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Abstract. — OBJECTIVE: The role that Beclin
1 (BECN1) plays in the development and pro-
gression of cancer mediated by autophagy, as
well as its differential expression in breast can-
cer cell lines and mammary tumor tissue ac-
cording to the molecular subtype, has been
demonstrated. The objective of this study was
to evaluate the association of BECN1 cytoplas-
mic expression with clinical and pathologic re-
sponse, recurrence, disease-free survival (DFS)
and overall survival (OS) in patients with local-
ly advanced breast cancer (LABC), according to
immunophenotype.

PATIENTS AND METHODS: 64 patients with
non-triple negative LABC and 20 patients with
triple negative LABC who received preoperative
chemotherapy were included in an observation-
al, analytical and retrospective study to evalu-
ate the cytoplasmic expression of BECN1 pro-
tein by immunohistochemistry in microarrays of
breast cancer tissue obtained before treatment.
Association between BECN1 and clinicopath-
ological characteristics, clinical and patholog-
ic response to preoperative chemotherapy and
recurrence, were analyzed using Chi-square or

Fisher’s exact test. Postoperative DFS and OS
were assessed by Kaplan-Meir curves, and the
difference according to BECN1 expression was
evaluated using the log-rank test. The bivariate
analysis was performed using the Cox Propor-
tional Hazards Model. A p-value of < 0.05 was
considered statistically significant.

RESULTS: BECN1 staining revealed positive
expression in 62.5% of patients with non-tri-
ple negative and 60.0% with triple negative
LABC. No association was observed between
BECN1 expression and clinical or pathological
response or recurrence. An association of the
BECN1 expression with lower OS in triple nega-
tive breast cancer was found (HR = 5.19; 95% CI
1.12-24.02; p = 0.035).

CONCLUSIONS: Results showed an associ-
ation of the cytoplasmic expression of BECN1
with a lower OS, which could be a poor prognos-
tic biomarker in triple negative LABC.

Key Words:
Breast cancer, BECNI, Biomarker, Overall survival,
Disease free survival, Prognosis.
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Introduction

Autophagy is a self-digesting process that re-
moves long-lived proteins and damaged organ-
elles using the lysosomal degradation mecha-
nisms of the cell'?. Normally, constitutive levels
of autophagy are needed for maintaining homeo-
stasis; in the context of cancer, up-regulation of
this process serves to promote cell survival under
conditions of cellular stress’. Various studies'"
have suggested its important role in the devel-
opment and progression of cancer and in the
response to chemotherapy.

BECNI is a tumor suppressor gene located on
chromosome 17q21 that is monoallelically deleted
in approximately 40% of human breast*>, ovari-
an and prostate cancers®. It encodes BECNI, an
autophagy protein that is essential for autophago-
some formation*®.

BECNI prevents breast cancer growth through
a mechanism involving E-cadherin, a breast tu-
mor suppressor whose expression is completely
lost in most invasive lobular carcinomas’. The da-
ta suggest that BECNI promotes the localization
of E-cadherin in the plasma membrane, which
restricts tumor growth and metastasis®.

BECNI messenger ribonucleic acid (mRNA) is
differentially expressed according to the molecu-
lar subtype of breast cancer. The low expression
of BECNI mRNA correlates with the overexpres-
sion of human epidermal growth factor receptor
2 (HER2/Neu)® and is significantly lower in the
HER2/Neu enriched and triple negative com-
pared to luminal A/B breast cancer subtypes’.
Furthermore, low BECNI mRNA expression has
been associated with decreased survival in breast
cancer patients, even when the luminal A subtype
and estrogen receptor (ER)-negative subtypes
(HER2/Neu enriched and triple negative) are in-
dependently analyzed>”.

Regarding protein BECNI, a decrease in its
expression has been reported in glioblastomas,
ovarian and esophageal cancer'”'?; but an in-
crease in expression in colorectal and gastric
carcinomas'. In invasive breast cancer samples,
positive expression of BECNI has been reported
in 42.4% of cases, with a decrease in the intensity
of expression in breast cancer tissue compared to
adjacent normal breast tissue". High expression
of the BECNI protein has also been reported in
invasive ductal breast carcinoma, but low expres-
sion in invasive lobular carcinoma'. In addition,
it has been reported that patients whose breast
cancer tumors express BECNI before neoadju-

vant treatment with exemestane show a lower
clinical (25 vs. 67%) and pathological response (0
vs. 41%) compared to those who do not express
BECNI".

Because the treatment of locally advanced
breast cancer (LABC) requires the evaluation of
the response to neoadjuvant chemotherapy and
provides the possibility of identifying predictive
and prognostic factors with potential use in the
clinic'é, the objective of this study was to evaluate
the association of cytoplasmic BECN1 expression
with clinical and pathologic response, recurrence,
disease free survival (DFS) and overall survival
(OS) in patients with LABC, according to im-
munophenotype.

Patients and Methods

Setting and Participants

This observational, analytical, and retrospec-
tive study was approved by the National Commis-
sion on Scientific Research and the Ethics Com-
mittee on Health Research of the Instituto Mex-
icano del Seguro Social (IMSS), (CONBIOETI-
CAAO09CEI01520130424  registration number
R-2013-785-036 and R-2017-785-059). Data were
obtained from clinical records and paraffin-em-
bedded breast cancer tissue samples from 84
women with LABC who received preoperative
chemotherapy and were treated at the Unidad
Me¢dica de Alta Especialidad, Hospital de Gineco
Obstetricia No. 3, “Dr. Victor Manuel Espinosa
de los Reyes Sanchez”, Centro Médico Nacional
La Raza and at the Unidad Médica de Alta Es-
pecialidad, Hospital de Gineco Obstetricia No.
4 “Luis Castelazo Ayala”, IMSS from February
1, 2009 to July, 31 2014. All study participants
consented to the analysis of tissue samples and
clinical data.

A list of women with breast cancer was made
and those diagnosed with LABC or those who
received preoperative chemotherapy were se-
lected. All the women’s clinical records had
information on the clinical, pathological and
prognostic variables. Women who had a par-
affin-embedded tumor tissue sample obtained
before the start of treatment were included in the
study. Women who used oral contraceptives or
hormone replacement therapy three months pri-
or to the tumor biopsy and who were receiving
chemotherapy treatment for a second primary
tumor or were diagnosed with inflammatory
breast cancer were excluded.
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Information was obtained on age, family his-
tory of cancer, personal pathological history of
chronic degenerative diseases (diabetes mellitus
and systemic arterial hypertension) and other
neoplasms, menarche age, age at first pregnancy
to term, number of pregnancies, history of hor-
mone use and menopause state. Information on
tumor size (cm) and clinical stage at diagnosis
according to the American Joint Committee on
Cancer (AJCC), histological type, tumor size in
the surgical specimen (cm), metastatic lymph
nodes, tumor border, lymphovascular invasion,
expression of estrogen receptor alpha (ERa), pro-
gesterone receptor (PR) and HER2/Neu accord-
ing to the recommendations of the American
Society of Clinical Oncology (ASCO)™® was
also collected. To date, the expression status of
ERa, PR and HER2/Neu, but not Ki-67, are used
routinely to guide clinical decisions on the use of
systemic therapy'®, thus the molecular classifica-
tion of breast cancer was established as follows:
luminal A (ERa positive, PR negative or posi-
tive and HER2/Neu negative), luminal B (ERa
positive, PR negative or positive and HER2/Neu
positive), HER2/Neu enriched (ERa negative,
PR negative and HER2/Neu positive) and triple
negative (ERa negative, PR negative and HER2/
Neu negative)™. The type of neoadjuvant chemo-
therapy treatment, the size of the residual tumor
(cm) and the number of residual lymph nodes
were recorded.

Tissue Microarray Construction

For each patient, formalin-fixed paraffin-em-
bedded (FFPE) tissue blocks were obtained from
breast cancer tumor samples collected prior to
neoadjuvant treatment.

Microtome slices (4 um) were obtained using
the Leica RM2125 Microtome (Leica Biosystems,
Wetzlar, Germany) and stained with hematoxylin
and eosin (H&E). These sections were reviewed
by an experienced pathologist to identify, define
and mark representative areas of the tumor. Once
the area was marked, it served as a guide for the
extraction of the core needle biopsy from the
FFPE donor tissue block.

Tissue cylinders with diameters of 1 mm and
height of 3 mm were perforated from the targeted
tumor regions and transferred to acceptor array
blocks in a specific row and column using an Ad-
vanced Tissue Arrayer (ATA 100) (CHEMICON
International Inc., Temecula, CA, USA).

The location of each sample by row and col-
umn was carefully recorded to ensure that the
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staining data would be properly linked to the
clinical data.

Depending on the amount of tumor tissue
available, duplicate or triplicate samples from dif-
ferent areas of the tumor were placed on the tis-
sue microarray (TMA). Samples of other tissues
were used as positive controls for the BECNI
(testis with high expression; appendix, renal and
pulmonary tissues with medium expression; and
cerebellum, liver, prostate, and cervix with low
expression) and were placed in each TMA. After
construction of the acceptor array block, it was
covered with Surgipath Paraplast (Leica Biosys-
tems, Wetzlar, Germany) at 60°C and incubated
in an oven at 60°C for 10 minutes. Subsequently,
multiple consecutive 4 um cuts were made. One
of those sections was placed on a microscope
slide and stained with H&E for histological ver-
ification of the suitability of the arrayed tumor
tissues. Consecutive sections were individually
transferred to positively charged slides (Biocare
Medical, Concord, CA, USA) for immunohisto-
chemistry (IHC) assays?'.

Tissue Microarray Staining

Each section of the TM A was subjected to im-
munohistochemical staining for the BECNI1. Im-
munodetection was automated using the Ventana
BenchMark System (Fritz Hoffmann-La Roche,
Basilea, Switzerland). Anti-Beclin 1 antibody
[EPR1733Y] (cat. no. ab51031; 1:100 dilution)
(ABCAM, Cambridge, UK) was used in the
staining process with an incubation period of 30
minutes. The negative control was a sample in
which the primary antibody was omitted. The
UltraView Universal Diaminobenzidine (DAB)
detection kit was used (Ventana Medical Sys-
tems, Inc. Tucson, Arizona, USA). The slides
were dehydrated using ascending alcohol solu-
tions, rinsed in a xylol solution, and mounted
using synthetic resin. TMA sections were visu-
alized with a DM750 Leica microscope (Leica
Microsystems, Wetzlar, Germany) and digital
images were captured using Leica Application
Suite (LAS) EZ software (Leica Microsystems,
Wetzlar, Germany).

Immunohistochemistry Scoring

TMA sections were independently analyzed by
two experienced pathologists and blinded to clin-
ical data (inter-observer agreement greater than
0.90). The TMA slides contained samples from
each of the 84 patients included in the study. Each
core sample was analyzed to determine the inten-
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sity and extent of cytoplasmic staining. A previ-
ously validated scoring system was used to com-
bine the staining of intensity (scored 1 to 3) and
the extent of stained cells (1 to 100%) in an THC
score. The intensity of staining was rated as 1 =
weak, 2 = moderate, and 3 = strong. The extent of
staining was converted to a number with 1 =0 to
<10%, 2 =10 to <50%, and 3 = 50 to 100%. The
general [HC score was determined based on the
two previous variables, positive when both scores
were two or more and otherwise negative?.

Clinical Outcome Assessment

The response to neoadjuvant chemotherapy
based on the size of the tumor and axillary lymph
nodes was recorded. The clinical response was
assessed on two occasions performed less than 4
weeks apart (clinical examination and mammog-
raphy). The pathological response to neoadjuvant
chemotherapy assessed by histopathological anal-
ysis was defined as: complete (total resolution
of the tumor and axillary lymph nodes); partial
(decrease of 50% or more of the perpendic-
ular diameters of measurable lesions, without
the appearance of new lesions or progression of
any lesion); stabilization (decrease <50% but no
increase >25% in the largest perpendicular diam-
eters of measurable lesions; progression (increase
in the size of the tumor or axillary lymph nodes
of 25% or more, appearance of new lesions or
metastatic disease)®.

The follow-up period was established as the
time from diagnosis to the last evaluation (De-
cember 2019) for the cases that were censored
(patients with study end date and lost to fol-
low-up) or recurrence/death in patients who com-
pleted the follow-up. OS was defined as the time
from the date of diagnosis to the date of death or
to the date of last follow-up if the patients were
still alive. DFS was defined as the time from the
date of primary surgery to the date of recurrence.
The categories analyzed for DFS were disease
recurrence at a local, regional, or distant site by
clinical or radiological evaluation; and all were
considered DFS events.

Statistical Analysis

Based on the study by Ueno et al'’, a sample
size calculation was performed to detect a dif-
ference between two proportions. The Statulator
Sample Size Calculator (beta) (http://statulator.
com/SampleSize/ss2P.html) was used. The pro-
portion of clinical and pathological responses
reported with and without BECNI1 expression

was considered, with a power of 0.80 and an a
level of 0.05, estimating a total sample size of
23 cases with and 23 cases without expression
of BECNI to demonstrate statistically significant
differences. Data were entered and analyzed with
the Statistical Package for the Social Sciences
(SPSS) software computer package v.25.0 (IBM,
Armonk, New York, USA). The normality of
quantitative variables was tested using the Shap-
iro-Wilk test. Due to non-normal distribution of
most variables, nonparametric tests were applied
to all comparisons. The patients were classified
into two groups according to the immunophe-
notype in triple negative and non-triple negative
breast cancer. Quantitative variables were ex-
pressed as minimum, median, and maximum,
and the differences between groups were exam-
ined using the Mann-Whitney U test. The qual-
itative variables were expressed as frequencies
and percentages (%) and the differences between
groups were analyzed using the Chi-square or
Fisher’s exact test. Postoperative DFS and OS
were assessed using Kaplan-Meir curves, and the
difference according to BECN1 expression was
evaluated using the log-rank test. The bivariate
analysis was performed using the Cox Propor-
tional Hazards Model. All tests were 2-tailed and
statistical significance was considered for p-val-
ues less than 0.05.

Results

Patient Characteristics

A total of 84 patients were included in the
study. The median age was 54 years (range,
29-88 years). Sixty-four patients with non-triple
negative breast cancer tumor and twenty patients
with triple negative tumors were analyzed for the
expression of the BECNI.

BECNI cytoplasmic staining revealed positive
expression in 40 patients (62.5%) with non-triple
negative and in 12 patients with triple negative
breast cancer (60.0%) (p = 0.841). Figure 1 shows
examples of positive and negative expression of
BECNI.

The clinicopathological characteristics and the
expression of BECNI1 according to the immuno-
phenotype of breast cancer are summarized in
Table I. Only in non-triple negative breast cancer,
a tumor size > 5 cm and lobular histological type
were more frequently observed in patients with-
out expression of BECNI. No association was
observed between the clinicopathological charac-
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Figure 1. Immunohistochemistry of cytoplasmic BECN1 (400x). In (A) weak staining is observed in > 10% of cells, negative
result; in (B) moderate staining is observed in > 10% of the cells, positive result; in (C), intense staining is observed in > 10%
of the cells, positive result.

teristics and BECNI1 expression in triple negative
breast cancer.

Regarding preoperative chemotherapy in pa-
tients with non-triple negative and triple negative
breast cancer, the sequential regimen with four
cycles of 5-Fluorouracil 500 mg/m?, Epirubicin
75 mg/m? and Cyclophosphamide 500 mg/m?
(FEC) every three weeks, followed by four cycles
of Docetaxel 75 mg/m?, was the most used in 24
(75.0%) and 10 (62.5%) patients respectively. This
treatment was followed by the same drugs with
variations in the number of cycles (2 to 6 cycles)
and in the dose of FEC (500, 75-100 and 500-
600 mg/m? respectively) in six (18.8%) and four
(25%) patients respectively; or with addition of
other drugs (Paclitaxel 175 mg/m? and/or Carbo-
platin 350 mg/m?) in one (3.1%) and two (12.5%)
patients respectively, and one (3.1%) patient with
non-triple negative breast cancer, who received
exclusively Tamoxifen 20 mg/day.

Five patients (15.6%) with non-triple nega-
tive breast cancer and one patient (6.3%) with
triple negative breast cancer presented clinical
complete response (cCR) and pathologic com-
plete response (pCR). Two patients (6.3%) with
non-triple negative breast cancer and one patient
(6.3%) with triple negative breast cancer present-
ed clinical complete response (cCR) but patholog-
ic partial response (pPR). Three patients (9.4%)
with non-triple negative breast cancer presented
apparent clinical partial response (cPR), but with
pCR. No association was observed between the
clinical or pathological response to neoadjuvant
chemotherapy and the expression of BECNI in
either group (Table II).

There were 25 patients (39.0%) with local or
systemic recurrence in the non-triple negative
breast cancer group and six patients (30.0%) in
the triple negative group. In neither group was
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BECNI expression associated with local or sys-
temic recurrence (Table II).

When exclusively analyzing patients who re-
ceived standard preoperative chemotherapy, no
association of BECNI1 expression was observed
with clinical (p = 0.678 and p = 0.475) and
pathological (p = 0.229 and p = 1.0) response, or
recurrence (p = 0.436 and p = 0.325) in non-triple
negative and triple negative breast cancer group,
respectively.

Mean time to recurrence was 48.7 and 45.7
months in non-triple negative and triple neg-
ative breast cancer group respectively. In the
group of non-triple negative breast cancer, the
bivariate analysis (Table I11) and the multivari-
ate analysis showed an association of pregnan-
cies > 1 (HR = 0.16; 95% CI 0.03 - 0.88; p =
0.035) and ductal histological type (HR = 0.11;
95% CI 0.02 - 0.49; p = 0.004) with a longer
DFS. Clinical stages I1IB and IIIC at diagnosis
(HR =6.19; 95% CI 1.39 - 27.48; p = 0.017) and
the use of preoperative non-standard chemo-
therapy (HR = 3.49; 95% CI 1.08 - 11.22; p =
0.036) were associated with lower DFS. There
were no significant differences in clinical stage
(p = 0.476), histological type (p = 0.714) or
molecular subtype (p = 0.694) between the pa-
tients who received or did not receive the stan-
dard regimen of preoperative chemotherapy. In
the triple negative breast cancer group, only the
tumor size in the surgical specimen > 5 cm was
associated with a lower DFS in triple negative
breast cancer group. No association of BECN1
expression was observed with DFS in either of
two groups (Table III).

During the study period, there were 28 (43.7%)
and 12 (60%) deaths in the non-triple negative and
triple negative breast cancer group, respectively.
The mean time to death was 46.1 and 43.3 months
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Table I. Clinicopathological characteristics and expression of BECN1.

Non-triple negative breast cancer® Triple negative breast cancer®
BECNT1 (-) BECNT1 (+) p* BECNT1 (-) BECN1 (+) p*
Age n =24 (37.5) n =40 (62.5) n =8 (40.0) n =12 (60.0)
Years old 53 (29-86) 58 (38-88) 0.255 50 (34-67) 55 (39-69) 0.270
<50 years 11 (45.8) 12 (30.0) 0.282 5(62.5) 4(33.3) 0.362
> 50 years 13 (54.2) 28 (70.0) 3(375) 8 (66.7)
Diabetes mellitus n=22(35.5) n =40 (64.5) n = 8 (40.0) n =12 (60.0)
No 17 (77.3) 31(77.5) 1.000 6 (75.0) 12 (100.0) 0.147
Yes 5(2.7) 9(22.5) 2 (25.0) 0(0.0)
Systemic arterial n =23 (36.5) n =40 (63.5) n =8 (40.0) n =12 (60.0)
hypertension
No 15 (65.2) 21 (52.5) 0.430 6 (75.0) 7 (58.3) 0.642
Yes 8 (34.8) 19 47.5) 2 (25.0) 541.7)
Other neoplasms n =23 (36.5) n =40 (63.5) n = 3§ (40.0) n =12 (60.0)
No 23 (100) 35 (87.5) 0.149 7 (87.5) 11 (91.7) 1.000
Yes 0(0.0) 5(12.5) 1(12.5) 1(12.5)
Family history of cancer n =24 (37.5) n =40 (62.5) n =8 (40.0) n =12 (60.0)
No 18 (75.0) 25 (62.5) 0.412 4 (50.0) 11 (91.7) 0.109
Yes 6 (25.0) 15 (37.5) 4 (50.0) 1(8.3)
Menarche age n =20 (40.0) n =30 (60.0) n=_§ (47.1) n=9(52.9)
Years 13 (8-16) 13 (10-19) 0.337 12 (12-14) 12 (10-15) 0.888
Age at first pregnancy to term | n=16 (32.7) n=23(67.3) n =6 (40.0) n =29 (60.0)
Years 22 (17-33) 20 (15-35) 0.159 24 (19-30) 22 (14-29) 0.328
Pregnancies n =21 (40.4) n =231 (59.6) n=_8 42.1) n=11(57.9)
Number 3(0-10) 3(0-11) 0.762 2 (0-5) 3(1-1D) 0.206
Nulligest 14.8) 309.7) 0.639 1(12.5) 0(0.0) 0.421
>1 20(95.2) 28 (90.3) 7 (87.5) 11 (100.0)
History of hormone use n =24 (37.5) n =40 (62.5) n=238 (40.0) n =12 (60.0)
No 21 (87.5) 39 (97.5) 0.144 8(100.0) 12 (100.0) -
Yes 3(12.5) 1(2.5) 0(0.0) 0(0.0)
Menopausal state n =24 (37.5) n =40 (62.5 ) n=238 (40.0) n =12 (60.0)
No 9(37.5) 8(20.0) 0.151 4 (50.0) 4(33.3) 0.648
Yes 15(62.5) 32 (80.0) 4 (50.0) 8 (66.7)
Tumor size at diagnosis n =21 (35.0) n =39 (65.0) n="7(36.8) n=12(63.2)
cm 7.0 (2.5-18.0) 4.5 (1.5-15.0) 0.023 8.0 (2.0-11.0) 7.5(2.5-17.5)  0.837
<5cm 7(33.3) 27 (69.2) 0.013 1(14.3) 3(25.0) 1.000
>5cm 14 (66.7) 12 (30.8) 6(85.7) 9(75.0)
Clinical stage at diagnosis n =24 (37.5) n =40 (62.5) n=28 (40.0) n =12 (60.0)
IIB and IITA 16 (66.7) 19 47.5) 0.195 3(37.5) 541.7) 1.000
1B and ITIC 8(33.3) 21 (52.5) 5(62.5) 7 (58.3)
Histological type n =24 (37.5) n =40 (62.5) n=§8 (40.0) n =12 (60.0)
Ductal 9(37.5) 29 (72.5) 0.009 6 (75.0) 9(75.0) 1.000
Lobular or mixed 15 (62.5) 11 (27.5) 2 (25.0) 3(25.0)
Tumor size in the n =23 (36.5) n =40 (63.5) n =8 (40.0) n =12 (60.0)
surgical specimen
cm 3.0 (0.0-8.0) 2.9 (0.0-15.0) 0.949 2.8 (0.0-8.0) 4.8 (0-14.0) 0.238
<5cm 19 (82.6) 33 (82.5) 1.000 7 (87.5) 8 (66.7) 0.603
>5cm 4(174) 7(17.5) 1(12.5) 4(33.3)
Metastatic lymph nodes n =24 (37.5) n =40 (62.5) n =8 (40.0) n =12 (60.0)
Number 4(0-13) 4 (0-36) 0.400 0(0-7) 2 (0-14) 0.181
Tumor border n=23(37.1) n =239 (62.9) n =8 (40.0) n =12 (60.0)
Negative 20 (87.0) 37 (94.9) 0.350 8 (100.0) 12 (100.0) -
Positive 3(13.0) 2.1 0(0.0) 0(0.0)
Continued

359



M.T. Cervantes-Diaz, A.J. Mufioz-Granados, V.A. Olguin-Cruces, et al.

Table | (Continued). Clinicopathological characteristics and expression of BECNI.

Non-triple negative breast cancer? Triple negative breast cancer®
BECNT1 (-) BECNT1 (+) p* BECNT1 (-) BECNT1 (+) p*
Lymphovascular invasion n=16 (33.3 n =232 (66.4) n =5 (40.0) n=9(60.0)
Negative 1(6.3) 2(6.3) 1.000 4 (80.0) 3(33.3) 0.266
Positive 15 (93.8) 30 (93.8) 1(20.0) 6 (66.7)
Molecular subtype n=24(37.5) n =40 (62.5) n = § (40.0) n =12 (60.0)
Luminal A 19 (79.2) 23 (57.5) 0.119 - - -
Luminal B 3(12.5) 5(12.5) - -
HER2/Neu enriched 2(8.3) 12 (30.0) - -
Type of preoperative n =15 46.9) n=17 (53.1) n="743.7) n=9(56.3)
chemotherapy
4FEC-4D 11 (73.3) 13 (76.5) 1.000 4(57.1) 7(77.8) 0.596
Other 4 (26.7) 4(23.5) 3429 2(22.2)

“Data shows the median, minimum and maximum or frequency and percentage. *Statistical significance of the chi square/Fisher

exact test or Mann-Whitney U test.

in the non-triple negative and triple negative
breast cancer group, respectively. In the non-tri-
ple negative breast cancer group, the bivariate
analysis (Table V) and the multivariate analysis
showed an association of ductal histological type
(HR = 0.19; 95% CI 0.07-0.51; p = 0.001) with a
longer OS, whereas clinical stages I1IB and I11C
at the time of diagnosis (HR = 3.45, 95% CI 1.57-
7.56; p = 0.002) were associated with lower OS.
The triple negative breast cancer group showed

an association of BECNI1 expression with lower
OS (Table 1V). There were 2/8 (25%) and 10/12
(83.3%) deaths in patients who had negative or
positive expression of BECNI, respectively. The
mean time to death was 52.37 and 37.16 months in
patients who had negative or positive expression
of BECNI, respectively. Kaplan-Meier analysis
showed that the positive expression of BECNI is
associated with lower rates of OS (Log Rank test
p = 0.019) (Figure 2).

Table II. Response to neoadjuvant chemotherapy, recurrence, and expression of BECNI.

Non-triple negative breast cancer? Triple negative breast cancer®
BECNT1 (-) BECNT1 (+) p* BECNT1 (-) BECNT1 (+) p*
Clinical response n =15 (46.9) n=17 (53.1) n="7(43.7) n=9(56.3)
Partial, stabilization or 11(73.3) 14 (82.4) 0.678 7 (100.0) 7(77.8) 0.475
progression
Complete 4(26.7) 3(17.6) 0(0.0) 2(22.2)
Pathological response n =15 46.9) n=17 (53.1) n="7(43.7) n=9(56.3)
Partial, stabilization or 13 (86.7) 11 (64.7) 0.229 7 (100.0) 8(88.9) 1.000
progression
Complete 2(13.3) 6(35.3) 0(0.0) 1 (1.1
Local recurrence n =24 (37.5) n =40 (62.5) n =8 (40.0) n =12 (60.0)
No 22 (91.7) 35(87.5) 0.702 7 (87.5) 8 (66.7) 0.603
Yes 2(8.3) 5(12.5) 1(12.5) 4(33.3)
Systemic recurrence n =24 (37.5) n =40 (62.5) n =8 (40.0) n =12 (60.0)
No 14 (58.3) 29 (72.5) 0.280 7 (87.5) 8(66.7) 0.603
Yes 10 (41.7) 11 (27.5) 1(12.5) 4(33.3)
Recurrence (local or systemic)| n =24 (37.5) n =40 (62.5) n =8 (40.0) n =12 (60.0)
No 13 (54.2) 26 (65.0) 0.436 7 (87.5) 7 (53.8) 0.325
Yes 11 (45.8) 14 (35.0) 1(12.5) 541.7)

“Data shows frequency and percentage. *Statistical significance of the chi square/Fisher exact test.
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Table Ill. Clinicopathological characteristics and disease-free survival.

Non-triple negative breast cancer Triple negative breast cancer
HR 95% CI p* HR 95% CI p*

Age > 50 years old 0.80 0.35-1.82 0.601 1.08 0.22-5.43 0.922
Diabetes mellitus 0.76 0.26-2.23 0.614 2.02 0.23-17.45 0.522
Systemic arterial hypertension 0.87 0.38-1.97 0.739 0.28 0.03-2.41 0.247
Other neoplasms 0.84 0.20-3.56 0.808 0.04 0.0-3.94 0.655
Family history of cancer 1.33 0.60-2.93 0.485 0.51 0.59-4.39 0.539
Pregnancies > 1 0.27 0.08-0.80 0.019 22.30 0.00-4.37 0.674
History of hormone use 1.84 0.43-7.92 0.412 No patient used hormones
Postmenopause 1.15 0.48-2.75 0.759 1.81 0.32-10.09 0.498
Tumor size at diagnosis > 5 cm 0.93 0.41-2.10 0.855 1.37 0.16-11.80 0.770
Clinical stage at 233 1.05-5.17 0.037 291 0.34-24.9 0.329

diagnosis I1IB and IT1IC
Histological type ductal 0.39 0.16-0.91 0.030 1.52 0.28-8.33 0.627
Tumor size in the surgical 0.93 0.41-2.10 0.855 6.46 1.24-33.64 0.027

specimen > 5 cm
Positive tumor border 0.845 0.20-3.59 0.819 No patient had positive tumor border
Lymphovascular invasion 22.45 0.10-51842.83 0.431 6.97 0.80-60.67 0.079
Luminal B 3.10 1.36-7.06 0.007 Does not apply
Preoperative non-standard 3.58 1.23-10.41 0.019 2.82 0.56-14.33 0.210

chemotherapy
BECNI positive 0.96 0.44-2.13 0.933 4.24 0.49-36.49 0.188

*Statistical significance of the Cox regression test.

Discussion

Autophagy may play a role as a continuously
occurring tumor suppressive mechanism at bas-
al levels in normal cells to remove old cellular

components, toxic materials, damaged organelles
and misfolded or damaged proteins, reduce oxi-
dative stress, and protect cells from DNA dam-
age’®. It is a complementary process to the
ubiquitin-proteasome system, responsible for the

Table IV. Clinicopathological characteristics and overall survival.

Non-triple negative breast cancer Triple negative breast cancer
HR 95% CI p* HR 95% CI p*
Age > 50 years old 1.73 0.76-3.94 0.190 3.69 0.99-13.75 0.052
Diabetes mellitus 1.1 0.44-2.73 0.842 0.97 0.12-7.51 0.973
Systemic arterial hypertension 1.43 0.67-3.04 0.355 0.66 0.20-2.19 0.493
Other neoplasms 0.91 0.22-3.85 0.899 1.09 0.14-8.46 0.937
Family history of cancer 0.47 0.19-1.17 0.106 0.20 0.03-1.58 0.128
Pregnancies > 1 0.85 0.20-3.65 0.823 22.80 0.001-4.55 0.536
History of hormone use 1.41 0.33-5.97 0.637 No patient used hormones
Postmenopause 1.63 0.66-4.03 0.288 3.25 0.87-12.22 0.080
Tumor size at diagnosis > 5 cm 0.84 0.37-1.90 0.681 1.26 0.28-5.81 0.761
Clinical stage at diagnosis 2.90 1.33-6.32 0.007 0.83 0.26-2.63 0.757
1B and ITIC
Histological type ductal 0.22 0.08-0.59 0.002 1.07 0.29-3.96 0.920
Tumor size in the surgical 0.84 0.37-1.90 0.681 331 0.97-11.36 0.057
specimen > 5 cm
Positive tumor border 0.35 0.05-2.61 0.307 No patient had positive tumor border
Lymphovascular invasion 1.45 0.19-10.75 0.713 298 0.80-11.06 0.102
Luminal B 2.21 1.09-4.48 0.027 Does not apply
Preoperative non-standard 2.31 0.76-6.99 0.138 1.32 0.34-5.19 0.684
chemotherapy
BECNI positive 145 0.66-3.21 0.358 5.19 1.12-24.02 0.035

*Statistical significance of the Cox regression test.
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Figure 2. Cumulative overall survival (OS) curves of
locally advanced breast cancer (LABC) patients with (1)
or without (0) BECN1 expression (number of patients = 20,
number or events = 12).

recycling of proteins, capture and degradation
of mitochondria, Golgi complex, endoplasmic
reticulum, and other cellular components such as
proteins and cellular aggregates. Autophagy has
been associated with cell death, which is import-
ant for cell development, differentiation, aging,
and remodeling under certain stress conditions,
such as nutrient deprivation, hypoxia, metabolic
and therapeutic stress, such as chemotherapy and
radiation, among others. However, it is a process
that is also used by cancer cells. Both healthy
and cancer cells use it to recycle components and
save energy?®. Dysregulation of autophagy alters
physiological processes, which is why it has been
implicated in tumor progression and survival of
cancer cells under stress, contributing to treat-
ment resistance?*?%28, Autophagy consists of sev-
eral phases that are regulated by the expression
of at least 15 genes/proteins, including BECNI,
which has come to be considered a marker of
autophagy®. Despite the dual role that has been
attributed to BECNI as a tumor suppressor gene*
and at the same time as a gene involved in the
survival of tumor cells?”*-°, its potential has been
demonstrated in various studies as a prognostic
biomarker**'2? and resistance to treatment in
breast cancer'>*. Therefore, the objective of this
study was to evaluate the association of BECN1
expression in breast cancer tissue with the prog-
nosis of patients with LABC according to their
immunophenotype.

Hence, our cases were classified according to
their immunophenotype as non-triple negative
and triple negative. We initially evaluated the
prevalence of BECNI expression. Subsequently,

362

we analyze the association of BECNI expression
with the clinical and pathological characteristics
of the patients, including those variables that
have been considered as poor prognostic factors.
Finally, we evaluated the association of BECNI1
expression with response to neoadjuvant chemo-
therapy, recurrence, DFS and OS.

Given that in advanced stages of breast cancer,
the tumor is larger and may be subjected to greater
stress in its microenvironment due to deprivation
of oxygen and nutrients, it would be expected that
the autophagy mechanism would be activated in
response to this stress and will achieve cellular
homeostasis by reusing components of the cell
itself”?%, In our study, a positive expression of
BECNI in 62.1% of non-triple negative and 60%
of triple negative tumors was observed, which was
higher than that reported in other studies. Won
et al”? observed positive expression of BECNI1 in
42.4% of 125 breast cancer tissues, while Choi et
al® reported positive expression in 29.9% of 489
tumor samples analyzed®. Both studies reported
having studied breast cancer with different tumor
sizes and different lymph node involvement, so it
can be inferred that samples in different clinical
stages were reviewed. This was one of the possible
reasons why we observed a higher percentage of
samples with positive expression of BECNI in our
study, that only included locally advanced tumors.

The lower expression of BECNI1 has been as-
sociated with histopathological characteristics of
poor prognosis such as a higher clinical stage, a
higher histological grade* and lobular histolog-
ical type". A statistically significant association
with the clinical stage and histological grade
was not found. However, an absence of BECNI1
expression in larger tumors and in those with
lobular histological type, specifically in the group
of patients with non-triple negative breast cancer,
was observed.

On the other hand, it has been reported that the
expression of BECNI1 before neoadjuvant chemo-
therapy with exemestane is associated with poor
clinical and pathological response. An increase in
BECNI expression has even been reported after
neoadjuvant treatment with exemestane, suggest-
ing that autophagy is also involved in the cellular
response to endocrine treatment'. This study
only evaluated the expression of BECNI1 before
neoadjuvant treatment without finding an asso-
ciation with the clinical or pathological response.
It was not possible to evaluate changes in the ex-
pression of BECNI before and after neoadjuvant
treatment.
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Regarding the recurrence of breast cancer, au-
tophagy has been reported to be a critical mech-
anism for the survival of disseminated tumor
cells that remain quiescent, even for decades,
when alterations in the tumor microenvironment
can trigger signals that lead to their prolifera-
tion. Genetic or pharmacological inhibition of
autophagy has been shown to decrease survival
and metastasis of dormant breast cancer cells
in preclinical mouse models and human cell
cultures**. Therefore, a possible association of
BECNI1 expression with breast cancer recur-
rence is expected.

Regardless of the immunophenotype and clin-
ical stage, no association of BECN1 expression
in cancer cells with recurrence DFS, or OS has
been reported in patients with invasive ductal
breast cancer’*. However, Morikawa et al® re-
ported that the absence of BECN1 expression in
cancer cells in conjunction with the expression
of BECNI in mesenchymal stromal cells was
associated with local recurrence, postoperative
lymph nodes metastasis, and a shorter DFS. In
our study of patients with LABC, regardless of
the immunophenotype, a statistically significant
difference in the recurrence rate, and DFS as a
function of BECNI expression in cancer cells
was not found. As mesenchymal cells of the
stroma were not analyzed, our results were sim-
ilar to those previously reported®-*. In accord
with studies of patients with breast cancer, the
variables that were associated with a reduction
in DFS were clinical stage at diagnosis, luminal
B histological type and the use of preoperative
non-standard chemotherapy*®.

Our data showed that the expression of
BECNI in tumor tissue is associated with a lower
OS compared to patients who did not express
BECNI. This differs from that reported by Choi
et al*! where deaths in the group of patients with
BECNI1 expression were not observed, and by
Cha et al'* where statistically significant differ-
ences in OS related to the expression of BECNI1
were not observed. The difference can be ex-
plained by the higher rate of autophagy that has
been reported in triple negative breast tumors,
since they present a higher mitotic index, higher
proliferation rate and central necrosis. Tumor
cells are subjected to increased stress due to hy-
poxia in the tumor microenvironment and require
autophagy as an adaptive process to meet their
nutrient needs, thus contributing to tumor cell
survival and proliferation®-"’. It is noteworthy that
the clinicopathological factors of poor prognosis

for DFS and OS, such as clinical stage, histolog-
ical type, and standard preoperative chemother-
apy, usually reported in the literature, were only
significant in the group of non-triple negative
tumors. Despite having found an association of
BECNI1 expression with OS in patients with triple
negative breast cancer, significant differences in
the expression of BECNI when comparing triple
negatives and non-triple negatives were not ob-
served.

The study of the prognosis of patients with
breast cancer according to the immunophenotype
is of special importance, as it has been reported
in cell lines that BECN1 can negatively regulate
estrogen signaling and growth response as well
as contribute to the development of resistance to
antiestrogens®. Evidence has shown that binding
of progesterone and hydroxyprogesterone to the
PR (particularly the beta isoform) induces the
expression of BECNI and activates autophagy,
which leads to growth inhibition, reduced sur-
vival, and induction of cellular senescence as
a protective mechanism against breast cancer
cells®®. The association between BECN1 deletion
and HER2/Neu amplification has been reported®.
HER2/Neu binds to BECNI1 in breast cancer
cells, and to ensure autophagic response, BECN1
must be released from the complex formed with
HER2/Neu**. The overexpression HER2/Neu
does not affect basal autophagy but does re-
duce stress-induced autophagy in breast cancer
cells. HER2/Neu positive breast cancers with or
without BECNI mRNA expression and HER?2/
Neu negative tumors (mostly triple negatives)
with reduced BECNI are characterized by a de-
creased expression of other autophagy genes, an
increased glycolysis and increased expression of
proliferation genes, compared to HER2/Neu neg-
ative tumors with a high expression of BECN1
(mainly positive hormone receptors)®.

Particularly in triple negative breast cancers,
the complete loss of BECNI inhibits prolifer-
ation, colony formation and migratory capac-
ity and invasiveness by reversing the epitheli-
al-mesenchymal transition signals of the MDA-
MB-231 cell line*. In triple negative breast
cancer tumors, increased expression of BECNI
mRNA* and protein in the cytosol and de-
creased expression of the protein in the nucleus
has been observed?'.

The analysis of The Cancer Genome Atlas
(TCGA) and Molecular Taxonomy of Breast
Cancer International Consortium (METABRIC)
databases showed a decrease in the expression
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of BECNI mRNA and BECNI1 in HER2/Neu
positive and triple-negative tumors, and a lower
expression of BECN1 with poor prognosis in pa-
tients with breast cancer®, unlike our study which
exclusively included patients with LABC.

Conclusions

Our results showed an association of BECN1
cytoplasmic expression with a lower OS. The
integration of the available evidence and our
findings suggests that in triple negative LABC,
the cytoplasmic expression of BECNI could con-
stitute a poor prognostic marker. Prospective
studies are necessary to evaluate the expression
of BECNI at the cytoplasmic and nuclear level
of tumor cells, and mesenchymal stromal cells. It
is important to have a larger sample size to allow
the association analysis to be carried out with
greater control of variables that could confuse or
modify the observed effect; such as clinical stage,
immunophenotype and the neoadjuvant chemo-
therapy regimen received.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements

The authors would like to thank Douglas C Nance, Asso-
ciate Researcher Professor-C TC (Universidad de la Sier-
ra Sur, Instituto de Investigacion Sobre la Salud Publica,
Miahuatlan de Porfirio Diaz, Oaxaca, México) native En-
glish speaker, for his technical advice on English; to the
Programa de Maestria y Doctorado en Ciencias Médicas
Odontoldgicas y de la Salud, Universidad Nacional Auténo-
ma de México, as well as to the Consejo Nacional del Cien-
cia y Tecnologia (CONACyT) for the academic support
to Maria Teresa de Jesus Cervantes Diaz (CVU 668530)
during her doctoral studies.

Funding

This work was supported by the Fondo de Investigacion en
Salud, Instituto Mexicano del Seguro Social (IMSS), Mexi-
co [grant number FIS/IMSS/PROT/G17/1684].

References

1) Ahn CH, Jeong EG, Lee JW, Kim MS, Kim SH,
Kim SS, Yoo NJ, Lee SH. Expression of beclin-1,
an autophagy-related protein, in gastric and col-
orectal cancers. APMIS 2007; 115: 1344-1349.

364

2)

4)

10)

11)

12)

13)

Jain K, Paranandi KS, Sridharan S, Basu A.
Autophagy in breast cancer and its implica-
tions for therapy. Am J Cancer Res 2013; 3:
251-265.

Han J, Hou W, Lu C, Goldstein LA, Stolz DB, Wat-
kins SC, Rabinowich H. Interaction between Her2
and Beclin-1 proteins underlies a new mechanism
of reciprocal regulation. J Biol Chem 2013; 288:
20315-20325.

Liang XH, Jackson S, Seaman M, Brown K,
Kempkes B, Hibshoosh H, Levine B. Induction
of autophagy and inhibition of tumorigenesis by
beclin 1. Nature 1999; 402: 672-676.

Tang H, Sebti S, Titone R, Zhou Y, Isidoro C,
Ross TS, Hibshoosh H, Xiao G, Packer M, Xie
Y, Levine B. Decreased BECN1 mRNA Expres-
sion in Human Breast Cancer is Associated with
Estrogen Receptor-Negative Subtypes and Poor
Prognosis. EBioMedicine 2015; 2: 255-263.

Lozy F, Cai-McRae X, Teplova I, Price S, Reddy
A, Bhanot G, Ganesan S, Vazquez A, Karantza
V. ERBB2 overexpression suppresses stress-in-
duced autophagy and renders ERBB2-induced
mammary tumorigenesis independent of monoal-
lelic Becn1 loss. Autophagy 2014; 10: 662-676.

Pai K, Baliga P, Shrestha BL. E-cadherin expres-
sion: a diagnostic utility for differentiating breast
carcinomas with ductal and lobular morphologies.
J Clin Diagn Res 2013; 7: 840-844.

Wijshake T, Zou Z, Chen B, Zhong L, Xiao G, Xie
Y, Doench JG, Bennett L, Levine B. Tumor-sup-
pressor function of Beclin 1 in breast cancer cells
requires E-cadherin. Proc Natl Acad Sci U S A
2021;118: e2020478118.

Dong M, Wan XB, Yuan ZY, Wei L, Fan XJ, Wang
TT, Lv YC, Li X, Chen ZH, Chen J, Lin Q, Wen
JY, Ma XK, Liu Q. Low expression of Beclin 1
and elevated expression of HIF-1alpha refine dis-
tant metastasis risk and predict poor prognosis of
ER-positive, HER2-negative breast cancer. Med
Oncol 2013; 30: 355.

Miracco C, Cosci E, Oliveri G, Luzi P, Pacenti L,
Monciatti I, Mannucci S, De Nisi MC, Toscano M,
Malagnino V, Falzarano SM, Pirtoli L, Tosi P. Pro-
tein and mRNA expression of autophagy gene
Beclin 1 in human brain tumours. Int J Oncol
2007; 30: 429-436.

Shen Y, Li DD, Wang LL, Deng R, Zhu XF. De-
creased expression of autophagy-related proteins
in malignant epithelial ovarian cancer. Autophagy
2008; 4: 1067-1068.

Chen Y, Lu Y, Lu C, Zhang L. Beclin-1 expres-
sion is a predictor of clinical outcome in patients
with esophageal squamous cell carcinoma and
correlated to hypoxia-inducible factor (HIF)-1al-
pha expression. Pathol Oncol Res 2009; 15:
487-493.

Won KY, Kim GY, Kim YW, Song JY, Lim SJ. Clin-
icopathologic correlation of beclin-1 and bcl-2 ex-
pression in human breast cancer. Hum Pathol
2010; 41: 107-112.



BECNI1 and survival in breast cancer

14)

15)

16)

17)

18)

19)

20)

21)

22)

Cha JY, Kim YH, Cho NH, Koo JS. Expression
of autophagy related protein in invasive lobular
carcinoma: comparison to invasive ductal car-
cinoma. Int J Clin Exp Pathol 2014; 7: 3389-
3398.

Ueno T, Saji S, Sugimoto M, Masuda N, Kuroi K,
Sato N, Takei H, Yamamoto Y, Ohno S, Yamashi-
ta H, Hisamatsu K, Aogi K, Iwata H, Imoto S, Sa-
sano H, Toi M. Clinical significance of the expres-
sion of autophagy-associated marker, beclin 1, in
breast cancer patients who received neoadjuvant
endocrine therapy. BMC Cancer 2016; 16: 230.

Burguete Vera J, Mainero Ratchelous F, Vargas
Solano J, Burgos Portillo |, Bernechea Miranda
A, Uriban Aguilar I. [Clinical and pathological re-
sponse to neoadjuvant chemotherapy in patients
with clinical stage Il breast cancer at the Hospital
de Gineco Obstetricia No. 4 “Luis Castelazo Aya-
la”]. GAMO 2008; 7: 52-55.

Hammond ME, Hayes DF, Dowsett M, Allred DC,
Hagerty KL, Badve S, Ftizgibbons PL, Francis
G, Goldstein NS, Hayes M, Hicks DG, Lester S,
Love R, Mangu PB, McShane L, Miller K, Osborne
CK, Paik S, Perlmutter J, Rhodes A, Sasano H,
Schwartz JN, Sweep FCG, Taube S, Torlakovic
EE, Valenstein P, Viale G, Visscher D, Wheeler T,
Williams RB, Wittliff JL, Wolff AC, American Soci-
ety of Clinical Oncology, College of American Pa-
thologists. American Society of Clinical Oncology/
College of American Pathologists Guideline Rec-
ommendations for Immunohistochemical Testing
of Estrogen and Progesterone Receptors in Breast
Cancer. Arch Pathol Lab Med 2010; 134: e48-e72.

Wolff AC, Hammond ME, Hicks DG, Dowsett
M, McShane LM, Allison KH, Allred DC, Bart-
lett JMS, Bilous M, Fitzgibbons P, Hanna W, Jen-
kins RB, Mangu PB, Paik S, Perez EA, Press
MF, Spears PA, Vance GH, Viale G, Hayes DF,
American Society of Clinical Oncology, College
of American Pathologists. Recommendations for
human epidermal growth factor receptor 2 test-
ing in breast cancer: American Society of Clinical
Oncology/College of American Pathologists clini-
cal practice guideline update. J Clin Oncol 2013;
31: 3997-4013.

Korde LA, Somerfield MR, Carey LA, Crews
JR, Denduluri N, Hwang ES, et al. Neoadjuvant
Chemotherapy, Endocrine Therapy, and Terget-
ed Therapy for Breast Cancer: ASCO Guideline.
J Clin Oncol 2021; 39: 1485-1505.

Vuong D, Simpson PT, Green B, Cummings MC,
Lakhani SR. Molecular classification of breast
cancer. Virchows Arch 2014; 465: 1-14.

Kononen J, Bubendorf L, Kallioniemi A, Barlund
M, Schraml P, Leighton S, Torhorst J, Mihatsch
MJ, Sauter G, Kallioniemi OP. Tissue microarrays
for high-throughput molecular profiling of tumor
specimens. Nature 1998; 4: 844-847.

Lee E, Nichols P, Spicer D, Groshen S, Yu MC,
Lee AS. GRP78 as a novel predictor of respon-

siveness to chemotherapy in breast cancer. Can-
cer Res 2006; 66: 7849-7853.

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

World Health Organization. Handbook for report-
ing results of cancer treatment. World Health Or-
ganization, 1979.

Hamurcu Z, Delibasi N, Gecene S, Sener EF,
Donmez-Altuntas H, Ozkul Y, Canatan H, Ozpolat
B. Targeting LC3 and Beclin-1 autophagy genes
suppresses proliferation, survival, migration and
invasion by inhibition of Cyclin-D1 and uPAR/Inte-
grin betal/ Src signaling in triple negative breast
cancer cells. J Cancer Res Clin Oncol 2018; 144:
415-430.

Dalby KN, Tekedereli |, Lopez-Berestein G, Oz-
polat B. Targeting the prodeath and prosurviv-
al functions of autophagy as novel therapeutic
strategies in cancer. Autophagy 2010; 6: 322-
329.

Ozpolat B, Benbrook DM. Targeting autophagy
in cancer management - strategies and develop-
ments. Cancer Manag Res 2015; 7: 291-299.

Kenific CM, Debnath J. Cellular and metabolic
functions for autophagy in cancer cells. Trends
Cell Biol 2015; 25: 37-45.

Gewirtz DA. When cytoprotective autophagy isn't...
and even when it is. Autophagy 2014; 10: 391-392.

Galluzzi L, Pietrocola F, Bravo-San Pedro JM,
Amaravadi RK, Baehrecke EH, Cecconi F, Co-
dogno P, Debnath J, Gewirtz DA, Karantza V,
Kimmelman A, Kumar S, Levine B, Maiuri MC,
Martin SJ, Penninger J, Piacentini M, Rubinsz-
tein DC, Simon HU, Simonsen A, Thorburn AM,
Velasco G, Ryan KM, Kroemer G. Autophagy in
malignant transformation and cancer progres-
sion. EMBO J 2015; 34: 856-880.

Flynn AB, Schiemann WP. Autophagy in breast
cancer metastatic dormancy: Tumor suppressing
or tumor promoting functions? J Cancer Metasta-
sis Treat 2019; 5.

Choi J, Jung W, Koo JS. Expression of autopha-
gy-related markers beclin-1, light chain 3A, light
chain 3B and p62 according to the molecular sub-
type of breast cancer. Histopathology 2013; 62:
275-286.

Yao Q, Chen J, Lv Y, Wang T, Zhang J, Fan J,
Wang L. The significance of expression of au-
tophagy-related gene Beclin, Bcl-2, and Bax in
breast cancer tissues. Tumour Biol 2011; 32:
1163-1171.

John S, Nayvelt I, Hsu HC, Yang P, Liu W, Das
GM, Thomas T, Thomas TJ. Regulation of estro-
genic effects by beclin 1 in breast cancer cells.
Cancer Res 2008; 68: 7855-7863.

Vera-Ramirez L, Vodnala SK, Nini R, Hunter KW,
Green JE. Autophagy promotes the survival of
dormant breast cancer cells and metastatic tu-
mour recurrence. Nat Commun 2018; 9: 1944,

Morikawa A, Takeuchi T, Kito Y, Saigo C, Saku-
ratani T, Futamura M, Yoshida K. Expression of
beclin-1 in the microenvironment of invasive duc-
tal carcinoma of the breast: correlation with prog-
nosis and the cancer-stromal interaction. PLoS
One 2015; 10: e0125762.

365



M.T. Cervantes-Diaz, A.J. Mufioz-Granados, V.A. Olguin-Cruces, et al.

36)

37)

38)

Li ZH, Hu PH, Tu JH, Yu NS. Luminal B breast
cancer: patterns of recurrence and clinical out-
come. Oncotarget 2016; 7: 65024-65033.

Reis-Filho JS, Tutt AN. Triple negative tumours: a
critical review. Histopathology 2008; 52: 108-118.

De Amicis F, Guido C, Santoro M, Giordano F,
Dona A, Rizza P, Pellegrino M, Perrotta |, Bono-
figlio D, Sisci D, Panno ML, Tramontano D, Aqui-
la S, Ando S. Ligand activated progesterone re-
ceptor B drives autophagy-senescence transition
through a Beclin-1/Bcl-2 dependent mechanism
in human breast cancer cells. Oncotarget 2016;
7: 57955-57969.

366

39)

40)

Vega-Rubin-de-Celis S, Zou Z, Fernandez AF,
Ci B, Kim M, Xiao G, Xie Y, Levine B. Increased
autophagy blocks HER2-mediated breast tum-
origenesis. Proc Natl Acad Sci U S A 2018; 115:
4176-4181.

Wu CL, Zhang SM, Lin L, Gao SS, Fu KF, Liu XD,
Liu Y, Zhou, LJ, Zhou PK. BECN1-knockout im-
pairs tumor growth, migration and invasion by
suppressing the cell cycle and partially suppress-
ing the epithelial-mesenchymal transition of hu-
man triple-negative breast cancer cells. Int J On-
col 2018; 53: 1301-1312.



