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1 | INTRODUCTION

Breast cancer is the most common malignancy in women, with nearly
2.1 million incidences worldwide annually. Breast cancer accounts
for approximately 25% of all cancer cases and 15% of all deaths in
women.? Approximately 90% of breast cancer deaths have been
attributed to metastasis-related complications.®

Despite the commitment to research on biomarkers for diagno-
sis, prognosis, and therapeutic response in breast cancer in the last
decade, there are still many difficulties in the management of breast
cancer. Mammography for breast cancer is currently a widely used
screening tool; however, the extensive use of mammography has
been hindered by the cost and expertise needed for mammography.
Contrastingly, alternative methods, such as ultrasound screening are
highly operator dependent. Additionally, tumor serum markers, such
as carbohydrate antigen 15-3 (CA15-3) and carcinoembryonic anti-
gen (CEA) are nonspecific and limited in their sensitivity and spec-
ificity.“’9 Therefore, it is necessary to develop a cost-effective and
accurate test method for breast cancer by uncovering a new mecha-
nism for breast cancer development.

Numerous studies reported that microRNAs (miRs or miRNAs)
involved in various biological processes are potential diagnostic,
prognostic, and therapeutic target biomarkers in many different
types of cancer.’® miRNAs are small (18-25 nucleotides) endogenous
noncoding RNAs that bind to the 3-untranslated regions (UTRs) of
target mRNAs and inhibit translation or induce sequence-specific
degradation of mRNAs, thereby silencing gene expression.'* miR-
NAs have emerged as a key component of cancer biology by mod-
ulating the expression of their target mRNAs, promoting tumor
growth, invasion, angiogenesis, metastasis, and immune evasion.*?*3
The important role of miRNAs in tumorigenesis can provide new op-
portunities for cancer diagnosis and prognosis prediction.

miR-1260b mapped to human 11921 was first identified in
human renal cancers using a microRNA microarray.14 A recent
study showed that the high expression level of miR-1260b in pa-
tients with colorectal cancer was associated with lymph node me-
tastasis and invasion of the veins.?® miR-1260b, which is also highly
expressed in prostate cell carcinoma tissues, promotes cell migra-
tion and invasion in prostate cancer cells by targeting secreted
frizzled-related protein 1 (SFRP1) and SMADA4.* Furthermore,
miR-1260b promotes the migration and invasion of non-small cell
lung cancer by targeting protein tyrosine phosphatase receptor
type kappa (PTPRK).Y” Comprehensive analysis showed that miR-
1260b was highly expressed in the breast cancer cell MDA-MB-
231-derived exosomes, compared with that in the normal breast
cell MCF-10A-derived exosomes.® However, the potential diag-
nostic or prognostic value of miR-1260b in clinical settings has not
been fully investigated. Furthermore, the molecular mechanisms
of miR-1260b in breast cancer tumorigenesis remain unknown. In

breast cancer, CASP8, diagnosis, miR-1260b, prognosis

the present study, we evaluated the potential of miR-1260b as a
biomarker for the diagnosis and prognosis of breast cancer and in-
vestigated its biological functions in the tumorigenesis of human

breast cancer cells.

2 | MATERIALS AND METHODS

Detailed information is provided in Supporting Information.

2.1 | Study population
A total of 102 formalin-fixed, paraffin-embedded (FFPE) breast tis-
sue samples were obtained from patients with breast cancer at
Yonsei Severance Hospital, Seoul, Republic of Korea, from 2010 to
2015 (Table S1). The study was approved by the Institutional Ethics
Committee of Yonsei Severance Hospital (approval no. 4-2016-0550).
A total of 71 blood samples were obtained from patients with
breast cancer at Yonsei Severance Hospital, Seoul, Republic of Korea
from 2010 to 2015. For healthy controls, 58 blood samples were
obtained from healthy donors (Table S2). The study was approved
by the Institutional Ethics Committee at Yonsei Severance Hospital
(approval no. 4-2011-0011) and Yonsei University Wonju College of
Medicine (approval no. 1041849-201603-BR-010-04). Written in-
formed consent was obtained from all participants.

2.2 | RNA extraction of FFPE tissues and
plasma samples

Three to four 10-pm thick sections of FFPE breast tissue were used
for total RNA extraction. To remove paraffin from FFPE tissues, 160
ul of deparaffinization solution (Qiagen) was added and vortexed,
which was followed by incubation for 3 minutes at 56°C. RNA extrac-
tion was performed using the Qiagen RNeasy FFPE kit (Qiagen) ac-
cording to the manufacturer's protocol, and 25 pl of RNA was eluted.

For the extraction of miRNA from the plasma, a NucleoSpin miRNA
Plasma kit (Macherey-Nagel) was used according to the manufacturer's
protocol. The purity and concentration of total RNA were determined
by measuring the ratio of absorbance values at 260 and 280 nm using a

spectrophotometer. Isolated RNA was stored at —80°C until use.

2.3 | microRNA reverse-transcriptase quantitative
(RT-gPCR) analysis

The following TagMan small RNA assays (Applied Biosystems by Life
Technologies) were used: RNU6B, hsa-miR-16, and hsa-miR-1260b.
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Reverse-transcriptase qPCR reactions were performed on a CFX%96
real-time PCR system detector (Bio-Rad). Samples were run in dupli-
cate for each experiment. Data were analyzed using the comparative
AC; (272)) and AAC, methods (274C) with miR-16 for plasma or
RNUG6B for cell lines and tissues as an endogenous control.1*?° To
monitor reagent contamination, a negative control was included for

each primer pair.

24 | Cellculture

Human breast normal cells (MCF-10A) and breast cancer cell lines
(MCF-7, BT-474 SKBR-3, and MDA-MB-231) were purchased from
the American Type Culture Collection (ATCC). MCF-10A cells were
cultured in mammary epithelial cell basal medium (MEBM) sup-
plemented with mammary epithelial cell growth medium (MEGM)
Single Quots and cholera toxin (Lonza). SKBR-3 and MDA-MB-231
cells were cultured in Roswell Park Memorial Institute (RPMI)-1640
(Gibco) supplemented with 10% fetal bovine serum (FBS; Gibco)
and 100 units/ml of streptomycin-penicillin (Gibco). MCF-7 and
BT-474 cells were cultured in Dulbecco's modified Eagle's medium
(DMEM; Gibco) supplemented with 10% FBS and 100 units/ml of
streptomycin-penicillin. All cells were incubated at 37°C in a 5%
CO, atmosphere.

2.5 | Cell apoptosis analysis

Annexin V and propidium iodide (PI) staining was performed using
the Annexin V-FITC Apoptosis Detection Kit 1 (BD Biosciences) ac-
cording to the manufacturer's instructions. Cell apoptosis was ana-
lyzed using a BD FACS Calibur flow cytometer (BD Biosciences) and

FlowJo (TreeStar Inc.).

2.6 | Wound-healing and transwell invasion assays
Cell migration assays were performed using SPLScar™ (SPL) accord-
ing to the manufacturer's instructions. The wound-healing images
and wound closure were analyzed using a light microscope (CKX41,
Olympus) and the ImageJ) program (National Institutes of Health,
Bethesda, MD, USA) at 0, 12, and 24 hours.

Cell invasion assays were performed using SPLInsert™
Hanging (8 um, SPL) according to the manufacturer's instructions.
The chambers were inserted into 24-well plates, and transfected
cells (5 x 10% cells) were seeded in the upper chambers. Medium
containing 0.1% FBS was added to the upper chambers, while me-
dium containing 20% FBS was added to the lower chamber. The
cells were then incubated for 48 hours at 37°C and 5% CO,. After
incubation, the membrane was trimmed, stained with 0.1% crystal
violet, and observed under a light microscope. Three fields were
randomly selected from each membrane, and the number of in-
vaded cells was counted.

2.7 | Western blot analysis

Cell lysates treated identically were pooled and centrifuged
at 13,000 g at 4°C for 10 minutes. The supernatants were sub-
jected to Western blot analysis, as described in the Supporting
Information. Total cell protein (15-20 pg) was used for Western
blotting (Table S3).

2.8 | RNA sequence analysis

The concentration and quality of total RNA were checked using a
Qubit 2.0 fluorometer (Thermo Fisher Scientific). Total RNA (10 ng)
was used to prepare strand-specific barcoded RNA libraries using
the lon AmpliSeq™ Transcriptome Human Gene Expression Kit

(Thermo Fisher Scientific) following the manufacturer's protocol.

2.9 | Luciferase assay

Plasmids were constructed using the pmirGLO Dual-Luciferase
miRNA Target Expression Vector (Promega) for the binding site
in the 3-UTR of the mRNA of the potential target gene (CASP8)
based on TargetScan 7.2 (Bioneer Service System, Bioneer). The
sequences of CASP8 wild type (WT) and mutant type (MT) are de-
scribed in Table S4. For the reported gene assay, MDA-MB-231
cells were cotransfected with reporter vectors (CASP8 WT or
CASP8 MT), the miR-1260b mimic, and the negative control.
Luciferase and Renilla signals were measured 24 hours after
transfection using the Dual-Luciferase Reporter Assay System

(Promega).

2.10 | Statistical analysis

Statistical analysis was performed using GraphPad Prism software
(version 6.0) and SPSS Statistics software (version 21.0; IBM).
Values with p < 0.05 were considered statistically significant in all

the analyses.

3 | RESULTS

3.1 | Association of high miR-1260b expression
with aggressive clinicopathological features and poor
prognosis in breast cancer

To explore the relationship between clinicopathological characteris-
tics and miR-1260b expression, the expression levels of miR-1260b
in 102 breast cancer FFPE tissues were measured using RT-gPCR
(Table S1). The patients were divided into low- and high-miR-1260b-
expression groups based on the median miR-1260b expression
level (low-expression group, <2.54; high-expression group, 22.54)
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(Figure 1A). The association between the expression of miR-1260b
and overall survival (OS) was investigated using Kaplan-Meier analysis
and the log-rank test. High expression of miR-1260b resulted in a poor
survival outcome (hazard ratio [HR] = 13.51 (3.30-15.92), p < 0.0001)
(Figure 1B).

The potential relationship between clinicopathological param-
eters, such as age, TNM (tumor [T], node [N], and metastasis [M])
stage, histological grade, tumor size, lymph node invasion, human
epidermal growth factor receptor type2 (HER2), estrogen receptor
(ER), progesterone receptor (PR), and the expression levels of miR-
1260b were analyzed using the chi-square test. The results showed
that locally advanced stage (p < 0.01), larger tumors (p < 0.001), and
presence of lymph node invasion (p < 0.05) were significantly asso-
ciated with high miR-1260b expression levels (Table 1). Furthermore,
the expression levels of miR-1260b were significantly increased in
the locally advanced and metastatic stages compared with those in
the early stage (p < 0.01, p < 0.001, respectively) (Figure 1C).

To analyze the prognostic parameters of miR-1260b, Cox pro-
portional hazards regression was used to investigate the association
between the survival time of patients and the clinical parameters of
miR-1260b expression. Univariate analysis showed that high miR-
1260b (HR = 8.52, p < 0.01), locally advanced stage (HR = 9.02, p
< 0.001), larger tumor size (HR = 5.62, p < 0.01), presence of lymph
node invasion (HR = 4.28, p < 0.05), HER2 positivity (HR = 4.71, p <
0.05), and ER negativity (HR = 0.35, p < 0.05) were associated with
poor prognosis in patients with breast cancer. All significant param-
eters were further analyzed using a multivariate analysis. The results
showed that TNM stage (HR = 6.05, p < 0.01), tumor size (HR =5.72,p
< 0.01), lymph node invasion (HR = 3. 60, p < 0.05), HER2 (HR=3.77,p
<0.01), ER (HR=0.31, p < 0.05), and miR-1260b (HR = 5.11, p < 0.05)
were independent prognostic factors for patients with breast cancer

(Table 2). Furthermore, patients with high miR-1260b expression in the

early stage, locally advanced stage, and metastatic stage indicated a
high risk of poor prognosis (HR = 5.77, 3.82, and 4.22) (Figure 1D).

To cross-validate the prognostic value of miR-1260b, The Cancer
Genome Atlas (TCGA) data of breast cancer including molecular sub-
types was utilized. Consistent with our results, high miR-1260b ex-
pression was associated with worse survival (HR = 1.74) (Figure S1).
Specifically, high miR-1260b expression in patients with the luminal
A and triple-negative breast cancer (TNBC) subtypes showed rela-
tively poor survival outcomes (HR = 5.85, p = 0.007; HR = 3.58,p =
0.022, respectively) (Figure S1G-J).

3.2 | Promotion of migration and invasion in
metastatic breast cancer cell by miR-1260b

To investigate how miR-1260b modulates the status of breast can-
cer, the levels of miR-1260b in four representative breast cancer
cell lines (BT-474, MCF-7, SKBR-3, and MDA-MB-231) and a normal
breast cancer cell line (MCF-10A) were screened to identify a rep-
resentative in vitro model. The MDA-MB-231 cell line, which is a
representative cell line of aggressive and metastatic breast cancer
showed higher expression of miR-1260b compared with both normal
breast cancer cell line (MCF-10A) and less aggressive breast cancer
cell line (MCF-7) (Figure 2A).

Therefore, we selected MDA-MB-231 cells for the transfec-
tion experiments. miR-1260b was well transfected into the cells.
Specifically, the cells treated with the miR-1260b mimic showed
overexpression of miR-1260b, whereas cells treated with the miR-
1260b inhibitor showed effective suppression of miR-1260b expres-
sion (p <0.01and p < 0.01, respectively) (Figure 2B). The proliferative
effect of miR-1260b expression significantly increased upon trans-

fection with the miR-1260b mimic and decreased markedly upon the

— low miR-1260b
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TABLE 1 Association of miR-1260b
expression with clinicopathological

miR-1260b expression

parameters in breast cancer patients Variable n Low, n (%) High, n (%) P value

Age (years)
<50 54 30 (55.6) 24 (44.4) 0.172
250 48 20 (41.7) 28(58.3)

TNM stage
I/11 (early stage) 70 45 (64.3) 25(35.7) <0.01
Il (locally advanced stage) 17 4(17.6) 13 (82.4)

Histological grade
Well/moderate 65 37(56.9) 28 (43.1) 0.092
Poor 35 13(37.1) 22(62.9)

Tumor size
<2cm 56 37 (66.1) 19 (39.9) <0.001
22 cm 46 13(28.3) 33(71.7)

Lymph node invasion
No 55 35(63.6) 20(36.4) <0.05
Yes 45 15(33.3) 30(66.7)

HER2
Negative 73 42 (57.5) 31 (42.5) <0.01
Positive 29 8(27.6) 21(72.4)

ER
Negative 31 11(35.5) 20 (64.5) 0.086
Positive 71 39 (54.9) 32(45.1)

PR
Negative 60 24 (40.0) 36 (60.0) <0.05
Positive 42 26 (61.9) 16 (38.1)

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor receptor type2; PR,

progesterone receptor.

inhibition of miR-1260b expression compared with transfection with
miR-NC (p < 0.01, and p < 0.01, respectively) (Figure 2C). The miR-
1260b inhibitor also induced a decrease in cell viability in dose- and
time-dependent manner (Figure S2).

To further investigate whether miR-1260b affects migration
and invasion, wound-healing and transwell invasion assays were
performed. MDA-MB-231 cells transfected with the miR-1260b
inhibitor showed lower migration potential compared with those
transfected with miR-NC, and the cells transfected with the miR-
1260b mimic showed higher migration potential under identical con-
ditions (Figure 2D,E). In the transwell assay, the invasion ability of
the cells treated with the miR-1260b mimic significantly increased
compared with that of cells treated with miR-NC, and the ability of
the cells treated with the miR-1260b inhibitor markedly decreased (p
< 0.01, and p < 0.01, respectively) (Figure 2F).

3.3 | Effect of miR-1260b on apoptosis by directly
targeting CASP8

To gain insight into the molecular mechanisms and to identify po-
tential target genes of miR-1260b, RNA sequence analysis was

performed using total RNA extracted from MDA MB-231 cells
treated with the miR-1260b inhibitor and miR-NC. The selection
criteria for the differentially expressed genes (DEGs) were as fol-
lows: log2 fold change = 1.5, p-value < 0.05, and false discovery
rate (FDR) < 0.05. The heatmap profiles of differentially regulated
transcripts are shown in Figure 3A. Among the 222 gene entities,
112 genes were upregulated directly or indirectly by miR-1260b
inhibitor treatment (Figure 3B). Among the 112 upregulated genes,
gene ontology (GO) analysis revealed that miR-1260b affects the
regulation of transcription, proteasomal ubiquitin-dependent pro-
tein catabolic process, p53 class mediator, execution phase of ap-
optosis, and I-kappa B kinase/NF-kappa B signaling (Figure 3C). The
top network contained mainly genes involved in the p53 pathway
such as ATF3, DUSP1, and KLFA and apoptosis such as GADD45B,
GADD45A, and CASP8; the key common gene was determined to be
CASP8 (Figure 3D). Of these candidate gene sets, potential target
genes including CASP8 were cross-examined using the software
TargetScan 7.2 (Table S5). The relationship between miR-1260b and
CASP8 was verified by RT-gPCR. CASP8 expression significantly in-
creased in MDA-MB-231 cells treated with the miR-1260b inhibitor
compared with those treated with miR-NC (Figure 3E). To further
confirm the target relationship, both miR-1260b expression and
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TABLE 2 Univariate and multivariate analysis of prognostic factors in breast cancer patients
Univariate analysis Multivariate analysis
Features HR 95% Cl p Value HR 95% CI p Value
Age (years)
<50 vs. 250 0.804 0.279-2.318 0.687
TNM stage
Early stage vs. locally advanced stage 9.020 3.009-27.039 <0.001 6.053 1.935-18.932 <0.01
Histological grade
Well/moderate vs poor 0.848 0.891-2.893 0.848
Tumor size (cm)
<2vs 22 5.622 1.567-20.169 <0.01 5.723 1.593-20.557 <0.01
Lymph node invasion
No vs yes 4.281 1.342-13.658 <0.05 3.599 1.067-12.134 <0.05
HER2
Negative vs positive 4.714 1.635-13.598 <0.05 3.766 1.230-11.528 <0.01
ER
Negative vs positive 0.350 0.123-0.998 <0.05 0.315 0.104-0.955 <0.05
PR
Negative vs Positive 0.449 0.141-1.431 0.176
miR-1260b expression
Low vs high 8.523 1.906-38.109 <0.01 5.112 1.080-24.197 <0.05

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor receptor type2; HR, hazard ratio; PR, progesterone receptor.

CASP8 expression in FFPE breast tissues (n = 74) were analyzed.
There was a significant inverse relationship between the expres-
sion levels of miR-1260b and CASP8 (Spearman's rank correlation
coefficient (r) of -0.6137, p < 0.0001; Figure 3F).

To investigate whether the 3-UTR of CASP8 is a direct target
of miR-1260b, dual-luciferase reporter assays were conducted
(Figure 3G). Cotransfection of the MDA-MB-231 cells with WT CASP8
3-UTR/pmirGLO and the miR-1260b mimic caused a significant de-
crease in luciferase activity compared with that in cells transfected
with miR-NC (p = 0.008). However, the luciferase activity of mutant
CASP8 3-UTR/pmirGLO did not change after cotransfection with
the miR-1260b mimic (Figure 3H). Additionally, Western blot analy-
sis showed that the expression of caspase-8 and cleaved caspase-8
decreased in cells transfected with the miR-1260b mimic (Figure 3l).

Additionally, CASP8 was cross-validated in TCGA data using sur-
vival analysis. The results showed that patients with low CASP8 ex-
pression had poor survival outcomes (HR = 1.37 for total patients,
HR = 1.75 for luminal A, HR = 1.75 for luminal B, HR = 1.45 for
HER2, and HR = 1.96 for TNBC), which showed the opposite aspect
to the survival curve according to miR-1260b expression (Figure S3).

3.4 | Regulation of intrinsic or extrinsic pathway of
apoptosis by miR-1260b

In clinical settings, apoptosis is a key factor in the prediction
of chemoresistance. As the earlier observed cell viability and

molecular features of miR-1260b were found to be related to ap-
optosis (Figure 3), we further sought to identify the association
between miR-1260b and cell apoptosis. First, the rate of cellular
apoptosis was analyzed using flow cytometry. MDA-MB-231 cells
were treated with the miR-1260b inhibitor and miR-NC and incu-
bated for 24 hours. The cells (1 x 10°) were stained with annexin
V-FITC and PI (Figure 4A). The rate of apoptosis in cells transfected
with the miR-1260b inhibitor was significantly increased (21.15%)
compared with that in cells transfected with miR-NC (7.27%) (p <
0.001) (Figure 4B).

To elucidate the mechanism of apoptosis after the inhibition
of miR-1260b, the expression of apoptosis-related molecules was
investigated by Western blot analysis. The cells treated with the
miR-1260b inhibitor showed increased levels of cleaved poly ade-
nosine diphosphate-ribose polymerase (PARP), cleaved caspase-3,
and cleaved caspase-7 (Figure 4C). The activation of caspase-8
(extrinsic apoptosis) and caspase-9 (intrinsic apoptosis) was ex-
amined in cells treated with the miR-1260b inhibitor. Caspase-8
and -9 were cleaved in cells treated with the miR-1260b inhibitor
(Figure 4C).

Subsequently, to further investigate the apoptotic pathway,
the release of cytochrome ¢ from mitochondria was investigated
in cells treated with the miR-1260b inhibitor. MDA-MB-231 cells
were treated with a miR-1260b inhibitor or miR-NC, and the
cell lysates were separated into cytosolic and membrane frac-
tions. Western blot analysis indicated that the inhibition of miR-
1260b upregulated the translocation of cytochrome ¢ from the
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FIGURE 2 Graphs and images illustrating the effect of miR-1260b on cell viability, migration, and invasion of cancer cells. A, The relative
expression level of miR-1260b in a normal breast cell line (MCF-10A) and four breast cancer cell lines (BT-474, and MCF-7, SKBR-3, and MDA
MB-231). B, Promotion or inhibition of miR-1260b in MDA-MB-231 was confirmed by RT-qPCR and gel electrophoresis after treatment

with miR-negative control (NC), the miR-1260b mimic, and the miR-1260b inhibitor. C, Cell viability was determined using water-soluble
tetrazolium salt (WST) assay after treatment with miR-NC, the miR-1260b mimic, and the miR-1260b inhibitor. D, E, Migration analysis

was performed using the wound-healing assay. Wound-healing closure changes were observed at 12 and 24 h. F, Cell invasion ability was
analyzed using the transwell assay. The number of invading cells was measured by counting the number of cells that invaded through the
membrane per field. The data are reported as the mean + standard deviation (SD). *p < 0.05, **p < 0.01, ***p < 0.001

mitochondria to the cytosol (Figure 4D). The expression of XIAP
and survivin was analyzed as an upstream regulatory molecule. It
was found that survivin levels decreased, although the XIAP levels
did not change in MDA-MB 231 cells treated with the miR-1260b
inhibitor (Figure 4E).

3.5 | Role of miR-1260b as a useful biomarker for
monitoring breast cancer

miRNAs are either encapsulated by exosomes or they circulate as
free miRNAs and influence the adjacent cells/tissues.?'?2 Therefore,
we hypothesized that miR-1260b is possibly released from the can-
cer tissues into blood circulation. As a proof-of-concept for liquid
biopsy-based assessments, the miR-1260b expression levels in
plasma from 71 patients with breast cancer and 58 healthy controls
were measured using RT-qPCR (Table S2). The expression levels of
miR-1260b in patients with breast cancer (before treatment, n = 54)
were significantly higher than those in healthy controls (p < 0.001)
(Figure 5A). Subsequently, the miR-1260b expression was investi-
gated by breast cancer subtypes and stages. The miR-1260b expres-
sion was significantly high in all subtypes, especially in the luminal
B and HER2 subtypes (p < 0.001 in all subtypes vs healthy control)

(Figure 5B). miR-1260b expression in the plasma was higher in the
early and locally advanced stages compared with that in the healthy
control (p < 0.001 and p = 0.0057, respectively) (Figure 5C).

The diagnostic performance and cutoff value of miR-1260b
were determined by receiver-operating characteristic (ROC) curve
analysis. The area under the ROC curve (AUC) of miR-1260b was
0.90 (95% Cl = 0.84-0.96, p < 0.001), and the cutoff point was 0.12
(Figure 5D). At the cutoff value, positive miR-1260b levels in the
early-stage and locally advanced breast cancer before chemother-
apy showed a 16.3-fold and 18.2-fold higher risk than the negative
miR-1260b in each stage, respectively (Figure 5E). The positive miR-
1260b level after neoadjuvant chemotherapy decreased the risk by
6.2%-fold.

4 | DISCUSSION

The tumorigenesis of miR-1260b in breast cancer cells was first re-
ported in terms of proliferation, apoptosis, and migration. The novel
target CASP8 of miR-1260b was identified and validated in this
study. Additionally, this study included the prognostic and diagnos-
tic value of miR-1260b in breast cancer to investigate its potential
utility in screening and diagnosis.
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FIGURE 3 Prediction and validation of target genes for miR-1260b. Transcriptomic analysis of MDA-MB-231 cells treated with miR-
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p < 0.05 and false discovery rate [FDR] < 0.05). The color scheme is based on the gene expression fold changes, with upregulation indicated
with red color and downregulation with green color. B, Scatter plot depicting differentially expressed genes were identified upon miR-1260b
inhibitor treatment as compared with the miR-NC. C, Graphical representation of gene ontology (GO) analysis for potential target genes of
miR-1260b. Biological processes, cellular components, and molecular functions of GO were analyzed. D, Schematic of the search tool for
retrieval of interacting genes (STRING) analysis for potential target gene of miR-1260b. E, Plots of the effects of the miR-1260b inhibitor

on the mRNA expression levels of CASP8 in MDA-MB-231 cells. F, Scatter plot depicting the correlation between miR-1260b and CASP8
expression in breast cancer tissues (r = -0.6173, p < 0.0001, n = 74). G, H, lllustration and plot of the relative luciferase activities of plasmids
carrying wild-type or mutant CASP8 3'-UTR in MDA-MB-231 cells cotransfected with the miR-1260b mimic. I, Image showing the protein
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In clinical validation, the high expression of miR-1260b was more analysis demonstrated that breast cancer patients in the high-miR-
closely related to TNM stage, tumor size, and lymph node invasion. 1260b-expression group had a significantly shorter OS than those
Despite significant advances in the early diagnosis and treatment in the low-miR-1260b-expression group. Cox regression analysis
of breast cancer, such as chemotherapy, radiotherapy, and surgery, showed that high miR-1260b expression was an independent prog-
the morbidity and mortality rates of advanced and metastatic breast nostic factor for poor survival. As miR-1260b is a potential predic-

cancer are approximately 50%.2%?* In our data, the Kaplan-Meier tor of poor prognosis through clinical evaluation, miR-1260b as a
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potential prognostic marker can be expanded in other types of met-
astatic cancers.

Our study also evaluated the potential clinical application of circu-
lating miR-1260b in the diagnosis of breast cancer. The value of AUC
was 0.90 (95% Cl = 0.84-0.96, p < 0.001). Schwarzenbach et al. ex-
plored the diagnostic potential of a panel of circulating miRNAs tar-
geting Phosphatase and Tensin Homolog deleted on Chromosome 10
(PTEN) tumor suppressors using RT-gPCR in 102 patients with breast
cancer. The levels of circulating miR-20a and miR-21 were higher in can-
cer patients than in healthy controls. Additionally, the levels of circulat-
ing miR-214 can help differentiate between breast cancer and benign

and healthy controls with an AUC of 0.87 in ROC analysis.?> Wang et al.
showed that circulating miR-182 levels were significantly higher in pa-
tients with breast cancer than in healthy controls.? Similarly, Freres
et al. also investigated the plasma miRNA profile determined by RT-
PCR in 108 patients with primary breast cancer. Receiver-operating
characteristic curve from eight circulating miRNAs (miR-15, let-7d, miR-
103, miR-107, miR-148a, let-7i, miR-19b, and miR-22*) exhibited an AUC
of 0.81.%7 The diagnostic value of circulating miR-1260b is comparable
to that of other circulating miRNAs in breast cancer.

Avoiding apoptosis is crucial for promoting tumorigenesis.28 It

helps cells avoid immune surveillance and survive in low-nutrient and
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hypoxic tumor environments.?? Caspase-9 and -8 are key molecules
in the intrinsic and extrinsic apoptotic pathways, respectively.% In
this study, cleavage of caspase-9, caspase-8, and PARP were found
to increase when miR-1260b expression was inhibited. The main
events of the intrinsic apoptotic pathway occur in the mitochondria
including cytochrome c release, ROS production, and the involve-
ment of apoptosis-regulating factors.%! Cytochrome c is a compo-
nent of the electron transport chain in the mitochondria.®? One of
the ways cell apoptosis is activated is by release of cytochrome ¢
from the mitochondria into cytosol. The release of cytochrome c ac-
tivates caspase 9.3° We also found that the inhibition of miR-1260b
upregulated the translocation of cytochrome ¢ from the mitochon-
dria to the cytosol, which suggested that miR-1260b can suppress
apoptosis in breast cancer cells. Therefore, the upregulation of miR-
1260b may facilitate the survival and development of breast cancer.

As miRNAs regulate the expression of target genes to exert their
effects, identification of key target genes is crucial. Based on RNA
sequence analysis and the TargetScan computer algorithm, 36 po-
tential target genes of miR-1260b were identified. Among the 36 po-
tential target genes, CASP8, which encodes caspase-8, was further
investigated to confirm the direct target gene of miR-1260b. Analysis
of breast FFPE tissue samples revealed an inverse relationship be-
tween miR-1260b and CASP8 expressions. Further testing with lu-
ciferase assays indicated that CASP8 was the target gene, which was
directly regulated by miR-1260b. Variants of the CASP8 gene are
associated with breast cancer risk.343¢ CASP8 knockdown increases

both the migratory and metastatic capacity of MDA-MB-231 and
inhibits cell apoptosis.®”%? Therefore, CASP8 is critically involved
in regulating tumorigenesis. Several studies reported that miRNAs
target the regulation of caspase-8 expression. Jin et al.*® found
that miR-24 and miR-221 modulate TNF-related apoptosis, which
induces ligand resistance in hepatocellular carcinoma cells through
caspase-8 and -3. Furthermore, Wang et al. showed that miR-874
regulates myocardial necrosis by targeting caspase-8." To the best
of our knowledge, this is the first study to identify CASP8 as a novel
target of miR-1260b in breast cancer.

Several limitations should be considered when interpreting the
findings of this study. First, all breast cancer patients in the present
study were selected from a single hospital with small sample sizes.
miR-1260b should be further investigated in a larger number of pa-
tients at various stages and subtypes from multiple centers. Further
in vitro and in vivo investigations using various cancer cell lines, for
studying the association between miR-1260b levels and driver gene
mutations and performing miR-1260b target gene validation are
necessary.

Conclusively, the present study suggests that miR-1260b can
serve as a novel biomarker for the diagnosis and prognosis of breast

cancer, as well as a potential therapeutic target.
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