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Abstract
Background & Objective: Breast cancer (BC) is the most prevalent disease among
women around the world, considered the world's leading cause of death (15% of the
total cancer deaths) in women in 2018. β-catenin is a multifunctional protein located
in the cytoplasm and/or nucleus of the cell. Several studies suggested that β-catenin
expression plays a critical role in cancer invasion and metastasis. This research
sought to examine β-catenin expression in breast cancer and its associations with
clinico-pathological features (such as histopathological types, grade, and invasion
depth of tumor as well as lymph node involvement) and breast cancer patient
survival. Methods: The study was performed in the period from 1 January to July
2019 on 40 female breast cancer patients. The control group involved 40 healthy
females with no history of cancer. Tissue blocks from histologically confirmed
patient and control subjects were fixed in formalin and embedded in paraffin . βcatenin was evaluated by immunohistochemistry (IHC). Results: The
immunohistochemical study of the subcellular localization of β-catenin
demonstrated that 75% of the patients showed 1-3 score for β- catenin compared to
only 27.5% of controls who had such score, with a highly significant difference.
Conclusions: The use of β-catenin IHC markers can be effective throughout the
treatment of progressive BC.
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 كمؤشر لمكيمياء المناعية لدى النساء المصابات بسرطان الثديβ-Catenin دراسة
3

 عمر فاروق عبد الرشيد،2 جنان عدنان عبد المطيف،1*رقيه عمي سممان
 جامعة الفرات األوسط التقشية،السديب/ السعهد التقشي،قدم تقشيات السختبرات الطبية1
 جامعة الكرخ لمعمهم، كمية العمهم،قدم االحياء السجهرية2

 جامعة الشهرين، كمية الطب،قدم الكيسياء والكيسياء الحيهية3
الخالصة
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 في سرطان الثدي والعالقات بين تعبيرβ -catenin  تهدف هذه الدراسة إلى معرفة تعبير4الدرطان واالنبثاث

 تم إجراء الدراسة في الفترة: الطريقة4والخرائص اإلكميشيكية السرضية لسرضى سرطان الثديβ -catenin
 امرأة41  كسا تزسشت مجسهعة الديطرة4 امرأة مرابة بدرطان الثدي41  عمى2112  يشاير إلى يهليه1 من
 تم إجراء دراسة عمى العيشات الشديجية السطسهرة في شسع4سميسة ال يهجد لديهن تاريخ عائمي لدرطان الثدي
 بهاسطةβ -catenin  تم تقييم4 مريزة مرابة بدرطان الثدي السؤّكد ندجيا41 البارافين والستزسشة من
 فيβ -catenin  الدراسة الكيسيائية مشاعية لقياس مدتهيات تهاجد: الشتائج.(IHC) تقشية التربيغ السشاعي
 فقط في مجسهعة٪ 2545  مقارنة مع3- 1  من السرضى عشد درجة تعبير٪ 55 نديج الثدي أظهرت ان

β -catenin  يسكن أن يكهن: االستشتاج4الديطرة التي لديها مثل هذه الشتيجة مع وجهد فرق معشهي كبير
.مؤشر مهم في عالج سرطان الثدي ولسشع تقدم االصابة

Introduction
The prevalence rates of breast cancer have risen significantly over the last two decades [1].
According to the Iraqi Cancer Registry (ICR) (2016), breast cancer has the highest percentage and
incidence among females [2]. A research conducted in Iraq found that the percentage of women with
breast cancer was 33.81% of the total cancer cases. The proportion of breast cancer in different
countries in the region, such as Kuwait, Jordan and Bahrain, was lower compared with the other Arab
countries [3]. Many factors can increase the risk of the disease, such as medical history, obesity, and
inadequate understanding of the seriousness of the case [4]. In breast cancer patients, numerous
prognostic factors have been assessed to predict clinical outcome. Several lines of evidence show a
significant role of β -catenin in breast cancer. β -catenin protein is a central regulator of the cadherinmediated cell-cell adhesion mechanism by connecting the cytoplasmic domain of cadherin with αcatenin, which anchors the cytoskeleton adhesion complex [5]. In addition, β -catenin participates in
the Wingless /Wnt signaling cascade, an important transcription-activating mechanism for cell
proliferation, cell polarity, and migration [6]. However, the association of β-catenin / Wnt pathway
activation with clinical outcome and the mechanisms for activating it in breast cancers remain
controversial [7, 8]. β-catenin is located in the cytoplasm and/or nucleus, and cell membrane. It is
bound to the cytoplasmic domain of type I cadherin. It is essential for the structural organization and
function of cadherin on the cell membrane and acts on linking the actin cytoskeleton via α-catenin [9].
Certain phosphorylation events, such as tyrosine phosphorylation of β -catenin by receptors of the
epidermal growth factor or Src, among others, dissociate it from the complex adherents and transfer it
to the cytoplasm [10]. β -catenin accumulates within the nucleus or cytoplasm in more than half of all
cancer cases, such as colorectal carcinoma, breast cancer, liver carcinoma, melanoma and leukemia
[11-15]. Anomalous accumulation of β-catenin in the nucleus may result in the loss of E-cadherin and
consequent cell polarity and cell adhesion. This, in effect, may concurrently trigger the shedding of
cells and cause the expression of invasion-related genes, allowing tumor cells to be released into the
blood and lymph vessels [16].
In this study, we examined the expression and intensity of β -catenin in female breast cancer patients
and their relationship to the pathological characteristics.
Materials and Methods
Patients and tissue samples
This study recruited 40 women with breast cancer ( age range between 23 and 69 years; (mean age
47.88±10.92) who did not receive any form of treatment prior to surgery, between January and August
2019, compared to 40 healthy women as a control. Healthy women and cancer patients were examined
and replied to a special questionnaire. Data were collected as related to age, body mass index (BMI),
family history, histopathological types of tumor, grade of the tumor, invasion depth of tumor, lymph
node involvement and stage of the tumor, according to the TNM (tumor, node, metastasis) categories.
Antibodies
Rabbit polyclonal anti-human β-catenin (Mybiosource, catalog No.; RDEFNab008882, USA)
antibody was diluted and applied according to the manufacturer's recommendations.
Immunohistochemical analysis
Formalin-fixed, paraffin-embedded tissue sections were immunostained for β-catenin. Sections
were de-waxed in xylene, rehydrated in alcohol, cut in 4 mm thick, and placed on charged slide.
Following 5 minutes of slide immersion in D.W., the slides were placed in citrate buffer for antigen
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retrieval at 95.5C water bath. After leaving the slides to cool, they were blocked with endogenous
peroxidase for 10 min. The primary anti-β-catenin antibody was diluted and applied as recommended
by the manufacturer, and the preparations were incubated for 1 hr. Following further washes in
PBS, the poly-HRP-Goat anti-rabbit IgG (Mybiosource, UK) was applied for 30 min. After
washing in PBS, the sections were incubated in DAB-Substrate reagent (DACO) for 10 min.
Staining was visualized with DAB. Then, the slides were counterstained with hematoxylin,
dehydrated, cleared, and mounted for examination.
Evaluation of immunohistochemical staining
The expression of β-catenin was scored semi-quantitatively according to the following criteria: a
score of 0 if < 1% of morphologically unambiguous neoplasmic cells expressed discreetly cytoplasmic
β -catenin; a score of 1 + if < 1% of morphologically unambiguous neoplasmic cells expressed
discreetly cytoplasmic β-catenin; and a score of 2 + if < 10% of morphologically unambiguous
neoplasmic cells expressed discreetly cytoplasmic β-catenin. Grades 1+ and 2+ were considered βcatenin positive [17].
Statistical analysis
All statistical analyses were performed using Statistical Package for Social Sciences software
version 25.0 (SPSS, Chicago, IL, USA). Continuous variables were subjected for normality tests
(Shapiro Wilk test). Variables with normal distribution were expressed as mean± standard deviation
(SD) and analyzed with Student t-test. Non-normally distributed variables were expressed as median
and range, and analyzed with Mann Whitney U test (for comparison between two groups) or Kriskal
Wallis (for comparison between more than two groups). Binomial variables were expressed as number
and frequency, and analyzed with Chi square. A p-value of ≤ 0.05 was considered significant.
Results
Demographic Characteristics of the Study Population
The mean age of the BC patients was 47.88±10.92 years compared to 46.2±9.94 years for controls,
with no significant difference. Likewise, there was no significant difference between the group of BC
patients and control with respect to menarche (13.03±1.07 years and 12.8±1.16 years respectively). In
addition, BC patients had no significantly different BMI than controls (27.88±4.74 kg/m2 versus
25.89±3.94 kg/m2). Postmenopausal women were more frequent among BC patients (35%) than
controls (22.5%), without significant difference. Family history for BC was reported in 37.5% of the
patients (Table-1).
Table 1-Demographic characteristics of the study population
Variables
Breast cancer patients (n=40)
Controls (n=40)
p- value
Age, years
(mean±SD)
47.88±10.92
46.2±9.94
0.475
BMI, kg/m2
(mean±SD)
27.88±4.74
25.89±3.94
0.044
Menopausal status
Premenopausal
26 (65%)
31(77.5%)
0.217
Postmenopausal
14(35%)
9(22.5%)
Menarche
(mean±SD)
13.03±1.07
12.8±1.16
0.371
History of BC
No
25(62.5%)
………….
………
Yes
15(37.5%)
BMI: body mass index, SD: standard deviation
Clinical Characteristics of the Patients
The patient's clinical characteristics indicated no co-morbidity at diagnosis in half the patients.
However, 20%, 5% and 20% of them had hypertension, DM or both, respectively. The diameter size
of tumor in patients was 32.5% % in T1, 37.5% in T2, 17.5% in T3 and 12.5% in T4.
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Table 2-Clinical characteristics of BC patients
Variables
Frequency
Percentage
Comorbidity
No comorbidity
22
55
Hypertension
8
20
DM
2
5
Hypertension+DM
8
20
Tumor size
T1
13
32.5
T2
15
37.5
T3
7
17.5
T4
5
12.5
Lymph node status
N0
17
42.5
N1
12
30
N2
6
15
N3
5
12.5
Metastasis
M0
14
40
Not assessed
26
60
Grade
I
2
5
II
25
62.5
III
13
32.5
DM: diabetes mellitus, BC: breast cancer
There was no involvement of lymph nodes in 42.5 of patients, while different degrees of
involvement were reported in 67.5%. Metastasis was confirmed in 40% of patients, whereas, in 60%
of them, there was no assessment of metastasis. About two-thirds (67.5%) of patients were in early
stages of the disease, whereas stage III was reported in 32.5% of them (Table-2).
Immunohistochemical Score of β- Catenin
Three-fourths of the patients showed 1-3 score in β-catenin compared to only 27.5% in controls that
had such score, with highly significant difference (Table-3).
Table 3-Immunohistochemical score of β -catenin in BC patients and controls
Breast cancer patients
Variables
Controls (n=40)
p- value
(n=40)
β- Catenin
zero score
10(25%)
29(72.5%)
<0.001
1-3
30(75%)
11(27.5%)
Pearson’s correlation was used to explore the possible correlation between different variables.
Among BC patients, there were nine significant correlations (Table-4). The BMI showed a positive
correlation with age (r= 0.351, p= 0.021). In the control group, there was only two significant
correlations; the age showed a positive correlation with BMI (r= 0.321, p= 0.043) (Table-4).
Table 4-Pearson’s correlations between continuous variables in BC group and control group
BC group
control group
Variables
β-catenin
Age
Variables
β-catenin
Age
BMI
BMI
-0.088
-0.04
r
0.351
r
0.321
0.592
0.804
p
0.021
p
0.043
β -Catenin
β -catenin
r
-0.183
r
0.04
P
0.260
P
0.804
BMI: body mass index
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Association of Immunohistochemical (IH) Score with the Clinical Characteristics
For β-catenin, there was no significant association between IH score with either history of BC,
presence of comorbidity, lymph node involvement, metastasis, or tumor grade. In contrast, patients
with T2 (tumor size between 2 to 4 in its greatest dimension) showed a significantly higher frequency
(46.47%) of 1-3 β-catenin score than patients with other tumor sizes (Table-5).
Table 5-Association of an immunohistochemical score of β-catenin with the clinical characteristics of
the patients
β-catenin
Variables
P Value
Zero
1-3
(n=10)
(n=30)
History of BC
No (25)
7(10%)
18(60%)
0.57
Yes (15)
3(30%)
12(40%)
Comorbidity
No (22)
3(30%)
19(63.33%)
0.067
With (18)
7(70%)
11(36.37%)
Tumor size
T1(13)
7(70%)
6(20%)
T2 (15)
1(10%)
14(46.47%)
0.03
T3(7)
1(10%)
6(20%)
T4(5)
1(10%)
4(13.33%)
Lymph node
N0(17)
4(40%)
13(43.33%)
N1(12)
2(20%)
10(33.33%)
0.732
N2 (6)
2(20%)
4(13.33%)
N3 (5)
2(20%
3(10%)
Metastasis
M0(14)
5(50%)
9(30%)
0.25
Not assessed(26)
5(50%)
21(70%)
Grade
I and II (27)
8(80%)
19(63.33%)
0.33
III (13)
2(20%)
11(36.37%)
Of note, patients with comorbidity showed a remarkably lower frequency of the 1-3 score of this
biomarker than those without comorbidity (36.37% versus 63.33%), although the difference was not
significant (Table-5).
Classification of intensity staining of β–catenin
Positive staining of β-catenin was found in 11/40 (27.5%) of the control cases, while all cases
showed strong coloring intensity. Whereas, 29/40 (72.5%) of the control group cases reported negative
results (Figure-1). In addition, β-catenin was detected in tumor cells in 30/40 (75%) cases of BC,
where 17 cases had strong intensity coloring, 13 had moderate intensity coloring, and 10/40 (25%) had
negative coloring for β-catenin (Figure-2) (Table-6).
Table 6-Classification of intensity staining of β-catenin
Intensity of β-catenin
Study groups
positive
strong
moderate
weak

Total
negative

control

11(27.5)

0

0

29

BC patient

17

13

0

10

P-value

P<0.001
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Figure 1-Normal breast duct negative control lacks expression

10X

40X

Figure 2- Immunohistochemical expression of β-catenin in breast tissue. (A) Normal ducts of breast
tissue showing strong complete membranous (1) and cytoplasmic (2) staining (20X). (B) Moderate
staining localized in cytoplasm without nuclear staining in breast cancer tissue (40X). (C) β-catenin
cytoplasmic expression (1) and nuclear expression (2) in breast cancer tissue (40X). (D) Strong
predominantly membranous β-catenin expression (1), nuclear (2) and cytoplasmic (3) expression in
breast cancer tissue (40X)
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Discussion
Previous immunohistochemical analyzes of β-catenin in tumors of breast cancer showed mixed
results in terms of location and patient outcome relationship. A study of 121 specimens from BC
patients found that normal membranous β-catenin staining was maintained in 32% of invasive ductal
carcinomas, but did not report any association with the outcome [18]. Another study on 29 cases
indicated that five cases of invasive lobular carcinoma lacked pre- and post-treatment
immunoreactivity of β-catenin [19]. Nevertheless, two post-treatment samples showed slightly
decreased membranous staining [20]. In addition, other results revealed a correlation between βcatenin nuclear expression and decreased disease-free survival (P=0.0873) [7]. Multivariate survival
studies showed that β-catenin nuclear expression was not correlated with the outcome of breast cancer
patients. Our findings and previously reported results were rather different. However, a previous report
found that cytoplasmic β-catenin expression was not only correlated with tumor growth and high rates
of proliferation [20], but also with ER and HER2 expression as well as lymph node metastasis [21,
22]. A correlation between cytoplasmic expression of β-catenin and ER-positive status was
documented by other studies [23, 24], while no connection was found by others [25, 26].
In our study, 36.1% of breast cancer patients expressed β-catenin in the nucleus and cytoplasm. In
addition, its expression tended to increase as tumors progressed; tumors in the histological stage I had
the lowest levels of protein-catenin expression whereas tumors in stage III had the highest levels [21].
A previous study reported an elevation of β-catenin expression; specifically, an increase was found
in β-catenin expression in the nucleus, followed by a diffused cytoplasmic expression [16]. The
existence of β-catenin in the present study was observed only on the membrane and cytoplasm of the
breast cancer tissue, in contrast with the findings of most previous studies. The molecular mechanisms
that enable the movement of membranes linked to the cytoplasmic position are largely unknown, but
could be due to changes in adenomatous polyposis coli (APC) or axin that maintains high levels of
cytoplasmic β-catenin [27].
In this analysis, the abnormal expression of β-catenin was reported in more than 70% of breast
cancer samples, which is consistent with previous studies [28, 29].
During tumorigenesis, β-catenin accumulation in the cytoplasm is recognized as the hallmark of the
Wnt signaling pathway [30]. Wnt signaling then activates translocation of β-catenin to the nucleus to
form the transcriptional β-catenin / T-cell factor (TCF) activator, which up-regulates a multitude of
target genes such as survivin, c-Myc, and VEGF [31]. The elevated survivin expression then prevents
cells from apoptosis and enhances cell proliferation [32]. In breast cancer cells, it was observed that
Herceptin, a commonly used erbB2-targeting therapy agent, induced β-catenin degradation, disrupted
the β-catenin / TCF complex, and eventually resulted in the suppression of survivin expression [33].
Conclusion
This study assumes that our findings provide important information about a potential effect of βcatenin expression in breast cancer patients. Moreover, due to the small sample size and other
limitations of this study, such as the limited area of study sample, the specific role of β-catenin in
breast carcinoma remains unclear. To understand the underlying mechanisms of breast cancer and the
impact of β-catenin on breast cancer, further studies are needed.
Acknowledgement
The authors thank the Oncology Teaching Hospital in the Medical City in Baghdad and the National
Cancer Center for their participation to make this study possible.
References
1. Alwan, N. 2010. Breast cancer: demographic characteristics and clinico-pathological presentation
of patients in Iraq. East. Mediterr. Health J., 16(11): 1159.
2. Iraqi Cancer Registry (ICR), 2016.
3. Assim, M. M., and Saheb, E. J. 2018. "The Association of Severe Toxoplasmosis and Some
Cytokine Levels in Breast Cancer Patients." Iraqi Journal of Science, 59(3A): 1189-1194.
4. Shihab, M. A., and Abbas, A. R. 2017. Diagnosis the Breast Cancer using Bayesian Rough Set
Classifier. Iraqi Journal of Science, 58(1B), 302-308.
5. Garcia-Rostan, G., Camp, RL. and Herrero, A. 2001. Beta-catenin dysregulation in thyroid
neoplasms: down-regulation, aberrant nuclear expression, and CTNNB1 exon 3 mutations are
markers for aggressive tumor phenotypes and poor prognosis. Am J Pathol, 158: 987-996.

393

Salman et al.

Iraqi Journal of Science, 2021, Vol. 62, No. 2, pp: 387-395

6. Jamora, C. & Fuchs E. 2002. Intercellular adhesion, signalling and the cytoskeleton. Nat Cell Biol,
4: 101–108.
7. Geyer, F. C., Lacroix-Triki, M., Savage, K., Arnedos, M., Lambros, M. B., MacKay, A. and ReisFilho, J. S. 2011. β-Catenin pathway activation in breast cancer is associated with triple-negative
phenotype but not with CTNNB1 mutation. Modern pathology, 24(2): 209.
8. Miguel, A. C. 2015. Role of the Wnt/β-catenin pathway in gastric cancer: An in-depth literature
review. World J Exp Med, 5(2): 84-102.
9. Jamora, C., and Fuchs, E. 2002. Intercellular adhesion, signalling and the cytoskeleton. Nature cell
biology, 4(4):101.
10. Nelson, W. J. and Nusse, R. 2004. Convergence of Wnt, ß-catenin, and cadherin
pathways. Science, 303(5663): 1483-1487.
11. Khramtsov AI, Khramtsova GF, Tretiakova M, Huo D, Olopade OI and Goss KH. 2010. Wnt/betacatenin pathway activation is enriched in basal-like breast cancers and predicts poor outcome. Am
J Pathol., 176: 2911-2920.
12. Tao J, Calvisi DF, Ranganathan S, Cigliano A, Zhou L, Singh S, Jiang L, Fan B, Terracciano L,
Armeanu-Ebinger S, Ribback S, Dombrowski F. and Evert M. 2014. Activation of beta-catenin
and Yap1 in human hepatoblastoma and induction of hepatocarcinogenesis in mice.
Gastroenterol., 147: 690-701.
13. Damsky WE, Curley DP, Santhanakrishnan M, Rosenbaum LE, Platt JT, Gould Rothberg BE,
Taketo MM, Dankort D, Rimm DL, McMahon M and Bosenberg M. 2011. β-Catenin signaling
controls metastasis in Braf-activated Pten-deficient melanomas. Cancer Cell., 20: 741-754.
14. Gekas C, D’Altri T, Aligue R, Gonzalez J, Espinosa L, Bigas A. 2016. β-Catenin is required for Tcell leukemia initiation and MYC transcription downstream of Notch1. Leukemia., 30: 2002-2010.
15. Anastas, J. N. and Moon, R. T. 2013. WNT signalling pathways as therapeutic targets in
cancer. Nature Reviews Cancer, 13(1): 11.
16. Brabletz, T., Jung, A., Reu, S., Porzner, M., Hlubek, F., Kunz-Schughart, L. A. and Kirchner, T.
2001. Variable β-catenin expression in colorectal cancers indicates tumor progression driven by
the tumor environment. Proceedings of the National Academy of Sciences, 98(18): 10356-10361.
17. Wang, Z., Zhang, H., Hou, J., Niu, J., Ma, Z., Zhao, H. and Liu, C. 2015. Clinical implications of
β-catenin protein expression in breast cancer. International journal of clinical and experimental
pathology, 8(11): 14989.
18. Karayiannakis, A. J., Nakopoulou, L., Gakiopoulou, H., Keramopoulos, A., Davaris, P. S. and
Pignatelli, M. 2001. Expression patterns of β-catenin in in situ and invasive breast
cancer. European Journal of Surgical Oncology (EJSO), 27(1): 31-36.
19. Rosa, M., Han, H. S., Ismail-Khan, R., Allam-Nandyala, P. and Bui, M. M. 2015. Beta-catenin
expression patterns in matched pre-and post-neoadjuvant chemotherapy-resistant breast
cancer. Annals of Clinical & Laboratory Science, 45(1): 10-16.
20. López-Knowles, E., Zardawi, S. J., McNeil, C. M., Millar, E. K., Crea, P., Musgrove, E. A. and
O'Toole, S. A. 2010. Cytoplasmic localization of β-catenin is a marker of poor outcome in breast
cancer patients. Cancer Epidemiology and Prevention Biomarkers, 19(1): 301-309.
21. Wang, Z., Zhang, H., Hou, J., Niu, J., Ma, Z.; Zhao, H. and Liu, C. 2015. Clinical implications of
β-catenin protein expression in breast cancer. International journal of clinical and experimental
pathology, 8(11): 14989.
22. Guo, L., Yilamu, D., Sun, L., Liu, S., and Ma, F. 2015. Association among the expression of βcatenin, cyclin D1 and estrogen receptor-β in human breast cancer. Experimental and therapeutic
medicine, 10(4): 1423-1428.
23. Fanelli, M. A., Montt-Guevara, M., Diblasi, A. M., Gago, F. E., Tello, O., Cuello-Carrión, F. D.
and Ciocca, D. R. 2008. P-cadherin and β-catenin are useful prognostic markers in breast cancer
patients; β-catenin interacts with heat shock protein Hsp27. Cell Stress and Chaperones, 13(2):
207-220.
24. Nakopoulou, L., Gakiopoulou, H., Keramopoulos, A., Giannopoulou, I., Athanassiadou, P.,
Mavrommatis, J. and Davaris, P. S. 2000. c-met tyrosine kinase receptor expression is associated
with abnormal beta-catenin expression and favourable prognostic factors in invasive breast
carcinoma. Histopathology, 36(4): 313-325.

394

Salman et al.

Iraqi Journal of Science, 2021, Vol. 62, No. 2, pp: 387-395

25. Chung, G. G., Zerkowski, M. P., Ocal, I. T., Dolled‐Filhart, M., Kang, J. Y., Psyrri, A. and Rimm,
D. L. 2004. β‐Catenin and p53 analyses of a breast carcinoma tissue microarray. Cancer:
Interdisciplinary International Journal of the American Cancer Society, 100(10): 2084-2092.
26. Karayiannakis, A. J., Nakopoulou, L., Gakiopoulou, H., Keramopoulos, A., Davaris, P. S. and
Pignatelli, M. 2001. Expression patterns of β-catenin in in situ and invasive breast
cancer. European Journal of Surgical Oncology (EJSO), 27(1): 31-36.
27. Krieghoff, E., Behrens, J. and Mayr, B. 2006. Nucleo-cytoplasmic distribution of β-catenin is
regulated by retention. J Cell Sci, 119(7): 1453-1463.
28. Lee, W. 2005. Prognostic Significance of Abnormal beta-catenin Expression in Breast
Carcinoma. The Korean Journal of Pathology, 39(2): 114-119.
29. Ryo, A., Nakamura, M., Wulf, G., Liou, Y. C. and Lu, K. P. Pin1 regulates turnover and
subcellular localization of β-catenin by inhibiting its interaction with APC. Nature cell
biology, 3(9): 793.
30. Komiya, Y. and Habas, R. 2008. Wnt signal transduction pathways. Organogenesis, 4(2): 68-75.
31. Stewart, D. J. 2014. Wnt signaling pathway in non–small cell lung cancer. JNCI: Journal of the
National Cancer Institute, 106(1): 11.
32. Huang, J., Lyu, H., Wang, J. and Liu, B. 2015. MicroRNA regulation and therapeutic targeting of
survivin in cancer. American journal of cancer research, 5(1): 20.
33. Zhu, H., Zhang, G., Wang, Y., Xu, N., He, S., Zhang, W. and Xu, N. 2010. Inhibition of ErbB2 by
Herceptin reduces survivin expression via the ErbB2–β‐catenin/TCF4‐survivin pathway in ErbB2‐
overexpressed breast cancer cells. Cancer science, 101(5): 1156-1162.

395

