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Abstract

Breast cancer remains a significant cause of mortality in females worldwide, despite advances
in technology and treatment. MicroRNA expression in breast cancer is studied both as potential
biomarkers and for therapeutic purposes. Accumulated evidence revealed microRNA profile of
various types of cancer cells following antineoplastic treatment. The progression of research in this
area provides better understanding on the anti-cancer mechanism of various natural compounds
and drugs specifically on the microRNA regulation. Hence, we aim to systematically review
differentially expressed microRNA in MCF-7, a commonly studied breast cancer cell line, after
treatment with anti-neoplastic agents. Relevant keywords were used to screen for research articles
that reported on the differentially expressed microRNAs in experimental models of MCF-7 before
and after anti-neoplastic treatment. Target genes of microRNAs were identified from MiRTarbase and
further in silico functional analysis of the target genes were performed using DAVID bioinformatic
resources. Two upregulated microRNAs (mir-200c and let-7d) and 3 downregulated microRNAs
(mir-27a, mir-27b and mir-203) were identified by highest number of studies. Three microRNAs
(let-7a, mir-23a and mir-7) showed inconsistent direction of expression. Genes functional analysis
revealed the regulatory effect of microRNA on genes related to angiogenesis, hypoxia, P53, FoxO
and PI3K-AKT signalling. Clusters of genes associated to the pathway of angiogenesis, cancers,
cell proliferation and apoptosis were noted through protein-protein interaction analysis. MicroRNAs,
especially the mir-200c, let-7d, mir-27a, mir-27b and mir-203 from this review could be further
validated experimentally to serve as molecular target or biomarkers for anti-neoplastic therapy.
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INTRODUCTION of 21,925 cases in both sexes and accounted for
34.1% of total cancer incidence among females.”
According to the World Health Organization
(WHO), an increase in life expectancy and
urbanisation are among the factors contributing to
the high incidence of breast cancer in developing
countries. At the same time, late diagnosis is a
significant problem in low- and middle- income
countries.?

The progression and metastasis of breast
cancer are responsible for the increased number

Breast cancer is one of the most prevalent cancers
and the primary cause of mortality in females
worldwide. About 2.09 million new breast cancer
cases and 626,679 deaths were diagnosed in
2018, with almost 50% of the incidence and
mortality in Asia.! According to the Malaysia
National Cancer Registry 2012-2016 published
in 2019, breast cancer topped the ten most
common cancers among Malaysians with a total
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of deaths it caused.* The mechanism by which
the cancer cells spread were reported to be via
1) dissociation from extra cellular matrix (ECM)
and invasion into local surrounding tissue,’ 2)
invasion,® and circulation,’” into the lymph and
blood vessels, 3) adhesion to capillary walls of
target organ and extravasation into the organ,
and 4) proliferation of cancer cells to form new
tumours.’ It is important to note that all these
processes are controlled by molecular signalling
of genes that eventually correspond to protein
expressions. Advances in breast cancer research
have discovered the regulatory involvement of
miRNAs in the development of breast cancer.'

miRNA is a small non-coding RNA gene
product composed of approximately 22
nucleotides which was first discovered in
nematode Caenorhabditis elegans "' Accumulated
evidence revealed its significant role as an
oncogene or tumour suppressor gene depending
on the binding site of a mature miRNA to its
target messenger RNA (mRNA). This protein-
coding gene determines the mRNA translational
repression or degradation.”” Hence, miRNAs’
upregulation is correlated to downregulation
of genes while its downregulation indicates
no change or increased baseline expression of
the miRNAs’ target genes. Therefore, miRNA
expression profiling has gained much interest
in research and clinical application due to its
involvement in cancer progression. Over- or
under-expression of miRNAs would suggest the
therapeutic strategies for breast cancer treatment.
Growing information on miRNA network
disclosed new opportunity for diagnostics and
therapy of breast cancer. For example, profiling
of miRNA expression following treatment with
potential anti-cancer agent could guide on the
establishment of molecular biomarkers that
indicate the key regulator of cancer progression
and suppression. At the same time, miRNAs
could also be useful markers to evaluate the
anti-cancer effects of drugs and natural products.

Despite extensive breast cancer treatment

Table 1: List of subject headings and keywords
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available nowadays, research on certain drugs
or anti-cancer activity of natural products is
continuously growing.'*'* The studies include
the effects of potential antineoplastic agents in
natural products such as pomegranate extract,'
Thymus vulgaris' and Turkish propolis'” on
miRNA expression level in breast cancer.
Emerging data on global miRNA expression
in breast cancer however is varied among
miRNAs profiling studies.”® Thus, we aimed
to systematically review published reports
on miRNAs signature following anti-cancer
treatment in commonly studied human breast
cancer cell line, MCF-7. Further bioinformatics
analysis on gathered data could bring better
understanding on the pathways that could be
affected by the antineoplastic treatment on
MCF-7. In future research, signature miRNAs
and genes from this analysis could be further
explored as potential molecular targets in
anticancer treatment or serve as biomarkers.

MATERIAL AND METHODS

Search strategy

Relevant published reports of miRNA expression
profile in MCF-7 cells were searched through
the electronic databases Ovid, Ebscohost,
Pubmed, Scopus and Web of Science (WOS). A
combination of subject headings (MeSH terms)
and keywords were created based on population,
indicator, comparator and outcome (PICOS)
approach. The search string is presented in
Table 1. The same search strategy was adapted
to each database.

Inclusion and exclusion criteria

The inclusion criteria for this systematic review
were as follows: 1) study that investigates
miRNA expression profile of MCF-7 cells treated
with antineoplastic agents, 2) study that compares
miRNA profile of MCF-7 with and without the
treatment of antineoplastic agent and 3) the
miRNA profiling approaches used are microarray

Population MCF-7 (MeSH) or MCF7 or “michigan cancer foundation 7" or “breast
neoplasms” (MeSH) or “breast cancer*” or “breast neopl*”

Indicator “gene expression profiling” (MeSH) or expression or profil* or microarray or
sequencing

Outcome microRNA* (MeSH) or miRNA* or miR*

Study design

“anti-neoplastic agents” (MeSH) or antineopl* or anticancer or antitumour or

cytotoxic* or anti-neopl* or anti-cancer or anti-tumour
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or sequencing. Meanwhile, the exclusion criteria
were 1) general study of miRNA profiling in
MCF-7 cells (no antineoplastic treatment), 2)
the study of antineoplastic treatment on chemo
resistant MCF-7 cells or epithelial-mesenchymal
transition model, 3) the study of miRNA
expression using methods other than microarray
and sequencing or in silico through online
databases. Review papers were not included.

Data extraction

Author, year of study, the platform used
for microarray/ sequencing analysis, types
of antineoplastic treatment and number of
differentially expressed miRNA were extracted
from each selected study.

Ranking

A list of differentially expressed miRNA
after treatment with antineoplastic agents was
extracted from each study. The miRNAs were
ranked based on Griffith’s and Chan’s ranking
method.!”? This ranking system was based
on the following order of importance: 1) the
differentially expressed miRNA was consistently
reported and in a consistent direction of change
and 2) the frequency of the reported miRNA in
the expression profiling studies.

Identifying miRNA target genes

An established database, miRTarbase (http://
mirtarbase.mbc.nctu.edu.tw/) was used to
identify the potential target genes of the top
ranked miRNA. Only target genes validated
by reporter assay, Western blot and qPCR were
considered solid evidence and listed in the table.
Meanwhile, other relevant information such as
chromosomal localisation and mature sequences
of the miRNA was extracted from miRBase
database (www.mirbase.org/).

Functional analysis of target genes

DAVID Bioinformatics Resources 6.8 (https://
david.ncifcerf.gov/tools.jsp), a web-based
functional annotation tool was used to analyse
the list of miRNAs’ potential target genes. It
systematically mapped the genes into several
biological annotations such as gene ontology
terms and statistically highlighted the most
enriched biological terms or functions. It also
provided pathways analysis generated by the
Kyoto Encyclopedia of Genes and Genome
(KEGG) and BioCarta. All listed terms were the
top 10 most significant terms ranked according
to the modified Fisher exact p-value or EASE

MicroRNA EXPRESSION IN BREAST CANCER

score. The terms with a p-value equal to or less
than 0.05 (p < 0.05) were considered strongly
enriched in the annotation categories.

Protein—Protein Interaction (PPI) Network
We selected target genes of 3 up- (mir-27a-5p,
mir-27b-5p, mir-203a-5p) and 3 downregulated
(mir-200c-5p, mir-143-5p, let-7d-5p) miRNAs
for computational analysis of PP using STRING
(Protein-Protein Interaction Network Functional
Enrichment Analysis) (https://string-db.org/).
Results from STRING were then explored using
Cytoscape to visualise molecular interaction
networks and identify clusters of protein
interaction that are highly related to the MCF-7
miRNA and gene expression profile. The gene
interaction relationship was downloaded in the
“TSV” format file and was imported into the
Cytoscape software (http://www.cytoscape.
org/) for analysis and clustering. The Cytoscape
MCODE plug-in was utilised to perform module
analysis of the target network and protein
clustering. The module selection criteria include
degree cut-off = 2, node score cut-off =0.2,node
density cut-off =0.1, K-score = 2 and max depth
= 100. The list of genes in the cluster was then
analysed again using DAVID for significantly
enriched ontology terms.

RESULTS

Study selection

The electronic databases search identified 3,132
articles (PubMed: 648, Ovid: 183, Ebscohost:
547, Scopus: 1,007, Web of Science: 747).
First screening was performed on the title and
abstract of the remaining articles according
to the inclusion and exclusion criteria after
duplicates were removed. From 34 articles
that were eligible for full-text review, only 11
independent studies met the criteria and were
included in further analysis. The other 23 articles
were excluded for reasons; 11 articles have no
microarray/ sequencing analysis; 8 articles used
different breast cancer cell lines; 4 irrelevant
articles studied gene/DNA methylation instead
of miRNA. Figure 1 (FIG. 1) shows the careful
selection of the studies.

Differentially expressed miRNA

The findings revealed the expressions of 441
miRNAs in 11 studies. The number of up- and
down-regulated miRNAs were 94 and 247
respectively. Among the 441 differentially
expressed miRNAs, only 35 (7.9%) were
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Records identified through database
searching
(n=3,132)

Additional records identified
through other sources
(n=0)

Records after duplicates removed
(n =1,541)

\/

Records screened
(n =1,541)

Records excluded
(n=1,507)

\

A

(n = 34)

Full-text articles assessed
for eligibility

Full-text articles excluded, with
reasons (n = 23)
No microarray analysis: n = 11
Not MCF7 cell lines: n = 8

\

Irrelevant: n = 4

(n=11)

Studies included in
qualitative synthesis

FIG. 1: Flow diagram of the selection study.

reported in at least 2 or more studies. From these,
28 (80%) miRNAs were consistently reported
as upregulated or downregulated. Meanwhile,
3 (8.6%) miRNAs have an inconsistent pattern
of expression. From the upregulated miRNAs,
2 miRNAs (mir-200c and let-7d) were reported
in 3 studies. Another 10 upregulated miRNAs
were reported in 2 studies (Table 2). Four studies
revealed the same downregulation of mir-27a,
mir-27b and mir-203. Another 8 and 4 miRNAs
were reported to be downregulated in 3 and 2
studies respectively (Table 4). Mir-1826, mir-
1979, mir-1280 and mir-720 appeared to be a
fragment of RNA and were removed from the
miRNA databases (e.g., miRbase and PubMed).
Three miRNAs (let-7a, mir-23a, and mir-7) were
reported with inconsistent expression in more
than 2 studies (Table 5).
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Gene ontology and pathway analysis by DAVID
Bioinformatic Resources

Figure 2 and 3 (FIG. 2 and 3) show the top 10
most significant biological processes and the
Biocarta and KEGG pathway analysis of 312
upregulated and 613 downregulated miRNAs’
target genes. The regulation of RNA polymerase
II promoter, apoptotic process, gene expression,
and cell proliferation were among the positive
or negatively regulated processes. It was noted
that, angiogenesis and response to drugs were
regulated by upregulated and downregulated
miRNAs respectively.

Influence of Ras and Rho proteins on G to
S1 transition, signal transduction through ILR,
pS3 signalling, cell cycle and role of ERBB2
in signal transduction and oncology were found
in both Biocarta results. VEGF, hypoxia and
angiogenesis were more enriched compared
to p53 signalling for upregulated miRNA.
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26, 28]

2 [26. 30]

2]

COROI1A, UBC, MCM4, PCNA, PTPN9, PTPRF, FURIN, S100AS,
XIAP, NOS3, MEN1, CYP11B2, REG4, LDHA, LDHB, MAP3K9,
HMOX1, PSAP, SP1, WNT4, IFNG, FOXM1, CCNDI1, IFNR,

SPRY?2, FSCN1
TMEM64, SIRT1, CCNG1, SMAD3, G3BP2, ACVR2B, PRDX3,

RGSS5, TGFB2, TGFBR2, VCAN, TGIF1

*Human mir-1280 and mir-720 appears to be a fragment of tRNA, and so is removed from the miRNA database.

FEN1, CDK4, CCNA2, AURKB, MYC, E2F2, NOTCH1, DHFR,
MAPK14, TRIB3, HNF4A, ACVR1B, MLEC, CDKN2A, BRCAL1,
POLDI1, CDKNI1B, NFATS, DND1, TGFB1, FURIN, FAF1, BCL2,
ZNF217,ST7L, MCM10, H2AFX, PAK4, BCL2L12, MBD6, PER2,
EIF2S3, CDK1, BCL2L11, TMED7, E2F3, DHFRP1, CD34, E2F1,
PRAP1,NOTCHI1, PLAU, MET, PRODH, PRKACB, PTK2B, VHL,
TAB3, TAB2, CHUK, SRC, GJA1, ZEBI1, TUSC7, RUNX2, CA2,
MARCKS, RRAS2, HMGA2, ETS1, NOTCH2, HMGB2, ATG12,

44-UGGCUCAGUUCAGCAGGAACAG-65
58-AUCACAUUGCCAGGGAUUACCAC-80

9q22.32
9q22.32

Mir-24
Mir-23b

MicroRNA EXPRESSION IN BREAST CANCER

Meanwhile, p53 signalling was the most enriched
term for downregulated miRNA.

Eight out of 10 enriched terms generated
by the KEGG pathway were similar in both
results. However, focal adhesion was enriched in
upregulated miRNAs only, while FoxO signalling
was enriched in downregulated miRNAs. PI3K-
AKT signalling seemed the most likely involved
pathway in this review (FIG. 4).

Protein—Protein Interaction (PPI) Network

From the analysis of 3 upregulated target genes
of miRNAs, we found 4 clusters of protein
interaction: cluster 1 (score=15.63, nodes=28,
edges=211), cluster 2 (score=12.89, nodes=19,
edges=116), cluster 3 (score=3.33, nodes=7,
edges=10) and cluster 4 (score=3, nodes=3,
edges=3) (FIG. 5). Whereas, PPI analysis of the
other 3 downregulated miRNAs’ target genes
revealed 5 clusters of protein interaction; cluster
1 (score=29.65, nodes=35, edges=504), cluster
2 (score=8.91, nodes=23, edges=98), cluster 3
(score=3,nodes=7,edges=9), cluster 4 (score=3,
nodes=3, edges=3) and cluster 5 (score=3,
nodes=3, edges=3) (FIG. 6). Cluster 1 and 2 of
both up- and downregulated proteins showed
high number of edges which indicate high
intermolecular interactions between the nodes.

DISCUSSION

Differentially expressed miRNAs

According to our findings, 2 miRNAs (mir-200c
and let-7d)*2%% were consistently upregulated
in 3 studies while 11 miRNAs (mir-27a,
mir-27b, mir-203a, let-7c, let-7e, let-7g, mir-
21, mir-125a-5p, mir-25, and mir-222) were
consistently downregulated in 4 and 3 studies,
respectively. 2202830 From the results, half of
the let-7 family members (let-7d, let-7c, let-7e,
let-7g including let-7a which were found in
an inconsistent direction) were differentially
expressed in antineoplastic agent-treated
MCF7.22262 Accumulating evidence reported
that let-7 family were downregulated in many
cancers such as lung cancer” and ovarian
cancer® when compared to normal tissue.
These findings support the important role of
the let-7 family in cancer* and especially in
breast cancer.”

From this systematic review, let-7d was
upregulated after antineoplastic treatment on
MCF7 which might suggest its function in cell
proliferation inhibition. Studies performed on
renal cell carcinoma® and breast cancer cell”’
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FIG. 2: GO terms, BIOCARTA and KEGG pathways analysis of potential target genes regulated by 12 upregulated
miRNAs. *Direction of miRNA expression = 1 upregulated, |, downregulated

found that let-7d was downregulated when
compared with normal tissue. However, after
transfecting the cells with let-7d mimic, both
studies showed a significant reduction in cell
proliferation and invasion. This concludes that
overexpression of let-7d suppresses the cancer
progression which is consistent with our findings.

Similar to let-7d, mir-200c was downregulated
in several malignancies such as renal cell
carcinoma® and gastric carcinoma.® A study
done by Song et al. (2015) revealed almost
80% (33 of 41 breast cancer patients) and 11
mammary cell lines (human and mouse) showed
a reduction in mir-200c expression compared
to normal tissues.* Furthermore, decreased
expression of mir-200c was correlated with drug
resistance such as paclitaxel*' and tamoxifen*?in
breast cancer therapy. However, overexpression
of mir-200c¢ enhance the breast cancer treatment,
as shown in a radiotherapy study done by Lin

and colleague.* Therefore, these findings proved
that upregulation of mir-200c in this study was
associated with MCF7 cell inhibition.
Mir-23-27-24 family consists of 2 paralogs
located at different genomic loci. Mir-23a
cluster (mir-23a, mir-27a, mir-24-2) localised
at chromosome 19p13.13 while mir-23b clusters
(mir-23b, mir-27b, mir-24-1) localised at
chromosome 9q22.32.* Interestingly, all mir-
23-27-24 families were found downregulated
in this study except for mir-23a which showed
inconsistent expression. Mir-27a and mir-27b
were downregulated in 4 studies while mir-23b
and mir-24 were downregulated in 2 studies.
According to a study done by Liang et al.
(2014), mir-24-1 and mir-24-2 can yield the
same mature mir-24 sequence.” Deregulated
expression of mir-23-27-24 family was reported
in various cancers such as hepatocellular
carcinoma,s prostate cancer,” bladder cancer,*
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FIG. 3: GO terms, BIOCARTA and KEGG pathway analysis of potential target genes regulated by 15 downregu-

lated miRNA.

osteosarcoma,® colorectal cancer® and gastric
cancer.’'? A study done by Wang er al. (2016)
found that mir-23a, mir-27a, mir-24, mir-
273b, mir-27b were consistently upregulated
in 25 human breast cancer tissue compared to
noncancerous tissue.”> Moreover, knockdown
studies of mir-23b and mir-27b on breast cancer
reported a substantially repressed breast cancer
cell growth which further support that high
expression of these miRNAs is associated to the
breast cancer progression.***® Downregulation
of mir-27a, mir-27b, mir-23b and mir-24 in this
study suggest their involvement in breast cancer
inhibition.

PI3K-AKT signaling pathway

In physiologic conditions, Phosphoinositide
3-kinases (PI3K)-AKT signalling pathway is
activated by many types of extracellular stimuli
such as growth factor, chemokine, and hormone
(Figure 4). Upon activation, PI3K isoform class

380

TAis activated by receptor tyrosine kinase (RTK)
or oncogenes such as RAS while PI3K isoform
class IB is activated exclusively by G-protein-
coupled receptor (GPCR).* Phosphorylation of
phosphatidylinositol 4,5-bisphosphate (PIP2)
to phosphatidylinositol (3.4,5)-trisphosphate
(PIP3) by PI3K activates signaling protein such
as kinase AKT which in turn phosphorylates
substrates involved in protein synthesis, cell
cycle, apoptosis and metabolism.”’

PI3K-AKT signalling was reported to be
deregulated in numerous cancers including
prostate cancer,’® renal carcinoma® and
gynaecological cancer.® It has been reported
that the activation of PI3K-AKT signalling
contributes to tumour development and therapy
resistance while its inhibition results in reduced
cell proliferation and increased cell death '€
Furthermore, in silico analysis of target genes for
miRNAs from this systematic review revealed
that PI3K-AKT signalling was one of the most



[ PIsK-2KT SIGNALING PaTHWAY |

MicroRNA EXPRESSION IN BREAST CANCER

Cor —L

g [FETZ N
< o +p IIV gt
/ o~ LseK1n s6 -~
[ Gl
/ [_PKN | —————# Actin
- [55] S S hittin

Toll-like receptor
signaling pathway
Pafhogen-associated

molecilar patterns—#[T
(PAMPs)

B cell rceptor
signaling pathway

JAKISTAT

Cell proliferation
genes
Tepar

—————————— # Metabolisa

-PEPCK ————» Metabolism | Slycolysis /-
] Cell cyle

J(Mye | ————> el
O——w[CCND1]|————» Cellcyele

04151 103119
(c) Kanehisa Laboratories

ignaling path Pprogression
s
s Celloyle vl
progie
oy Celleyek
G Pown
[(FeL |
T R
Chemokre | | | ———————————— e L\ O\ S [m e > Cellsurvival
Cheroki »
Honmores, ' —#{[ GPCR] GBy | L. g Cellsural
Neuwrotransmitters ogT——* o R [ciEs ] o e
-—— [CREE }———p0—» —— > Cell survival
P4, P PIGASP DNA
[FotRa |
NUR7I— [Bal2 | ———————— — Cell survival
(Belad | NFxB signaling
@‘_’?‘A » @“’Ce“fw athony
)
MDM { - Cell survival P32 Siaine

FIG. 4: PI3K-Akt signaling pathway generated by Kyoto Encyclopedia of Genes and Genome (KEGG).

enriched pathways. Hence antineoplastic effect
on MCF7 could possibly be due to regulation
of miRNAs which targeting the PI3K-AKT
signalling.

Zhang and colleagues (2017) found that the

GATA4

anti-cancer effect of metformin on breast cancer
cells was associated with the upregulation of
mir-200c which led to suppression of AKT2
and BCL2.% This was supported by a study
done on non-small cell lung cancer (NSCLC)

FIG. 5: STRING protein-protein analysis of up-regulated miRNAs’s (mir-27a-5p, mir-27b-5p, mir-203a-5p) target

genes. A high number of edges indicates high intermolecular interactions between the nodes. Genes that
appear bigger involved in higher and stronger interaction. Darker line shows a stronger interaction. Node
fill colours are indicated as blue (cluster 1), purple (cluster 2), peach (cluster 3), yellow (cluster 4) and
grey (unclustered).
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FIG. 6: STRING protein-protein analysis of down-regulated miRNAs’s (mir-200c-5p, mir-143-5p, let-7d-5p)
target genes. A high number of edges indicate high intermolecular interactions between the nodes. Genes
that appear bigger involved in higher and stronger interaction. Darker line shows a stronger interaction.
Node fill colours are indicated as blue (cluster 1), purple (cluster 2), pink (cluster 3), yellow (cluster 4),

green (cluster 5) and grey (unclustered).

treated with Gefitinib where the upregulation
of mir-200c significantly induced cell apoptosis
by decreasing AKT and BCL2 expression and
increasing BAX and CASPASE-3 expressions.®
Another study demonstrated that upregulation
of mir-200 suppressed AKT expression which
in turn led to an inhibitory activity of prostate
cancer® and also suppressed KRAS expression
by directly targeting the anti-apoptotic gene,
BCL2 in breast cancer.®® Meanwhile, another
study on triple-negative breast cancer showed
overexpression of mir-200c increased focal
adhesion kinase and AKT expression by secreting
VEGFA which in turn significantly decreased cell
growth but increased migration and invasion.**
This finding might suggest a reason why focal
adhesion and VEGF, hypoxia and angiogenesis
categories were enriched by upregulated miRNA
in this study (FIG. 2).

To control activation of downstream kinase,
phosphatase and tensin homolog (PTEN) is the
most important regulator to dephosphorylate
PIP3 to PIP2. A study on gallbladder cancer
found that 3 out of 73 patients (4.1%) with
a complete absence of PTEN died before 10
months, while the remaining patients had a
survival rate of 53% at 10 months.”” This
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proves that loss or inactivation of PTEN
consequently increases PI3K-AKT signalling
and tumourigenesis. Moreover, a significantly
low PTEN expression in breast cancer has been
demonstrated to be associated with a larger
tumour size, lymph node metastasis, advanced
stage and poor differentiation .5

Several studies have reported an alteration of
PTEN expression through the mir-23 family. A
study done on 29 renal cell carcinoma (RCC)
patients found that 15 patients with higher mir-
23b-3p expression had a lower 5-year survival
rate with only 50% survived. Further study
revealed that inhibition of mir-23b-3p which
could directly target the PTEN gene induced
cell apoptosis in RCC cell line.” Another study
demonstrated the overexpression of mir-27a in
triple-negative breast cancer cells promoted
proliferation and inhibited apoptosis by
regulating CASPASE 3/7 and BCL2 expression.
In this study, PTEN and AKT expressions were
also altered.”! In conclusion, upregulation of
mir-200c and downregulation of mir-23 family
contribute to antineoplastic effects on MCF7 by
suppressing the cell proliferation and inducing
cell apoptosis through involvement of PI3K-AKT
signalling.



Protein-protein interaction network

The upregulated miRNAs’ target genes from
clusters with higher edges showed involvement
in pathways such as microRNAs and pathways
in cancer, proteoglycans in cancer and PI3K-Akt
signalling. The topmost biological processes
for these genes were angiogenesis, positive
regulation of apoptosis and leucocyte migration.
The genes with higher interactions were ITGB1,
FLT1,JAG1,NOS3,MMP2,EN1, XIAP, MMP9,
RHOA, CTGF, IGFIR, COL1A1, MMP14,
ZEB1, HNF4A, MDM2, KDR, KRAS and
CD4. Meanwhile, most genes targeted by the
downregulated miRNAs in cluster 1 and 2 of
the PPI were involved in pathways related to
cancer, mainly bladder, prostate, melanoma,
colorectal and pancreatic. Genes with bigger size
in the figure such as VEGFA, HIF1A, CREBI1,
RUNX2, SMAD4, NOTCHI1, MET, PPARG,
MMP9 and CCND! were analysed to have
higher and stronger interactions. These findings
suggest that antineoplastic agents could regulate
miRNAs that control the progression of cancer
cells by regulating genes with higher interactions
as reported in the PPI analysis.

CONCLUSIONS

The expression of 20 miRNAs were found to
be influenced by antineoplastic treatment on
MCEF-7. Further in silico analysis confirmed the
association of these miRNAs with genes that
regulate cancer-related pathways, angiogenesis,
hypoxia, P53, FoxO, PI3K-AKT signalling,
apoptosis and cell proliferation. Hence, MCF-
7 profiles of miRNAs and its target genes
consolidated from this review are beneficial for
future investigation on the effect of anti-cancer
agent including natural extracts. These could be
further developed as biomarkers for progression
of breast cancer or indicators of cancer treatment
efficacy. With advanced investigation of the
functional mechanism, novel cancer therapeutic
agents could also be designed to act on potential
miRNAs as documented in this systematic
review.
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