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Background: Wntless (WIs) is an essential protein that is necessary for the secretion of Wnt
proteins. While numerous researches have demonstrated that aberrations in Wnt/B-catenin
expression lead to tumorigenesis and progression in many cancer types, the effects of Wls in
breast cancer (BC) are less studied.

Methods: The mRNA and protein expression of Wls in BC cell lines were detected by RT-
qPCR and Western blot; the protein expression of patient samples was detected by immu-
nohistochemistry (IHC). The associations between Wls expression and clinicopathological
factors as well as survival time, including overall survival (OS) and disease-free survival
(DFS) were analyzed. Bioinformatics analysis was used to reveal the correlation between
WIls genes and associated genes or pathways.

Results: Wlis was overexpressed in BC cell lines and tissues. The expression level of Wls
was significantly correlated with tumor size, estrogen receptor (ER), progesterone receptor
(PR), Ki-67, molecular classification, and follow-up status. Spearman correlation analysis
showed that Wls protein expression was negatively correlated with ER and PR, which was
confirmed by bioinformatics analysis in mRNA level. However, there were positive relation-
ships with MBNG (modified Black’s nuclear grade), tumor size, Ki-67, molecular classifica-
tion, follow-up, and vital status. Univariate and multivariate analysis showed that Wls was an
independent prognostic factor for OS and DFS in BC patients. Moreover, Wls was
a significant prognostic indicator of OS and DFS in a hormone receptor-positive (HR+)
subgroup. GSEA showed that estrogen and androgen response, as well as epithelial-
mesenchymal transition pathways, were up-regulated in the Wls high-expression group.
Conclusion: Overexpression of Wls is a significant marker of worse prognosis in BC and
might play a crucial role in the HR+ subgroup.

Keywords: wntless, estrogen receptor, progesterone receptor, androgen receptor, breast

cancer, prognosis

Introduction
Breast cancer (BC), is the most common malignant tumor among female patients,
and has become the first cause of cancer-related deaths globally. The increasing BC
incidence is projected to increase further in the next 20 years worldwide.' More
than 400,000 women die of BC every year despite the use of multimodal
treatments.” Therefore, it is crucial to identify specific bio-markers for early
diagnosis and prognosis of BC patients.

As a complex signaling pathway, the Wnt pathway has been reported to be
participated in cell proliferation, differentiation, apoptosis, and polarity.> Numerous

studies have revealed that abnormalities of Wnt signaling are closely related to the
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development of human tumors, including BC.*> Wntless
(Wnt Ligand Secretion Mediator, Wls), also known as
Sprinter (SRT), Evenness interrupted (EVI), or GPR177,
is a regulatory molecule, which plays a crucial role in the
secretion of Wnt proteins.°® Wls is a transmembrane
protein,® found to be indispensable for Wnt proteins exo-
cytosis and transport.” Banziger’s study found that Wls
played an important role in Wg-sending rather than Wg-
receiving cells in Drosophila melanogaster.® Studies in
human cells indicated that Wls function was required in
cell-to-cell communication mediated by the Wnt pathway.
WIs has received increasing attention and its expression
and function have been reported in various human cancer
types, including malignant astrocytomas, gastric cancer,
and ovarian cancer.™'*'" Lu reported that Wls regulated
cell proliferation in BC by adjusting the Wnt signaling.’
However, the prognostic value of Wls in BC is less stu-
died. In this study, the expression of Wls in BC samples
was detected using IHC, and the correlation between clin-
icopathological parameters and Wls expression was ana-
revealed that Wls
overexpressed in BC cells and tissues. Furthermore, Wls

lyzed. The present study was
overexpression was associated with poor prognosis in BC
patients, and may be an independent risk factor of BC.
Additionally, the hormone receptor-positive (HR+) BC
subgroup, which defined as estrogen receptor (ER) >10%
and/or progesterone receptor (PR) >10% by IHC staining,
showed that high level of Wls was related to poor OS and

DFS of patients.

Methods

Breast Cell Lines

The human BC cells, MDA-MB-453 were grown in
Leibovitz’s L-15 (Thermo Fisher, MA, USA), MDA-MB
-468 were grown in RPMI 1640, MCF-7 and ZR-75 were
cultured in DMEM medium (Hyclone, UT, USA), supple-
mented with 10% fetal bovine serum (Gibco NY, USA).
All human BC cell lines were obtained from the American
Type Culture Collection (VA, USA). MDA-MB-453 were
cultured without CO, equilibration while other cell lines
were cultured in a humid atmosphere of 5% CO, at 37 °C.

Real-Time Quantitative Polymerase Chain
Reaction (RT-gPCR)
Total RNA was isolated by TRIzol (Ambion, CA, USA).

Reverse transcription was carried out using the
5%PrimeScript RT Master Mix for Real-Time (TaKaRa,

Tokyo, Japan) and RT-qPCR was performed by SYBR™
Premix Dimer Eraser™ Perfect Real-Time (TaKaRa,
Tokyo, Japan) following the manufacturer’s instructions.
The RT-qPCR analysis was performed using Mastercycler
(Eppendorf, Hamburg, Germany). The relative gene
expression fold change was normalized using GAPDH as
an internal control and compared with MCF-10A. The
sequences of used primers in this study were as follows:
Wils, F: 5'-TCA TGG TAT TTC AGG TGT TTC G-3', R:
5-GCA TGA GGA ACT TGA ACC TAA AA-3;
GAPDH, F: 5-GAA GGC TGG GGC TCA TTT GCA
GGG-3', R: 5-GGT GCA GGA GGC ATT GCT GAT
GAT-3".

Western Blot

For Western blot, antibodies against Wls, ERa, ERp, and
GAPDH were purchased from Proteintech (IL, USA), PR
and AR (androgen receptor) were purchased from Abcam
(Cambridge, UK). Western blot analysis was performed as
follows. Briefly, BC cells were lysed with RIPA buffer,
and the cell lysates centrifuged (12,000 x g, 10 min, 4°C),
to collect the supernatant proteins. Protein concentration
was determined by the Bio-Rad method (Hercules, CA,
USA). A total of 25ug protein were loaded onto the SDS-
PAGE gels (10%) and subsequently transferred to nitro-
cellulose membranes, blocked with 5% skim milk at room
temperature for 1 hour, and incubated at 4°C overnight,
with WIs, ERa, ERB, PR, AR or GAPDH anti-rabbit
antibodies at a dilution of 1:1000. Each membrane was
then incubated with an anti-rabbit horseradish peroxidase
antibody (Proteintech, IL, USA) at room temperature for
1h. Detection of immunoreactivity was carried out using
enhanced chemiluminescence (Millipore, Germany) and
visualization performed using an autoradiography imager
G: Box Chemi XT4 System (Syngene, Cambridge, UK).

Patients and Tissue Samples

A total of 247 BC and 40 para-tumor paraffin-embedded
tissues were collected from patients with complete clini-
copathological and follow-up information who were diag-
nosed with BC and surgically treated at China-Japan
Union Hospital of Jilin University between 2012 and
2014. Subsequently, IHC analysis was performed on all
tissue samples collected from the Department of
Pathology. Before surgery, patients received no radiother-
apy or chemotherapy. All cases were histologically diag-
nosed and scored by 2 independent pathologists based on

the WHO criteria. We defined OS as the duration between
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the time of surgery and death or last follow-up and calcu-
lated DFS from the date of surgery until initial tumor
relapse or last follow-up.

Immunohistochemistry Staining (IHC)

IHC was performed as previously reported in our
experiment.'? Briefly, 3um thick sections were deparaffi-
nized, rehydrated, and submerged in EDTA for antigenic
repair. The sections were next dealt with hydrogen, heated,
and incubated in bovine serum albumin. The cells were
incubated with the Wls antibody (Proteintech, IL, USA) at
4°C overnight. Normal goat serum served as a negative
control. The sections were washed and subsequently incu-
bated with secondary antibody, and horseradish peroxi-
dase-streptavidin complex (Invitrogen, CA, USA). Each
section was stained using 3-amino-9-ethyl carbazole fol-
lowed by counterstaining with Mayer’s hematoxylin
before dehydration and mounting. Staining intensity of
Wis protein was rated as 0, absent; 1, weak; 2, moderate;
3, strong. The percentage of positive cells was grouped as
0 (<5%), 1 (6-10%), 2 (10-25%), 3 (25-50%), or 4
(>50%). The total IHC score was determined by the fol-
lowing formula: Positive IHC score = positive percentage
score X positive intensity score. Wls protein expression
was classified as low (score <3), moderate (3<scores<6),
and high (score >6) expression groups.

Bioinformatic Analysis

Gene Set Enrichment Analyze (GSEA)

The mRNA profile data were obtained from the TCGA
database and included 1104 BC tissues and 114 normal
tissues. The mRNA level of Wls was divided into a low-
level or high-level group based on the median ratio.
Briefly, gene sets (h.all.v6.2.symbols.gmt) were obtained
from the Molecular Signatures Database and were ana-
lyzed using GSEA software 3.0. Normalized enrichment
scores (NES) were obtained from 1000 site permutations
with p-value <0.05 and FDR (false discovery rates) <0.25
were considered statistically significant.

Correlation of WIs and ESRI, PGR, or AR

The mRNA profile of the normal tissues was acquired
from the Genotype-Tissue Expression (GTEx) Project
(https://www.gtexportal.org/). The mRNA expression data

of BC tissues and BC cell lines (n=57) were respectively
downloaded from the TCGA and CCLE portal (https://
The

receptor 1

correlation
(ESR1),

portals.broadinstitute.org/ccle/home).
Wis

between and estrogen

progesterone receptor (PGR), and androgen receptor
(AR) was analyzed using the R program (Version 3.5.2;
http://www.R-project.org/bioconductor.org/).

Statistical Analysis

All statistical data were calculated by SPSS software ver-
sion 23.0 (IBM, NY, USA). The Chi-square test as well as
Spearman’ s correlation analysis was adopted for analysis
of the relationship between WIls expression and clinico-
pathological parameters. Kaplan-Meier method was used
to assess survival, and the difference in survival between
the groups was determined through the Log-rank test.
Further, survival evaluation was subjected to multivariate
Cox-regression analysis, following univariate analysis.
Data analysis among groups adopted one-way ANOVA.
A p-value < 0.05 signified statistical significance. Each
experiment was done at least three times and measured
data expressed as mean =+ standard deviation.

Results
Wis Expression in BC Cell Lines and

Tissues

WIs was overexpressed in BC cell lines (Figure 1) and BC
tissues (Figure 2). The mRNA level of Wls, as shown in
Figure 1A, was up-regulated in BC cell lines, especially in
basal-like BC MDA-MB-453 and MDA-MB-468. A similar
expression pattern of Wls protein expression was obtained
by Western blot (Figure 1B) in BC cells, ER and PR status
were also detected. Moreover, there was no expression of
Wils in most para-tumor breast tissues detected by ITHC
staining (Figure 2A), while high expression was observed
in most BC tissues, which could be divided into low, mod-
erate, and high expression groups (Figure 2B-D).

Relationship Between Clinicopathological

Features and WIs Expression of BC
The clinicopathological parameters of 247 BC patients are
shown in Table 1. To assess whether Wls expression was
connected with the clinical progression of BC, the Chi-
square test was applied to determine the association
between WIs expression and clinicopathological para-
meters. The results showed that the level of Wls was
related to tumor size (p=0.050), ER (p=0.000), PR
(p=0.000), Ki-67 (p=0.019), molecular
(p=0.000) and follow-up status (p=0.002).
As shown in Table 2, Wls expression in invasive BC
showed a positive correlation with MBNG (modified Black’s

classification
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Figure | Overexpressed WIs in BC cell lines. WIs expression level was detected in both mRNA (A) and protein level (B) in different cell lines. ERa, ERB, PR, and AR were
detected by Western blot. (*p<0.05, *p<0.01).
Abbreviations: AR, androgen receptor; BC, breast cancer; ER, estrogen receptor; PR, progesterone receptor; Wis, wntless.

Figure 2 Overexpressed WIs in BC tissues. Inmunohistochemistry staining detected the expression of WiIs in human tissues. (A) Negative staining; (B) Light staining (1+);
(C) Mild staining (2+); (D) Strong staining (3+). The right lower figure is the magnification (%100) of the squared area (x40).
Abbreviations: BC, breast cancer; WIs, wntless.
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Table | Correlation Between Clinicopathological Characteristics Table | (Continued).
and WIs Expression in Breast Cancer Patient Samples
L. i Characteristics WIs Expression p-value
Characteristics WIs Expression p-value
. . Low | Middle | High
Low | Middle | High
Age (year) Follow-up status
e (year
g<5§ o | e o Alive 53 | 118 24
Metastasis 2 8
250 30 79 21 0.887 R 0 |
ecurrence
Menopause stage Dead 5 20 14 0.002*
No 34 80 23 Notes: *Fisher’s exact test.
Yes 26 67 17 0.920 Abbreviations: ER, estrogen receptor; Her-2, human epidermal growth factor-2;
M, metastasis; N, node; PR, progesterone receptor.
Age at menarche (year)
<I5 26 77 20
215 34 70 20 0.498 Table 2 Spearman Analysis of Correlation Between WIs and
Clinicopathological Features
Clinical stage
| 21 57 11 Characteristics WIis Expression Level
Il 25 55 16
Spearman Correlation p-value
|1li 14 35 13 0.664
T ] MBNG 0.129 0.042
ur:;r size(cm) %0 83 17 Tumor size 0.150 0.018
) 20 59 ” 0,050 ER status —0.308 0.000
_ i PR status -0.294 0.000
Number of lymph node metastases Expression of Ki67(30%) 0.173 0.006
0 30 79 18 Molecular classification 0.331 0.000
1-3 16 35 10 Follow-up status 0.212 0.001
4-9 7 17 4 Vital status 0.210 0.001
>
210 ’ 16 8 0828 Abbreviations: ER, estrogen receptor; Her-2, human epidermal growth factor-2;
M, metastasis; MBNG, modified Black’s nuclear grade; N, node; PR, progesterone
ER status receptor.
Negative 5 Y} 21 ’
Positive 55 105 19 0.000 X
nuclear grade, r=0.129, p=0.042), tumor size (r=0.150,
PR status p=0.018), Ki-67 (r=0.173, p=0.006), molecular classification
Negati 9 52 24
- ceative A B (r=0.331, p=0.000), follow-up status (r=0.212, p=0.001) and
ositive .
vital status (r=0.210, p=0.001), while showed a negative cor-
Her-2 status relation with ER (=—0.308, p=0.000) and PR (1=—0.294,
Negative 33 76 17
g p=0.000).
1-2 + 23 60 19
3+ 4 Il 4 0.780°
Expression of Ki67 (30% WIs Expression in BC Patients is Related
Low expression 49 95 23 to Poor PrognOS|S
High expression |52 17| 0019 The impact of Wls expression on patients’ survival com-
Molecular classification pared with Ki-67 was evaluated by Kaplan-Meier and log-
Luminal A 29 49 4 rank analysis (Figure 3). The relationship between WIs
Luminal B (Her-2-) 13| 34 5 expression and OS and DFS was statistically significant
Luminal B (Her-2+ 12 26 10 . .
Hum';i (Her-24) 3 1 ¢ (p<0.001, p<0.001; Figure 3A and B). When patients were
er-.
Basal like 3 17 s 0.000 classified into subgroups based on hormone receptor, Wls
was considered as a significant prognostic indicator for OS
(Continued)

and DFS in the HR+ subgroup (p=0.010; p=0.004) (Figure
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Figure 3 High expression of WiIs correlates with OS and DFS and compares with the expression of Ki-67 in different cut-off values. (A, B) OS and DFS of the whole
samples. (C, D) OS and DFS of the sub-group of HR+ patients. (E-J) OS and DFS of the sub-group of HR+ patients were divided as the expression of Ki-67 with a cut-off

value of 15% (E, F), 30% (G, H), or a combination (I, J).

Abbreviations: DFS, disease-free survival; HR+, hormone receptor-positive; OS, overall survival; Wls, wntless.

3C and D). However, Ki-67 (cut-off value at 15%, 30% or
15-30%) showed no statistical significance with OS
(Figure 3E, G, and I) in the HR+ subgroup and was only
related to poor DFS when its expression was >30%
(Figure 3F, H and J). As shown in Table 3, for patients
with high expression of WIs, the median OS and DFS
times were 67.125 months (HR: 3.953, 95% CI: 59.378
to 74.872) and 65.357 months (HR: 3.937, 95% CI: 57.640
to 73.075), respectively. For patients with the moderate
expression of Wls, the median OS and DFS times were
80.094 months (HR: 1.459, 95% CI: 77.234 to 82.953) and
77.720 months (HR: 1.577, 95% CI: 74.629 to 80.812),
respectively, and the median OS and DFS times of patients
with low expression of Wls were 87.501 months (HR:
1.514, 95% CI: 84.533 to 90.468) and 82.340 months
(HR: 1.370, 95% CI: 79.655 to 85.024), respectively.

Univariate and Multivariate Survival
Analysis of BC Patients

Univariate and multivariate analysis were used to confirm
the prognostic value of related -clinicopathological

parameters. As shown in Table 4, univariate analysis
showed that age at menarche (p=0.013), Wls expression
(p<0.001), clinical stage (p<0.001), tumor size (p<0.001),
N stage (p<0.001), ER (p<0.001), PR (p<0.001), Ki-67
(p=0.008), Her-2 (p=0.024) and molecular classification
(p<0.001) were all significant prognostic factors for OS.
Besides, only Wls expression (p=0.023), as well as N stage
(p=0.024), were independent prognostic predictors in mul-
tivariate analysis, and all the other factors showed no
independent prognostic effect. In univariate analysis, Wls
expression, age at menarche, clinical stage, tumor size,
N stage, ER, PR, Ki-67, and molecular classification,
were significantly related to DFS (p<0.001) in BC patients
(Table 5). Besides, high Wls and Ki-67 expression, low PR
expression, and high N stage were associated with poor
DFS in multivariate analysis (p=0.002).

Relationship Between WIs Expression

and Hormone Receptor
Bioinformatics analysis was employed to explore the cor-
relation between WIs and ESR1, PGR, or AR and the

Table 3 Log-Rank Analysis of Overall Survival (OS) and Disease-Free Survival (DFS) in Different Expression Groups of WIs in Breast

Cancer Patients

WiIs Expression os DFS
Months HR 95% CI Months HR 95% ClI
I+ 87.501 1.514 84.533-90.468 82.340 1.370 79.655-85.024
2+ 80.094 1.459 77.234-82.953 77.720 1.577 74.629-80.812
3+ 67.125 3.953 59.378-74.872 65.357 3.937 57.640-73.075
Total 82.370 1.288 79.846-84.894 77.147 1.248 74.701-79.592
12654 submit your manuseript OncoTargets and Therapy 2020:13
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Table 4 Univariate and Multivariate Cox-Regression Analysis of Various Prognostic Parameters of Overall Survival (OS) in Patients

with Breast Cancer

Characteristics Univariate Analysis Multivariate Analysis
HR 95% CI p-value HR 95% CI p-value

Age at menarche 1.235 1.046—1.459 0.013 1.175 0.974-1.417 0.092
Wis 2.560 1.5374.263 0.000 1.972 1.099-3.541 0.023
Clinical stage 2.593 1.656—4.058 0.000 0.788 0.273-2.281 0.661
Tumor size 2.454 1.577-3.817 0.000 1.469 0.834-2.588 0.183
N stage 1.989 1.522-2.599 0.000 2.000 1.096-3.650 0.024
ER status 0.309 0.165-0.580 0.000 1.269 0.376—4.290 0.701
PR status 0.221 0.114-0.431 0.000 0.353 0.124-1.003 0.051
Ki-67 status (30%) 2.339 1.248—4.383 0.008 1.314 0.638-2.706 0.458
Her-2 status 1.694 1.072-2.679 0.024 1.107 0.712-1.720 0.652
Molecular classification 1.483 1.197-1.838 0.000 1.048 0.646—1.702 0.848

Abbreviations: Cl, confidence interval; ER, estrogen receptor; Her-2, human epidermal growth factor-2; HR, hazard ratio; M, metastasis; N, node; PR, progesterone.

Table 5 Univariate and Multivariate Cox-Regression Analysis of Various Prognostic Parameters of Disease-Free Survival (DFS) in

Patients with Breast Cancer

Characteristics Univariate Analysis Multivariate Analysis
HR 95% CI p-value HR 95% ClI p-value

Age at menarche 1.163 1.004-1.347 0.044 1.120 0.949-1.322 0.181
Wis 2.267 1.467-3.505 0.000 2.149 1.313-3.518 0.002
Clinical stage 2213 1.520-3.223 0.000 0.591 0.241-1.450 0.251
Tumor size 1.962 1.325-2.904 0.001 1.193 0.729-1.950 0.483
N stage 1.900 1.506-2.395 0.000 2.532 1.469—4.362 0.001
ER status 0.479 0.275-0.834 0.009 2.264 0.778-6.583 0.134
PR status 0.344 0.199-0.596 0.000 0.407 0.176-0.944 0.036
Ki-67 status (30%) 2.486 1.442-4.285 0.001 1.949 1.030-3.688 0.040
Her-2 status 1.397 0.930-2.098 0.107

Molecular classification 1.337 1.114-1.603 0.002 1.083 0.726—1.615 0.696

Abbreviations: Cl, confidence interval; ER, estrogen receptor; Her-2, human epidermal growth factor-2; HR, hazard ratio; M, metastasis; N, node; PR, progesterone

receptor.

effects of Wls on tumor progression. GSEA showed that
estrogen response (Figure 4A), epithelial-mesenchymal
transition (EMT) (Figure 4B), and androgen response
(Figure 4C) pathways were up-regulated in the Wls high-
expression group. The correlation between Wls mRNA
expression and ESR1 or PGR showed an inverse relation-
ship among normal tissues (GTEx, r=0.59, p<0.01; r=0.71,
p<0.01, Figure 4D and G) and BC tissues (TCGA, r=0.18,
p<0.05; r=0.37, p<0.01, Figure 4E and H) and BC cell
lines (CCLE, r=—0.41, p<0.001; r=—0.27, p<0.05, Figure
4F and I). Besides, the correlation between Wls and AR
(Figure 4J-L) showed an inverse relationship between BC
tissues (r=0.34, p<0.001, Figure 4K) and BC cell lines (r=
—0.25, p=0.06, Figure 4L) but the relationship was not
statistically significant.

Discussion

In this study, we found that Wls was overexpressed in BC
cells and tissues. Wls overexpression was also found to be
an independent risk factor of poor prognosis in BC
patients, including the HR+ subgroup.

Numerous studies have demonstrated aberrant expres-
sion of Wls in multi-types of tumors. Zhou found that Wls
was highly expressed in hepatocellular carcinoma and
showed positive correlation with tumor differentiation
and TNM stage.”® A study by Augustin, showed that Wls
was required for glioma tumorigenesis and progression,
which was related to poor prognosis in various cancer

types.'!
independent prognostic indicator, and was closely related

Xu found that overexpression of WIs was an

to poor outcomes of colorectal cancer patients.'*
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Abbreviations: AR, androgen receptor; EMT, epithelial-mesenchymal transition; ESRI, estrogen receptor |; GSEA, gene set enrichment analysis; PGR, progesterone

receptor; Wis, wntless.

Emerging evidence suggests that the secretion of Wnts is
controlled by WIls, which combined with the FZD and
LRP5/6 receptor complex on the cell surface, stimulates
cell adhesion, proliferation, differentiation, apoptosis, EMT
and invasion by inducing the canonical (Wnt/B-catenin) or
non-canonical (Wnt/Ca”") signaling pathway.'”> '® Previous
studies demonstrated that the Wnt pathway was closely
associated with breast carcinogenesis.'® ' However, only
a few studies reported a relationship between Wls expres-

sion status and breast carcinoma.>*

This study found that elevated Wls protein expression
was negatively correlated with ER and PR status. These
findings were consistent with the results in a study by
Stewart, that Wls was overexpressed in breast, gastric and
ovarian cancers. Wls expression is significantly positively
correlated with HER-2 and negatively correlated with ER
and PR.** In our present study, the mRNA expression of
ESR1 and PGR showed a strong positive correlation with
WIs expression in normal tissues, a relatively weak positive

correlation in BC tissues, and a negative correlation in BC
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cell lines. These findings indicate that WIs links closely to
the progression of BC, and high expression of Wis is asso-
ciated with poor prognosis in BC patients.

Moreover, HR+ BC was considered to have a better
prognosis than the Her-2 positive and basal-like subtype.
Wls was detectable in the HR+ cell lines MCF-7 and ZR-
75. The expression of Wls was found to increase in the
more invasive and aggressive basal-like BC cell lines
MDA-MB-453 and 468. We also found that overexpres-
sion of WIs in the HR+ subtype correlated with poor
prognosis. Song et al found that activation of Wnt/p-
catenin signaling in luminal cells promotes basal transition
under pregnancy or estrogen and progesterone treatment,
which may explain the basal-like cancer cells with high
expression of Wls.?* Chen et al reported that B-catenin was
significantly up-regulated, while ERa was down-regulated
in hepatocellular carcinoma (HCC). The binding of ERa
with B-catenin was enhanced by estrogen, which activated
the binding of B-catenin with E3 ligase to promote its
degradation and block the metastasis in HCC cells.**
Considering that liver cancer is more prevalent in males,
the possible mechanism associated with a negative corre-
lation between WIs and ER-negative breast cancer still
needs to be further investigated.

Furthermore, GSEA showed that estrogen response and
EMT pathways were upregulated in the WIs high-
expression group. These results were in line with the
experimental results reported by other researchers.
Kouzmenko et al showed the cross-link between Wnt
and estrogen pathways through the interaction between
ERa and B-catenin even in the absence of ligand in vivo,
which was markedly stimulated by estrogen at physiologi-
Sikora et al reported that Wnt4
knockdown blocked estrogen-induced proliferation in

cal concentrations.?

invasive lobular carcinoma, which may mediate resistance
to endocrine therapy.”® Bleckmann et al reported that,
in BC patients with liver metastasis, Wnt signaling linked
with poor prognosis of patients.”” Leung et al found that
the expression of components of Wnt pathway was
increased in MCF-7 cell after short period of endocrine
treatment.”® Mastroianni et al reported that Wnt signaling
can function as estrogen to drive mammary epithelial cells
growth including ERo+ cells, which suggested that Wnt
signaling may contribute to estrogen-independent tumor
growth, and resistance of endocrine therapy.”’ These
results suggested a cross-talk between these two important
pathways in promoting tumor progression. Interestingly,
Mullin identified that Wls and ESR1 were associated

with bone density by bioinformatic study.>® Besides, the
correlation between Wls and ER may involve in various
diseases, and the interaction between Wls and ER needs to
be further investigated.

Published data reveals that AR is a novel marker in
breast carcinogenesis. AR is reportedly associated with
carly-stage, low axillary burden, ER, PR, and luminal
A molecular subtype.’! GSEA displayed that androgen
response is enriched in the WIs high-expression group.
The correlation between mRNA expression of Wls and
AR showed an inverse relationship between the normal
and BC cells, while no significant relationship was
observed between the BC tissue and BC cell lines. Since
the interaction between B-catenin and AR has been pre-
viously observed,*? it is necessary to explore the interac-
tion mechanism between Wls and AR in future studies.

Five to 10 years of adjuvant endocrine therapy is
advised in HR+ postmenopausal BC women.>* However,
while it provides further protection, it also induces the
extra risk of side effects associated with therapy beyond
5 years.”® In this study, Wls was found to be a significant
prognostic indicator of OS and DFS in the HR+ subgroup.
Therefore, this is a potentially new predictive biomarker
for HR+ patients carrying a high risk of recurrence. These
findings also illustrate the benefits of extended endocrine
therapy to improve the prognosis in patients without recur-
rence 5 years after diagnosis and whether treatment can be
sustained if an adverse event occurs.***

The luminal A and B subtypes were characterized by
the expression level of Ki-67 at a cut-off value of
14%.° In fact, the reported cut-offs for Ki-67 ranges
from 3.5 to 34%. There is no solid evidence that Ki-67
could work as a valuable biomarker to distinguish which
patients may benefit from specific chemotherapy or endo-
crine therapies. Moreover, Ki-67 is not recommended
through guidelines from the American Society of Clinical
Oncology as a routine biological marker.’” The lack of
standardization made it not routine for the determination
of Ki-67. There are numerous ongoing studies to find other
indicators as alternatives of Ki-67 in subtype determina-
tion of BC.*® In this study, the expression level of Wls was
positively correlated with Ki-67, and Wls was found to be
an effective prognostic indicator of OS and DFS in BC or
HR+ subgroup patients. Wls can serve as a potential pre-
dictor for the survival of BC including the HR+ subgroup.

In summary, overexpression of Wls is a prognostic
predictor for survival in BC patients and shows an even
greater advantage in the HR+ BC subgroup.
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