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Abstract
Background Breast cancer, a genetically intricate disease with diverse subtypes, exhibits heightened incidence globally. In 
this study, we aimed to investigate blood-based microRNAs (miRNAs) as potential biomarkers for breast cancer. The pri-
mary objectives were to explore the role of miRNAs in cancer-related processes, assess their differential expression between 
breast cancer patients and healthy individuals, and contribute to a deeper understanding of the molecular underpinnings of 
breast cancer.
Methods MiRNA extraction was performed on 40 breast cancer patients and adjacent normal tissues using a commercial 
RNA isolation kit. Total RNA quantification and quality assessment were conducted with advanced technologies. MiRNA 
profiling involved reverse transcription, labeling, and hybridization on Agilent human miRNA arrays (V2). Bioinformatics 
analysis utilized the DIANA system for target gene prediction and the DIANA-mirPath tool for pathway enrichment analysis. 
Selected miRNAs underwent validation through quantitative real-time PCR.
Results Principal component analysis revealed overlapping miRNA expression patterns in primary and malignant breast 
tumors, underscoring the genetic complexity involved. Statistical analysis identified 54 downregulated miRNAs in malig-
nant tumors and 38 in primary tumors compared to controls. Bioinformatics analysis implicated several pathways, including 
Wnt, TGF-b, ErbB, and MAPK signaling. Validation through qRT-PCR confirmed altered expression of hsa-miR-130a, 
hsa-miR-21, hsa-miR-223, and hsa-let-7c key miRNAs, highlighting their significance in breast cancer. The results from 
microarray were further validated by qPCR and the expression of which are downregulated in breast cancer was detected.
Conclusion This study provides significant insights into distinct miRNA expression patterns in normal and malignant breast 
tissues. The overlapping miRNA profiles in primary and malignant tumors underscore the complexity of genetic regulation 
in breast cancer. The identification of deregulated miRNAs and affected pathways contributes to our understanding of breast 
cancer pathogenesis. The validated miRNAs hold potential as diagnostic and prognostic markers, offering avenues for further 
clinical exploration in breast cancer research.
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Introduction

Breast cancer’s complexity is attributed to its heteroge-
neous genetic alterations, gene expression signatures, and 
phenotypic differences. Breast cancer has been classified 
into six primary subtypes, comprising luminal A, luminal 
B, basal-like, normal-like, claudin-low subtype, and tumors 
enriched with human epidermal growth factor receptor 2 
(Her2) (Sorlie et al. 2001; Perou et al. 2000). This disease 
also exhibits marked diversity apart from morphological 
features and clinical outcomes (Al Tamimi et al. 2010; 
Tarone 2006). There has been an increase of 3.1% breast 
cancer cases in developing nations (Al-Foheidi et al. 2013; 
Forouzanfar et al. 2011). Breast cancer is a heterogeneous 
disease comprising distinct molecular subtypes, includ-
ing luminal A, luminal B, HER2-enriched, and basal-like 
(triple-negative) subtypes. Each subtype exhibits unique 
miRNA expression profiles, reflecting underlying differ-
ences in tumor biology and clinical behavior. However, 
comprehensive characterization of miRNA profiles across 
breast cancer subtypes is still incomplete (Volinia et al. 
2012a, b). Identifying subtype-specific miRNA signatures 
could enhance our understanding of disease heterogeneity 
and facilitate the development of personalized therapeutic 
approaches.

The frequency of breast cancer is low in the Saudi Ara-
bian population in comparison with the Western world, 
yet it has the highest occurring malignancy among Saudi 
females with a frequency of 21.1% (Cancer Incidence 
Report, 2002).

Blood-based microRNAs (miRNAs) have emerged as a 
promising field of research in the quest for effective bio-
markers across various cancer types, including breast can-
cer. These tiny RNA molecules, approximately 22 nucleo-
tides in length, have garnered attention due to their potential 
role in cancer-related processes such as invasiveness, devel-
opment of therapeutic resistance, and adverse clinical out-
comes, as highlighted by studies such as those by Iorio et al. 
in 2008 and van Schooneveld et al. in 2012. One of the key 
areas of investigation involves exploring the differences in 
miRNA expression levels between breast cancer patients 
and healthy individuals. This comparison is integral to the 
exploration of blood-based miRNAs as potential diagnos-
tic and prognostic biomarkers, as elucidated by Lagendijk 
et al. 2018.

At a molecular level, miRNAs are intriguing non-cod-
ing RNA molecules that play a pivotal role in gene regula-
tion. They can influence gene expression by either cleav-
ing the messenger RNA (mRNA) molecule or inhibiting 
its translation, as described by Bartel in 2004. This dual 
capacity for gene regulation suggests that miRNAs have 
the potential to be both oncogenic and tumor suppressors, 

depending on the specific target genes they influence. For 
instance, miR-10b has been identified as overexpressed in 
breast cancer patients experiencing regional and distant 
relapse, as well as local recurrence, as demonstrated by Ma 
et al. in 2007. A notable example is miR-21, an “oncomir” 
in breast cancer, which acts on genes like BCL2, PTEN, 
and tropomyosin 1, all of which are involved in the intri-
cate processes of cell cycle progression and the regulation 
of apoptosis. This dual role of miRNAs, as oncogenic driv-
ers or tumor suppressors, further underscores their signifi-
cance in breast cancer pathogenesis, as observed in studies 
by Frankel et al. in 2007 and Si et al. in 2007.

MicroMRNAs (miRNAs) are small, endogenous RNA 
molecules that play critical roles in post-transcriptional gene 
regulation. They are involved in diverse cellular processes, 
including proliferation, differentiation, and apoptosis. Dys-
regulation of miRNAs has been implicated in various dis-
eases, particularly cancer, where they can act as oncogenes 
or tumor suppressors.

Extensive research has demonstrated the significance of 
miRNAs in cancer pathogenesis. They are involved in regu-
lating key signaling pathways implicated in tumorigenesis 
and metastasis. For instance, miR-21 is commonly upregu-
lated in many cancers, promoting cell proliferation and inva-
sion (Fang et al. 2020). Conversely, miR-34a functions as a 
tumor suppressor by targeting genes involved in cell cycle 
progression and apoptosis (Hermeking 2012).

While the precise mechanisms and relationships between 
deregulated miRNAs and cancer remain subjects of ongoing 
investigation, there is growing evidence that a significant 
portion of human miRNAs reside within genomic regions 
associated with cancer. These regions include those impli-
cated in loss-of-function events, gain-of-function events, 
and genomic rearrangements, as elucidated by Calin et al. 
in 2004. This insight underscores the complex interplay 
between miRNAs and cancer-related genomic alterations 
and highlights the potential of miRNAs as crucial players 
in the molecular landscape of breast cancer.

Current diagnostic and prognostic strategies for breast 
cancer rely primarily on clinicopathological features, such as 
tumor size, lymph node status, and hormone receptor expres-
sion. However, these parameters have limitations in accu-
rately predicting disease outcome and treatment response. 
Moreover, conventional biomarkers, such as HER2 status, 
may not fully capture the complexity of breast cancer biol-
ogy. Integrating miRNA expression profiles into existing 
diagnostic and prognostic models holds promise for improv-
ing risk stratification and treatment decision-making (Yan 
et al. 2021).

The primary objective of this research was to inves-
tigate the complexities of miRNA expression patterns 
within the context of breast cancer. To accomplish this, a 
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comprehensive investigation was conducted, encompass-
ing the analysis of miRNA profiles in a cohort of 24 breast 
tumors. These tumor samples were methodically compared 
with 16 corresponding adjacent normal tissues, forming 
the basis for a comparative exploration of miRNA expres-
sion in the context of malignancy. To support the reliability 
and robustness of the findings, the differential expression 
of miRNAs was rigorously examined and validated. This 
validation process involved an independent dataset, compris-
ing a distinct set of normal and tumor tissue samples. This 
methodological approach was undertaken to ensure that the 
observed differences in miRNA expression were not coin-
cidental or influenced by potential confounding factors, but 
rather reflective of genuine variations associated with the 
presence of breast cancer. In breast cancer, the role of miR-
NAs can be a multifaceted area of investigation by which 
molecular mechanisms underlying tumorigenic, progression 
of disease, and therapeutic resistance can be evaluated (liang 
et al. 2020). In conclusion, this comprehensive study sought 
to shed light on the distinctive miRNA expression patterns 
inherent to breast cancer, thereby contributing to a deeper 
understanding of the molecular underpinnings of this com-
plex disease.

Materials and methods

MicroRNA extraction

Extraction of total RNA from 40 breast cancer patients 
and their adjacent normal part was done using commer-
cial RNA isolation kit (Qiagen, Germany). Quantification 
of the extracted mRNA was conducted with the NanoDrop 
ND-1000 Spectrophotometer from Thermo Fisher Scientific, 
USA, while the assessment of RNA sample quality was per-
formed using the Agilent 2100 Bioanalyzer, a product of 
Agilent Technologies, also based in the USA.

MicroRNA arrays

A total of 2 μg of each sample, derived from both breast 
cancer and normal tissue, underwent reverse transcription to 
produce cDNA. Subsequently, this cDNA was labeled with 
a miRNA labeling reagent and subjected to hybridization 
on the Agilent human miRNA arrays (V2), a cutting-edge 
technology developed by Agilent Technologies in the USA. 
The miRNA array utilized in our study encompassed a com-
prehensive array of features drawn from the Sanger database 
v.10.1, spanning 923 human miRNAs and 76 viral miRNAs. 
Following the hybridization process, the microarray chips 
were subjected to a thorough washing procedure using 
the Wash Buffer Kit, ensuring the removal of non-specific 

binding and enhancing the specificity of the results. Finally, 
the processed microarray chips were scanned, employing 
advanced technology from Agilent Technologies in the USA, 
to extract valuable data from the hybridized samples.

Bioinformatics analysis

The microarray data analysis generated list of enriched miR-
NAs was further studied to identify potential human miRNA 
target genes by the DNA Intelligent Analysis (DIANA) sys-
tem viz. DIANA-microT-CDS server v5.0. Target genes 
prediction through this system involves databases like Tar-
getScan, miRanda, RNAhybrid, and PicTar 4-way. It per-
forms functional analysis and provides full outcome of each 
target (Paraskevopoulou et al. 2013). Genes predicted under 
the relevant category by two or more tools were included 
under the potential candidate category. Additionally, we 
compiled a catalog of potential target genes based on the 
existing understanding of miRNAs’ roles in breast cancer. 
This comprehensive list of putative targets has been con-
veniently summarized in supplementary Table S1 for refer-
ence. To further explore the impact of miRNAs on cellular 
processes, we connected the power of the DIANA-mirPath 
web-based computational tool, as described by Papadopou-
los and colleagues in 2009. This tool facilitated the identifi-
cation of molecular pathways that might undergo alterations 
in response to changes in the expression levels of multi-
ple miRNAs, providing deeper insights into the regulatory 
mechanisms at play in breast cancer.

cDNA synthesis and quantitative real‑time 
polymerase chain reaction (qRT‑PCR)

To validate the findings from the microarray and bioinfor-
matics analyses, a subset of deregulated miRNAs exhibiting 
significant up and downregulation were randomly selected. 
These chosen miRNAs underwent further validation through 
a SYBR-based qRT-PCR assay, conducted using the Qiagen 
kit (Germany). The reverse transcription process to generate 
complementary DNA (cDNA) was carried out utilizing the 
miScript Reverse Transcription (RT) kit, also from Qiagen 
in Germany. In this procedure, 1 μg of total RNA was com-
bined with 1 μL of miScript Reverse Transcriptase Mix and 
4 μL of miScript RT buffer. The mixture was incubated at 
37 °C for 60 min, followed by a denaturation step at 95 °C 
for 5 min.

Quantitative RT-PCR was performed using the Applied 
Biosystems 7500 Fast Sequence Detection System, an 
advanced instrument from Applied Biosystems, USA. 
The miScript SYBR Green PCR Kit from Qiagen USA 
was employed for this purpose. The amplification protocol 
included an initial denaturation step at 95 °C for 10 min, 
followed by 40 amplification cycles, consisting of 94 °C for 
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15 s, 55 °C for 30 s, and 70 °C for 30 s. It is important to 
note that all real-time PCR reactions were performed in trip-
licates to ensure precision, and the resultant products were 
subjected to a melting curve analysis.

Statistical analysis

Microarray images were automatically processed using Agi-
lent Feature Extraction Software v.9.5.3 from Agilent Tech-
nologies, USA. The resulting raw expression data was then 
imported into the R package via the Bioconductor’s LIMMA 
package. Differential miRNA expression was analyzed using 
the empirical Bayes method, and preprocessing was per-
formed to normalize intensity distribution within and between 
arrays using the quantile-scaling algorithm in LIMMA. Data 
filtering based on flags was applied to identify differentially 
expressed features among study groups, reducing the number 
of uninformative features. The Benjamini–Hochberg method 
controlled false discovery rates (FDR) by adjusting p-values. 
To account for potential variations in miRNA quantities, qRT-
PCR data was utilized to understand relative miRNA expres-
sion levels through the 2-ΔΔCt method.

Results

MicroRNA expression pattern

The PCA of all miRNAs from primary and malignant breast 
cancer was done to study pattern in regulation and the entire 
dataset was mapped on a three-axis graph as principal com-
ponents, i.e., PC1, PC2, and PC3. The analysis detected both 

primary and malignant tumors to exhibit similar pattern of 
miRNA expression in comparison to the control group and 
thus indicates the complexity of genetic regulation. PCA of 
microarray data detected overlapping of miRNA expression 
pattern in both primary and malignant tumor in comparison 
to controls (Fig. 1a). The heat map of miRNA expression dif-
ferentiated into normal and overlapped primary and malignant 
breast tumors by hierarchical clustering analysis (Fig. 1b).

Analysis of deregulated miRNAs

The restrictive statistical analysis and fold change for com-
paring the combination of the primary, malignant, and con-
trol group identified key miRNAs with altered expression 
pattern. In the malignant tumor, two miRNAs were upregu-
lated and 54 miRNAs were downregulated in comparison 
to controls. In primary tumor group, a total of two miRNAs 
were upregulated, and 38 miRNAs were downregulated in 
comparison to the control group (Table 1). The miRNAs 
exhibiting similar expression pattern in primary and malig-
nant tumor were further analyzed. The miRNome expression 
pattern between primary and malignant tumors was insig-
nificant (Fig.S1) (Fig. 2).

Bioinformatic analysis to identify putative miRNA 
targets and pathways

To unveil the role of miRNA-mediated pathways in breast 
cancer, we employed an enriched set of deregulated miR-
NAs from malignant cases and compared them with those 
from healthy controls. This comparative analysis allowed 
us to identify and incorporate potentially affected pathways 

Fig. 1  Unsupervised clustering of the microRNA (miRNA) microar-
ray data. A PCA of the miRNA expression patterns in primary tumor, 
malignant tumor, and healthy controls. The PCA (in red, healthy con-
trols; in blue primary tumors and in green malignant tumors) show 
a distinct directionality in different groups based on similarities and 
differences. The axes correspond to principal component 1 (PC1, 

x-axis), PC2 (y-axis), and PC3 (z-axis). B Unsupervised hierarchical 
clustering and heatmap representation of miRNA expression pattern 
in primary tumor, malignant tumor and healthy control. The color-
coded scale (green = downregulation and red = upregulation) for the 
normalized expression value is indicated at the top of the figure
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Table 1  Deregulated miRNAs 
in primary and malignant breast 
cancer compared to healthy 
controls

Control vs malignant breast cancer Control vs primary breast cancer

miRNAs Log2FC Regulation miRNAs Log2FC Regulation

hsa-miR-923 2.49 Up hsa-miR-4298 2.21 Up
hsa-miR-149 2 Up hsa-miR-149 2.19 Up
hsa-miR-16  − 2.03 Down hsa-miR-181b  − 2.11 Down
hsa-miR-339  − 2.05 Down hsa-miR-146b-5p  − 2.11 Down
hsa-miR-18a  − 2.12 Down hsa-miR-199b-3p  − 2.23 Down
hsa-miR-25  − 2.12 Down hsa-miR-145  − 2.24 Down
hsa-miR-223  − 2.13 Down hsa-miR-199a-5p  − 2.27 Down
hsa-miR-150  − 2.14 Down hsa-miR-30d  − 2.28 Down
hsa-miR-652  − 2.16 Down hsa-miR-221  − 2.37 Down
hsa-let-7e  − 2.21 Down hsa-miR-17  − 2.41 Down
hsa-miR-151-5p  − 2.24 Down hsa-miR-106a  − 2.43 Down
hsa-miR-768-5p  − 2.26 Down hsa-miR-25  − 2.46 Down
hsa-miR-15a  − 2.27 Down hsa-miR-15b  − 2.54 Down
hsa-miR-199b-3p  − 2.3 Down hsa-miR-30b  − 2.6 Down
hsa-miR-146b-5p  − 2.31 Down hsa-miR-21  − 2.61 Down
hsa-miR-30d  − 2.34 Down hsa-miR-15a  − 2.61 Down
hsa-miR-21  − 2.35 Down hsa-miR-18a  − 2.63 Down
hsa-miR-20b  − 2.38 Down hsa-miR-130a  − 2.64 Down
hsa-miR-23b  − 2.48 Down hsa-miR-92a  − 2.69 Down
hsa-miR-423-3p  − 2.48 Down hsa-let-7c  − 2.78 Down
hsa-miR-30a  − 2.51 Down hsa-miR-20b  − 2.86 Down
hsa-miR-155  − 2.53 Down hsa-miR-126  − 2.9 Down
hsa-miR-1826  − 2.56 Down hsa-miR-93  − 2.93 Down
hsa-miR-342-3p  − 2.57 Down hsa-miR-19b  − 3.02 Down
hsa-miR-199a-5p  − 2.59 Down hsa-let-7 g  − 3.04 Down
hsa-miR-93  − 2.62 Down hsa-miR-146a  − 3.16 Down
hsa-miR-130a  − 2.64 Down hsa-miR-155  − 3.17 Down
hsa-miR-30b  − 2.71 Down hsa-miR-106b  − 3.29 Down
hsa-miR-126  − 2.73 Down hsa-miR-30c  − 3.42 Down
hsa-let-7f  − 2.74 Down hsa-let-7f  − 3.42 Down
hsa-miR-199a-3p  − 2.75 Down hsa-miR-222  − 3.78 Down
hsa-miR-768-3p  − 2.79 Down hsa-let-7i  − 3.79 Down
hsa-miR-106a  − 2.86 Down hsa-miR-29a  − 3.83 Down
hsa-miR-20a  − 2.91 Down hsa-miR-27a  − 4.21 Down
hsa-miR-320b  − 2.91 Down
hsa-miR-320a  − 2.91 Down
hsa-miR-185  − 2.94 Down
hsa-miR-320c  − 2.97 Down
hsa-miR-22  − 3.03 Down
hsa-miR-17  − 3.07 Down
hsa-miR-92a  − 3.08 Down
hsa-miR-361-5p  − 3.11 Down
hsa-miR-29a  − 3.18 Down
hsa-let-7c  − 3.19 Down
hsa-miR-106b  − 3.2 Down
hsa-miR-19b  − 3.24 Down
hsa-miR-23b  − 3.24 Down
hsa-let-7i  − 3.26 Down
hsa-miR-146a  − 3.27 Down
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using the DIANA-mirPath tool. The examination revealed 
that several pathways were prominently impacted, includ-
ing the Wnt signaling pathway, transforming growth factor-
beta (TGF-b) signaling pathway, ErbB signaling pathway, 
MAPK signaling pathway, mammalian target of rapamycin 
(mTOR) signaling pathway, insulin signaling pathway, Jak-
STAT signaling pathway, p53 pathway, calcium signaling 
pathway, and the cell cycle pathway (for a detailed summary 
of these findings, please refer to Table S1).

Validation of deregulated miRNAs

Microarray results on miRNAs expression and overexpres-
sion of miR-149 on both the primary and malignant tumor 
was validated by SYBR-based qRT-PCR. The upregulated 
miR-4298 and miR-923 were discarded because of lack of 
reference towards their pathological role in breast cancer. 
Only functionally relevant miRNAs were analyzed in our 
study. The results from microarray were further validated by 
qPCR and the expression of hsa-miR-130a, hsa-miR-21, hsa-
miR-223, and hsa-let-7c which are downregulated in breast 

cancer was detected (Fig. 3). The validity of our microarray 
results was further tested by qRT-PCR in primary and malig-
nant tumors in comparison to controls. The major finding 
of the study states that the expression pattern of miRNAs is 
similar in primary and malignant tumors.

Discussion

Breast cancer is a heterogeneous disease and several stud-
ies have identified abnormally expressed miRNAs in breast 
cancer tissue compared to healthy breast tissue (Iorio et al. 
2005; Farazi et al. 2011; Sempere et al. 2007; Volinia et al. 
2012). Carcinogenesis though is primarily attributed to 
aberrations in oncogenes and the tumor suppressors, its role 
of miRNA in cancer onset and progression is also being 
increasingly recognized. MicroRNAs linked to tumorigen-
esis are termed oncomirs and are so termed because of their 
proximity to chromosome breakpoints (Calin et al. 2004). 
The first group of oncomirs to be identified was the let-7 
family that regulates the expression of the RAS oncogene 

Table 1  (continued) Control vs malignant breast cancer Control vs primary breast cancer

miRNAs Log2FC Regulation miRNAs Log2FC Regulation

hsa-miR-15b  − 3.46 Down
hsa-miR-425  − 3.5 Down
hsa-miR-221  − 3.54 Down
hsa-miR-30c  − 3.58 Down
hsa-miR-181a  − 3.59 Down
hsa-miR-140-3p  − 3.78 Down
hsa-let-7 g  − 3.85 Down
hsa-miR-222  − 3.98 Down
hsa-miR-27a  − 4.18 Down

Fig. 2  The pathway histogram 
of the altered miRNAs in breast 
cancer that were incorporated 
using DIANA-mirPath. Sta-
tistically significant biological 
pathways potentially affected 
by the differentially expressed 
microRNAs in breast cancer
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and thus indirectly alters cell proliferation through the 
downstream MAP signaling pathway (Johnson et al. 2005). 
MicroRNA expression profiling in different cancer types has 
revealed extensive deregulation of miRNA thus increases 
the understanding related to cancer biology and aiding in 
the development of new diagnostic and therapeutic tools 
(Di Leva and Croce 2013; Huh et al. 2013; Guo et al. 2013).

Our current study was focused on documenting the 
expression profile of mRNAs from primary and metastatic 
breast cancer in comparison to controls and to identify the 
deregulated miRNA patterns. The PCA analysis detected 
both primary and malignant breast cancer to exhibit simi-
lar pattern of miRNA expression in comparison to control 
group. This overlap of miRNA expression pattern between 
the primary and malignant tumor group indicates the com-
plexity of genetic regulation involved in cancer. The inter-
esting highlight of our study was that we detected a total of 
54 miRNAs to be downregulated in the malignant tumor in 
contrast to 38 miRNAs in the primary tumor when compared 
with the control group under the same selection criteria. 
Previous studies on miRNA expression profiling of breast 
cancer have documented miR-10b, miR-125, miR-145, miR-
21, and miR-155 to be highly deregulated. The upregulation 
of miR-21 and miR-155 and downregulation of miR-10b, 
miR-125, and miR-145 indicate the role of miRNAs as onco-
genes (Blenkiron and Miska 2007).

Development and progression of cancer has been detected 
to be an outcome of altered cell signaling and a broad range 
of pathways related to proliferation, differentiation, and 
apoptosis which can be targeted by co-expressed miRNAs 
predicted through pathway enrichment analysis (Hanahan 
and Weinberg 2000). From the set of enriched deregulated 
miRNAs detected through microarray in our study, the num-
ber of genes associated with each of the pathway include 
91 genes from the Wnt signaling pathway, 57 genes from 
the TGF-b pathway, 56 genes from the ErbB pathway, 126 
genes from the MAPK signaling pathway, 29 genes within 

the mTOR pathway, 66 genes from the insulin signaling 
pathway, 70 genes from the Jak-STAT pathway, 34 genes 
within the p53 pathway, 71 genes from the calcium signaling 
pathway, 49 genes within the cell cycle pathway, 33 genes 
in the VEGF pathway, and 30 genes within the apoptosis 
pathway indicating that the inhibition of these miRNAs 
would result in concomitant activation of the corresponding 
key pathways. The activation of key pathways then drives 
the entire cascade in breast cancer including affecting cell 
growth, differentiation, proliferation, and transformation.

The observed miRNA expression patterns in primary and 
malignant breast tumors were consistently downregulated 
across studies, it reinforces their potential significance in 
breast cancer. Recent study by Li et al. (2020) demonstrated 
that downregulation of miR-21, miR-200 family, and miR-
205 in breast cancer tissues correlates with aggressive tumor 
behavior and poor prognosis.

In the current study, identification of miRNAs and impli-
cation in breast cancer highlight the complexity of miRNA 
regulation in this disease. For instance, recent findings by 
Wu et al. (2021) suggest that miR-34a-5p is significantly 
downregulated in breast cancer and acts as a tumor suppres-
sor by targeting oncogenic pathways.

Downregulated miRNAs identified in the study may serve 
as potential biomarkers for breast cancer diagnosis, progno-
sis, and therapeutic stratification. For instance, miR-155 has 
been implicated in breast cancer progression and resistance 
to chemotherapy (Gao et al. 2019). For example, miR-155 
is downregulated in malignant tumors in the current study 
suggests its potential as a predictive biomarker for treatment 
response.

Furthermore, understanding the regulatory roles of dys-
regulated miRNAs can inform the development of targeted 
therapies. Recent advances in miRNA-based therapeutics, 
such as miRNA mimics or inhibitors, offer promising ave-
nues for personalized treatment strategies in breast cancer 
(Khan et al. 2021).

Fig. 3  Real-time polymerase chain reaction validation of miRNA microarray data
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Deregulated miRNAs result in complex modulation of mul-
tiple targets involved in signaling pathways including those for 
tumorigenesis. Several studies have identified key signaling 
pathways as a target of multiple downregulated miRNAs that 
impact proliferation of the cancer cell as well as tumor inva-
siveness (Chen et al. 2009; Johnson et al. 2005; Yu et al. 2010). 
The commonly deregulated miRNAs in primary and malignant 
breast cancer indicate that these common pathways could be 
important in tumor progression. Thus, coordinated downregu-
lated miRNAs found in breast tumors could be impacting not 
only the oncogenes, but also other key genes involved in sign-
aling pathways to activate tumorigenic downstream signals.

Conclusion

Our study demonstrates significant differences in miRNA 
expression patterns between normal and malignant breast 
tissue, with evidence of generalizability to unseen samples 
in cross-validation tests. Interestingly, our findings indicate 
that primary and malignant tumor subgroups exhibit over-
lapping miRNA expression patterns. Nevertheless, for com-
prehensive validation, further evaluation in a larger patient 
cohort is needed. In summary, we have identified four miR-
NAs with distinct expression patterns in normal and breast 
cancer tissue, offering valuable insights into breast cancer 
pathophysiology. These results underscore the potential 
clinical significance of these miRNAs for diagnosing and 
understanding the pathogenesis of breast cancer.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s13353- 024- 00852-5.
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