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ackground: Human bloodstream microRNAs (miRNAs) have emerged as a promising predictive and 

diagnostic biomarker for a range of cancers, including breast cancer. Our objective was to look into new 

miRNA biomarkers for diagnosis in the serum of patients with breast cancer and track the expression 

levels at different stages using miRNA profiling. 

Methods: 53 breast cancer patients and 10 healthy controls had blood samples tested for three miRNAs. 

miRNAs were extracted from blood and evaluated using real-time quantitative polymerase chain reaction. After 

extracting genomic DNA, miRNA primer-produced PCR products were sequenced to discover point mutations 

that may contribute to the illness. 

Results: After examining miR195, miR200b, and miR331, breast cancer patients had a significantly lower 

miR195 level than healthy persons. In addition, miR200b expression levels were significantly lower in breast 

cancer patients than in healthy individuals. In advanced stages, miR331 expression was substantially higher 

than in healthy people. 

Conclusion: The findings of our study demonstrated a significant association between the expression of 

miRNAs and the prognosis of breast cancer. Additional research is necessary to study better the correlation 

between these circulating miRNAs and the stages of breast cancer. 
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Introduction 

Finding reliable and precise minimally invasive 

biomarkers that may identify early neoplastic 

alterations is a continuing search in breast cancer 

management. These biomarkers are crucial for early-

stage breast cancer identification, disease progression 

tracking, and therapy efficacy assessment [1]. The 

current breast cancer detection tools and biomarkers 

have several serious shortcomings. The ionizing 

radiation it uses and the 8–10% false positive rate are 

two of the problems with the mammography apparatus, 

despite its status as the diagnostic gold standard [2]. 

Breast cancer therapy uses carcinoembryonic and 

carbohydrate antigens from circulating malignancies. 

Due to limited sensitivity, these markers are ineffective 

screening tools. Therapy has long employed markers as 

prognostic indicators to evaluate illness progression or 

relapse. An ideal biomarker would be widely accessible, 

collected with minimum interference, sensitive enough 

to identify early tumors in almost all patients, and 

uncommon or nonexistent in healthy persons without 

malignancies [3,4]. 

Hereditary mutations in the BRCA1 and BRCA2 genes 

cause 5–10% of breast neoplasms, according to Feng Y 

[5]. Additionally, gene expression profiling has shown 

the dysregulation of numerous genes in breast cancer 

samples and confirmed its genetic variability [5]. Several 

studies have shown microRNA dysregulation in breast 

cancer samples or plasma samples related to 

carcinogenesis. Two RNase III proteins—Drosha and 

Dicer—create miRNAs in many steps  [6]. Numerous 

human gene expression levels are regulated by these 

tiny non-coding transcripts, which are primarily 

responsible for post-transcriptional regulation [7]. They 

have also been found to impact the onset of human 

disorders largely. On the other hand, miRNA 

metabolism and activities are regulated by sophisticated 

mechanisms [7].   

This kind of control defines the micro-RNA expression 

in various tissues or at various developmental stages. 

Most significantly, miRNAs have a role in 

autoregulatory feedback pathways by suppressing the 

production of miRNAs that code for components 

involved in miRNA formation [7]. Some breast cancer 

samples show altered miRNA expression. Current study 

shows aberrant miR221 and miR222 expression in breast 

cancer [8]. 

Methods 

Cohort of research: This research was conducted with a 

group of 53 breast cancer patients. Specialists made the 

diagnoses for all patients, and we have access to their 

histopathology reports and immunohistochemistry 

data, which include markers for ER, PR, and Her2/neu. 

Participants' ages ranged from thirty to seventy-four, 

and all ten were healthy individuals free of breast 

cancer. This research took place at the Oncology 

Teaching Hospital in Medical City, Baghdad, Iraq 

(Record No. 51892 on July 12, 2022). All cases of breast 

cancer were histologically confirmed, and relevant 

clinicopathological characteristics were extracted from 

their medical records. 

Blood collection: Blood samples were collected from 

patients and were subjected to miR195, miR200b, and 

miR331 gene analysis. The 2 ml of blood sample was 

right away kept at -80°C pending additional 

examination. An aliquot of blood samples was used to 

extract the serum, which was then chilled to -80°C for 

further examination. 

DNA extraction from blood: Isolated DNA from whole 

blood using ReliaPrep™ Blood gDNA Miniprep System 

(Promega). Quantus Fluorometer purity and 260/280nm 

ratio estimation of isolated DNA. 

PCR:  The Thermal Cycler from BioRad, USA, PCR 

Express, and the correct temperature program to cycle 

the PCR: treated with a denaturing heat of 94 °C for four 

minutes, then subjected to thirteen cycles of 

denaturation, annealing, and extension at temperatures 

of 55, 58, 60, 63, or 65 °C for 30 seconds each. In order 

to terminate the reaction, a last extended incubation of 

seven minutes at 72 °C was used, and then ten minutes 

of incubation at 4°C. Macrogen Corporation – Korea 

utilized an automated DNA sequencer, the ABI3730XL, 

to run Sanger sequencing on the purified PCR products 

after the 1.5arose gel was used to detect the product's 

quality. After receiving the findings by email, generous 

software was utilized to analyse them. Primers used in 

the PCR were miR195-F, miR195-R, miR200b-F, 

miR200b-R, miR331-F, and miR331-R. The primers used 

were 100pmol/µl.  

RNA isolation: Following the instructions in the manual, 

total RNA was extracted from 0.4 ml of serum using 

TRIzol™ Reagent (Invitrogen, Carlsbad, CA, USA).  

Primer Name Seq. 

miR-200b-3p-RT 5'GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACTCATCA-3` 

miR-200b-3p-F1 5`-GTTTGGTAATACTGCCTGGTAA-3` 

miR-331-5p-RT 5'GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACGGATCC-3` 

miR-331-5p-F1 5`-GTTCTAGGTATGGTCCCAG-3` 

miR-195-5p-RT 5'GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACGCCAAT-3` 

miR-195-5p-F1 5`-GGGGTAGCAGCACAGAAAT-3` 

RNU43_RT 5'GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACAATCAG-3` 

RNU43_F 5`-GTGAACTTATTGACGGGCG-3` 

Universal Reverse 5`-GTGCAGGGTCCGAGGT-3` 

Table 1: Primers for miRNA (miR195-miR200b- miR331). 

Primers design: The miRNA construct Tool, as 

suggested by [9], was used to build appropriate stem-

loop RT-qPCR primers, and matured micro-RNA 

sequences were obtained from the miRNA database 
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website (https://www.mirbase.org). This study made use 

of the oligonucleotides described in Table 1. We used 

miR195, miR200b, and miR331 micro-specific primers to 

create our real-time qRT-PCR studies. You may get 

these primers in lyophilized form from the Macrogen 

Company.  

Differential expression 

We contrasted two groups (cases and healthy persons as 

controls) separated by race and ethnicity for each of the 

53 individuals. In a nutshell, a model of linear was fitted 

to the data for each comparison (cell means 

representing the various circumstances and a random 

effect for the array) [10]. We first retrieved the list of 

microRNAs that were differentially expressed for each 

comparison with a P<0.05, and we next looked for 

candidates that had at least a two-fold change in 

expression. 

Sequencing analysis 

In order to analyze PCR results, Applied Biosystems 

used a 16-capillary automated sequencer (ABI 

PRISM®3100 Genetic Analyzer). 

Statistical analysis 

We used Graph-Pad Prism Version 8 for our statistical 

research, which allowed us to correlate several factors. P 

< 0.05 indicates a statistically significant difference. 

micro RNAs have shown their worth as a diagnostic tool 

via the use of a Receiver Operating Characteristic Curve 

(ROC) study.  

Results 

qRT-PCR of differentially expressed miRNAs: 

Patients with breast cancer had lower circulating blood 

levels of miR195 compared to healthy controls. More 

advanced stages (III, IV) "showed a significant 

association with them (p=0.045, 0,009, respectively). 

Figure 1. Furthermore, serum miRNA expression levels 

were significantly higher in early-stage breast cancer 

patients compared to those in stages III and IV 

(p=0.0157 and p=0.0830, respectively)". 

The findings also showed "that compared to the 

control group, patients in stage I–IV of breast cancer 

had significantly reduced miR200b expression (p = 

0.0196, 0.049, 0.0081, and 0.005, respectively). Figure 2. 

Despite an increase in 331 expression data in stages III 

and IV, the status of breast cancer patients was two 

times greater than that of the healthy control group (p= 

0.0031 and 0.0013, respectively). Fig 3.  

Value of the miRNAs in breast cancer diagnosis 

With the use of ROC curve analysis, we were able to 

determine the likelihood that miR-195, miR-331, and 

miR-200b might identify breast cancer in serum samples 

from patients. This study demonstrated the 

discriminating volume "between the breast cancer and 

healthy control samples by comparing the area under 

the curve (AUC) obtained by constructing the ROC curve 

using binary logistic regression."  

 
Figure 1: The levels expression of serum miR195 in various 
breast cancer stages compared to a healthy group of control. 

 
Figure 2:  The levels expression of serum miR200b in various 
breast cancer stages compared to a healthy group of control. 

 
Figure 3: The levels expression of serum miR331 in various 
breast cancer stages compared to a healthy group of control. 

The ROC curves of miRNAs indicated that miR-195 

"had an area under the curve of 0.885, 87.4% sensitivity, 

and 90.0% specificity. While miR-200b AUC was 0.853, 

sensitivity was 88.7%, and specificity was 70.0%. For 

miR-331, AUC was 0.892, sensitivity was 84.9%, and 

specificity was 98.3%". 
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DNA isolation 

The PCR products, as visualized on the 1.5% agarose gel, 

were at the expected band length. The band lengths for 

miR331, miR195, and miR20 b were 912, 789, and 754 

bp, respectively. 

 
Figure 4: Real-time PCR Ct graphs plotted for miR-195, miR-200b, 
and miR-331. All the experiments are run in triplicates.   

 
Figure 5: Agarose gel (1.5%) showing the quality of the miR195, 
miR200b, miR331 PCR products amplified. The bands were found 
to be at the expected base-pair length. 100bp molecular marker 
was used. 54, 55 depict PCR products. 

We found that among the samples sequenced, at 586 

positions, SNP was detected (p<0.05). In the samples 54 

miR331 and 55 miR331 only we found T got substituted 

to G.  

Highlights of the study 

1. Four downregulated and upregulated micro 

RNAs were recognized in the serum of blood in 

breast cancer patients. 

2. A point mutation was seen at 586 positions (T-

G) in the miR331 samples (both 54 and 55) 

only. 

Discussion 

Diagnostic and prognostic indications for breast cancer 

include aberrant microRNA expression in early-stage 

and metastatic tumors [11]. Many studies connect 

miRNA expressions to tumor stage, subtype, and 

treatment effectiveness [12]. Micro RNA expression 

levels have linked breast cancer to cancer antigen (CA-

125) and carcinoembryonic antigen (CEA) [15]. Much 

research has examined metastatic breast cancer's up- or 

down-regulated miRNA expression to understand better 

its genesis, progression, and maintenance [13,14]. By 

targeting several genes, elevated micro RNAs may 

control a network of functional genes that contribute to 

tumor formation or metastasis [15]. 

This research examines whether qRT-PCR can 

differentiate between healthy controls and early-stage 

breast cancer patients by evaluating blood levels of 

cmiR-195, miR-200b, and miR-331. Advanced breast 

cancer patients had lower serum miR195 levels than 

healthy controls. These results supported a prior study 

[16] that found miRNA195 downregulated in breast 

cancer tissues and cell lines [17]. In another research, 

breast cancer patients exhibited lower miR-195 levels 

than healthy controls [18]. A study discovered that 

breast cancer patients had considerably lower miR195 

and miR497 expression and that the same mechanism of 

CpG methylation upstream of both miR promoters 

influenced these levels [19, 20]. Such an expression 

pattern may make it easy to distinguish malignant 

tumors from benign or normal-state tumors [21]. There 

is an interacting relationship between tumor size and 

stage and miR195 levels in the blood, as stated in [22]. 

Nevertheless, Luo [25] showed that in plasma samples 

from breast cancer patients, miR195 expression was 

lower in those with a greater differentiation grade, later 

clinical stage, and lymph node metastases.  

According to Shao et al. [23], 40 breast cancer samples 

had considerably lower miR-195-5p expression than 

nearby normal breast tissues. Overexpression of miR-

195-5p inhibits cell proliferation and prolongs the G1 

phase. [24] shows miR-195p suppresses breast cancer. 

They showed that miR195 might limit breast cancer cell 

proliferation and colonization in vitro by targeting 

CCNE1. This cyclin gene family member governs the cell 

cycle transition from the G1 to S phase and is an 

oncogene in various patient malignancies. However, 

miR-195 expression reduces cell proliferation and 

invasion in R-75-30 and MCF7 human breast cancer cells 

via targeting Raf-1 and Ccnd1. These findings suggested 

that serum miR-195 may be a potential breast cancer 

therapy target. In addition to breast cancer, miR-195 

fights other cancers [25]. 

In this study, breast cancer patients had considerably 

lower miR-200b expression than controls. Researchers 

linked low miR200b expression to aggressive and 

progressed breast cancer. However, high miRNA-200b 

levels improved prognosis. Similar results link miR-200b 

reduction in breast cancer cell lines and tissues to 

advanced clinical stage and distant metastases [26]. 

They found a negative link between low miR200b 

expression and worse outcomes in breast cancer 
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patients, indicating it suppresses tumor growth. miR-

200b controls the epithelial-mesenchymal transition, 

which initiation of metastasis. Researchers in another 

investigation [27] discovered that transfecting MCF-7 

cells with an inhibitor of miR200b significantly reduced 

miR200b levels, increased ERM expression, and 

improved cell motility and invasion. Cancers of the 

breast cancer [28], prostate [29], and non-small cell lung 

[31] have all been associated with miR200b, a tumor 

suppressor that regulates the epithelial-mesenchymal 

transition [30]. Researchers discovered reduced miR-

200b levels in renal cell cancer patients [31]. Cancer 

miR200b dysregulation may result from epigenetic 

alterations such as DNA methylation, histone 

modifications, or transcriptional suppression [32,33]. 

Since it regulates epithelial-mesenchymal transition, 

the miR-200 family contributes to cancer formation. 

Since miR-200b is an established member of the miR-

200 family, many researchers are interested in its 

function in cancer treatment and carcinogenesis [34]. 

This research found that breast cancer patients' blood 

samples had higher miR331 levels than healthy controls. 

In breast cancer patients, miR331 expression correlated 

with TNM stage and lymph node metastases. Previous 

studies have demonstrated that malignant breast 

tumors overexpress miR331. This and previous studies 

imply that miR331 levels may differentiate benign from 

malignant breast tumors [35]. Increased miR331 

expression in hepatocellular carcinoma is related to 

worse clinicopathological features and worse survival 

[36]. miR331 interacts with the PH domain and leucine-

rich repeat protein phosphatase to activate AKT, which 

promotes mesenchymal-to-epithelial transition, 

proliferation, and metastasis. An anti-miR331 vector in 

a xenograft mouse model greatly reduces proliferation 

and metastasis, making it a tumor-promoting miRNA 

[37]. We detected dysregulated miR331 in many cancers. 

In pancreatic and cervical malignancies, miR331 levels 

are greater [38,39]. CRC and ovarian cancers also 

downregulate miR-331 [40,41]. Due to elevated miR331 

expression, acute myeloid leukemia patients had poor 

treatment response and survival rates [42].  

Changes in the molecules' expression in bodily fluids 

due to illness or tissue injury can make them useful 

biomarkers for cancer diagnosis [43]. The onset of cancer 

is possible in the event of any dysregulation of miRNA 

expression. Only a subset of miRNAs linked to cancer 

should be worried about breast cancer, according to 

studies [44,45]. While reducing their levels in tumor 

tissue or cells that generate them, theoretically, the 

release of selective miRNA into the circulation can 

increase their levels in blood derivatives like plasma or 

serum [46]. Relationships between tissue expression and 

miRNAs in the blood that do not originate in cells 

remain murky. Scientists speculate that changes at the 

extracellular level might be due to environmental 

factors, non-specific effects of neoplasm formation, or 

changes in tumor cell expression [47]. Some have 

proposed that microvesicles or exosomes could be a 

means by which cells secrete these substances [48,49]. 

On the other hand, miRNAs in circulation are usually 

the leftovers from cells that have died or are no longer 

functional, and they are most often seen in plasma 

outside of exosomes and microvesicles [50,51]. Some 

miRNAs in circulation may have an immunological 

response to the tumor as their source or even come from 

blood cells [52]. Although several studies have shown 

that cancer alters miRNA levels in the blood, the exact 

mechanism by which tumor-related miRNAs reach the 

circulation remains unknown. By the way, [52] 

presented two theories: tumor miRNAs enter the 

circulation by tumor cell lysis or through newly formed 

blood arteries from the tumor microenvironment.  

New studies show that miRNA patterns may detect 

breast cancer early. Thus, our pilot investigation 

suggests that blood miRNA expression levels may be 

diagnostic and predictive in early breast cancer patients.   
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