
Research Journal of Biotechnology                                                                                                         Vol. 18 (8) August (2023)  
   Res. J. Biotech. 

https://doi.org/10.25303/1808rjbt1810187     181 

Identification of four candidates circulating microRNAs 
in plasma as a potential biomarker for early-stage breast 

cancer diagnosis in Vietnamese women 
Luan Huu Huynh1,2,3, Thuy Thi Chung Duong2,3, Nga Thi Nguyen2,3, Thanh Thi Ngoc Nguyen1,2,3*  

and Hue Thi Nguyen1,2,3* 
1. Department of Physiology and Animal Biotechnology, Faculty of Biology and Biotechnology, University of Science, Ho Chi Minh City, VIETNAM 

2. Human genetic Laboratory, Faculty of Biology and Biotechnology, University of Science, Ho Chi Minh City, VIETNAM 

3. Vietnam National University, Ho Chi Minh City, VIETNAM 

*nthue@hcmus.edu.vn 

 

Abstract 
Breast cancer is the most commonly occurring 

malignant neoplasm among the female population. 

This study aims to ascertain novel biomarkers that may 

prove advantageous in the early detection of breast 

cancer. The present investigation involved a 

comparative analysis of the plasma expression of four 

distinct microRNA (namely, miR-425-5p, miR-142-3p, 

miR-9-3p and miR-15b-5p) in a cohort of 80 

Vietnamese patients who were newly diagnosed with 

breast cancer. The expression levels of these microRNA 

were compared with those of 80 healthy individuals 

who served as controls. The plasma total RNA was 

extracted and the miRNA expression levels were 

assessed using Stem-loop RT-qPCR followed by 

statistical analysis.  

 

According to the findings of our study, the plasma 

levels of four microRNAs namely miR-425-5p, miR-

142-3p, miR-9-3p and miR-15b-5p, were significantly 

reduced in both breast cancer patients in stage 0-I and 

the general breast cancer patient population as 

compared to healthy controls. The diagnostic accuracy 

of both miR-9-3p levels and miR-15b-5p levels 

was satisfactory with 74% and 88% values 

respectively. The combined effect of miR-425-5p/miR-

142-3p/miR-9-3p/miR-15b-5p revealed the highest 

level of diagnostic precision, attaining a rate of 98% 

and an area under the curve value of 0.98 (with a 

sensitivity of 87.5% and specificity of 100%). In 

summary, the microRNAs miR-425-5p, miR-142-3p, 

miR-9-3p and miR-15b-5p exhibit potential as non-

invasive diagnostic biomarkers for breast cancer, 

particularly in the initial stages of the disease. 
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Introduction 
In women, breast cancer (BC) is by far the most prevalent 

form of cancer to be diagnosed and it is also the primary 

reason for mortality from cancer in the majority of 

countries5. It is critical to detect breast cancer at an early 

stage in order to enhance patient outcomes. It has been 

shown conclusively that individuals diagnosed at stage I of 

the disease have a relative survival rate of one hundred 

percent after five years. Despite the fact that screening 

programs have shown to be beneficial, only about 44% of 

people who have BC are detected at an early stage of the 

disease8,16. Consequently, it becomes essential to develop 

new screening procedures for BC that are both specific and 

effective. 

 

MicroRNAs (miRNAs) have been proposed as key 

regulators of cellular activity over the past few decades. 

MiRNAs are non-coding RNAs that range in length from 21 

to 25 nucleotides. They are involved in a wide variety of 

biological processes and influence gene expression on 

multiple levels. When considering cancer, it is important to 

note that miRNAs become dysregulated in tumor tissues. In 

these tissues, they can operate as oncogenes or tumor 

suppressors by targeting genes involved in cancer-related 

activities such as the development of a tumor, proliferation, 

cell death, angiogenesis, or invasion2,20-22.  

 

In addition, several authors have already shown that 

miRNAs may be effective as biomarkers for diagnosis, 

prognosis and response to therapy in various malignancies 

including breast cancer 3, 10, 17. Importantly, microRNAs can 

be identified in biological fluids such as serum, plasma, or 

whole blood, making them intriguing candidates for non-

invasive or minimally invasive biomarkers.1 

 

Recent studies have revealed that abnormal expression of 

miR-425-5p, miR-142-3p, miR-9-3p and miR-15b-5p in 

breast tumor tissue or breast cancer cell lines is related with 

the development of BC15,19,23-25. On the other hand, there 

have only been a few findings addressing the role of plasma 

miRNAs in BC. In this study, we studied and compared the 

expression of these four plasma miRNAs in patients 

diagnosed with breast cancer and healthy controls.  

 

In addition, a statistical analysis was done to investigate the 

possibility of associations between the levels of these plasma 

miRNAs and the phases of BC. This study contributes to the 

establishment of miRNA profiles of Vietnamese breast 

cancer patients as well as the provision of novel insights. In 

the meantime, it will be helpful in the search for novel 

methods that can complement the existing standard 

diagnosis. 
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Material and Methods 
Sample collection: This study was approved by the Ethical 

Committee of The Oncology Hospital, Ho Chi Minh City, 

Vietnam (ethical no: 113/BVUB-HĐĐĐ). At The Oncology 

Hospital in Ho Chi Minh City, Vietnam, eighty blood 

samples from patients with pathologically confirmed breast 

cancer were collected. Healthy female volunteers provided 

eighty blood samples as a healthy control at the same facility. 

These volunteers have no prior cancer history. All 

participants were women of Vietnamese descent who gave 

their consent in writing to engage in the present study. 

 

RNA extraction: Blood samples were centrifuged for 10 

minutes at 3000 rpm at room temperature. Plasma was 

transferred to a new tube, aliquoted into microcentrifuge 

tubes and stored at -80°C prior to RNA extraction. Using a 

modified Trizol-based method, we extracted total RNA 

containing small RNA from 300 μl of thawed plasma 

containing small RNA. The RNA was eluted with 20 μl 

DEPC followed by the RNA to cDNA conversion. All RNA 

concentrations were measured using a NanoDrop 1000 

(Thermo Scientific, USA). 

 

Stem-loop Reverse Transcription Quantitative 

Polymerase Chain Reaction (Stem-loop RT-qPCR): 

cDNA was synthesized with stem-loop primer in 20 µl 

reaction by using the SensiFAST cDNA Synthesis kit 

(BIOLINE, England) according to the manufacturer’s 

protocol. The reaction mixture was incubated at 16 °C for 10 

min, at 42 °C for 15 min and at 85 °C for 5 min in a thermal 

cycler. cDNA was stored in 4 °C before RT-qPCR. To 

determine miRNA expression levels, SYBR green-based 

qPCR was performed by using SensiFAST HRM Kit 

(BIOLINE, England). A total of 2 µL of cDNA was 

amplified with 1X MasterMix, 0.2 – 0.4 µM of primer 

(Sigma, USA) and nuclease-free water. qPCR reaction was 

conducted on a Line-Gene 9660 System (Bioer, China) 

under the following conditions: 95 °C for 2 min, 40 cycles 

of 95 °C for 5 s, 60 °C for 10 s and then HRM analysis was 

performed by default. The miR-16 was used as an 

endogenous control.  

 

The relative expression of certain miRNA was first 

normalized to the endogenous control and then the results 

were compared to healthy control subjects. The relative 

levels of miRNA expression in individual case or control 

group were determined using the 2−ΔCT method with ΔCT 

equal CT value of target miRNA minus CT value of miR-16. 

The relative miRNA expression level between case and 

control group was determined as 2−ΔΔCt. ΔΔCt equals the 

average value of the case group (Ct target miRNA minus Ct 

miR-16) minus the average value of the control group (Ct 

target miRNA minus Ct miR-16). 

 

Statistical analysis: GraphPad Prism 9 software was used 

to conduct statistical analysis. Using an unpaired t-test of 2-

ΔCt, we could evaluate whether there was a significant 

difference between the fold change expression of miRNA in 

BC samples and healthy control samples. The one-way 

ANOVA analysis of variance was conducted to identify any 

significant dysregulation of the miRNA that occurred within 

two or more BC stages. p-values less than or equal to 0.05 

were considered statistically significant. The 2-ΔCt data were 

used to plot receiver operating characteristic (ROC) curves 

for each miRNA to establish its diagnostic accuracy and 

parameters.  

 

Spearman's correlation coefficient was calculated for each 

pair of miRNAs based on fold change of expression values. 

The ROC curve of the combined miRNA was constructed 

using binary logistic regression. Youden's index was 

computed to determine each miRNA's optimal cut-off, 

sensitivity, specificity and accuracy. 

 

Results and Discussion 
Early breast cancer detection is a significant concern for 

clinicians. The majority of patients having later stages of 

cancer made the treatment process more challenging 18. This 

study aims to find miRNA biomarkers to diagnose breast 

cancer early using less invasive methods. Several studies 

have suggested that the presence of miRNA in a cancer 

patient's blood circulation is indicative of breast cancer 

progression4,6,7,9. Stem-loop RT qPCR was used to examine 

miRNA expression in breast cancer patients and healthy 

controls' blood plasma. We examined the expression of four 

miRNAs, miR-425-5p, miR-142-3p, miR-9-3p and miR-

15b-5p which may be valuable breast cancer markers. 

 

Patient Characteristics: We analyzed the levels of 

microRNAs in 80 breast cancer patients and 80 healthy 

controls. Patients were compared to a healthy control group 

of the same age. The average age of the patients was 44.05 

years while the average age of the healthy controls was 41.30 

years (Table 1). At the time of diagnosis, 20% of the cases 

were in stages 0-I and 80% were in stages II-III. 

 

MiRNA Expression in the Plasma of Breast Cancer 
Patients as compared with Healthy Subjects: After 

normalization, the four miRNAs, miR-425-5p, miR-142-3p, 

miR-9-3p and miR-15b-5p showed lower expression with a 

relative expression (-ΔΔCt) of < -3 and a fold change (2-ΔΔCt) 

of ≤ 0.1 (Table 2). Accordingly, these four miRNAs are 

downregulated and the independent T-Test was used to 

determine the significant difference between cancer and 

healthy control groups. Four microRNAs were found to have 

significantly different p-values including miR-425-5p (p = 1 

 10-12), miR-142-3p (p = 1.35  10-9), miR-9-3p (p = 1.85 

 10-7) and miR-15b-5p (p = 2.54  10-20) (Table 2).  

 

Circulating miR-425-5p and miR-142-3p levels tended to 

increase in the control sample and decrease in the patient 

sample. Circulating miR-425-5p levels was significantly 

lower in samples from BC (mean: -1.335, 95% CI: -1.433 to 

-1.237) compared to healthy controls (mean: 0.3481, 95% 

CI: -0.05005 to 0.7462) (p = <0.0001) (Figure 1). miR-142-

3p levels were significantly higher in BC (mean: -1.299, 
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95% CI: -1.406 to -1.193) than in volunteers’ plasma 

samples (mean: 0.1392, 95% CI: -0.2804 to 0.5588) (p < 

0.0001) (Figure 1). In the opposite trend, miR-9-3p and miR-

15b-5p levels tended to decrease in both healthy and 

diseased samples, but in diseased samples, there was a 

greater reduction.  

 

Circulating miR-9-3p levels was significantly lower in 

samples from BC (mean: -2.836, 95% CI: -2.944 to -2.728) 

compared to healthy controls (mean: -1.827, 95% CI: -2.178 

to -1.477) (p = <0.0001) (Figure 1). miR-15b-5p levels were 

significantly higher in BC (mean: -2.141, 95% CI: -2.294 to 

-1.988) than in volunteers’ plasma samples (mean: -0.7198, 

95% CI: - -0.9350 to -0.5047) (p < 0.0001) (Figure 1). 

 

Table 1 

Characteristics of patients with breast cancer and controls 

Variables 
Case (n = 80) Control (n = 80) 

P 
Number (%) Number (%) 

Age (year) Mean ± SD 44.05 ± 10.5 41.3 ± 10.5 0.1 

Stage 
0-I 16 (20%)   

II-III 64 (80%)   

 

 
Figure 1: Analysis of normalized miR-425-5p, miR-142-3p, miR-9-3p and miR-15b-5p expression in plasma between 

BC patients and healthy controls. HT: Healthy controls. BC: Breast cancer patients. S0-I: Breast cancer patients 

stage 0 and I. SII-III: Breast cancer patients stage II and III. p-value style GP: 0.1234 (ns), 0.0332 (*),  

0.0021 (**), 0.0002 (***), <0.0001 (****). 
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Table 2 

MiRNAs expression in plasma of breast cancer patient as compared to healthy control 

miRNA 

Minus delta 

delta Ct 

(-ΔΔCt) 

Fold 

change 

(2-ΔΔCt) 

Regulation 

(vs. control) 

Cohen's 

Effect 

size 

p-value 

(-ΔCt case vs. -ΔCt 

control) 

p-value 

(-ΔCt case stage 0-I 

vs. -ΔCt control) 

miR-425-5p -5.59 0.02 down 1.29 <0.0001 0.0002 

miR-142-3p -4.78 0.04 down 1.05 <0.0001 0.0202 

miR-9-3p -3.35 0.10 down 0.86 <0.0001 0.0013 

miR-15b-5p -4.72 0.04 down 1.69 <0.0001 <0.0001 

 

Our study findings indicate a statistically significant 

decrease in miR-425-5p and miR-142-3p levels among 

breast cancer patients compared to the healthy control group. 

These investigations were similar to Mangolini et al's14 

findings in Americans, where they also found miR-425-5p 

down-regulated in breast cancer patients.  

 

Nevertheless, our findings are in opposition to the pattern 

identified in prior investigations. Another studies on African 

American26 and Malaysian12 subjects revealed that the 

plasma concentrations of miR-425-5p and miR-142-3p, 

respectively were generally higher in cases than in controls. 

The preceding trends indicate that various populations may 

have distinct miRNA profile patterns.  

 

The expression of miR-9-3p was comparatively lower in 

breast cancer patients' plasma compared to that of healthy 

controls. The aforementioned assertion is corroborated 

by research conducted by Li et al13 in which the aberrant 

modulation of miR-9 is identified as a substantial catalyst for 

the development of breast cancer. The present study's results 

align with a prior observation that miR-9-3p exhibited 

decreased expression in diverse breast cancer cell lines25. 

The findings of our study indicate that miR-15b-5p exhibits 

decreased expression in breast cancer in comparison to 

individuals without the disease.  

 

The present findings are in opposition to the research 

conducted by Wu et al23 who reported a rise in the expression 

of miR-15b-5p in breast cancer tissues. The researchers 

additionally discovered that miR-15b-5p facilitates the 

proliferation and metastasis of breast cancer cells through 

the targeting of HPSE2. The dissimilarities could potentially 

be attributed to variations in the sample and patient origins 

utilized in each respective study. 

 

Expression of miRNAs in Early-Stage BC Patients: The 

potential of miR-425-5p, miR-142-3p, miR-9-3p and miR-

15b-5p to detect breast cancer in its early stages was 

analyzed. The 16 stage 0-I BC patients included in the initial 

screening population were chosen for this study. The miR-

425-5p, miR-142-3p, miR-9-3p and miR-15b-5p levels were 

statistically lower in stage 0-I BC patients (miR-425-5p 

mean: -0.9176, 95% CI: -0.9286 to -0.9066; miR-142-3p 

mean: -0.7785, 95% CI: -0.7876 to -0.7695; miR-9-3p mean: 

-2.849, 95% CI: -3.189 to -2.510; and miR-15b-5p mean: -

1.934, 95% CI: -2.136 to -1.732) than in healthy donors 

(Table 2 and figure 1). Then, comparisons of miRNA level 

between stage 0-I and II-III BC patients were conducted to 

analyze the potential of miR-425-5p, miR-142-3p, miR-9-3p 

and miR-15b-5p to discriminate BC stages. There was no 

significant difference between stage 0-I and II-III BC 

patients in terms of miR-425-5p, miR-142-3p, miR-9-3p and 

miR-15b-5p levels (Figure 1). The findings indicate that the 

four miRNAs show considerable promise as a plasma 

biomarker for diagnosis during the early phases of breast 

cancer. 

 

Diagnostic Accuracy of miRNA in BC: This analysis was 

conducted on miR-425-5p, miR-142-3p, miR-9-3p and miR-

15b-5p to identify the most accurate miRNA biomarkers to 

distinguish between breast cancer and healthy control. We 

found that miR-425-5p and miR-142-3p with AUC value > 

0.6 (p < 0.001) were considered as acceptable biomarkers for 

early detection of breast cancer (Table 3 and figure 2 A-B). 

In addition, miR-9-3p and miR-15b-5p were able to 

discriminate between BC patients and controls with an AUC 

of > 0.70 (p < 0.0001) (Table 3 and figure 2 C-D). At the 

cutoff value -0.77 for miR-9-3p, the sensitivity and 

specificity were 87.50% and 82.50%. At the cutoff -1.349 for 

miR-15b-5p, the sensitivity and specificity were 87.50% and 

86.25%. Thus, these miRNAs, miR-425-5p, miR-142-3p, 

miR-9-3p and miR-15b-5p, can be considered as the suitable 

biomarkers to undergo a validation process. Similar 

observations were reported by Orangi et al19 for miR-425-

5p26, miR-142-3p12 and miR-9. 

 

Spearman's correlation coefficients were computed to 

examine the correlations among the expressions of the four 

miRNAs that were significantly dysregulated (Table 4). The 

results indicate a noteworthy and robust positive association 

between miR-425-5p and miR-142-3p with a correlation 

coefficient of 0.61 and a p-value of less than 0.0001. The 

study also found a statistically significant and positive 

correlation between miR-9-3p and miR-15b-5p with a 

correlation coefficient of 0.25 and a p-value of less than 0.01. 

The ROC analysis was performed to evaluate the collective 

diagnostic potential of the miRNAs showing statistically 

significant and robust correlations, as determined through 

correlation testing. Table 3 presents the calculated optimal 

cut-off values, specificity, sensitivity, diagnostic accuracy 

and 95% confidence intervals for each combination of 

miRNAs. The combination of miR-425-5p, miR-142-3p, 

miR-9-3p and miR-15b-5p exhibited the most 

excellent diagnostic efficacy with an area under the curve 

(AUC) of 0.98 (Figure 2). 
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Figure 2: Diagnostic accuracy of miR-425-5p, miR-142-3p, miR-9-3p, miR-15b-5p and combine miRNA for BC 

detection in plasma 
 

Table 3 

Diagnostic parameters to evaluate the BC diagnostic ability of individual and combined studied miRNA 

miRNA AUCa 95% CIb p-value Youden’s Index Cut-off Sen.c (%) Spe.d (%) 

miR-425-5p 0.68 0.60 - 0.77 <0.0001 0.50 > -0.18 50.0 100 

miR-142-3p 0.63 0.54 - 0.71 0.0057 0.38 > 0.56 37.5 100 

miR-9-3p 0.74 0.65 - 0.83 <0.0001 0.70 > -0.77 87.5 82.5 

miR-15b-5p 0.88 0.82 - 0.94 <0.0001 0.74 > -1.60 100 73.8 

miR-425-5p + 

miR-142-3p 
0.76 0.69 - 0.84 <0.0001 0.63 >0.64 62.5 100 

miR-9-3p + 

miR-15b-5p 
0.97 0.94 - 0.99 <0.0001 0.86 >0.25 100 86.3 

miR-425-5p + 

miR-142-3p + 

miR-9-3p + 

miR-15b-5p 

0.98 0.97 - 0.99 <0.0001 0.88 >0.62 87.5 100 

a. AUC, area under the curve; b. CI, confidence interval; c. Sen., Sensitivity; d. Spe., Specificity 
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Table 4 

Spearman’s correlation coefficients between each pair of miRNAs 

 miR-142-3p miR-425-5p miR-9-3p miR-15b-5p 

miR-142-3p 1 0.61**** 0.047 -0.11 

miR-425-5p  1 0.12 0.15 

miR-9-3p   1 0.25** 

miR-15b-5p    1 

**denotes significant correlation coefficient (p-value < 0.01); ****denotes significant correlation coefficient (p-value < 0.0001) 

 

These findings are consistent with a prior investigation 

conducted on Lebanese females which demonstrated that the 

combination of four miRNAs including miR-425-5p showed 

the most significant sensitivity, specificity and diagnostic 

accuracy (97%, 91% and 95% respectively) among all 

individual and combined miRNAs for the identification of 

early-stage breast cancer patients11. 

 

Despite limitations, such as a relatively small sample size 

and a narrow focus on breast cancer stages, this investigation 

has revealed unique miRNA expression patterns indicating 

their potential as non-invasive diagnostic molecular 

biomarkers for patients with early-stage breast cancer. It is 

imperative to assess dysregulated microRNAs in larger 

experimental cohorts. This phenomenon can be attributed to 

the latter's association with greater tumor size, superior 

individual diagnostic precision and its inclusion in the 

combination of mRNAs that achieved the highest diagnostic 

accuracy.  

 

Although dysregulated circulating miRNAs have the 

potential to serve as a diagnostic signature for early-stage 

breast cancer cases, there are some inconsistencies with prior 

research findings. The observed variations may be attributed 

to dissimilarities in the selected sample size, ethnic 

background, age cohorts and disparities in the molecular and 

histopathological subtypes of breast cancer. 

 

Conclusion 
The present investigation has successfully identified four 

miRNAs namely miR-425-5p, miR-142-3p, miR-9-3p and 

miR-15b-5p, which have potential as biomarkers and 

warrant further validation. The four-miRNA 

combination that was proposed, has been shown to possess 

significant potential as a biomarker for the diagnosis of 

breast cancer which is crucial for early detection without 

invasive procedures.  

 

This study successfully identified miRNAs and 

combinations with high diagnostic accuracy, further 

validation studies in independent cohorts of breast cancer 

patients and more extensive multi-institutional settings are 

necessary to confirm its potential for clinical 

implementation. 
 

Acknowledgement 
This research was funded by Vietnam National University 

Ho Chi Minh City (VNU-HCM) under grant number C2022- 

18-26. 

References  
1. Alba-Bernal A., Lavado-Valenzuela R., Dominguez-Recio 

M.E., Jimenez-Rodriguez B., Queipo-Ortuno M.I., Alba E. and 

Comino-Mendez I., Challenges and achievements of liquid biopsy 

technologies employed in early breast cancer, EBioMedicine, 62, 

103100 (2020) 

 

2. Baranwal S. and Alahari S.K., miRNA control of tumor cell 

invasion and metastasis, Int J Cancer, 126, 1283-90 (2010) 

 

3. Bidarra D., Constâncio V., Barros-Silva D., Ramalho-Carvalho 

J., Moreira-Barbosa C., Antunes L., Maurício J., Oliveira J., 

Henrique R. and Jerónimo C., Circulating MicroRNAs as 

Biomarkers for Prostate Cancer Detection and Metastasis 

Development Prediction, Frontiers in Oncology, 9, 900 (2019) 

 

4. Brase J.C., Wuttig D., Kuner R. and Sültmann H., Serum 

microRNAs as non-invasive biomarkers for cancer, Mol Cancer, 

9, 306 (2010) 

 

5. Bray F., Ferlay J., Soerjomataram I., Siegel R.L., Torre L.A. and 

Jemal A., Global cancer statistics 2018: GLOBOCAN estimates of 

incidence and mortality worldwide for 36 cancers in 185 countries, 

CA Cancer J Clin, 68, 394-424 (2018) 

 

6. Chen C., Ridzon D.A., Broomer A.J., Zhou Z., Lee D.H., 

Nguyen J.T., Barbisin M., Xu N.L., Mahuvakar V.R., Andersen 

M.R., Lao K.Q., Livak K.J. and Guegler K.J., Real-time 

quantification of microRNAs by stem-loop RT-PCR, Nucleic 

Acids Res, 33, e179 (2005) 

 

7. Cuk K., Zucknick M., Heil J., Madhavan D., Schott S., 

Turchinovich A., Arlt D., Rath M., Sohn C., Benner A., 

Junkermann H., Schneeweiss A. and Burwinkel B., Circulating 

microRNAs in plasma as early detection markers for breast cancer, 

Int J Cancer, 132, 1602-12 (2013) 

 

8. Ginsburg O., Yip C.H., Brooks A., Cabanes A., Caleffi M., 

Dunstan Yataco J.A., Gyawali B., McCormack V., McLaughlin de 

Anderson M., Mehrotra R., Mohar A., Murillo R., Pace L.E., 

Paskett E.D., Romanoff A., Rositch A.F., Scheel J.R., Schneidman 

M., Unger-Saldaña K., Vanderpuye V., Wu T.Y., Yuma S., 

Dvaladze A., Duggan C. and Anderson B.O., Breast cancer early 

detection: A phased approach to implementation. Cancer, 126 

(Suppl 10), 2379-2393 (2020) 

 

9. Hamam R. et al, microRNA expression profiling on individual 

breast cancer patients identifies novel panel of circulating 

microRNA for early detection, Scientific Reports, 6, 25997 (2016) 
 

10. Hayes J., Peruzzi P.P. and Lawler S., MicroRNAs in cancer: 

biomarkers, functions and therapy, Trends Mol Med, 20, 460-9 

(2014) 

https://doi.org/10.25303/1808rjbt1810187


Research Journal of Biotechnology                                                                                                         Vol. 18 (8) August (2023)  
   Res. J. Biotech. 

https://doi.org/10.25303/1808rjbt1810187     187 

11. Itani M.M., Nassar F.J., Tfayli A.H., Talhouk R.S., Chamandi 

G.K., Itani A.R.S., Makoukji J., Boustany R.N., Hou L., Zgheib 

N.K. and Nasr R.R., A Signature of Four Circulating microRNAs 

as Potential Biomarkers for Diagnosing Early-Stage Breast Cancer, 

Int J Mol Sci, 22, 6121 (2021) 

 

12. Jusoh A.R., Mohan S.V., Lu Ping T., Tengku Din T., Haron J., 

Romli R.C., Jaafar H., Nafi S.N., Tuan Salwani T.I. and Yahya 

M.M., Plasma Circulating Mirnas Profiling for Identification of 

Potential Breast Cancer Early Detection Biomarkers, Asian Pac J 

Cancer Prev, 22, 1375-1381 (2021) 

 

13. Li X., Zeng Z., Wang J., Wu Y., Chen W., Zheng L., Xi T., 

Wang A. and Lu Y., MicroRNA-9 and breast cancer, Biomedicine 

& Pharmacotherapy, 122, 109687 (2020) 

 

14. Mangolini A., Ferracin M., Zanzi M.V., Saccenti E., Ebnaof 

S.O., Poma V.V., Sanz J.M., Passaro A., Pedriali M., Frassoldati 

A., Querzoli P., Sabbioni S., Carcoforo P., Hollingsworth A. and 

Negrini M., Diagnostic and prognostic microRNAs in the serum of 

breast cancer patients measured by droplet digital PCR, Biomarker 

Research, 3, 12 (2015) 

 

15. Mansoori B., Mohammadi A., Ghasabi M., Shirjang S., 

Dehghan R., Montazeri V., Holmskov U., Kazemi T., Duijf P., 

Gjerstorff M. and Baradaran B., miR-142-3p as tumor suppressor 

miRNA in the regulation of tumorigenicity, invasion and migration 

of human breast cancer by targeting Bach-1 expression, J Cell 

Physiol, 234, 9816-9825 (2019) 

 

16. Miller K.D., Nogueira L., Mariotto A.B., Rowland J.H., 

Yabroff K.R., Alfano C.M., Jemal A., Kramer J.L. and Siegel R.L., 

Cancer treatment and survivorship statistics, CA Cancer J Clin, 69, 

363-385 (2019) 

 

17. Ng E.K., Li R., Shin V.Y., Jin H.C., Leung C.P., Ma E.S., Pang 

R., Chua D., Chu K.M., Law W.L., Law S.Y., Poon R.T. and 

Kwong A., Circulating microRNAs as specific biomarkers for 

breast cancer detection, PLoS One, 8, e53141 (2013) 

 

18. Nguyen S.M., Nguyen Q.T., Nguyen L.M., Pham A.T., Luu 

H.N., Tran H.T.T., Tran T.V. and Shu X.O., Delay in the diagnosis 

and treatment of breast cancer in Vietnam, Cancer Med, 10, 7683-

7691 (2021) 

 

19. Orangi E. and Motovali-Bashi M., Evaluation of miRNA-9 and 

miRNA-34a as potential biomarkers for diagnosis of breast cancer 

in Iranian women, Gene, 687, 272-279 (2019) 

 

20. Ozawa P.M.M., Jucoski T.S., Vieira E., Carvalho T.M., 

Malheiros D. and Ribeiro E., Liquid biopsy for breast cancer using 

extracellular vesicles and cell-free microRNAs as biomarkers, 

Transl Res, 223, 40-60 (2020) 

 

21. Peng Y. and Croce C.M., The role of MicroRNAs in human 

cancer, Signal Transduct Target Ther, 1, 15004 (2016) 

 

22. Ramassone A., Pagotto S., Veronese A. and Visone R., 

Epigenetics and MicroRNAs in Cancer, Int J Mol Sci, 19, 459 

(2018) 

 

23. Wu B., Liu G., Jin Y., Yang T., Zhang D., Ding L., Zhou F., 

Pan Y. and Wei Y., miR-15b-5p promotes growth and metastasis 

in breast cancer by targeting HPSE2, Frontiers in Oncology, 10, 

108 (2020) 

 

24. Xiao S., Zhu H., Luo J., Wu Z. and Xie M., miR-425-5p is 

associated with poor prognosis in patients with breast cancer and 

promotes cancer cell progression by targeting PTEN, Oncol Rep, 

42, 2550-2560 (2019) 

 

25. Zawistowski J.S., Nakamura K., Parker J.S., Granger D.A., 

Golitz B.T. and Johnson G.L., MicroRNA 9-3p targets beta1 

integrin to sensitize claudin-low breast cancer cells to MEK 

inhibition, Mol Cell Biol, 33, 2260-74 (2013) 

 

26. Zhao H., Shen J., Medico L., Wang D., Ambrosone C.B. and 

Liu S., A pilot study of circulating miRNAs as potential 

biomarkers of early stage breast cancer, PLoS One, 5, e13735 

(2010). 

 

(Received 05th June 2023, accepted 09th July 2023) 

 

https://doi.org/10.25303/1808rjbt1810187

