
Ebrahimian Vargahan et al., BioImpacts. 2025;15:30032
doi: 10.34172/bi.30032
https://bi.tbzmed.ac.ir/

Effect of microRNA-141-3p, E2F3, CDK3, and KAT2B overexpression 
on histologic tumor grade and metastasis status in untreated breast 
cancer tissues
Sepideh Ebrahimian Vargahan1 ID , Mahmood Barati1 ID , Masoud Roudbari2 ID , Maryam Eini1 ID , Arshad Hosseini1* ID

1Department of Medical Biotechnology, School of Allied Medical Sciences, Iran University of Medical Sciences, Tehran, Iran
2Biostatistics Department, School of Public Health, Iran University of Medical Sciences, Tehran, Iran

Introduction
Breast cancer (BC) is a heterogeneous and complicated 
disease1-3 and, the second cause of mortality by cancer 
in females worldwide.4,5 Based on WHO reports, the 
worldwide BC patients will step-up from 2 069 792 
to 2 778 850 instances from 2018 to 2040, indicating 
the importance of further research about the disease's 
molecular basis.6 The current trend emphasizes the 
necessity for deeper insights into the molecular biology 
of BC.7

MicroRNAs(miRNA/miR), one of the noncoding 
single-stranded RNAs with a length of 18-22 nucleotides, 

are involved in diverse biological activities.8-10 Depending 
on the type of cancer, microRNAs may function as 
tumor suppressors or oncogenes.11-13 MiR-141, a miR-
200 family member,9,14 is expressed in many human 
malignancies,13,15-18 including BC.19 Upregulation or 
downregulation of these microRNAs, as an epigenetic 
alteration, can regulate different cancer steps such as 
invasion, metastasis, relapse, and drug resistance.16 
Circulating miR-141 and miR-200c are potential 
biomarkers of early tumor metastasis sensing in BC cells.20 
However, further research is required to investigate the 
expression of miR-141 and its association with metastasis 
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Abstract
Introduction: Increasing 
evidence has reported gene 
expression alterations in breast 
cancer (BC) tissues, necessitating 
their investigating to highlight 
the molecular basis of the disease 
development or progression. This 
study investigated the expression 
of miR-141, E2F3, CDK3, TP53, 
and KAT2B, and their association 
with histologic grade and 
metastasis in BC tissues.
Methods: The RNA expression level of miR-141, E2F3, CDK3, TP53, and KAT2B genes was 
analyzed in 23 BC and 23 normal tissue samples by RT-qPCR. The associations of the expression 
level of these genes with clinicopathological features of the BC tissue samples were evaluated. The 
study also explored the correlation between RNA levels of genes and miR-141.
Results: Expression of miR-141, E2F3, CDK3, and KAT2B demonstrated significantly higher 
levels in BC tumor than normal tissues. TP53 expression showed an increase in tumor compared 
to normal tissues, although it was insignificant. Moreover, increased RNA expression of miR-141, 
E2F3, CDK3, and KAT2B corresponded to the advanced stage and regional metastasis of BC. 
Additionally, the results demonstrated a significant correlation between RNA expression levels of 
miR-141 with CDK3 and E2F3 with KAT2B.
Conclusion: Our findings highlighted clinicopathologic indicators that were relevant to aggressive 
BC. Besides, Correlations between overexpression of miR-141, E2F3, CDK3, and KAT2B in BC 
tissues suggest regulatory effects. Taken together, it seems results of this study could provide 
evidence that dysregulation of gene expression contributes significantly to unveiling the underlying 
molecular basis of BC.
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and histologic grade of BC patients’ tissue samples.
Several reports demonstrated the alteration in the 

expression of some genes during cancer development or 
metastasis.21-24 Identification of differentially expressed 
genes could shed more light on understanding the 
molecular basis of cancer.25 Aberrancy of the cell 
cycle process is one of the well-known mechanisms 
of oncogenesis,26 which can be activated by various 
mitogens, cytokines, hormones, growth factors, etc.27 yet 
its potential role in BC has to become more clear. E2F 
transcription factor 3 (E2F3), an important gene in the 
cell cycle placed on chromosome 6 (NC_000006.12), is a 
member of the E2F family28,29 and regulates the transition 
of G1 to S-phase in the cell cycle.30 E2F3 plays a crucial 
function in the progression of different kinds of cancer.31 
Overexpression of E2F3 in BC can lead to tumorigenesis 
by centrosome amplification and dysregulated mitosis.32 
Cyclin-dependent kinase 3 (CDK3), belonging to the 
CDKs group with serine/threonine kinase activity, 
is another gene that contributes significantly to the 
ordinance of cell cycle advancement.33, 34 It has been found 
that up-regulation of CDK3 suppresses the migration and 
invasion of BC cells.33 The tumor protein 53 (TP53) is one 
of three genes found to be frequently mutated in BC35,36 
and plays a crucial role in conserving DNA stability, 
preventing cancer, and cell cycle arrest.37 In various 
biological conditions, such as DNA damage and cellular 
stresses, p53 can lead to different responses that similarly 
involve apoptosis, senescence, DNA repair, and cell cycle 
arrest.38,39

Another underlying mechanism of cancer development 
is histone modifications.40 KAT2B is one of the KAT family 
members and regulates acetylation and transcriptional 
processes throughout several biological procedures, 
including cancer.41 However, its regulatory roles in BC 
need to be investigated more.

This manuscript aims to explore the levels of miR-
141, TP53, E2F3, CDK3, and KAT2B genes expression 
in BC tissues and highlight their association with 
clinicopathological features, such as metastasis and 
histologic grade. Moreover, the relationship of these 
4 genes based on bioinformatic data is studied. The 
correlation between the RNA level of the mentioned 
genes is also investigated.

Materials and Methods
Bioinformatics analysis
MicroRNA target prediction involves identifying 
potential target genes of miR-141-3p. The most common 
miR-141-3p target genes, identified through 3P-seq tags 
and predicted by databases like miRDB, TargetScan, 
and miRWalk, are considered. Studies have explored the 
relationship between miR-141 target gene expression 
changes and breast cancer, revealing key genes like SOX4, 
BMI1, OCT4, zeb1-zeb2, CDKN2, CCNE1, CDKN1B, 

MDM2, E2F3, CDK3, KAT2B, and TP53. Bioinformatics 
research using KEGG and REACTOME databases, along 
with other studies, indicates that miR-141-3p target 
genes E2F3, CDK3, TP53, and KAT2B are involved in 
the cyclin-dependent kinase pathways, specifically the 
CDK4/6 signaling pathway related to cell cycle control 
complexes. These genes play crucial roles in breast cancer 
and treatment resistance. However, their combined 
impact in Triple-Negative Breast Cancer (TNBC) and 
their associations with miR-141, as well as their influence 
on histologic tumor grade and metastasis in untreated 
breast cancer tissues, remain unexplored.

Furthermore, the investigation utilized STRING, 
GENEMANIA, and their outcomes to identify 
relationships among genes in various functions, especially 
in physical interactions, accounting for 77.64% of the 
interactions.

A protein-protein interaction (PPI) network 
was constructed using databases such as STRING, 
GeneMANIA, and HIPPIE to assess the potential 
interactions between protein-coding genes with a 
medium confidence score of 0.4 and a filter score of 0.89. 
The interactions of the four genes were analyzed using 
these databases, and the networks were visualized using 
Cytoscape software v3.10.1, highlighting both functional 
and physical associations between proteins.

Patient selection and sample collection
Forty-six fresh breast tissue samples (23 normal and 23 
tumor breast specimens) from female patients without 
reception of any surgical and antitumor therapy were 
provided by the Cancer Institute of Imam Khomeini 
Hospital (Tumor Bank, Tehran, Iran). Sample diagnosis 
was conducted between March 2018 and September 2019. 
Supplementary Pathological parameters for samples 
comprising of age, TNM stage, histologic grade, lymph 
node metastasis, tumor size, vascular and lymph invasion, 
and immune histochemical conditions of p53, ER, PR, 
and HER-2 receptors underwent examinations in the 
Pathology Laboratory of Imam Hospital, Tehran, Iran. All 
samples were stored at liquid nitrogen and then preserved 
at -80℃ to avoid RNA degradation. Tissue samples were 
gathered with the written consent of all patients. All of the 
patients were in stage 2 or 3 of progressive BC.

RNA isolation and cDNA synthesis
Total RNA extraction from frigid breast tumors and 
normal specimens was carried out after homogenizing 
with Trizol based on the manufacturer’s Tripure 
Isolation Reagent (Roche, cat. No. 93956620, USA) 
protocols. NanoDropOnec Spectrophotometer (Thermo 
Scientific, USA) was utilized to measure RNA purity and 
concentration. Complementary DNA (cDNA) synthesis 
from the extracted RNA was executed by a cDNA 
synthesis kit (PARSTOUS, Molecular Biology Kit, Iran). 
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Total microRNA was extracted with the miRNA Extractor 
kit (BIOBASIC, Molecular Biology Kit, Lot:SK8811-
M611ROX, USA) under the manufacturer’s instructions. 
Complementary DNA (cDNA) synthesis from the 
extracted microRNA for has-miR-141 was performed 
using a cDNA synthesis kit (Notarkib, Molecular Biology 
Kit, Iran) with stem-loop RT primers. Table S1 presents 
the sequences of the stem-loop RT primers.

Real-time-quantitative polymerase chain reaction (RT-
qPCR)
Design of Specific forward and reverse primers was 
performed by means of oligo7, primer3, and Primer-
BLAST for target genes and internal control. Table S1 
presents the studied genes primers sequences.

RT-qPCR test was conducted by SYBR Green qPCR 
Master Mix (NAT Biotech Co, RealTiQ, Cat Number: 
NAT0011, Iran) and the specific mRNA PCR primers. RT-
qPCR tests with a final volume of 10 µl were performed 
by ROTOR GENE Real-Time PCR Detection System 
under the following condition and the PCR temperature 
protocol at 95 ℃ for 10 min and then 40 cycles of 95 ℃, 
59 ℃, and 72℃ for 15, 20, and 20 s, respectively, and 
melting temperature from 60 ℃ to 95 ℃. For all samples, 
the RT-qPCR test was performed duplicate, and the 
threshold cycle (Ct) was used to define mRNA expression. 
GAPDH gene was employed as an internal control gene to 
the mRNA expression normalization. The 2-ΔΔCt equation 
was utilized to estimate the relative expression level of the 
genes.

The microRNA expression analyses were conducted 
through an RT-qPCR test by SYBR Green qPCR Master 
Mix (NAT Biotech Co, RealTiQ, Cat Number: NAT0011, 
Iran) and the specific microRNA PCR primers. The 
specific forward primer was as follows: miR-141: 
5’GCGCGTAACACTGTCTGGTA3’. The reverse primer 
was universal. RT-qPCR tests were conducted in ROTOR 
GENE Real-Time PCR Detection System with 10 µl final 
volume and under the following condition: 95 ℃ for10 
min and then 40 cycles of 95 ℃ and 60 ℃ for 15 s and 
60 s, respectively, and melting temperature from 60 ℃ to 
95 ℃. For all samples, the RT-qPCR test was conducted 
duplicate, and to define miRNA expression, the threshold 
cycle (Ct) was used. Considering RNU6(U6) as the 
internal control expression level, the 2-ΔΔCt equation was 
employed to normalize the relative expression level.

Statistical analyses
IBM SPSS Statistics 26 (Armonk, NY, USA) was 
utilized to perform all statistical analyses. Normality 
was detemrined for each group using the Kolmogorov-
Smirnov and Shapiro-Wilk normality test before any 
experiments were conducted. The Level of miR-141 
expression was quantified by RT-qPCR in the breast 
tissue specimens, and RNU6 mRNA was used as the 

reference gene to normalize the results. Calculations of 
the fold changes were as the miRNA expression ratio 
to the internal control. Parametric and non-parametric 
tests were used (PAR: t-test, NPAR: Kruskal-Wallis test, 
Mann–Whitney U test) for comparisons of independent 
groups. The Pearson’s test was employed to determine 
if there is association amongst expression levels of these 
RNAs. P < 0.05 represented a statistically significant 
divergenece. The columnplots and scatterplots were made 
by GraphPad Prism 9 (GraphPad Software, La Jolla, CA).

Results
Bioinformatics analyses
As illustrated in Fig. 1, the String database showed a 
PPI network between all four candidate protein-coding 
genes, including 4 nodes and 5 edges highlighting 
P = 0.003 for the PPI enrichment. Genemania analysis 
demonstrated a PPI network between all four candidate 
genes as well. The resulting network is shown in Fig. 2. 
According to Genemania, 77.64% of interactions were 
physical, suggesting a relatively robust network between 
genes. Fig. 3 showes the PPI network of HIPPIE database 
regarding candidate genes. As it is demonstrated, four 
genes are in connection with each other and other protein 
coding genes. One interesting point is the multiple 
connection which was identified between TP53 and 
KAT2B in this data base.

On the other hand, miRNA target prediction by 
means of miRDB, target scan, and miRWalk database 
demonstrated that E2F3 could be a potential target of miR-
141-3p. Table S2 presents the list of predicted targets by 
Target scan for E2F3, showing the type of seed matching.

Overexpression of miR-141 in BC tissue samples
The present project examined the miR-141 differential 

Fig. 1. The results of the interference of four studied genes are obtained 
from the STRING database and visualized using Cytoscape software 
v3.10.1. The blue circles in the legend represent nodes that are protein 
genes, while the lines represent the edges, which indicate interactions 
between proteins. The network comprises 4 nodes and 5 edges, with a 
PPI enrichment p-value of 0.002, indicating a strong interaction between 
candidate genes. The average node degree was 2.5.
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expression by RT-qPCR in specimens of 23 BC patients in 
comparison to those of 23 normal breast tissue samples. 
The relative expression analyses were conducted on 23 
normal breast tissue samples. Expression in different 
samples was normalized to U6, which is an appropriate 
housekeeping gene. Table S3 shows the clinical 
characteristics of the patients. The results demonstrated 
significant overexpression (fold change: 7.8, P = 0.0005) 

of miR-141 in BC tissues compared with normal ones 
(Fig. 4).

Patients’ characteristics
Two out of 23 patients (8.69%) had well-differentiated 
cancer tissues (Grade I), while there were 10 cases 
(43.47%) with moderately differentiated (Grade II) and 
9 cases (39.13%) with poorly differentiated cancer tissues 

Fig. 2. The PPI network resulted from the Genemania database is visualized using Cytoscape software v3.10.1. The network displays highly interacting 
proteins with multiple interactions. The red and green circles represent candidate genes from the present study and their closely interacting proteins, 
respectively. PPI stands for Protein-Protein Interaction.

Fig. 3. The PPI network of candidate genes was retrieved from the HIPPIE database with a score filter of 0.89 and visualized using Cytoscape software 
v3.10.1. As demonstrated, there are several interactions between candidate genes (yellow circles) with each other and other proteins (red circles). PPI 
stands for Protein-Protein Interaction.
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(Grade III). More information about clinicopathological 
characteristics is presented in (Supplementary file 1, 
Table S3).

Expression pattern of E2F3, CDK3, TP53, and KAT2B in 
BC tissues compared to normal tissues
TP53, E2F3, CDK3, and KAT2B differential expression 
was investigated using RT-qPCR in 23 BC tissues in 
comparison to those of 23 normal tissues. Our findings 
demonstrated the significant overexpression of three 
candidate genes of this study (E2F3, CDK3, and KAT2B) 
in BC compared with normal tissues (Fig. 5). Table 1 
presents the Fold change of each gene and its respective 
P value.

The expression pattern of miR-141 and selected genes in 
BC tissues and their association with clinicopathological 
characteristics
Additional analyses were conducted to determine 
whether there was any relationship among the miR-141 
mean expression and selected genes with the clinical and 
pathological characteristics of BC patients. The expression 
levels of miR-141, E2F3, CDK3, and KAT2B were detected 
to be significantly related to the histologic grading of the 
BC tumor (Table 2), highlihgting significantly greater 
expression levels of miR-141 in Grade 3 (P = 0.002) 
than in Grade 2 (P = 0.003) of BC patients. Similarly, 
the expression levels of E2F3 were significantly higher 
in Grade 3 (P = 0.001) than in Grade 2 (P = 0.008) BC 
patients. However, KAT2B and CDK3 had significantly 
higher expression levels in Grade 3 tissue samples 
(P = 0.03 and P = 0.01, respectively) but did not reveal a 
significant divergence in Grade 2. In other words, all the 
studied genes except TP53 were differentially expressed in 
Grade 3 specimens.

Furthermore, E2F3 and CDK3 expression levels were 
significantly related to HER2 status in BC tissues. The 
mean expression levels of E2F3 were significantly higher 
in BC patients having HER2 + than those with HER2-. 
The Mean expression levels of CDK3 were significantly 
related to HER2- (absence of HER2).

Also, E2F3, CDK3, KAT2B, and miR-141 expression 
levels were significantly related to M0 metastasis status 
(i.e., no distant cancer spread was found). The mean 
expression level of E2F3 was considerably greater in BC 
patients having M0 status than those with M1 status.

Several significant correlations were observed between 
the RNA expression levels of the selected genes in BC 
(Table 3) and adjacent normal tissues (Table 4), as 
demonstrated by Pearson correlation values.

A negative correlation was reported between miR-141 
and CDK3 mRNA expression levels in BC tissues (P = 0.03, 
rs: -0.78) (Fig. 6A). Evidence also revealed a positive 
correlation between miR-141 and CDK3 expression levels 
in normal tissues (P = 0.03, rs:0.99) (Fig. 6A).

The expression levels of E2F3 mRNA and KAT2B had 
negative correlations in BC (P = 0.01, rs: -0.96) (Fig. 6B).

In addition, The miR-141 expression values were 
positively correlated with the TP53 expression values 
in adjacent normal tissues (P = 0.01, rs: 0.95) (Fig. 6C). 
Moreover the expression values of E2F3 were positively 

Fig. 4. The expression levels of miR-141 in tumor and normal breast 
tissue samples were evaluated. Baseline levels of miR-141 in tumor and 
normal breast tissues were determined using real-time PCR. Statistical 
analysis was performed using the Mann–Whitney U test. ***P ≤ 0.001.

Table 1. Mean expression of genes in tumor tissues compared to normal 
breast tissues

Genes Normal Mean
2 -ΔΔCt

Tumor Mean
2 -ΔΔCt Pattern P value

TP53 1.3 1.7 Upregulated 0. 2

E2F3 1.2 3.8 Upregulated 0.0008

CDK3 1.3 2.9 Upregulated 0.008

KAT2B 0.1 3.9 Upregulated 0.03

miR-141 1.7 7.8 Upregulated 0.0005

Table 2. Relationship between RNA expression level of miR-141 and target 
genes withclinicopathological features from BC tissues

Clinicopathological 
characteristics

Relevant expression of genes (2 -ΔΔCt), P value

TP53 E2F3 CDK3 KAT2B miR-141

Histologic grade 
(Tumor differentiation)

Grade I (Low) 0.6 0.4 0.02* 0.6

Grade II (Moderately) 0.2 0.008* 0.1 0.2 0.003*

Grade III (poorly) 0.6 0.001* 0.01* 0.03* 0.002*

HER2 status

Positive 0.6 0.001* 0.3 0.6 0.4

Negative 0.1 0.02* 0.03* 0.09 0.7

Metastatic

M0 (Regional) 0.2 0.002* 0.01* 0.008* 0.000*

M1 (Distant) 0.03* 0.07

* Statistically significant (P < 0.05).
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correlated with the expression values of TP53 in adjacent 
normal tissues (P = 0.02, rs: 0.97) (Fig. 6D).

Discussion
Most of the miRNAs in cancer research have been 
categorized based on their procedure involvement, i.e., 
oncogenic, apoptotic, and metastatic. The miR-200 family 
members (including miR-141) are usually categorized as 
metastasis, invasion, and treatment responses.42 Different 
types of cancer are regulated by intracellular miRNAs that 
act as underlying mechanisems of controling caretaker 

and gatekeeper genes. 7 However, fewer studies of miR-
200 family members have been attributed to miR-141. 
Noteworthy, some good research has documented the 
importance of miR-141 in BC, as pointed out by Debeb et 
al and Taha et al, indicating a close association between the 
high expression levels of miR-181b1-5p and miR-141-3p 
with aggressive BC.43,44 Various expressions of miR-141 as 
an epigenetic alteration have a regulatory role in different 
steps of cancer such as metastasis, invasion, recurrence, 
and resistance to drugs.16 This study disclosed increased 
expression levels of miR-141 in the BC compared to normal 

Fig. 5. Expression levels of TP53, E2F3, CDK3, KAT2B in BC tissues. Higher expression of TP53, E2F3, CDK3, and KAT2B was observed in BC tissues 
than in benign breast specimens, which all were statistically significant (except TP53).TP53(A), E2F3(B), CDK3(C), KAT2B(D). **P ≤ 0.01 and ***P ≤ 0.001.

Table 3. Correlation coefficients according to pearson between RNA 
expression of genes for all adjacent normal tissues from BC patients

E2F3 CDK3 KAT2B TP53

MiR-141 0.51 0.99* 0.95**

E2F3 1 0.92 -0.52 0.97*

CDK3 1 0.93

KAT2B 1

** Correlation is significant at the 0.01 level.* Correlation is significant 
at the 0.05 level.

Table 4. Correlation coefficients according to pearson between RNA 
expression of genes for all tumor tissues from BC patients

E2F3 CDK3 KAT2B TP53

MiR-141 0.07 -0.78* 0.36 0.2

E2F3 1 -0.12 -0.96** 0.31

CDK3 1 0.51 0.70

KAT2B 1 0.005

** Correlation is significant at the 0.01 level.
* Correlation is significant at the 0.05 level.
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patients, associated with regional metastasis. Similarly, 
Debeb et al. reported that miR-141 was upregulated 
in BC tissues.43 Other studies also documented the 
overexpression of all miR-200 family members, including 
miR-141, in breast tumors vs. normal breast tissues.45 The 
other point, requiring discussion here, was the finding that 
overexpression of miR-141 suppressed distant metastasis 
in all investigated specimens. The present outcome aligns 
with some prior studies indicating that downregulation of 
serum miR200c/141 was associated with tumor metastasis 
in BC.20 However, there are conflicting reports on miR-
141 expression in BC tumor tissues, as Li et al reported 
downregulation of miR-141 in breast tumor tissue.46

Our results indicated that the E2F3 mRNA expression 
was incremented in human BC compared to normal tissues 
and was more significant in grade III samples. Consistent 
with our result, other studies reported the overexpression 
of E2F3 in BC.47 According to Shokrollahzade et al, the 
expression of E2F3 as the target of miR-141 increased 
in breast cancer cell lines, but this overexpression was 
not significant.7 In addition, Chen et al showed that the 
Brachyury/E2F3 axis might be a diagnostic biomarker, 
and Knockdown of E2F3 diminished BC cell growth 
and migration.48 Moreover, according to Jusino et al, the 
expression of SGO1 and E2F3 increased in invasive ductal 
BC compared with normal breast tissues, which correlated 

significantly with poor survival outcomes, epithelial-to-
mesenchymal transition, and metastasis.32 Furthermore, 
we reported the protein-protein interaction between E2F3 
and P53, and the positive correlation between them. These 
data are in good agreement with previous studies that 
indicate an association between E2F3 and P53. Reports 
have confirmed that E2F3 plays some regulatory roles in 
ARF/p53 pathway and p53-p21CIP1 Axis.49,50 Also, our 
results demonstrated a protein-protein interaction and 
a negative correlation between E2F3 and KAT2B, which 
is in line with the results obtained by Pio et al, reporting 
the E2F3 and KAT2B in one cluster as targets of several 
microRNAs.51 Targeting E2F3 by miR-141 has been 
reported in other conditions as well. Xue et al showed that 
miR-141 inhibited the osteogenic differentiation of bone 
marrow-derived mesenchymal stem cells in osteonecrosis 
of the femoral head by targeting E2F3.52 Besides, another 
study, conducted by Zhou et al, illustrated that gastric 
cancer was inhibited by the interaction of miR-141 with 
long noncoding RNA MEG3 that down-regulated E2F3 
expression.53 

Another investigated gene in this study was CDK3, 
which was upregulated in tumor compared to normal 
breast tissues. In agreement with our result, Zhang et al 
demonstrated that CDK3 was overexpressed in breast 
cancer cell lines, comprising of MDA-MB-231 And MCF7 

Fig. 6. Significant correlations for expression levels between CDK3 and KAT2B with ncRNA (miR-141-3p). Correlations between CDK3 and miR-141-3p (A), 
KAT2B and E2F3 (B), TP53 and miR-141-3p (C), E2F3 and TP53 (D). (The red color indicate tumor tissues, while the blue color indicate normal tissues).
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cell lines.54 Cao et al showed that the overexpression of 
CDK3 as a target of miR-4469 decreased metastasis, 
invasion, and migration by impeding the Wnt/β-catenin 
signaling pathway.33 It was found that CDK3 and miR-141 
were negatively correlated in tumor tissues but positively 
correlated in normal tissues. This is the first study that 
reports the correlations between CDK3 and miR-141, to 
the best of our knowledge. In addition, the investigated 
dysregulation of E2F3, CDK3, and TP53, which are 
important genes in the cell cycle, emphasizes the potential 
role of cell cycle malfunction during BC development or 
metastasis.

As reported in this study, miR-141 is upregulated in 
breast tumor tissues. Moreover, the results showed the 
overexpression of KAT2B, which is an acetyl-transferase 
p300/CBP-associated factor. In agreement with our 
findings, there an investigation reported the assocciation 
of miR-141 and KAT2B. According to Zhang et al, higher 
circulating miR-141 and miR-200c levels are potential 
biomarkers to detect breast cancer metastasis in early 
stages. They also demonstrated miR-200c/141 expression 
regulation through FOXP3-KAT2B proteins, which bind 
to the miR-200c/141 promoter and induce miR-200c/141 
overexpression.20 Additionally, our study reported a 
protein-protein interaction between TP53 and KAT2B. 
In agreement with our study, Elengoe et al showed an 
interaction network based on the TP53 protein and 
identified genes involved in the tumor development 
process. One of the identified genes was KAT2B with 
molecular functions, such as enzyme binding role and 
transcription factor binding role.55

Our findings also demonstrated overexpression of 
TP53, but the difference between tumor and normal 
breast tissues was not significant. However, this result 
is in line with a cohort study of 278 stage I-III triple-
negative breast invasive ductal carcinoma patients, 
demonstrating associations between TP53 overexpression 
in 58.6% (163/278) of patients which was associated with 
worse overall survival (Log-rank test P = 0.025).56 In this 
study, we found that TP53 and miR-141 significantly 
correlated in normal tissues. In the same vein, Zhou et al 
demonstrated a significant correlation between miR-141-
3p and p53 expression in gliomas compared with normal 
brain tissue.57 Another study indicated the regulatory role 
of P53 on miR-141 in hepatocellular carcinomas. It is 
reported that miR-141 expression level was high in cell 
lines with wild type of P53 gene, but the expression level 
of miR-141 decreased significantly in mutant p53 cell 
lines, suggesting the regulatory effects between P53 and 
miR-141.58

Conclusion
The findings of this study documented overexpression 
of miR-141, E2F3, CDK3, TP53, and KAT2B in BC 
tissues. It was also demonstrated that overexpression of 

some of these genes, was associated with a higher grade 
of the disease and its regional metastasis. Thus, current 
data highlighted indicators that could be a useful marker 
of further disease progression and clinicopathologically 
relevant to BC patients. Moreover, the predicted 
interactions and correlations between the investigated 
genes in this study provide new information of the possible 
network of these genes in BC and might imply regulatory 
effects. The results of this study have the potential to be 
applied for the assessment of higher disease levels in BC 
patients, contributing as a useful criteria for clinicians to 
determine more appropriate interventions. Therefore, 
these promissing data warrant more investigations on 
miR-141 and related genes to fully underestand their role 
in BC.
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higher grade of the disease and its regional metastasis.
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