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Introduction

Breast cancer, a prevalent malignancy affecting women 
globally, is characterized by its frequent occurrence across 
diverse geographical regions. According to Globocan 
data from 2020, the worldwide incidence of breast cancer 
accounted for 11.7%, totaling 2,261,419 cases, with a 
corresponding mortality rate of 6.9%. This underscores the 
significant burden and impact of breast cancer on public 
health worldwide. In general, there are four subtypes of 
breast cancer: Luminal A, Luminal B, human epidermal 
growth factor receptor 2 (HER2)-enriched and basal-like, 
where each subtype responds to different receptors and 
treatments. The luminal subtype accounted for 62.7% 
of the total number of diagnosed cases carried out [1]. 
Luminal A is one of the subtypes of breast cancer that is 
characterized by increased expression of positive Estrogen 
and Progesterone receptors but no expression of HER2. 
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In addition, luminal A is also characterized by decreased 
cell proliferation in the Ki-67 protein which has a low 
severity and has a good prognosis [2].

In the development of cancer, cell cycle dysregulation 
frequently occurs, leading to unrestricted cell division. 
Moreover, this dysregulation contributes to genome 
instability, resulting in heterogeneity that impacts 
chemotherapy resistance. In the cell cycle genome 
instability is examined at G2 checkpoint and mitosis [3]. 
In addition, G2 checkpoints also play a role in stopping 
cyclin activity and CDKs (Cyclin-dependent kinases) 
in cell cycle regulation [4]. Cell cycle regulation plays 
a crucial role in orchestrating the precise replication 
and division of cells, thereby mitigating aberrant cell 
regulation implicated in cancer progression [5]. Therefore, 
the regulation of the G2 checkpoint phase is one of the 
potential regulations in cancer proliferation.

Research related to potential biomarkers based 
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on microRNAs is widely conducted. MiRNA plays a 
role in the transformation of cancer cells and regulates 
gene expression so that dysregulation does not occur. 
when upregulated miRNA acts as oncomiR and when 
downregulated as a tumor suppressor [6, 7]. The 
application of miRNA as a biomarker will contribute to 
the development of diagnostics and treatment in precision 
medicine and be able to improve the hope and quality of 
life of breast cancer patients [8] and knowing the miRNA 
involved in cancer malignancy and its role will help in 
the diagnosis, prognosis, and development of therapeutic 
agents [9].

MiRNA profiling enables the differential expression 
analysis crucial for utilizing miRNAs as biomarkers in 
diagnosis and prognosis. MiRNA profiling is performed 
to classify subtypes of breast cancer. Currently, various 
technologies that can be used for differential profiling of 
microRNAs are nanostring analysis.  Nanostring analysis 
can create 800 miRNA profiles quickly, sensitively and 
detect specifically [10]. In this study, we performed a 
nCounter Nanostring miRNA test to profile miRNAs on 
Luminal Subtype A with FAM. The data were subsequently 
analyzed to assess the differential expression of miRNA 
fold change, as well as to investigate the pathways and 
genes regulated during cell cycle progression at the G2M 
Checkpoint.

Materials and Methods

Samples
The tissues used are FFPE luminal A and FFPE 

fibroadenoma mammary tumors. Tissue in the form 
of FFPE (tissue fixed in formaldehyde and embedded 
in a paraffin block) was obtained from the Anatomical 
Pathology Department of FKKMK UGM. The samples 
taken had inclusion criteria including: 1) Tissue resulting 
from surgery to remove tumors from breast cancer 
patients with NST Grade III characteristics. 2) Tissue 
resulting from surgery to remove tumors from mammary 
fibroadenoma patients.

RNA isolation and RNA concentration measurement for 
Nanostring nCounter Profiling

The RNA extraction protocol utilized the RNeasy 
DSP FFPE Kit (Cat. No. / ID: 73604). Following 
extraction, total RNA concentration was assessed using 
a Nanodrop Spectrophotometer, with scrutiny of the 
280/260 and 260/230 ratios. Acceptable concentrations 
of total RNA were established at a minimum of 100 ng, 
with preferred values of 1.6 for the 280/260 ratio and 1.8 
for the 260/230 ratio. The extracted RNA samples were 
subsequently forwarded to a third-party genetic science 
facility, Nanostring nCounter, for further analysis. Data 
collection was performed on an nCounter Digital Analyzer 
(NanoString Technologies, Seattle, WA, USA) following 
the manufacturer’s instructions.

Data analysis
Analysis of miRNA expression profiles

MiRNA expression profiles in breast cancer and FAM 
tissue samples were analyzed using nSolver 4.0 software 

to obtain comprehensive data.

Functional Analysis
Functional analysis was carried out to determine the 

cellular pathways affected by micro RNA deregulation 
in breast cancer tissue samples compared to FAM tissue. 
This analysis uses DIANA miRPath version 4.0 (http://
microrna.gr/miRPathv4) which is integrated with KEGG, 
GO, and MSigDB GSEA. then the data obtained was 
visualized using SRplot (https://www.bioinformatics.com.
cn/en), Cytoscape (Cytoscape 3.10.1), and networkanalyst 
(https://www.networkanalyst.ca/).

Results

MiRNA Expression Profiling in Breast Cancer and 
Mammary Fibroadenoma with Nanostring

Mapping using Nanostring identified 792 miRNAs 
in Luminal A and FAM. This data was then analyzed 
using nSolver 4.0. The results of the analysis produce a 
foldchange value for each miRNA along with p(p-value) 
which indicates the significance of differences in the 
expression of the miRNA. Based on the fold change value, 
upregulated Luminal A miRNAs can be distinguished from 
downregulated miRNAs. A positive fold change value 
indicates that miRNA expression is higher in Luminal 
A compared to FAM, so it can be called upregulated 
miRNA. On the other hand, the fold change value is 
negative (indicating that miRNA expression is lower in 
Luminal A, so it can be called downregulated miRNA. 
60 of them are upregulated and 6 are downregulated. 
There is a fold change with a range between 2.97 to 0.27 
for upregulated miRNA Downregulated miRNAs have 
a fold change range between -0.28 to -0.37 (Tabel 1). In 
this study, further analysis was carried out on the 15 top 
upregulated miRNAs, where each miRNA had a different 
Foldchange value (Figure 1).

Hamam et al. [11] research on breast cancer patients 
in Riyadh, showed a profile of 18 upregulated miRNAs 
that was different from the results of this study. Examples 
of these miRNAs include hsa-miR-4270, hsa-miR-1225-
5p, hsa-miR-188-5p, hsa-miR-1202, and hsa-miR-4281. 
These five are the miRNAs with the highest fold change 
in the study. This shows the heterogeneity of genes in 
each sample. The high level of miRNA expression in a 
cancer sample indicates its important role in the cancer 
growth process, which means it plays a role as an oncomir. 
Increased expression of oncogenic miRNAs in cancer cells 
inhibits tumor suppressor genes [12].

Heatmap analysis was performed on the top 15 
upregulated and 6 downregulated miRNAs using the 
SRplot heatmap cluster. Heatmap visualization shows 
that the miRNA expression in the FAM group tends to be 
more stable than the miRNA expression in the Luminal 
A group. The miRNA expression between Luminal A 
patients can be different as shown in Luminal A-1 and 
Luminal A-2, whose expression is different from other 
Luminal A (Figure 1).



Asian Pacific Journal of Cancer Prevention, Vol 25 2663

DOI:10.31557/APJCP.2024.25.8.2661
miRNA Profile Predicts G2M Moderation in FAM to Breast Cancer

Figure 1. Cluster Heatmap between Luminal A and FAM Groups. Red indicates upregulation and blue indicates 
downregulation. red indicates high expression, blue indicates low expression. 

Figure 2. Pathways that Influence the G2M Checkpoint. bubble plot shows the number of miRNAs. Red indicates a 
high –log10(pvalue) value, green indicates the opposite.   

Molecular Pathways Based on KEGG
Analysis of Top 15 Upregulated miRNAs

The top 15 upregulated miRNAs were analyzed using 
DIANA miRPath v4.0 software by referring to Tarbase 

8.0 as the miRNA and mRNA interaction dataset and 
KEGG as the molecular pathway data provider. The 
results of this analysis are represented in the form of a 
heatmap, which groups pathways based on their level of 
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Figure 3. Top 15 miRNA Regulated Hallmark Gene Sets based on the MSigDB Dataset 

Figure 4. 5 miRNAs that have High Regulatory Values based on KEGG and MSigDB and Venn Diagram of Genes 
Regulated by miRNA in the G2M Checkpoint Process. green (hsa-miR-7-5p), blue (hsa-miR18a-5p), pink (hsa-miR-
19a-5p), yellow (hsa-miR-196b-5p) and orange (hsa-miR-218-5p) 

significance. Then the heatmap data was analyzed again 
and obtained 5 miRNAs that can regulate many pathways, 
namely hsa-miR-218-5p, hsa-miR-7-5p, hsa-miR-19a-
3p, hsa-miR-196b-5p, hsa-miR -18a-5p. (Figure 2). To 
determine the relationship between miRNAs and the G2M 
Checkpoint process in luminal A, several pathways were 
selected that are related to this process (Figure 2, Table 1).

Hallmarks Analysis
Heatmap based on pathway union hallmark (MsigDB)
Apart from using KEGG, the top 15 upregulated 

miRNAs were also analyzed using MSigDB, where this 
analysis looked for links between miRNAs and various 
hallmarks that regulate cells. The analysis results show 
that 10 miRNAs influence several hallmarks (Figure 3). 
Hallmark G2M Checkpoint is one of the Hallmarks that 
is regulated by 5 miRNAs at once, namely hsa-miR-218-
5p, hsa-miR-7-5p, hsa-miR-19a-3p, hsa-miR-196b-5p, 
hsa-miR- 18a-5p.

MiRNA target genes based on Hallmarks
Apart from heatmap analysis, MSigDB gene union 

analysis was also carried out on the top 15 upregulated 
miRNAs, the same as heatmap analysis. There were 17 
hallmarks with high significance values. Hallmark G2M 
Checkpoint shows the highest number of gene targets, 
118 genes (Figure 3)

Interaction between miRNA and gene targets related to 
G2M Checkpoint

To see more clearly the effect that miRNAs have on the 
G2M Checkpoint process, several miRNAs that regulate 
genes in the G2M Checkpoint process were taken. There 
are 5 miRNAs that have high regulatory values based on 
KEGG and MSigDB analysis, namely hsa-miR-196b-5p, 
hsa-miR-218-5p, hsa-miR-7-5p, hsa-miR-19a-5p, hsa-
miR- 18a-5p, where each miRNA regulates a different 
number of target genes To see overlapping genes, Venn 
diagram analysis was carried out. The results obtained 
show that many genes overlap with each other (Figure 4).
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No Mikro RNA Fold Change p-value No Mikro RNA Fold Change P-value
1 hsa-miR-136-5p 3.97 0.01 34 hsa-miR-3151-5p 1.43 0.02
2 hsa-miR-223-3p 3.46 0 35 hsa-miR-548l 1.43 0.02
3 hsa-miR-218-5p 3.37 0.03 36 hsa-miR-802 1.43 0.02
4 hsa-miR-127-3p 3.14 0.02 37 hsa-miR-890 1.40 0.03
5 hsa-miR-7-5p 3.01 0.02 38 hsa-miR-1255a 1.39 0.03
6 hsa-miR-376a-3p 2.95 0.01 39 hsa-miR-3614-3p 1.39 0.03
7 hsa-miR-376c-3p 2.89 0.01 40 hsa-miR-520e 1.39 0.03
8 hsa-miR-660-5p 2.72 0.01 41 hsa-miR-552-3p 1.39 0.03
9 hsa-miR-19a-3p 2.52 0.01 42 hsa-miR-1295a 1.39 0.04
10 hsa-miR-299-5p 2.42 0.03 43 hsa-miR-514a-5p 1.38 0.03
11 hsa-miR-377-3p 2.42 0.04 44 hsa-miR-548k 1.37 0.03
12 hsa-miR-382-5p 2.32 0.05 45 hsa-miR-1249-3p 1.37 0.05
13 hsa-miR-196b-5p 2.31 0.04 46 hsa-miR-1306-5p 1.36 0.04
14 hsa-miR-18a-5p 2.28 0.03 47 hsa-miR-3127-5p 1.36 0.04
15 hsa-miR-411-5p 2.26 0.03 48 hsa-miR-506-5p 1.36 0.04
16 hsa-miR-154-5p 2.26 0.03 49 hsa-miR-515-5p 1.36 0.04
17 hsa-miR-146b-5p 2.23 0.04 50 hsa-miR-567 1.36 0.04
18 hsa-miR-374b-5p 2.2 0.04 51 hsa-miR-219b-3p 1.33 0.04
19 hsa-miR-379-5p 2.08 0 52 hsa-miR-302a-3p 1.33 0.04
20 hsa-miR-409-3p 2.05 0.01 53 hsa-miR-3168 1.33 0.04
21 hsa-miR-574-5p 1.68 0.01 54 hsa-miR-3918 1.33 0.04
22 hsa-miR-421 1.62 0.05 55 hsa-miR-483-5p 1.33 0.04
23 hsa-miR-487b-3p 1.60 0.05 56 hsa-miR-5010-3p 1.33 0.04
24 hsa-miR-513b-5p 1.59 0.01 57 hsa-miR-892b 1.33 0.04
25 hsa-miR-1260b 1.57 0.01 58 hsa-miR-378d 1.32 0.05
26 hsa-miR-378f 1.55 0.02 59 hsa-miR-329-3p 1.29 0.03
27 hsa-miR-593-3p 1.55 0.05 60 hsa-miR-937-3p 1.27 0.04
28 hsa-miR-532-5p 1.5 0.02 61 hsa-miR-373-3p -1.28 0.04
29 hsa-miR-486-3p 1.47 0.02 62 hsa-miR-589-5p -1.29 0.01
30 hsa-miR-638 1.45 0.02 63 hsa-miR-380-3p -1.29 0.03
31 hsa-miR-760 1.45 0.04 64 hsa-miR-941 -1.31 0.02
32 hsa-miR-1185-5p 1.45 0.04 65 hsa-miR-212-3p -1.34 0.02
33 hsa-miR-410-3p 1.43 0.02 66 hsa-miR-192-5p -1.37 0.02

Table 1. Upregulasi miRNA dan Downregulasi miRNA

to see the interaction between each miRNA and the 
target genes that regulate the G2M Checkpoint, gene 
network analysis was carried out using the networkanalyst 
program. There are a large number of genes that are 
regulated by more than one miRNA (Figure 4).

Discussion

Profiling miRNA
Based on the results of miRNA profiling in luminal A, 

it is known that 15 miRNAs are upregulated so they can 
be considered as oncomirs. However, from other research 
it is known that some miRNAs act as tumor suppressor 
genes. Hsa-miR-136-5p is higher in normal breast tissue 
than in breast carcinoma. Hsa-miR-136-5p plays a role in 
the regulation of cell adhesion molecules, focal adhesions, 
the complement cascade and blood coagulation. Low 
expression levels of miR-127-3p were associated with 

lymph node metastasis, clinical stage, and shorter OS [13]. 
Hsa-miR-223-3p suppresses tumors by inhibiting NLRP3 
[14]. It is known that has-miR-299-5p acts as a tumor 
suppressor by directly targeting serine/threonine kinase 
39 (STK39) thereby suppressing epithelial-mesenchymal 
transition [15]. Hsa-miR-411-5p inhibits the proliferation 
and metastasis of breast cancer cells through targeting 
GRB2 [16].

Other miRNAs are in accordance with this study 
where high expression levels increase the growth rate of 
luminal A breast cancer. Research by Cui et al. [17] on 
several cancer cells shows that the level of has-miR-7-5p 
is increased in luminal cancer but decreased in other cell 
types. other breast cancers. upregulation of hsa-miR-218-
5p increases metastasis to osteoblasts in TNBC cancer, but 
overexpression of has-miR-218-5p also occurs in luminal 
breast cancer cells by targeting the SLIT3 gene [18]. 
Has-miR-660-5p had increased expression in cultured 
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is a series of MST1/2(Hpo)/SAV1)/MOB1A/B(Mats)/
LATS1or2/(Wts)/YAP/TAZ protein phosphorylation. 
YAP that has been phosphorylated will become a cell 
transcription regulator [30]. In addition, active YAP will 
increase B-MYC regulation at the promoter location to 
increase G2/M [31]. In other studies apart from breast 
cancer, it is known that hsa-miR-18a-5p plays a role in 
inhibiting HIF1a which regulates Hippo-YAP [32]. Apart 
from that, hsa-miR-18a-5p also targets the MST1 protein 
which is upstream of the Hippo signaling pathway in 
cervical cancer so that cell proliferation decreases [33].

Checkpoint analysis of miRNA and G2M gene interactions
Based on Figure 4, five miRNAs regulate G2M 

checkpoint, namely hsa-miR-7-5p, hsa-miR-218-5p, 
hsa-miR-19a-5p, hsa-miR-18a-5p, and hsa-miR-196b-
5p. MiR-7-5p, known as Ancient miRNA, is a tumor 
suppressor in suppressing proliferation and survival, 
inhibiting migration, and accelerating apoptosis. Its 
dysregulation is also found in various types of cancer. 
miR-7-5p has been shown to suppress epidermal growth 
factor receptor expression, inhibit the Akt pathway, 
suppress PI3K and MAPK pathways, and engage directly 
with p53 such as Cdkn1A (p21) in tumor suppression 
[34-36].

hsa-miR-218-5p is associated with breast cancer 
metastasis. The Research by Taipaleenmäki et al. [37] 
showed the abundance of miR-218-5p in breast cell 
metastases so that it is aggressive. In addition, it is also 
related to the signaling of the WNT pathway that promotes 
increased proliferation by activating the canonical Wnt-
responsive gene and CyclinD1. In addition, Qian et al. [38] 
states that increased regulation of miR-218-5p promotes 
cell proliferation and migration and inhibits cell apoptosis 
and cell cycle. so it can be used as a therapeutic target for 
the treatment of breast cancer.

hsa-miR-196b-5p is an oncogene that can increase the 
growth and metastasis of breast cancer [39]. In colorectal 
cancer, miR-196-5p promotes cell proliferation, migration, 
invasion and inhibits apoptosis. MiR-196b-5p as an 
oncogene has been found in various cancers so it can 
be used as a good diagnosis, prognosis, and therapeutic 
target. hsa-miR-18a-5p has a dual role in the development 
of various types of cancer and can act as Oncogenes and 
Tumor suppressors. As an oncogene miR-18a can increase 
malignancy in cervical cancer, lung cancer, prostate 
cancer, mesothelioma, and gastric cancer. As a tumor 
suppressor miR-18a can inhibit proliferation in breast 
cancer, pancreas, and colorectal [40].

Based on the Venn diagram, several genes overlap 
with several miRs found in the G2M Pathway. We found 
one gene that interacts with all five miR that is significant 
in the G2M pathway, namely CDKN1B Gene. CDKN1B 
acts as a tumor suppressor that encodes the CDK p27 
protein [41] p27 also regulates cell proliferation, motility, 
and apoptosis. CDKN1B is a hereditary tumor and rarely 
mutates somatically and its expression level is regulated in 
post-transcription [42]. CDKN1B also encodes p27 for the 
regulation and binding of cyclin-dependent kinases (Cdks) 
activity [43]. CDK is one of the important components in 
the cell cycle regulation system and kinase deregulation. 

MCF7 breast cancer cells and showed downregulation 
of miR-660-5p significantly suppressed cell proliferation, 
migration and invasion by targeting CDKN1A. In 
addition, miR-660-5p can bind to TET2 and activate 
PI3K/AKT/mTOR signaling [19]. Then miR-19a-3p 
inhibits the expression of PMEPA1 and PTEN [20]. Has-
miR-377-5p overexpression will increase recurrence of 
estrogen-positive breast cancer [21]. miR-382-5p targets 
RERG to attenuate its inhibitory effect on the oncogenic 
Ras/ERK pathway thereby promoting breast cancer cell 
viability, clonogenicity, survival, migration, invasion 
and tumorigenesis/metastasis [22]. Overexpression 
of miR-18a-5p leads to increased proliferation ability 
accompanied by decreased expression of ESR1 and 
downstream targets such as GREB1 and TFF1 [23].

Based on the fold change, a heatmap of miRNA 
expression is obtained, red indicates upregulation and blue 
indicates downregulation. there are variations in luminal 
A compared to FAM, this is related to the epigenetic 
effects received by the patient such as the type of therapy 
received, living habits, ethnicity and the effects of gene 
mutations. These epigenetic differences are also related 
to the heterogeneity of the role of different miRNAs in 
each patient [24].

G2M checkpoint analysis based on Pathway KEGG and 
Hallmark MsigDB

Analysis of the role of miRNAs in the KEGG pathway 
revealed that 10 miRNAs regulate the G2M Checkpoint. 
hsa-miR-18a-5p plays a role in the FoxO signaling 
pathway through inhibiting E2F1. FoxO plays a role in 
checking replication stress that occurs in the S/G2 phase, 
where FoxO collaborates with the ATR/CHK1 and p53/
p21 proteins. Changes in FoxO regulation will increase 
cellular transformation towards mitosis or back to G0/G1. 
This is related to the inhibition of the E2F1 transcription 
factor which regulates APC/CCDH1 EMI1/FBXO5. 
Inhibition of E2F1 can trigger the senescence process in 
cells [25]. Then, Has-miR-7-5p apparently regulates the 
BIRC5 gene which plays a role in the TGF-beta signaling 
pathway. Survivin or BIRC5 protein acts as a TGF-beta 
regulatory factor where a decrease in BIRC5 will increase 
G2M arrest, whereas if BIRC5 increases it will trigger 
cells to experience EMT [26].

Activation of the p53 transcription factor directly 
induces the expression of the p21 protein known as a 
cyclin-dependent protein kinase (CDK) inhibitor whose 
activity can induce cell cycle arrest. Then induction of 
p21 by p53 suppresses Mad2 expression thereby affecting 
the mitotic checkpoint complex [27]. It is known that 
miR-19a-3p plays a role in inhibiting p53 by suppressing 
its regulatory factor, namely PTEN [28]. Apart from the 
p53 transcription factor, PTEN is also known to regulate 
several pathways such as the AMPK signaling pathway, 
MAPK signaling pathway, mTOR signaling pathway 
and PI3K-Akt signaling pathway. Apart from inhibiting 
the G2M checkpoint, inhibition of PI3K-Akt signaling 
is also known to inhibit the G1 to S phase, resulting in 
accumulation of the G1 phase [29].

The cell cycle process, especially in the M phase, is 
also influenced by the Hippo signaling pathway, which 
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This CDK is involved in the proliferation and metastasis 
of breast cancer so inhibitors with CDK as a target of 
cancer inhibition can be done because CDK will modulate 
the cell cycle [44].

CDK-1 is one of the CDK groups involved in cancer 
development leading to increased proliferation and 
metastasis of cancer cells. CDK1 has increased expression 
of both transcriptional and translational factors, leading 
to a poor prognosis, and inhibition of CDK1 is necessary. 
Inhibition of CDK1 will reduce the phosphorylation rate 
of CDK1 so that it will inhibit cell proliferation, invasion 
and stop the cell cycle in the G2M phase which will make 
cancer cells will not develop [45]. Decreased CDK1 
expression has been shown to decrease proliferation and 
stop the cell cycle in the G2M phase of breast cancer 
through increasing P21 expression. So that the utilization 
of miRNA: hsa-miR-7-5p, hsa-miR-218-5p, hsa-miR-
19a-5p, hsa-miR-18a-5p, and hsa-miR-196b-5p with 
CDKN1B gene targeting as a biomarker for diagnosis, 
therapeutic target and prognosis of Luminal A can be done.

Author Contribution Statement

All authors contributed equally in this study.

Acknowledgements

This research was made possible through the generous 
support of a grant from the Ministry of Education, Culture, 
Research, and Technology under the fundamental research 
program. We also express our sincere appreciation to the 
Ethical Commission of the Faculty of Medicine and Public 
Health, Sardjito General Hospital, for their approval 
(Approval Number: K/FK/0725/EC/2018). Furthermore, 
we extend our gratitude to all individuals who participated 
in this study, including the students of the Biotechnology 
and Medicine program at Gadjah Mada University, as well 
as our esteemed faculty members.

References

1. Hashmi AA, Aijaz S, Khan SM, Mahboob R, Irfan M, Zafar 
NI, et al. Prognostic parameters of luminal a and luminal 
b intrinsic breast cancer subtypes of pakistani patients. 
World J Surg Oncol. 2018;16(1):1. https://doi.org/10.1186/
s12957-017-1299-9.

2. Orrantia-borunda e, anchondo-nuñez p, acuña-aguilar le, 
gómez-valles fo, ramírez-valdespino ca. Subtypes of 
breast cancer. Breast cancer [internet]. Brisbane (au): Exon 
publications; 2022 aug 6. 

3. Bower JJ, Vance LD, Psioda M, Smith-Roe SL, Simpson 
DA, Ibrahim JG, et al. Patterns of cell cycle checkpoint 
deregulation associated with intrinsic molecular subtypes 
of human breast cancer cells. NPJ Breast Cancer. 2017;3:9. 
https://doi.org/10.1038/s41523-017-0009-7.

4. Thu KL, Soria-Bretones I, Mak TW, Cescon DW. Targeting 
the cell cycle in breast cancer: Towards the next phase. Cell 
Cycle. 2018;17(15):1871-85. https://doi.org/10.1080/1538
4101.2018.1502567.

5. Almalki SG. The pathophysiology of the cell cycle in cancer 
and treatment strategies using various cell cycle checkpoint 
inhibitors. Pathol Res Pract. 2023;251:154854. https://doi.
org/10.1016/j.prp.2023.154854.

6. Canatan D, Sönmez Y, Yılmaz Ö, Çim A, Coşkun H, 
Sezgin Göksu S, et al. Micrornas as biomarkers for breast 
cancer. Acta Biomed. 2021;92(2):e2021028. https://doi.
org/10.23750/abm.v92i2.9678.

7. Chakrabortty A, Patton DJ, Smith BF, Agarwal P. Mirnas: 
Potential as biomarkers and therapeutic targets for cancer. 
Genes (Basel). 2023;14(7). https://doi.org/10.3390/
genes14071375.

8. Galvão-Lima LJ, Morais AHF, Valentim RAM, Barreto E. 
Mirnas as biomarkers for early cancer detection and their 
application in the development of new diagnostic tools. 
Biomed Eng Online. 2021;20(1):21. https://doi.org/10.1186/
s12938-021-00857-9.

9. Condrat CE, Thompson DC, Barbu MG, Bugnar OL, Boboc 
A, Cretoiu D, et al. Mirnas as biomarkers in disease: Latest 
findings regarding their role in diagnosis and prognosis. 
Cells. 2020;9(2). https://doi.org/10.3390/cells9020276.

10. Dennis l, rhodes m, maclean k, kharkia a. Microrna 
biomarker discovery and validation. White paper. Vol. 
Uspcp-pm0007. Nanostring technologies inc., seattle, wa. 
2016:1-7. 

11. Hamam R, Ali AM, Alsaleh KA, Kassem M, Alfayez M, 
Aldahmash A, et al. Microrna expression profiling on 
individual breast cancer patients identifies novel panel 
of circulating microrna for early detection. Sci Rep. 
2016;6:25997. https://doi.org/10.1038/srep25997.

12. Loh HY, Norman BP, Lai KS, Rahman N, Alitheen NBM, 
Osman MA. The regulatory role of micrornas in breast 
cancer. Int J Mol Sci. 2019;20(19). https://doi.org/10.3390/
ijms20194940.

13. Shang C, Chen Q, Zu F, Ren W. Integrated analysis 
identified prognostic micrornas in breast cancer. BMC 
Cancer. 2022;22(1):1170. https://doi.org/10.1186/s12885-
022-10242-x.

14. Qu H, Zhu F, Dong H, Hu X, Han M. Upregulation of cct-3 
induces breast cancer cell proliferation through mir-223 
competition and wnt/β-catenin signaling pathway activation. 
Front Oncol. 2020;10:533176. https://doi.org/10.3389/
fonc.2020.533176.

15. Li C, Wang A, Chen Y, Liu Y, Zhang H, Zhou J. 
Microrna-299-5p inhibits cell metastasis in breast cancer 
by directly targeting serine/threonine kinase 39. Oncol Rep. 
2020;43(4):1221-33. https://doi.org/10.3892/or.2020.7486.

16. Zhang Y, Xu G, Liu G, Ye Y, Zhang C, Fan C, et al. Mir-
411-5p inhibits proliferation and metastasis of breast 
cancer cell via targeting grb2. Biochem Biophys Res 
Commun. 2016;476(4):607-13. https://doi.org/10.1016/j.
bbrc.2016.06.006.

17. Cui YX, Bradbury R, Flamini V, Wu B, Jordan N, Jiang WG. 
Microrna-7 suppresses the homing and migration potential 
of human endothelial cells to highly metastatic human breast 
cancer cells. Br J Cancer. 2017;117(1):89-101. https://doi.
org/10.1038/bjc.2017.156.

18. Bailey ST, Westerling T, Brown M. Loss of estrogen-
regulated microrna expression increases her2 signaling 
and is prognostic of poor outcome in luminal breast 
cancer. Cancer Res. 2015;75(2):436-45. https://doi.
org/10.1158/0008-5472.Can-14-1041.

19. Peng B, Li C, He L, Tian M, Li X. Mir-660-5p promotes 
breast cancer progression through down-regulating tet2 
and activating pi3k/akt/mtor signaling. Braz J Med Biol 
Res. 2020;53(12):e9740. https://doi.org/10.1590/1414-
431x20209740.

20. Alunni-Fabbroni M, Majunke L, Trapp EK, Tzschaschel 
M, Mahner S, Fasching PA, et al. Whole blood micrornas 
as potential biomarkers in post-operative early breast 
cancer patients. BMC Cancer. 2018;18(1):141. https://doi.



Sofia Mubarika Haryana et al

Asian Pacific Journal of Cancer Prevention, Vol 252668

org/10.1186/s12885-018-4020-7.
21. Emmadi R, Canestrari E, Arbieva ZH, Mu W, Dai Y, Frasor J, 

et al. Correlative analysis of mirna expression and oncotype 
dx recurrence score in estrogen receptor positive breast 
carcinomas. PLoS One. 2015;10(12):e0145346. https://doi.
org/10.1371/journal.pone.0145346.

22. Ho JY, Hsu RJ, Liu JM, Chen SC, Liao GS, Gao 
HW, et al. Microrna-382-5p aggravates breast cancer 
progression by regulating the rerg/ras/erk signaling axis. 
Oncotarget. 2017;8(14):22443-59. https://doi.org/10.18632/
oncotarget.12338.

23. Nair MG, Prabhu JS, Korlimarla A, Rajarajan S, P SH, Kaul 
R, et al. Mir-18a activates wnt pathway in er-positive breast 
cancer and is associated with poor prognosis. Cancer Med. 
2020;9(15):5587-97. https://doi.org/10.1002/cam4.3183.

24. Poudel P, Nyamundanda G, Patil Y, Cheang MCU, 
Sadanandam A. Heterocellular gene signatures reveal 
luminal-a breast cancer heterogeneity and differential 
therapeutic responses. NPJ Breast Cancer. 2019;5:21. https://
doi.org/10.1038/s41523-019-0116-8.

25. Hornsveld M, Feringa FM, Krenning L, van den Berg J, Smits 
LMM, Nguyen NBT, et al. A foxo-dependent replication 
checkpoint restricts proliferation of damaged cells. 
Cell Rep. 2021;34(4):108675. https://doi.org/10.1016/j.
celrep.2020.108675.

26. Lee J, Choi JH, Joo CK. Tgf-β1 regulates cell fate during 
epithelial-mesenchymal transition by upregulating survivin. 
Cell Death Dis. 2013;4(7):e714. https://doi.org/10.1038/
cddis.2013.244.

27. Jung Y, Kraikivski P, Shafiekhani S, Terhune SS, Dash RK. 
Crosstalk between plk1, p53, cell cycle, and g2/m DNA 
damage checkpoint regulation in cancer: Computational 
modeling and analysis. NPJ Syst Biol Appl. 2021;7(1):46. 
https://doi.org/10.1038/s41540-021-00203-8.

28. He x, zhang y, niu c, li x, li b, sun r. Mirna-19a-3p promotes 
malignant progression of breast cancer cells by up regulating 
pi3k-akt-mtor pathway activity through targeted inhibition 
of pten. J clin pharmacol ther. 2022;3(1):1025. 

29. Fekete M, Santiskulvong C, Eng C, Dorigo O. Effect 
of pi3k/akt pathway inhibition-mediated g1 arrest on 
chemosensitization in ovarian cancer cells. Anticancer Res. 
2012;32(2):445-52. 

30. Xiao Y, Dong J. The hippo signaling pathway in cancer: A 
cell cycle perspective. Cancers (Basel). 2021;13(24). https://
doi.org/10.3390/cancers13246214.

31. Pattschull G, Walz S, Gründl M, Schwab M, Rühl E, 
Baluapuri A, et al. The myb-muvb complex is required 
for yap-dependent transcription of mitotic genes. Cell 
Rep. 2019;27(12):3533-46.e7. https://doi.org/10.1016/j.
celrep.2019.05.071.

32. Yang H, Wang G, Liu J, Lin M, Chen J, Fang Y, et al. Lncrna 
jpx regulates proliferation and apoptosis of nucleus pulposus 
cells by targeting the mir-18a-5p/hif-1α/hippo-yap pathway. 
Biochem Biophys Res Commun. 2021;566:16-23. https://
doi.org/10.1016/j.bbrc.2021.05.075.

33. Morgan EL, Patterson MR, Ryder EL, Lee SY, Wasson CW, 
Harper KL, et al. Microrna-18a targeting of the stk4/mst1 
tumour suppressor is necessary for transformation in hpv 
positive cervical cancer. PLoS Pathog. 2020;16(6):e1008624. 
https://doi.org/10.1371/journal.ppat.1008624.

34. Korać P, Antica M, Matulić M. Mir-7 in cancer development. 
Biomedicines. 2021;9(3). https://doi.org/10.3390/
biomedicines9030325.

35. Kefas B, Godlewski J, Comeau L, Li Y, Abounader R, 
Hawkinson M, et al. Microrna-7 inhibits the epidermal 
growth factor receptor and the akt pathway and is down-
regulated in glioblastoma. Cancer Res. 2008;68(10):3566-

72. https://doi.org/10.1158/0008-5472.Can-07-6639.
36. Pollock A, Bian S, Zhang C, Chen Z, Sun T. Growth of 

the developing cerebral cortex is controlled by microrna-7 
through the p53 pathway. Cell Rep. 2014;7(4):1184-96. 
https://doi.org/10.1016/j.celrep.2014.04.003.

37. Taipaleenmäki H, Farina NH, van Wijnen AJ, Stein JL, 
Hesse E, Stein GS, et al. Antagonizing mir-218-5p attenuates 
wnt signaling and reduces metastatic bone disease of triple 
negative breast cancer cells. Oncotarget. 2016;7(48):79032-
46. https://doi.org/10.18632/oncotarget.12593.

38. Qian M, Xu H, Song H, Xi H, Fang L. Mir-218-5p promotes 
breast cancer progression via lrig1. Research square. 
2021;10. 

39. Zhu X, Rao X, Yao W, Zou X. Downregulation of mir-
196b-5p impedes cell proliferation and metastasis in 
breast cancer through regulating col1a1. Am J Transl Res. 
2018;10(10):3122-32. 

40. Shen K, Cao Z, Zhu R, You L, Zhang T. The dual functional 
role of microrna-18a (mir-18a) in cancer development. Clin 
Transl Med. 2019;8(1):32. https://doi.org/10.1186/s40169-
019-0250-9.

41. Viotto D, Russo F, Anania I, Segatto I, Rampioni Vinciguerra 
GL, Dall’Acqua A, et al. Cdkn1b mutation and copy number 
variation are associated with tumor aggressiveness in luminal 
breast cancer. J Pathol. 2021;253(2):234-45. https://doi.
org/10.1002/path.5584.

42. Cusan M, Mungo G, De Marco Zompit M, Segatto I, Belletti 
B, Baldassarre G. Landscape of cdkn1b mutations in luminal 
breast cancer and other hormone-driven human tumors. Front 
Endocrinol (Lausanne). 2018;9:393. https://doi.org/10.3389/
fendo.2018.00393.

43. Chu IM, Hengst L, Slingerland JM. The cdk inhibitor p27 
in human cancer: Prognostic potential and relevance to 
anticancer therapy. Nat Rev Cancer. 2008;8(4):253-67. 
https://doi.org/10.1038/nrc2347.

44. Sofi S, Mehraj U, Qayoom H, Aisha S, Asdaq SMB, 
Almilaibary A, et al. Cyclin-dependent kinases in breast 
cancer: Expression pattern and therapeutic implications. 
Med Oncol. 2022;39(6):106. https://doi.org/10.1007/
s12032-022-01731-x.

45. Wang N, Zhang H, Li D, Jiang C, Zhao H, Teng Y. 
Identification of novel biomarkers in breast cancer via 
integrated bioinformatics analysis and experimental 
validation. Bioengineered. 2021;12(2):12431-46. https://
doi.org/10.1080/21655979.2021.2005747.

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.


