
Iran Red Crescent Med J. 2021 October; 23(10):e547                                                                                         doi: 10.32592/ircmj.2021.23.10.547 
 

Published online 2021 October 20                                                                                                                                                             Original Article 

 

 

 

Copyright © 2021, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License 

(http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly 

cited 

 

Upregulation of miR-21 and miR-106b in Plasma and Tissues as a Possible 
Prognostic Marker in Aggressive Breast Cancer 

Andia Seyedi Moghaddam1, Mahdieh Salimi2,*, Najmeh Ranji1 and Hossein Mozdarani3 

1 Department of Biology, Faculty of Sciences, Rasht Branch, Islamic Azad University, Rasht, Iran 
2 Department of Medical Genetics, Institute of Medical Biotechnology, National Institute of Genetic Engineering and Biotechnology (NIGEB), Tehran, Iran 
3 Department of Medical Genetics, Tarbiat Modares University, Tehran, Iran 

* Corresponding author: Mahdieh Salimi, Department of Medical Genetics, Institute of Medical Biotechnology, National Institute of Genetic 
Engineering and Biotechnology (NIGEB), Tehran, Iran. Tell: +982144787382; Email: salimi@nigeb.ac.ir 

 
Received 2021 January 01; Revised 2021 April 21; Accepted 2021 May 07. 

 

Abstract 

Background: The miRNAs are referred to small non-coding RNAs (consisting of 18 to 25 nucleotides). Functional studies have shown 
their functions to be oncogenes or tumor suppressor genes in different types of cancers. The miR-106b and miR-21 have been identified 
to participate in the biological behaviors of cells.  
Objectives: This study aimed to evaluate the tissue and plasma levels of miR-21 and miR-106b in patients with breast cancer who were 
diagnosed with ductal carcinoma.  
Methods: In total, 40 cases of breast cancer patients 180 samples were examined in this project. Samples included ductal carcinoma 
breast tumors (n=40), normal breast tissues of the margin of the tumor (n=40) and 20 samples from unaffected mammary tissue of 
females undergoing reduction mammoplasty (control group), plasma samples of patients with breast cancer (n=40), and plasma of non-
affected individuals (n=40). The expression levels of miR-106b and miR-21 were determined using SYBR Green real-time RT-PCR assay in 
breast tissues and plasma of cancerous patients in comparison to the controls. 
Results: MiR-106b and miR-21 revealed much higher expression in tissues and plasma of patients with breast cancer in comparison to 
that in the group of control (P<0.001). High levels of mir-106b and miR-21 expression in plasma and tumor tissues were highly correlated 
with tumors in higher stages and lymph node involvement (P<0.0001). 
Conclusion: Based on the obtained results, upregulation of miR-106b and miR-21 in the plasma of patients with breast cancer can act as 
a possible non-invasive biomarker for breast cancer prognosis. Further follow-up studies are required to confirm this.  
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1. Background 

Cancer is a disease that is related to genetics, 
which may be caused by inherited or acquired 
mutations (1). Breast cancer is a heterogeneous 
condition and the most current malignancy among 
females. It is the major cause of death by cancer in the 
world. Approximately, 5-10% of breast cancer cases 
are congenital with obvious molecular subtypes (1). 
Breast cancer could be categorized according to such 
factors as cellular receptors,  tumor tissue origin, 
metastasis, tumor stage and grade, morphological 
features, and gene expression profile. Five main 
intrinsic subtypes of breast cancer based on cellular 
receptors include Luminal B, Luminal A, HER2+, 
basal-like, and normal-like breast cancer (2). 

The most studied class classes of non-coding 
RNAs (ncRNAs) are microRNAs with about 18-25 
nucleotides in length, which belong to the 
classification of small non-coding RNAs (ncRNAs). 
Various bioinformatics and cloning studies have 
shown that the human genome may contain more 
than 1,000 miRNAs and their expression is influenced 
by intracellular factors and various environmental 
variables (3) Similar to the genes, they can act as 
tumor suppressors and oncogenes (3,4). The miRNA 
genes exist throughout the genome and they 

constitute about 2–5% of all human genes and after 
transcription, they regulate approximately 10–30% 
of the surface protein-coding genes. By partial 
complementary sequence to the 3'UTR region of the 
mRNA, they contribute to a diversity of biological 
processes, including cell proliferation, apoptosis, and 
hematopoiesis, as well as tumorigenesis and drug 
resistance (3,4). Upregulation of miRNAs that  
act as oncogenes helps tumor development by 
inhibiting tumor suppressor genes (5,6). To date, 
bioinformatics studies have suggested that a group of 
miRNAs may serve as a diagnostic and prognostic 
marker in breast cancer (7).  

The encoding gene of miR-21 is located on 
chromosome 17 (17q23.1) on the plus strand. MiR-
21-5p is one of the well-known proto-oncogenes and 
numerous studies have confirmed its significant 
effect on the incidence and growth of tumors (8). 
Based on various studies, miR-21 upregulation can 
induce cell proliferation, cancer invasion and inhibit 
apoptosis in several varieties of cancer, including 
colorectal (CRC) (9), prostate (10), and ovarian 
cancers (11) via targeting tumor suppressor genes, 
such as PTEN, PDCD4, RECK, FOXO1, RhoB as well as 
Cdc25a (6,9,11). 

MiR-106b is a member of the miR-106b-25 cluster 
located on chromosome 7 and its upregulation was 
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described in various cancer types (12) such as renal 
cell carcinoma/clear cell renal cell carcinoma 
(RCC/ccRCC) (13), laryngeal carcinoma (14), CRC 
(15), glioma (16), hepatocellular carcinoma (17) and 
cervical cancer (18), although its downregulation was 
reported in ovarian carcinoma (19) and gastric 
cancer (20). Thus, miR-106b functions as an 
oncogene (21). However, some studies have reported 
its tumor-suppressor function in some cancer types, 
including papillary thyroid cancer (PTC) (22). Also, it 
was reported that miR-106b can induce cell 
proliferation, migration, invasion, angiogenesis, as 
well as EMT-like changes (21). 

The correlation between microRNA expression in 
tumors and plasma was confirmed in different types 
of cancer (23-25).  

 

2. Objectives 

This study compared the expression levels of miR-
21 and miR-106b in breast tumor tissues and plasma 
samples with control groups. In addition, the 
association of expression levels of the microRNAs 
with clinicopathological features was analyzed. 

 

3. Methods 

3.1. Patients and samples 
Inclusion criteria for breast cancer patients were 

diagnosis of ductal carcinoma breast cancer, not 
starting any treatments, and access to the patients’ 
clinic and pathologic information. Also for the 
normal control group matching age and no history 
of cancer not in them nor their first-degree family 
were considered. 

In total, 180 samples consist of 80 plasma samples 

(40 samples from breast cancer patients and 40 
samples from unaffected matched individuals as 
normal control) and 100 breast tissue samples (40 
samples from breast tumor tissues, 40 samples from 
normal adjacent tissues, and 20 samples from 
unaffected mammary tissue of women who 
underwent reduction mammoplasty as a control 
group) were collected from Asia Hospital, Tehran, 
Iran (2017-2018). This study has been approved by 
the Ethics Committee of the NIGEB according to the 
Helsinki Declaration (IR.NIGEB.1397.11.10.E). The 
informed written consent was obtained from all 
participants. The clinicopathologic features of 
patients were obtained after surgery and confirmed 
by a pathologist. Table 1 presents the demographic 
characteristics of the patients Whole blood samples 
were collected in sterile tubes with EDTA from 
patients before surgery, while fresh tissue samples 
were collected in cryotubes and transferred to the 
laboratory in liquid nitrogen. Plasma was separated 
from blood using 2 step centrifugation (first 
centrifuged at 3000 rpm at 4 °C for 10 min; then 
centrifuged at 12000 rpm at 4 °C for 10 min). 

 
3.2. Total RNA extraction 

The total RNA (including miRNA) was extracted 
from breast tumor tissue samples and plasma using 
Sigma-Aldrich total RNA purification kit (Germany) 
based on the instructions provided by the manufacturer. 
Absorbance measurements using a NanoDrop 2000 
(Thermo Scientific, USA) were performed to confirm 
both RNA concentration and purity. 

 
3.3. Reverse Transcription 

BonmiR cDNA kits (Bon biotech, Iran) were used  

 
Table 1. Characteristics of breast cancer patients and controls. 

 Patient N (%) Control N (%) 
number 40 40 
Age (years)   

Mean 45.9±11.6 48.5± 16.4 
Range 27-84 25-82 

Stage at diagnosis   
Stage I 3 (7.5)  
Stage II 17 (42.5%)  
Stage III 14 (35%)  
Stage IV 6 (15%)  

Lymph node status   
N0 18 (45%)  
N+ 22(55%)  

Distance metastasis   
yes 5 [1 bone, 4 lung] (12.5%)  
No 35 (87.5%)  

Hormone receptor status (IHC)   
ER positive 24 (60%)  
ER negative 16 (40%)  
PR positive 21 (52.5%)  
PR negative 19 (47.5%)  

HER-2 status (IHC)   
+++ 12 (30%)  
Negative 24 (60%)  
Triple-negative breast cancer 4 (10%)  
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for microRNAs reverse transcription. All the steps 
were performed based on the instructions provided 
by the manufacturer. The SNORD47 was applied as 
the internal control. 

 
3.4. miRNA Expression Level Measurement by Real-
time RT-PCR 

Following the RT step, miRNAs expression levels 
were measured through SYBR Green real-time RT-
PCR. The primer set for expression analysis of 
microRNAs was designed and synthesized by Stem 
Cell Technology Company (Tehran, Iran). The 
ordered set consisted of miR-21 and miR-106b 
specific forward primer, universal reverse primer, 
and internal control forward primer (SNORD47). 
The thermal cycling conditions involved an initial 
denaturation stage at 95 °C for 2 min as well as 40 
cycles at 95 °C for 5 s and 60 °C for 30 s. The 
amplification of a linear standard curve (from 0.24 
to 1,000 ng) of total cDNA measured by ultraviolet 
spectrophotometer was adopted to determine 
amplification efficiency for each pair of primer. It 
was demonstrated that standard curves possess 
satisfactory linearity and amplification (100%). The 
expression level was calculated by the 2-△△CT 
method. It is worth mentioning that the data were 
shown as the fold change in gene expression 
normalized to an endogenous reference 
 gene and relative to the controls. The 2-fold and 
higher, between 0.5- and 2-fold, and 0.5-fold and 
lower expression of RNA were considered  
as up-regulation, normal regulation, and down-
regulation. 

 
3.5. Statistical Analysis 

Data were evaluated using GraphPad Prism 8.0.2 
(California Corporation, USA). Numerical data were 
analyzed using the Mann-Whitney U test as well as 
the Kruskal-Wallis test. Correlation and consistency 
were analyzed using Spearman correlation analysis. 

Quantitative data were shown as the mean±SD. A  
p-value less than 0.05 was considered statistically 
significant. 

 

4. Results 

4.1. Expression of miR-21 and miR-106b in plasma 
samples and tumor in patients with breast cancer in 
compared to controls  
The findings showed that the expression level of miR-
21 in the tumor (4.52±2.42) and plasma (1.99±1.05) 
samples of breast cancer was higher, compared to the 
control group (P<0.001) and this difference was 
significant. The expression level of miR-106b in the 
breast cancer tumor (3.07±1.1) and plasma 
(1.85±0.74) was also higher compared to the controls 
(P<0.001), and the alterations were statistically 
significant (Figure 1). As shown in Figure 2, the data 
revealed a positive association between plasma and 
tumor samples in terms of miR-21 and miR-106b 
expression (Figure 2). 
 
4.2. The relationship between the expression of miR-21 
and miR-106 and clinicopathological parameters of 
patients with breast cancer  

Based on the obtained results, a significant 
association was observed between the expression 
levels of miR-21 and miR-106b and lymph node 
metastasis and higher tumor stages (all P<0.0001; 
Table 2). However, other clinical factors such as 
receptor status (HER2, ER, and PR) were not 
significantly associated with the expression levels 
of miR-21 and miR-106b (all P>0.05; Table 2). The 
receiver operating characteristics (ROC) curve 
analysis based on miR-21 and miR-106b expression 
in plasma samples and tumors of those with breast 
cancer focusing on lymph node involvement 
situations confirmed the association of miR-21 and 
miR-106b expression and node involvement 
(Figure 3). 

 
 

 
 

Figure 1. Expression of miR-106b (a) and miR-21(b) in the tumor and plasma samples of those with breast cancer in comparison 
to the normal control group. Results are presented as a fold number increase versus control. The values were normalized to 
SNORD47 RNA previously 
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Figure 2. Association between miR-106b and miR-21 in breast cancer tumor and plasma samples. There is a 
positive correlation between the relative expression based on the results obtained by Spearman's correlation 
analysis, levels of miR-106b and miR-21 in both plasma samples and tumors of females with breast cancer 
(r=0.5339, P=0.0003, and r=0.6264, P<0.0001). miR, micro ribonucleic acid. 

 
Table 2. Expression of miR-21 and miR-106-b in different clinicopathological features of BC patients in the research group composed of 
tumor and plasma samples (mean ± standard deviation). 

Parameter 

Average 
expression 

level of miR-
21 in breast 

tumor tissues 

P-value 

Average 
expression level 

of miR-21 in 
plasma samples 

P-value 

Average 
expression 

level of miR-
106b in breast 
tumor tissues 

P-value 

Average 
expression 

level of miR-
106 in plasma 

samples 

P-value 

ER+ 5.16 ±2.39 0.16 2.24±1.1 0.19 2.88 ±1.26 0.3858 1.63 ±0.72 0.5579 
ER- 4.03±2.18  1.08±0.90  2.50±1.3  1.66±0.97  
PR+ 4.9±2.2 0.47 2.11±0.84 0.72 2.93 ±1.27 0.4571 1.67 ±0.72 0.6463 
PR- 4.39±2.55  1.98±1.26  2.57 ±1.34  1.65±0.94  
HER2+ 4.56± 2.52 0.72 4.56±1.16 0.62 2.42 ±1.37 0.3361 1.63 ±1.02 0.8830 
HER2- 4.43±2.18  1.92±1.02  2.86 ±1.25  1.67 ±0.74  
Triple negative 4.23±2.57 0.8324 2.28±1.39 0.34 2.12 ±1.43 0.2695 1.38±0.82 0.4458 
Non-triple 
negative 4.63±2.39  2±0.98  2.75 ±1.32  1.59 ±0.86  

Lymph node + 6.03±1.89 
***< 0.0001 

2.60±0.95 
***<0.0001 

3.67 ±0.63 
***<0.0001 

2.15 ±0.4 
***<0.0001 

Lymph node 2.67±1.58 1.25±0.59 1.35 ±0.8 0.79 ±0.61 
Stage 1 1.23±0.2 

***< 0.0001 

0.9±0.14 

***<0.0001 

0.4 ±0.08 

***<0.0001 

0.16 ±0.09 

***<0.0001 
Stage 2 2.84±1.51 1.32±0.57 1.78 ±0.83 1.16 ±0.75 
Stage 3 5.8±1.6 2.55±0.97 3.63 ±0.57 1.98 ±0.46 
Stage 4 7.43±0.96 2.95±0.77 4.20 ±0.31 2.51 ±0.24 

 

 

Figure 3. Receiver-operating characteristics plots from the comparison of miR-21 (a) and 
miR-106b (b) expression in LN+ versus LN – breast cancer in tumor and plasma samples. 

 
5. Discussion 

Breast cancer is a heterogeneous disease on the 
molecular level and is the most prevalent malignancy 

among females (26). It has been one of the major 
death causes among female malignancies 
(approximately 1 in 10) (27). The major reason for 
the death from breast cancer is late diagnosis. The 



 Seyedi Moghaddam A et al. 

 

Iran Red Crescent Med J. 2021; 23(10):e547.                                                                                                                                                                                                 5 
 

miRNAs are a group of small RNAs with various roles 
in regulating different biological processes through 
the inhibition of translation; therefore, their 
expression may be changed in body fluids such as 
blood, plasma, urine, etc. in a variety of cancers. 
Numerous miRNAs have been demonstrated to be 
potential biomarkers that serve to diagnose cancer 
and other diseases (28,29). In the present study, the 
data revealed up-regulation of mir-21 and miR-106b 
in tumors and plasma of females with breast cancer. 

It has been revealed that miR-106b is 
overexpressed in different varieties of cancer, 
including gastric, RCC, glioma and hepatocellular 
carcinoma (12), CRC, cervical cancer, laryngeal 
carcinoma, and pituitary adenoma (29,30). Based on 
the results of a study conducted by Zhao et al., the 
upregulation of miR-106b in CRC serum samples 
from patients has been remarkably associated with 
distant and lymph node metastasis (15). It was 
reported that the overexpression of miRNA-106b in 
glioma tumor samples was significantly associated 
with tumor grade (16). Yu et al. determined that 
miR106b was highly expressed in HCC tumors in 
comparison to adjacent non-neoplastic liver tissues, 
which was considerably associated with tumor grade 
(31). Based on the findings in this study, a significant 
elevation was observed in the miR-106b expression 
in the plasma samples as well as tumor tissues of 
patients with breast cancer compared to controls, 
while a positive association was observed between 
the upregulation of miR-106b-5p and lymph node 
involvement and the higher tumor stages. However, 
no significant correlation was found between cellular 
receptor status and up-regulation of miR-106b-5p in 
breast cancer. 

Based on previous studies, miR-21 functions as a 
proto-oncogene, which is upregulated in several solid 
tumors, such as breast, pancreatic, prostate, and 
colorectal cancers, and is associated with migration, 
proliferation, and inhibition of apoptosis via targeting 
different tumor suppressor genes, including PTEN, 
PDCD4, SPRY, RECK, etc. (32). Si et al. studied the 
expression of 10 miRs (miR-665, miR-125b, miR-17, 
miR-106b, miR-21, miR-625, miR-558, miR-185 miR-
92a, and miR-93) on serum samples and tissue of 
patients with breast cancer and compared it with the 
clinicopathological characteristics. They reported 
that the level of miR-21 has been remarkably higher 
in serum samples and tissue of patients with breast 
cancer compared to the controls. In addition, 
increased levels of miR-21 have been positively 
correlated with lymph node status and tumor size 
(p<0.001) (33). Papadaki et al. reported a 
relationship between the expression levels of miR-21 
in metastatic breast cancer plasma as well as disease 
characteristics and hormone receptor status (34). 
Zhu et al. assessed the levels of expression of miR-21 
in CRC. Based on their results, miR-21-5p was highly 
overexpressed in CRC tissues and serum exosomes 

compared with negative controls. Consequently, miR-
21 can be considered a prognostic biomarker for the 
early diagnosis of various types of cancer (30). Our 
data showed that miR21 expression was highly 
upregulated in the tumor tissues and plasma samples 
of those with breast cancer. Moreover, a positive 
association was found between the upregulation of 
miR-21-5p and lymph node involvement and tumor 
stage. Therefore, it seems that upregulation of mir21 
can be related to tumor stage and lymph node 
involvement in Iranian patients. Nevertheless, no 
association was found between receptor status and 
upregulation of miR-21-5p in breast cancer. 

 

6. Conclusion 

Based on the obtained results in this study, levels 
of miR-21 and miR-106b expression are remarkably 
higher in breast tumor tissue and plasma of patients 
with breast cancer in comparison to controls. 
Moreover, upregulation of these miRNAs was related 
to clinical stage and lymph node metastasis of those 
with breast cancer, while there were was no 
correlation with cellular receptor status statuses. 
Based on the obtained results, upregulation of miR-
21 and miR-106b in plasma of females with breast 
cancer may be used as a possible non-invasive 
biomarker for breast cancer prognosis. Further 
follow-up studies are required to confirm this.  
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