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Abstract

Background Breast cancer (BRCA) is the most common and leading cause of cancer-related death in women. MicroRNAs
(miRNAs) are short non-coding RNA fragments that play a role in regulating gene expression including the cancer-related
pathways. Although dysregulation of miR-223 has been demonstrated in recent studies to have prognostic value in various
cancers, its diagnostic and prognostic role in BRCA remains unknown.

Methods The expression and the prognostic value of miR-223 were evaluated using the TCGA data and verified by qRT-
PCR. Subsequently, potential oncogenic targets of miR-223 were identified by using three different miRNA target predic-
tion tools and the GEPIA database. In addition to these databases, protein-protein interaction network, molecular functions,
prognostic value, and the expression level of miR-223 targets were included by using several other bioinformatics tools and
databases; such as, UALCAN, GeneMANIA and Metascape.

Results The bioinformatic results demonstrated that miR-223 downregulated in BRCA and associated with poor progno-
sis of patients. In vitro experiments validated that miR-223 significantly downregulated in BRCA cells, MCF-7, SK-BR3,
MDA-MB-231 and HCC1500, compared to normal breast cell line hTERT-HME1. Furthermore, ANLN, DYNLT1, LRRC59,
SLC12A8 and TPM3 genes were identified as the potential oncogenic target genes of miR-223 based on their expression and
prognosis in BRCA. Additionally, protein-protein interaction network of these target genes was mainly enriched in dynein
intermediate chain binding, cell division, regulation of cell cycle process, and positive regulation of cellular component
biogenesis.

Conclusions The results suggests that miR-223 and its targets, ANLN, DYNLT1, LRRC59, SLC12A8 and TPM3, might be
reliable potential prognostic biomarkers in BRCA patients.
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Introduction because of heterogeneous nature of breast cancer [1]. The
BRCA cells has a high potential of invasion and distant
metastasis, which reduces the success of the surgical method
in patients diagnosed at advanced stages [2, 3]. Therefore, it

is necessary to elucidate the mechanisms underlying BRCA

Breast cancer (BRCA) is the most common malignancy and
a leading cause of cancer related deaths among the women
due to late diagnosis and insufficient therapeutic means
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tumorigenesis to identify novel prognostic and diagnostic
biomarkers.

MicroRNAs (miRNAs) are short non-coding RNA
sequences with about 22 nucleotides in length and they are
functional endogenous molecules, which can regulate the
expression levels of target genes by binding to 3’ untrans-
lated region of RNA sequences [4, 5]. As with other non-
coding RNA family members [6—9], miRNAs orchestrate
many biological processes such as cell cycle progression,
immune response, proliferation, apoptosis, and cell differ-
entiation [10, 11]. On the other hand, the bulk of evidence
uncovered that dysregulation of miRNAs has been asso-
ciated with pathogenesis of important diseases including
neurological disorders, metabolic diseases, autoimmune
diseases, and cancer [12]. miRNAs may serve as molecular
markers for cancer prognosis and diagnosis, and that dys-
regulation of miRNAs responsible for the carcinogenesis of
many cancer types [13]. One of these miRNAs, miR-223, is
dysregulated in many cancers and it has key roles on can-
cer hallmarks including metastasis [ 14], differentiation [15],
proliferation [16], and drug sensitivity [17] via regulation of
the network of target genes. In a recent study, Citron et al.,
found that miR-223 was downregulated in ductal carcinoma
in situ (DCIS) also they identified the downregulation of
miR-223 as an early step in the initiation of luminal BRCA
[18]. Another report by Sun et al., demonstrated that miR-
223 promotes TRAIL-induced apoptosis in triple-negative
breast cancer (TNBC) [19]. Although several direct target
genes of miR-223 were reported until now, the majority of
these targets still awaits to be characterized. Additionally,
miRNAs could regulate several targets expression at same
time [20]. Therefore, it is needed to identify potential target
network and molecular functions of miR-223 in BRCA.

In this present study, we evaluated target genes network,
functional enrichments, prognostic value, and expression
level of miR-223 in BRCA through an integrated approach.
First, we assessed expression level of miR-223 in BRCA
using TCGA database and validated these expression lev-
els in breast cancer and normal healthy breast cell lines by
doing qRT-PCR assay. Further, we used UALCAN database
to evaluate relationship between miR-223 expression and
clinical pathological parameters such as individual cancer
stages, nodal metastasis status, subclasses, and patient’s
age. Additionally, we identified potential oncogenic target
genes of miR-223 and their interaction network. Subse-
quently, we revealed their expression level, prognostic value
and functional enrichments by using several bioinformatics
databases and tools. Taken together, this study highlights the
crucial effect of miR-223 on clinical landscape of BRCA as
a tumor suppressor. Our findings indicate that miR-223 and
its potential targets show promise as therapeutic, diagnostic,
and prognostic biomarkers for BRCA. However, due to the

@ Springer

study’s exclusive reliance on in silico analysis, it is crucial
to recognize the necessity for additional in vitro/vivo inves-
tigations. These future studies are essential to verify the
clinical translatability of miR-223 and its targets for diag-
nostic, prognostic, and therapeutic applications.

Materials and methods
Cell culture and cell lines

Estrogen/progesterone  receptor positive  (ER+/PR+)
BRCA cell line MCF-7 (luminal), human epidermal
growth factor receptor 2 - enriched (HER2+) BRCA cell
lines SK-BR3, hormone receptor positive (HR+) BRCA
cell line HCC1500, triple negative breast cancer (TNBC)
cell line MDA-MB-231 and hTERT-HME1 mammary cell
lines were obtained from American Type Culture Collection
(ATCC, Manassas, VA, USA). MCF-7, MDA-MB-231 cell
lines were cultured in Dulbecco’s modified eagle’s medium
(DMEM) (Sigma, USA) supplemented with 10% fetal
bovine serum (FBS) (Sigma, USA) and 1% penicillin/strep-
tomycin (Sigma, USA) in appropriative conditions (%95
humidified atmosphere, 5% CO, and 37 °C). Also, SK-BR3,
HCC1500 and hTERT-HMEI cell lines were cultured in
RPMI 1640 medium (Sigma, USA) supplemented with
%10 FBS and 1% penicillin/streptomycin in appropriative
conditions. Confluent cells (%80) were re-seeded in 25 cm?
culture flasks to continue passaging, after detached by tryp-
sinization (trypsin 0.25%) (Sigma, USA) and resuspended
in culture medium.

Total RNA extraction

Total RNA extraction including miRNA was performed
from MCF-7, SK-BR3, MDA-MB-231, hTERT-HME1 and
HCC1500 cell lines by using the miRNeasy mini kit (Qia-
gen GmbH, Hilden, Germany) according to the manufactur-
ers’ protocol. Extracted RNA samples were quantified by
using NanoDrop ND-1000 (Thermo Scientific, California,
USA) at 260/280 nm and stored at -80 °C until their use.

Complementary DNA synthesis

cDNA synthesis was performed with 1 ug of extracted RNA
samples using miScript II RT kit (Qiagen GmbH, Hilden,
Germany) according to manufacturer’s procedure. For
cDNA synthesis reverse transcription PCR was conducted
on a Sensoquest Labcycler using the following conditions:
incubation for 60 min at 37 °C and inactivation step for
5 min at 95 °C, respectively. Samples were stored at -20 °C
until their use.
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Quantitative real time PCR

Expression level of the miR-223 in BRCA cells, were evalu-
ated with qRT-PCR by using miScript SYBER Green PCR kit
(Qiagen GmbH, Hilden, Germany) according to the manufac-
turer’s procedure. qRT-PCR conditions using the kit instruc-
tions: an initial activation step 95 °C for 15 min, followed by
40 cycles including 94 °C for 15 s, 55 °C for 30 s and 70 °C
for 30 s. The U6 small nuclear RNA (RNU6) (Qiagen GmbH,
Hilden, Germany) was used as an endogenous control, and
the relative miR-223 expression normalized to RNU6. Com-
parative threshold cycle method (272Y) was used to determine
the relative expression of miR-223 in BRCA cells (MCF-7,
SK-BR3, MDA-MB-231 and HCC1500) vs. normal breast
cell line h\TERT-HME]1. All qRT-PCR experiments were con-
ducted using Rotor Gene Q Thermocycler (Qiagen GmbH,
Hilden, Germany) and replicated three times.

Expression and survival analysis of miR-223 and
target genes

UALCAN is an online analysis and mining web tool
based on TCGA database [21]. By using this database, we
assessed the relative expression of miR-223 in BRCA tis-
sue and normal healthy breast tissue. Next, we evaluated the
relative expression level of miR-223 in various subgroups
of BRCA, encompassing individual cancer stages, patient’s
race, patient’s gender, patient’s age, nodal metastasis sta-
tus, menopause status, major subclasses, and TP53 mutation
status. Furthermore, expression levels of miR-223 targets,
ANLN, DYNLTI1, LRRC59, SLC12A8 and TPM3 genes,
were verified by using the GEPIA2 tool (http://gepia2.
cancer-pku.cn/). Additionally, we used the Kaplan-Meier
plotter (http://kmplot.com/analysis/index.php) to determine
prognostic value of miR-223 and target genes in BRCA.

Prediction of miR-223 targets

miRDB (miRDB (http://mirdb.org/), DIANAmMT (http://
diana.imis.athenainnovation.gr/DianaTools/) and  Tar-
getScan (http://www.targetscan.org) are online databases to
predict potential miRNA targets. Results from these three
algorithms and upregulated genes in BRCA from the GEPIA
were intersected by using the Venny 2.1 online tool (https://
bioinfogp.cnb.csic.es/tools/venny/index.html) in order to
detect upregulated targets of miR-223 in BRCA.

PPI network construction and functional
enrichment analysis

Protein-protein interaction (PPI) of target genes of miR-
223 was constructed through the GeneMANIA (www.

genemania.org) database. Interactions was determined
according to physical interactions, shared protein domains
and common pathways, co-expressions, co-localizations,
genetic interactions, and predicted interactions. Further-
more, gene ontology terms enrichment analysis was carried
out using the Metascape (http://metascape.org) web tool
[22] based on PPI network of miR-223 targets.

Statistics

All quantitative data were expressed as the mean+SD and
were analyzed by the GraphPad Prism Software Version 7.0
(GraphPad Software Inc., LaJolla, CA). Student’s t-test and
Mann Whitney U test were applied to compare differences
in gene expression between two groups depending on the
data distribution (normally or non-normally). Kaplan-Meier
method was used for survival analysis through log-rank
tests. Less than 0.05 p-values were considered statistically
significant.

Results

Expression and prognostic analysis of miR-223 in
BRCA

We determined the miR-223 expression levels in four breast
cancer cell lines including MCF-7, SK-BR3, MDA-MB-231,
and HCC1500 and mammary cell line, hTERT-HMEI, by
using qRT-PCR. The results showed that miR-223 expres-
sion level was significantly lower in MCF-7, SK-BR3,
MDA-MB-231, and HCCI1500 cell lines than hTERT-
HMET1 cells (Fig. 1a). The expression level of miR-223 in
BRCA was screened by using UALCAN database which
showed that, miR-223 was significantly downregulated in
749 tumor samples compared to 76 normal healthy samples
(Fig. 1b). Additionally, the association analysis between
miR-223 and overall survival rate of BRCA patients was
done by using the Kaplan Meier plotter online tool. Regard-
ing the Kaplan Meier plotter analysis, high expression level
of miR-223 was significantly correlated with favorable sur-
vival rates (Fig. 1c).

Clinicopathological value of miR-223 in BRCA

The expression level of miR-223 in BRCA based on clini-
copathological characteristics including, individual cancer
stages, nodal metastasis status, subclasses, menopause sta-
tus, TP3 mutation status, gender, age, and race was analyzed
by using the UALCAN database. There was a meaningful
decrease in the expression level of miR-223 in cancer stages
and nodal metastasis status compared to the normal samples,
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but there was not a meaningful difference between nodal
and cancer stages (Fig. 2a-b). Moreover, miR-223 was sig-
nificantly downregulated in subclasses of BRCA including
luminal and HER2 + compared to TNBC and normal healthy

@ Springer

samples (Fig. 2c) and also its expression level was signifi-
cantly lower in pre-menopause and post-menopause BRCA
patients (Fig. 2d). According to TP53 mutation status analy-
sis, miR-223 expression was decreased in TP53-non mutant
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samples compared the normal samples and TP53 mutant
samples (Fig. 2e). On the other hand, gender-based analysis
revealed that miR-223 expression was significantly down-
regulated in both genders, but its expression level varied in
male and female patients, with male patients having lower
expression than females (Fig. 2f). Furthermore, patient’s
age analysis indicated that miR-223 was significantly down-
regulated in 21-40, 41-60 and 61-80 years of age groups
(Fig. 2g). Race based analysis showed that miR-223 was
significantly downregulated in Caucasian, African-Amer-
ican and Asian patients, but downregulation of miR-223
between the races did not show statistically significant dif-
ference (Fig. 2h).

Upregulated target genes of miR-223 in BRCA

The common targets of miR-223 were identified by using
3 different miRNA target prediction tools (TargetScan,
miRDB and DianaMT) and common targets were reduced
to 9 genes by the intersect regions of Venn diagram (Fig. 3a
and b). According to the outcomes of these databases, we
identified 279 common target genes of miR-223 (Fig. 3a).
Subsequently, we used the GEPIA database and obtained
the significantly upregulated genes in BRCA. Intersection
between upregulated genes and common targets of miR-
223 revealed that ANLN, DYNLT1, C9orf152, LRRCS59,

DIANAmMT TargetScan

miRDB

RAB3D, SLCI12A8, SLC2A1, TMEM209 and, TPM3 were
the upregulated target genes of miR-223 in BRCA (Fig. 3b).

Expression and prognostic analysis of miR-223
target genes in BRCA

Identification of potential oncogenic targets of miR-223
were done by the validated expression levels of com-
mon target genes and later their prognostic value analy-
sis in BRCA patients. According to these results ANLN,
DYNLT1, LRRC59, SLC12A8 and TPM3 genes were the
upregulated genes associated with poor prognosis of BRCA
patients (Fig. 4). Hence, we continued our study by select-
ing these hub genes (ANLN, DYNLT1, LRRC59, SLC12A8
and TPM3). Expression levels ANLN, DYNLT1, LRRC59,
SLC12A8 and TPM3 genes that were obtained from GEPIA
database were significantly overexpressed in BRCA tissues
compared to normal breast healthy tissues (Fig. 4). Next,
we evaluated clinical significance of these overexpressed
targets of miR-223 in BRCA by using the Kaplan-Meier
plotter web tool. Consequently, high expression levels of
ANLN, DYNLT1, LRRC59, SLCI12A8 and TPM3 genes
were associated with poor prognosis of BRCA patients
(Fig. 5). These results suggested that ANLN, DYNLTI,
LRRC59, SLC12A8 and TPM3 might have oncogenic func-
tions in initiation and progression of BRCA.

GEPIA

Common Targets

ANLN
DYNLT1
C90rf152
LRRC59
RAB3D
SLC12A8
SLC2A1
TMEM209
TPM3

Fig. 3 A. Venn diagram illustrates predicted target genes of miR-223 through using 3 different algorithms (DIANAmT, TargetScan and miRDB),
279 common targets were identified. B. Venn diagram of top overexpressed 1417 genes in BRCA obtained from GEPIA and 279 common targets

of miR-223
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Functional enrichment analysis of miR-223 target
genes network

We generated PPI network of miR-223 target genes via
using the GeneMANIA database. According to PPI network,
there were 30 proteins that were associated with ANLN,
DYNLT1, LRRC59, SLC12A8 and TPM3 (Fig. 6a). Sub-
sequently, we used these interaction network to reveal their
potential enrichments in gene ontology terms. The enriched
terms of miR-223 targets network in both molecular func-
tions and biological processes were colored and visualized
according to cluster ID of enriched terms (Fig. 6b). The
results of gene ontology terms analysis demonstrated that
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ANLN, DYNLT1, LRRC359, SLC12A8 and TPM3 network
was particularly enriched in dynein intermediate chain bind-
ing, cell division, regulation of cell cycle process, and posi-
tive regulation of cellular component biogenesis (Fig. 6¢).

Discussion

BRCA is the leading cause of cancer-related mortality and
most common invasive malignancy in female population
[23]. The main factor that complicates the determination of
effective therapeutic strategies for the treatment of BRCA is
the variability of the phenotypic characteristics of subtypes
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of BRCA and it is generally classified into 4 major subtypes
including luminal A, luminal B, HER2 and TNBC [24].
The ER positive/luminal is the most diagnosed subtype
of the BRCA, and the more aggressive subtype is called
luminal B, while luminal A has a better survival potential.
In addition, TP53 mutations are less frequent in luminal
A than in luminal B [25]. TNBC (including ER-negative,
PR-negative, and HER2-negative) is the clinically most
aggressive type of breast malignancies [26]. Therefore,
better understanding of clinicopathological mechanisms of
BRCA is required to define more effective methods and tar-
getable new molecules. miRNAs are important epigenetic
regulators and therapeutic targets and their dysregulated
expressions is associated with prognosis of many cancers
including BRCA [27-29]. One of these miRNAs is miR-223
that is downregulated in many tumors including lung cancer
[30], osteosarcoma [31], and hepatocellular carcinoma [32].
Yang et al., reported that miR-223 inhibits proliferation and
migration of BRCA cell lines [33]. Further enlightening of
the role of miR-223 in the clinicopathology of BRCA and
identification of its targets in BRCA might contribute to the

improvement of new approaches for the treatment and prog-
nosis of BRCA.

In this study, we revealed that miR-223 was downregu-
lated in BRCA tissues compared to normal breast tissues
according to the UALCAN database analysis and verified
it by qRT- PCR analysis. Consistent with our results, Cit-
ron et al., found that miR-223 was downregulated in BRCA
[18]. It has been reported that low expression level of miR-
223 was correlated with poor survival rates in many cancers
including acute myeloid leukemia (Yu et al. 2020), osteo-
sarcoma (Dong et al. 2016) and oral cancer (Li et al. 2020).
Likewise we demonstrated that miR-223 expression was
significantly associated with poor overall survival rates of
BRCA patients.

The expression level of the miRNAs are important indi-
cators for clinopathological characteristics of the BRCA
patients [34, 35]. Therefore, we evaluated clinicopathologi-
cal role of miR-223 in BRCA patients by using UALCAN
database. According to these results, low miR-223 expres-
sion was significantly related with individual cancer stages
and nodal metastasis status in BRCA samples compared to

@ Springer



10186

Molecular Biology Reports (2023) 50:10179-10188

P

@

BHX33 @ @
BUB3)
UsAP2IR @
B
®

DYNC1LI

@ AICTEX1D4} L EX10Z

G0:0045505: dynein intermediate chain binding
G0:0051301: cell division
G0:0010564: regulation of cell cycle process
G0:0006936: muscle contraction

positive ion of cellular i
G0:0050804: modulation of chemical synaptic transmission
G0:0006820: anion transport
G0:0031346: positive regulation of cell projection organization
G0:0045296: cadherin binding
G0:0070848: response to growth factor
G0:0140657: ATP-dependent activity

Dynein intermediate chain binding
W Cell division
Regulation of cell cycle process
M Muscle contraction
Positive r ion of cellular
ion of chemical synaptic tr
Anion transport
I Positive regulation of cell projection organization
Cadherin binding
M Response to growth factor
ATP-dependent activity

Fig. 6 A. Protein interaction network of ANLN, DYNLT1, LRRC59, SLC12A8 and TPM3 was created based on top interacted proteins. B.
Enriched terms of miR-223 targets network in both molecular functions and biological processes based on cluster ID of enriched terms. C. Func-
tional enrichment analysis of miR-223 targets interaction network was evaluated based on cluster ID of enriched terms

normal healthy breast samples (Fig. 2a-b). Additionally,
miR-223 was downregulated in luminal, HER2 positive and
TNBC subtypes of BRCA (Fig. 2¢). Consistent with our
results Citron et al., found that miR-223 was downregulated
in luminal and HER2 positive BRCA patients [18]. In addi-
tion, Sun et al., demonstrated that miR-223 has low expres-
sion in TNBC cell lines [19]. Low expression of miR-223
was significantly correlated with pre-menopause and post-
menopause status of BRCA patients compared the normal
healthy samples, although, there was no significant corre-
lation between each other of individual menopause status
(Fig. 2d). Kangas et al., reported that hormone replacement
treatment (HRT) causing the downregulation of miR-223-3p
expression in post-menopause patients, however, they found
miR-223 expression is higher in post-menopause patients
then pre-menopause patients [36]. On the other hand, Oliv-
ieri et al., used only estrogen treatment to HRT caused a
decrease in miR-223 expression in MCF-7 cells [37]. We
combined the results of both studies [36, 37] and using the
UALCAN database (Fig. 2d), we concluded that estrogen
treatment in menopause may trigger BRCA via downregula-
tion of miR-223. miR-223 expression in relation to mutant
and nonmutant TP53 in BRCA based on UALCAN database
bioinformatic analysis was done in which miR-223 was sig-
nificantly downregulated in TP53-non mutant and mutant
samples compared to normal healthy samples (Fig. 2e).
Masciarelli et al., report supports partly our findings that
mutant p53 suppresses transcriptional activity of miR-223
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by targeting promoter region of miR-223 in SK-BR3 and
MDA-MB-231 cell lines [38].

In this study, it has been found that miR-223 expres-
sion has strong relationship with BRCA patient’s gender,
whereas, it is downregulated in male and female, but miR-
223 had significantly lower expression in male compared
to females (Fig. 2f). According to age-based analysis miR-
223 significantly downregulated in 21-80 years old patients
but there was no significant difference in 81-100 years old
patients (Fig. 2g).

In many studies based on US populations, the majority
of BRCA patients participating in the trials represent the
Asian population and this reduces the success of treatment
methods to be applied to patients from different populations
[39]. In order to improve BRCA treatment efficacy should
considerate the genomic make up of different race and eth-
nicity of BRCA patients. In this study, the Caucasian and the
African-American patients had significantly low miR-223
levels compared to normal healthy samples and the Asian
patients had the lowest miR-223 levels (Fig. 2h).

To further understanding the molecular mechanism of
miR-223 in BRCA, we identified the potential oncogenic
target genes of miR-223 by using computational tools and
databases. Our results revealed that ANLN, DYNLTI,
LRRC59, SLC12A8 and TPM3 genes are potential onco-
genic targets of miR-223 in BRCA. Consistent with our
results Magnusson et al., found that high expression of
ANLN correlated with poor survival rates in BRCA [40]. Li
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et al. reported that SLC12A8 promotes unfavorable progno-
sis of BRCA [41]. Yao et al., indicated that platelet derived-
TPM3 may be useful biomarker for metastatic BRCA [42].
Terp et al., found that LRRC59 expression associated with
poor prognosis of BRCA. In addition, Li et al., demon-
strated that the overexpression of LRRC59 correlated with
poor prognosis of lung adenocarcinoma [43]. However, we
couldn’t find any paper on the expression level of DYNLT1
in literature. Moreover, we found that high expression levels
of ANLN, DYNLT1, LRRC59, SLC12A8 and TPM3 genes
were significantly correlated with poor overall survival rates
of BRCA patients.

This study build a single miRNA and multiple mRNA
network that is significantly associated with poor prognosis
of BRCA patients. However, there were some limitations in
our study, the further research is needed to clarify physical
or indirect interaction between targets of miR-223 and miR-
223 level in BRCA. To clarify underlaying mechanisms of
BRCA progression we need to determine these potential
interactions with more solid experiments.

Conclusion

In conclusion, the findings of this study, conducted entirely
in silico, strongly suggest that ANLN, DYNLT1, LRRC59,
SLC12A8, and TPM3 are potential oncogenic targets of
miR-223. Moreover, the downregulation of miR-223 is
implicated in poor clinicopathological outcomes in BRCA.
These results highlight the significance of in silico analyses
in identifying potential molecular targets and unraveling the
mechanistic implications of miR-223 in breast cancer. How-
ever, further in vitro and in vivo investigations are essential
to validate these findings and assess the clinical relevance of
miR-223 and its targets.
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