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Introduction 
 
Breast cancer is the most common type of cancer 
and the first cause of death related to cancer in 
women around the world (1). A significant part 

of deaths related to breast cancer is not due to 
the primary tumor itself, but are the result of in-
vasion to other organs in the body (2).  Metasta-

Abstract 
Background: A significant part of deaths related to breast cancer is the result of invasion to other organs. It is 
essential to discover new non-invasive biomarkers to improve anticipation of recurrence risk in breast cancer 
patients. In this study, the plasma levels of miR-129 and miR-203a were evaluated to investigate their diagnos-
tic potential in breast cancer and its metastasis.  
Methods: In this case-control study, conducted in Tarbiat Modares University, Tehran, Iran, in 2019, Invasive 
Ductal Carcinoma blood samples were divided into 3 groups based on their stages as I, II/III, IV. Each group 
contained 30 individuals. We also recruited 30 normal individuals as a control group. Real-Time PCR was con-
ducted to evaluate miR-129 and miR-203a expression levels. The discriminatory ability of the evaluated plasma 
miRNAs was assessed by ROC (Receiver Operating Characteristic) curves in breast cancer diagnosis and its 
metastasis.  
Results: MiR-129 and miR-203a expression levels were significantly downregulated in breast cancer. Reducing 
tendency was observed in the mentioned miRNAs from less to more invasive stages. The expression level of 
miR-129 was decreased in metastatic than non-metastatic patients and it was significantly related to metastasis. 
A significant association between miR-129 expression level and lymph node status was also observed (P=0.04). 
Evaluation of ROC curves revealed that miR-129 and miR-203a were able to discriminate breast cancer fairly 
and poorly respectively. The ability of miR-129 in the diagnosis of breast cancer metastasis was poor.  
Conclusion: MiR-129 and miR-203a may both act as tumor suppressor miRNAs. Our results need further 
evidence in a large population to be confirmed as diagnostic markers. 
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sis is an early event in breast cancer in which tu-
mor cells are often silent for a long time. This 
long-term silencing will give us an opportunity 
for the detection of invasion before tumor cell 
re-growth and the spread of metastasis to other 
organs (3). Nowadays determining of solid tumor 
genetic profile is performed on biopsies, which 
may fail to show intra-tumoral heterogeneity and 
restrict the ability to explore genetic modification, 
which occurs during tumor evolution (4). Con-
sidering such problems, it is essential to discover 
new non-invasive biomarkers to improve antici-
pation of recurrence risk in BC patients (5). 
MicroRNAs (miRNAs) are a group of short non-
coding RNAs usually with 22 nucleotides length 
(6). A group of miRNA molecules that exist in 
the cell-free portion of the blood or other body 
fluids are called circulating miRNAs and have 
been focused tremendously in the field of bi-
omarker discovery (7). Stability and resistance to 
endogenous RNase degradation and being ob-
tained in a non-invasive manner are among their 
most important features (8). Recently stable cir-
culating miRNAs identified in biological fluids 
such as serum or plasma have been used as 
promising biomarkers in BC (9-11). There is a 
meaningful association between circulating miR-
NA expression profile and metastasis in breast 
cancer, which makes these types of molecules 
suitable to be used as potential biomarkers in the 
diagnosis of metastasis (8). 
MiR-129 family members are generally known as 
tumor suppressors which their expression is 
decreased in several types of tumors (12-14). 
MiR-129 plays an important role in Epithelial-
Mesenchymal Transition (EMT), cell 
proliferation, apoptosis, autophagy and 
metastasis (15). Deregulation of miR-129 
expression has been found to play important 
roles in the progression of different types of 
tumors such as breast cancer and it has also been 
shown that its expression is associated with 
patient survival (16-18). MiR-129-5p expression 
level is often significantly decreased in tissue 
biopsies of breast cancer (19) and also breast 
cancer patients with advanced clinical stage (13). 
It should be important to investigate its 

expression level changes in plasma samples of 
breast cancer and also metastatic and non- 
metastatic BC patients. 
MiR-203a has important roles in the regulation 
of cell apoptosis and proliferation and it also 
controls angiogenesis and invasion (20). The 
expression of miR-203a is decreased in different 
types of cancer and acts as a tumor-suppressive 
miRNA in different tissues and cell lines (21). 
miRNA-203a was downregulated in many types 
of tumors such as breast cancer (22-25). MiR-
203a expression is found to be negatively 
correlated with lymphatic metastasis (26). MiR-
203a functional role and mechanistic action are 
largely unclear in BC (20). In some studies 
decreased expression levels were observed in 
metastatic BC cell lines (27) and tissues (28). It is 
worthwhile to investigate its expression levels in 
plasma samples of breast cancer and metastatic 
BC patients too.  
To date, several studies identified miR-129 and 
miR-203a dysregulation in breast cancer tissues 
(13, 28, 29) but no such studies were performed 
in the Iranian population. As we know, the de-
velopment of accurate non-invasive biomarkers 
can reduce the need for a large number of pa-
tients to undergo invasive or surgical procedures. 
In this study, we tried to evaluate the changes in 
the expression level of circulating miR-129 and 
miR-203a to explore their association with breast 
cancer. Furthermore, exploring the expression 
changes of these miRNAs in different stages can 
help to investigate their potential association with 
BC progression.  
We aimed to analyze the association of men-
tioned miRNAs with BC metastasis and intended 
to exhibit the association between miRNAs ex-
pression level and clinicopathological features. 
 

Materials and Methods 
 
Patient samples 
This investigation was a case-control study. Sam-
ples were obtained from Cancer Institute of 
Imam Khomeini Hospital, Tehran, Iran in 2019.  
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All samples were collected from consenting indi-
viduals according to the protocols approved by 
the Ethics Review Board of the Faculty of Medi-
cal Sciences of the Tarbiat Modares University.  
Peripheral blood (5 ml) was collected from pa-
tients with newly diagnosed breast cancer who 
had received no chemo/radiotherapy before. Pa-
tients had no family history of BC in their first-
degree relatives or personal history of BC or seri-
ous illnesses. The patients were randomly select-
ed (90 women, age range 30–66 yr; mean age 47 
yr) diagnosed with different stages of Invasive 
Ductal Carcinoma (IDC) based on their patho-
logic reports. The samples included 30 stage I 
patients as well as 30 stage II/III patients and 
finally 30 stage IV patients. Therefore, the pa-
tients subdivided into three groups: stage I, 
II/III, IV.  

Thirty normal individuals (age range 30–55 yr; 
mean age 44 yr) were also included in our study. 
Controls were chosen among individuals with 
specific criteria such as lifestyle, medical history, 
smoking, alcohol consumption, etc. The clinico-
pathological parameters of the IDC samples were 
determined according to the TNM staging system 
(30). 
 
Clinicopathological information of Patients  
The clinicopathological parameters of the IDC 
samples were determined according to the TNM 
staging system. Based on features such as age 
(<47/≥47), tumor size (≤ 2/>2 cm) and lymph 
node status (Positive/Negative) patients were 
subdivided. The clinicopathological features are 
summarized in Table 1. 

 
Table 1: Clinicopathological information of IDC patients 

 

Variable Number of cases (%) 
Age (yr):  
<47  44 (48.88) 
≥47 46 (51.11) 
T stage:  
T1   38 (42.22) 
T2 15 (16.67) 
T3 19 (21.11) 
T4 18 (20) 
Lymph Node Involvement:  
Positive  54 (60) 
Negative 36 (40) 
Metastasis Status:  
Metastatic 30 (33.33) 
Non-metastatic 60 (66.67) 
Clinical TNM Staging:  
I 30 (33.33) 
II & III 30 (33.33) 
IV 30 (33.33) 

            IDC=Invasive Ductal Carcinoma. 

 
Plasma Isolation and RNA extraction 
Blood samples collected in K2 EDTA tubes were 
centrifuged using a two-step procedure (1,200 xg 
for 15 min, 16,000 xg for 10 min) to isolate plas-
ma without contamination. Plasma hemolysis was 
checked by controlling absorbance ratio 

A414/A375 nm. The hemolysis ratio <2 was 
considered as hemolysis free plasma. Samples 
with hemolysis were excluded. 
Total RNAs were extracted from 100 µl of plas-
ma using the RNX-Plus solution (Sinaclon, Iran), 
according to the manufacturer’s protocol. During 
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the procedure, after combining the plasma sam-
ple with Denaturing Solution, 3.5µl of miRNeasy 
Serum/Plasma Spike-In Control (synthetic C. 

elegans miR-39, 1.6 ˟ 108 copies/μl, QIAGEN, 
Germany) was added to each denatured sample. 
 
Reverse transcription and Real-Time PCR 
Reverse Transcriptase kit (YTA, Iran) was used 
to synthesize cDNA using stem-loop primers, 
following the manufacturer’s protocol. Briefly, 
the following reagents: total RNA, 1 pM stem-
loop RT primer, Rnase-free water were added 
into a nuclease-free tube on ice. They were mixed 
gently and incubated at 70 °C for 5 min. Then 5x 
first-strand buffer, dNTPs (10 mM each), RNasin 
(40U/μl), M-MLV were prepared as cDNA syn-
thesis mix. After adding this mix into the sterile 
tubes, they were incubated for 30 min at 16 °C 
and 60 °C for 42 min using PCR system (BIO-
RAD, T100™ Thermal Cycler, Germany). Final-

ly, the reaction was terminated by heating at 70 
°C for 5 min.  
Real-time polymerase chain reaction (PCR) was 
then carried out using Real-time PCR System 
(Applied Biosystems, Step one, USA), instrument 
according to the manufacturer’s protocol. PCR 
reaction mixture contained 2X SYBR Green 
qPCR Mix reagent (Biofact, Taiwan), 10 pM of 
each forward and reverse primer, nuclease-free 
water and reverse transcription products. Then 
mixtures were incubated at 95 °C for 10 min, 
followed by 40 cycles of 95 °C for 15 sec and 60 
°C for 30 sec and 72 °C for 10 seconds. 
Dissociation was performed as follows: 15 sec at 
95 °C, 1 min at 60 °C, and finally 15 sec at 95 °C. 
The reactions were done in duplicate. Primer se-
quences used in this study are summarized in Ta-
ble 2. MiR-1228 and Cel-miR-39 were used as en-
dogenous and exogenous controls respectively. 
Finally, the relative expression level of each 
miRNA was analyzed via the equation 2-ΔΔCt. 

 
Table 2: Primer Sequences List 

 

hsa-miR-
129 

Stem 
loop 

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGCA 
AGC 

Forward GGACGAGAGCTTTTTGCGGTCTG 
hsa-miR-
203a 

Stem 
loop 

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTA 
GTG 

Forward CGTGCGGCGTGAAATGTTTAGGA 
hsa-miR-
1228 

Stem 
loop 

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCAC 
ACA 

Forward TATAATGTGGGCGGGGGCA 
Cell-
miR-39 

Stem 
loop 

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCAA 
GCT 

Forward GTGTCGCTCACCGGGTGTAAAT 
Universal 
reverse 
primer 

Reverse  CCAGTGCAGGGTCCGAGGTA 

 
Statistical analysis 
Results were analyzed using SPSS software, ver. 
25 (IBM Corp., Armonk, NY, USA). The associa-
tion between miRNAs expression levels and 
breast cancer and metastasis was calculated using 
the unpaired t-test. We also performed one way 
ANOVA and Kruskal-Wallis 1-way ANOVA (k 
samples) to analyze inter-group association. 

P<0.05 was considered as the criterion for statis-
tically significant differences.  
As a diagnostic test, Receiver Operating Charac-
teristic (ROC) curve analysis was established to 
evaluate the sensitivity and specificity of miRNAs 
expression levels in plasma of BC and metastatic 
BC patients. ROC curves and the Area Under the 
Curve (AUC) with a 95% confidence interval 
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(95% CI) were generated to identify their dis-
criminatory ability.  

 
Results 
 
The association of MiR-129 expression level 
with breast cancer 
MiR-129 expression levels in Stage I, II/III and 
IV of Invasive Ductal Carcinoma showed a sig-
nificant decrease in comparison with normal 
group with the following results: P=0.028, 0.002, 
0.001 respectively. Inter-group comparison 
showed a reduction in expression level from 
stage I to stage II/III. This difference was not 
statistically significant (P=0.113). Decreased ex-
pression was also observed from stage II/III to 
stage IV, although it was not significant 
(P=0.357). A significant decrease was also found 
from stage I to stage IV (P=0.033). MiR-129 was 
reduced with BC progression in which it had the 
lowest expression in stage IV of disease in com-
parison with other groups. 
Based on the data released from qPCR, miR-129 
expression level was significantly decreased in 
plasma samples of BC patients in comparison 
with normal individuals (P=0.003). Therefore, 
miR-129 was significantly downregulated in 
breast cancer. Overall, these results indicated that 
miR-129 expression was associated with breast 
cancer. 
 
MiR-129 expression analysis in breast cancer 
metastasis 
To investigate the role of miR-129 in breast can-
cer metastasis, miR-129 expression level in stage 
I, II/III (as non-metastatic group) was compared 
with stage IV (as metastatic group). MiR-129 ex-
pression level was significantly decreased in the 
metastatic group (P=0.035). Therefore, miR-129 
may have suppressive effects on the metastasis of 
breast cancer. 
 
The association of MiR-203a expression level 
with breast cancer 
Comparison of expression levels among different 
stages of breast cancer and their changes com-

pared to the normal group indicated that miR-
203a was downregulated in each stage compared 
to the normal group. Although only the differ-
ence between stage IV and control group was 
significant (P=0.005) and observed differences 
between stage I and stage II/III with control 
were not significant (P=0.383, 0.167 respectively). 
Data related to inter-stage comparison revealed 
that miR-203a expression level was reduced with 
BC progression, but this reduction was not statis-
tically significant. Decreased expression was ob-
served from stage I to stage II/III (P=0.487) and 
from stage II/III to stage IV (P=0.077).  
Data released from qPCR also showed that miR-
203a expression level was significantly reduced in 
plasma samples of breast cancer compared with 
normal individuals (P=0.023). Our data revealed 
miR-203a was significantly downregulated in 
breast cancer. 
 
MiR-203a expression analysis in breast can-
cer metastasis 
A non-significant reduced expression in miR-
203a was observed in the metastatic group in 
comparison with the non-metastatic group 
(P=0.070). Therefore, miR-203a might also have 
suppressive effects on the metastasis of breast 
cancer investigated in a more precise manner. 
 
Association between miRNAs expression 
levels and clinicopathological parameters 
Based on clinicopathological parameters, samples 
subdivided into two groups: age (<47/ ≥47), tu-
mor size (≤2/ >2) and lymph node involvement 
(Positive/Negative). Then the relation between 
miRNAs expression levels and clinicopathologi-
cal characteristics was examined.  
According to our investigations, no association 
between miRNAs expression levels and patient's 
age was observed: miR-129 (P=0.82) and miR-
203a (P=0.39). The expression levels of the men-
tioned miRNAs did not show a significant asso-
ciation with tumor size in this study: miR-129 
(P=0.07) and miR-203a (P=0.17). In the lymph 
node status survey, a statistically significant asso-
ciation between miR-129 expression level and 
lymph node status was observed (P=0.04) alt-
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hough miR-203a expression levels were not 
found to be significantly associated with lymph 
node involvement (P=0.13). 
 
Diagnostic performance of miR-129 and 
miR-203a in BC and BC metastasis. 
As shown in Fig. 1, ROC curves were construct-
ed to identify the diagnostic accuracy of miR-129 
and miR-203a as non-invasive biomarkers in BC 
diagnosis and its metastasis.  
The ROC curve analysis indicated that miR-129 
and miR-203a were able to discriminate BC pa-
tients from healthy controls: miR-129 yielded an 
AUC of 0.751 (95% CI: 0.652–0.850; P=0.00) 
with 71.1% sensitivity and 66.7% specificity; 
miR-203a yielded an AUC of 0.694 (95% CI: 
0.594–0.795, P=0.001) with 67.8% sensitivity and 
66.7% specificity. Moreover, the combination 

results showed improved accuracy of two evalu-
ated miRNAs as the AUC reached 0.783 (95% 
CI: 0.698-0.867, P=0.00), the sensitivity and the 
specificity were 71.1% and 70% respectively (Fig. 
1A, B, C). 
Analysis of ROC curves in miR-129 revealed that 
the plasma expression level of this miRNA was 
able to diagnose BC metastasis with a sensitivity 
and specificity of 66.7% and 66.7% respectively, 
AUC of 0.679 (95% CI=0.546-0.812, P= 0.006). 
The ROC analysis also showed that plasma miR-
203a expression level couldn’t differentiate meta-
static BC patients from non-metastatic ones as P-
value was 0.304 and the ROC curve yielded AUC 
value of 0.567 (95% CI: 0.447-0.687), with a sen-
sitivity and specificity of 63.3% and 48.3% re-
spectively (Fig. 1D, E). 

 

 
Fig. 1: ROC curve analysis of miR-129 and miR-203a in breast cancer and breast cancer metastasis. ROC curves 

were generated to evaluate the efficacy of miR-129 (A), miR-203a (B), combination of them (C), in BC diagnosis. A). 
The AUC was 0.751 (P=0.00), B). The AUC was 0.694 (P=0.001), C). The AUC reached 0.783 (P=0.00). ROC 

curves were also constructed to evaluate the accuracy of miR-129 (D), miR-203a (E) in breast cancer metastasis di-
agnosis. D). The AUC was 0.679 (P=0.006), E). The AUC was 0.567 (P=0.304). ROC= Receiver Operating Charac-

teristic, AUC= Area under the Curve 
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Discussion 
 
Our result indicated that the expression level of 
miR-129 was significantly associated with breast 
cancer. If its expression was downregulated 
among BC patients compared to the normal 
groups, this miRNA acts as a tumor suppressor 
miRNA in breast cancer. These results are in 
concordance with previous studies verified the 
downregulation of miR-129 in MCF-7 cell lines 
and tissues obtained from BC patients (13, 31). 
In this study, similar result was obtained in plas-
ma samples. As stages of breast cancer pro-
gressed, the expression level of miR-129 de-
creased. Although this observation was not statis-
tically significant except from stage I to stage IV, 
this regulated reduction can be related to breast 
cancer progression in our study. Insignificancy 
the mentioned results may be attributed to the 
small number of samples who were investigated. 
The involvement of more individuals may be use-
ful to achieve significant results. Since miR-129 
expression was significantly downregulated in the 
metastatic group rather than the non-metastatic 
group it can be inferred that, its expression is as-
sociated with breast cancer metastasis. The re-
sults in this regard are consistent with the results 
of some previous studies. MiR-129 expression 
level was associated with advanced clinical stages 
in breast cancer tissues and its expression will 
decrease tremendously in more advanced stages. 
In addition, its reduced expression was associated 
with poor prognosis and its overexpression sup-
pressed breast cancer proliferation and metastasis 
(13). The downregulation of miR-129-5p plays a 
role in breast cancer metastasis (29). In the pre-
sent study, similar results in plasma samples of 
metastatic IDC patients were observed. There-
fore, it may be used as a diagnostic tool for effec-
tive early detection of BC metastasis. There was 
no significant association between miR-129 ex-
pression levels and factors such as age and tumor 
size. However, the plasma miR-129 expression 
level was significantly associated with lymph 
node status. According to the ROC curve analy-
sis, miR-129 had a fair sensitivity and specificity 

in breast cancer diagnosis. In screening metastatic 
BC, miR-129 could reach to poor sensitivity and 
specificity. These results were consistent with 
qPCR results. 
The present study revealed that circulating miR-
203a was significantly declined in BC patients 
compared to controls. MiR-203a has a suppres-
sive effect in BC. The results are consistent with 
other findings that achieved the same results in 
breast cancer tissues. They showed lower levels 
of miR-203a in breast cancer patients compared 
to the paired normal breast tissues (28). Statistical 
tests were done to compare plasma miR-203a 
expression levels between different stages (I, 
II/III, IV) in IDC patients. As the disease pro-
gressed, the expression declined but without sta-
tistical significance. Although miR-203 was highly 
expressed in less-invasive BC cell lines (20). Our 
results demonstrated the tendency of the expres-
sion levels of miR-203a between metastatic cases 
and non-metastatic ones were slightly different. 
The observed reduction in the metastatic group 
was not significant. Therefore, miR-203a expres-
sion level might be negatively associated with me-
tastasis. However, miR-203 expression level was 
reduced in metastatic cell lines (27). Moreover, 
other study showed a lower expression level of 
miR-203 in metastatic tissues of breast cancer 
patients (28). In our study, non-significant results 
may be attributed to a small number of samples. 
No significant difference was observed in plasma 
miR-203a expression level between subgroups 
defined by clinicopathological parameters (age, 
tumor size, lymph node status). Using ROC 
curves analysis, revealed that miR-203a was able 
to diagnose BC patients from control individuals 
poorly and it could not reach a significant 
threshold to distinguish metastatic BC patients 
from non-metastatic ones. Breast cancer diagnos-
tic ability was improved when miR-129 and miR-
203a were combined. 
There are still limitations to this study. First, the 
sample size was relatively small. In some cases, 
the observed changes were not significant, at-
tributed to a small number of samples. Moreover, 
in the present study, the primary and metastatic 
samples were not matched. Examination of the 
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mentioned miRNAs in matched cases could pro-
vide a more comprehensive view of their roles in 
BC metastasis.  
 

Conclusion 
 
MiR-129 and miR-203a may both act as tumor 
suppressor miRNAs in BC. The results obtained 
in this study need further evidence in a large 
population to be confirmed as diagnostic mark-
ers. 
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