ZS. Downregulated
expression of PTK6 is correlated with poor survival in esophageal squa-
mous cell carcinoma. Med Oncol. 2014;31(12):317.



Chen et al. BMC Women'’s Health (2023) 23:575

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34

35.

36.

37.

38.

39.

40.

Recommended by Breast Cancer Expert P: [Guideline for HER2 detec-
tion in breast cancer, the 2019 version]. Zhonghua bing li xue za zhi =
Chinese journal of pathology 2019, 48(3):169-175.

Guideline Recommendations for Immunohistochemistry Detection in
Breast Cancer G: [Guideline for testing of estrogen and progesterone
receptors in breast cancer]. Zhonghua bing li xue za zhi = Chinese jour-
nal of pathology 2015, 44(4):237-239.

Tarantino P, Hamilton E, Tolaney SM, Cortes J, Morganti S, Ferraro E, Marra
A, Viale G, Trapani D, Cardoso F, et al. HER2-Low Breast Cancer: Pathologi-
cal and Clinical Landscape. J Clin Oncol. 2020;38(17):1951-62.

Camp RL, Dolled-Filhart M, King BL, Rimm DL. Quantitative analysis

of breast cancer tissue microarrays shows that both high and normal
levels of HER2 expression are associated with poor outcome. Can Res.
2003;63(7):1445-8.

Eggemann H, Ignatov T, Burger E, Kantelhardt EJ, Fettke F, Thomssen

C, Costa SD, Ignatov A. Moderate HER2 expression as a prognostic fac-
tor in hormone receptor positive breast cancer. Endocr Relat Cancer.
2015;22(5):725-33.

ShuiR, Liang X, Li X, LiuY, Li H, Xu E, Zhang Z, Lian Y, Guo S, Yao M, et al.
Hormone Receptor and Human Epidermal Growth Factor Receptor 2
Detection in Invasive Breast Carcinoma: A Retrospective Study of 12,467
Patients From 19 Chinese Representative Clinical Centers. Clin Breast
Cancer. 2020;20(1):e65-74.

Wang L, Luo S, Wang Z, Huang Y, Luo Y, Xie X. Comprehensive Analy-

sis Reveals PTK6 as a Prognostic Biomarker Involved in the Immu-
nosuppressive Microenvironment in Breast Cancer. J Immunol Res.
2022,2022:5160705.

Regan Anderson TM, Peacock DL, Daniel AR, Hubbard GK, Lofgren KA,
Girard BJ, Schorg A, Hoogewijs D, Wenger RH, Seagroves TN, et al. Breast
tumor kinase (Brk/PTK6) is a mediator of hypoxia-associated breast can-
cer progression. Can Res. 2013;73(18):5810-20.

Pires IM, Blokland NJ, Broos AW, Poujade FA, Senra JM, Eccles SA, Span
PN, Harvey AJ, Hammond EM. HIF-Talpha-independent hypoxia-induced
rapid PTK6 stabilization is associated with increased motility and invasion.
Cancer Biol Ther. 2014;15(10):1350-7.

Castro NE, Lange CA. Breast tumor kinase and extracellular signal-regu-
lated kinase 5 mediate Met receptor signaling to cell migration in breast
cancer cells. Breast cancer research : BCR. 2010;12(4):R60.

Miah S, Banks CAS, Ogunbolude Y, Bagu ET, Berg JM, Saraf A, Tettey TT,
Hattem G, Dayebgadoh G, Kempf CG, et al. BRK phosphorylates SMAD4
for proteasomal degradation and inhibits tumor suppressor FRK to con-
trol SNAIL, SLUG, and metastatic potential. Sci Adv. 2019;5(10):eaaw3113.
Liu XK, Zhang XR, Zhong Q, Li MZ, Liu ZM, Lin ZR, Wu D, Zeng MS. Low
expression of PTK6/Brk predicts poor prognosis in patients with laryngeal
squamous cell carcinoma. J Transl Med. 2013;11:59.

Zhang P, Ostrander JH, Faivre EJ, Olsen A, Fitzsimmons D, Lange CA.
Regulated association of protein kinase B/Akt with breast tumor kinase. J
Biol Chem. 2005;280(3):1982-91.

Hsieh YP, Chen KC, Chen MY, Huang LY, Su AY, Chiang WF, Huang WT,
Huang TT: Epigenetic Deregulation of Protein Tyrosine Kinase 6 Promotes
Carcinogenesis of Oral Squamous Cell Carcinoma. International journal of
molecular sciences 2022, 23(9).

Ikeda O, Mizushima A, Sekine Y, Yamamoto C, Muromoto R, Nanbo A,
Oritani K, Yoshimura A, Matsuda T. Involvement of STAP-2 in Brk-mediated
phosphorylation and activation of STAT5 in breast cancer cells. Cancer
Sci. 2011;102(4):756-61.

Schmandt RE, Bennett M, Clifford S, Thornton A, Jiang F, Broaddus RR,
Sun CC, Lu KH, Sood AK, Gershenson DM. The BRK tyrosine kinase is
expressed in high-grade serous carcinoma of the ovary. Cancer Biol Ther.
2006;5(9):1136-41.

Liu LN, Huang PY, Lin ZR, Hu LJ, Liang JZ, Li MZ, Tang LQ, Zeng MS, Zhong
Q, Zeng BH. Protein tyrosine kinase 6 is associated with nasopharyngeal
carcinoma poor prognosis and metastasis. J Transl Med. 2013;11:140.
Zhao C, ChenY, Zhang W, Zhang J, Xu Y, Li W, Chen S, Deng A. Expression
of protein tyrosine kinase 6 (PTK6) in nonsmall cell lung cancer and their
clinical and prognostic significance. Onco Targets Ther. 2013;6:183-8.
Gierut JJ, Mathur PS, Bie W, Han J, Tyner AL. Targeting protein tyrosine
kinase 6 enhances apoptosis of colon cancer cells following DNA dam-
age. Mol Cancer Ther. 2012;11(11):2311-20.

Page 10 of 10

41. Lukong KE, Larocque D, Tyner AL, Richard S. Tyrosine phosphorylation of
sam68 by breast tumor kinase regulates intranuclear localization and cell
cycle progression. J Biol Chem. 2005;280(46):38639-47.

42. Wang TG, Jee SH, Tsai TF, Huang YL, Tsai WL, Chen RH. Role of breast
tumour kinase in the in vitro differentiation of HaCaT cells. Br J Dermatol.
2005;153(2):282-9.

43. Shen CH, Chen HY, Lin MS, Li FY, Chang CC, Kuo ML, Settleman J, Chen
RH: Breast tumor kinase phosphorylates p190RhoGAP to regulate rho
and ras and promote breast carcinoma growth, migration, and invasion.
Cancer Res. 2008;68(19):7779-87.

44. Regan Anderson TM, Ma SH, Raj GV, Cidlowski JA, Helle TM, Knutson TP,
Krutilina RI, Seagroves TN, Lange CA. Breast Tumor Kinase (Brk/PTK6) Is
Induced by HIF, Glucocorticoid Receptor, and PELP1-Mediated Stress
Signaling in Triple-Negative Breast Cancer. Can Res. 2016;76(6):1653-63.

45. Regan Anderson TM, Ma S, Perez Kerkvliet C, Peng Y, Helle TM, Krutilina RI,
Raj GV, Cidlowski JA, Ostrander JH, Schwertfeger KL, et al. Taxol Induces
Brk-dependent Prosurvival Phenotypes in TNBC Cells through an AhR/
GR/HIF-driven Signaling Axis. Mol Cancer Res. 2018;16(11):1761-72.

46. KamalatiT, Jolin HE, Fry MJ, Crompton MR. Expression of the BRK tyrosine
kinase in mammary epithelial cells enhances the coupling of EGF
signalling to Pl 3-kinase and Akt, via erbB3 phosphorylation. Oncogene.
2000;19(48):5471-6.

47. Xu XL, Ye YL, Wu ZM, He QM, Tan L, Xiao KH, Wu RY, Yu 'Y, Mai J, Li ZL,
et al. Overexpression of PTK6 predicts poor prognosis in bladder cancer
patients. J Cancer. 2017;8(17):3464-73.

48. Ito K, Park SH, Katsyv |, Zhang W, De Angelis C, Schiff R, Irie HY. PTK6
regulates growth and survival of endocrine therapy-resistant ER+ breast
cancer cells. NPJ Breast Cancer. 2017;3:45.

49. Miah S, Bagu E, Goel R, Ogunbolude Y, Dai C, Ward A, Vizeacoumar FS,
Davies G, Vizeacoumar FJ, Anderson D, et al. Estrogen receptor signaling
regulates the expression of the breast tumor kinase in breast cancer cells.
BMC Cancer. 2019;19(1):78.

50. Xiang B, Chatti K, Qiu H, Lakshmi B, Krasnitz A, Hicks J, Yu M, Miller WT,
Muthuswamy SK. Brk is coamplified with ErbB2 to promote proliferation
in breast cancer. Proc Natl Acad Sci USA. 2008;105(34):12463-8.

51. Born M, Quintanilla-Fend L, Braselmann H, Reich U, Richter M, Hutzler
P, Aubele M. Simultaneous over-expression of the Her2/neu and PTK6
tyrosine kinases in archival invasive ductal breast carcinomas. J Pathol.
2005;205(5):592-6.

52. Park SH, Ito K, Olcott W, Katsyv |, Halstead-Nussloch G, Irie HY. PTK6 inhibi-
tion promotes apoptosis of Lapatinib-resistant Her2(+) breast cancer
cells by inducing Bim. Breast Cancer Res. 2015;17:86.

53. Ludyga N, Anastasov N, Rosemann M, Seiler J, Lohmann N, Braselmann
H, Mengele K, Schmitt M, Hofler H, Aubele M. Effects of simultaneous
knockdown of HER2 and PTK6 on malignancy and tumor progression in
human breast cancer cells. Mol Cancer Res. 2013;11(4):381-92.

54. Kang SA, Cho HS, Yoon JB, Chung IK, Lee ST. Hsp90 rescues PTK6
from proteasomal degradation in breast cancer cells. Biochem J.
2012;447(2):313-20.

55. Ang HL, YuanY, Lai X, Tan TZ, Wang L, Huang BB, Pandey V, Huang RY,
Lobie PE, Goh BC, et al. Putting the BRK on breast cancer: From molecular
target to therapeutics. Theranostics. 2021;11(3):1115-28.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Prognostic impact of PTK6 expression in triple negative breast cancer
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Case data
	Immunohistochemical(IHC) Test
	Fluorescence in situ hybridization (FISH)
	Statistical methods

	Results
	PTK6 protein is highly expressed in the LNM + group
	PTK6 protein expression and clinicopathologic features of TNBC
	No correlation between HER2- low expression and PTK6 protein in the TNBC groups
	High PTK6 protein expression is associated with poor prognosis of TNBC patients in the LNM + group

	Discussion
	Conclusion
	Acknowledgements
	References


