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Abstract. Breast cancer is the most common malignancy 
worldwide. The expression of microRNA (miRNA/miR)‑146 
has been shown to be related to breast cancer progression, and 
its expression in breast cancer cells has been investigated in 
the blood of patients. In the present study, the concentration of 
lipid peroxidation in blood cells was measured by detecting the 
level of malondialdehyde (MDA) to explore the level of oxida‑
tive cellular damage in the collected blood samples of breast 
cancer patients, alongside healthy women used as the controls. 
Reverse transcription‑quantitative PCR was used to analyze 
the expression of miR‑146 in the blood of both breast cancer 
patients and healthy controls. As regards miR‑146 expression, 
the fold change in expression in patients with breast cancer 
was 3.1‑fold higher than that in healthy women. The findings 
revealed that the expression of miR‑146 in patients with breast 
cancer was almost 3‑fold higher than that in healthy women. 
Notably, the levels of MDA, which has been employed as a 
marker of lipid peroxidation, were significantly higher in 
patients with breast cancer (3.25±0.22) compared with healthy 
women (0.99±0.099). On the whole, the findings of the present 
study indicate that both miR‑146 expression and MDA levels 
may function as potential biomarkers for determining suscep‑
tibility to breast cancer.

Introduction

According to Global Cancer Statistics 2020, breast cancer is 
the most prevalent malignancy and is one of the top known 

causes of cancer‑related mortality among females world‑
wide (1). Even in the general Iraqi population, breast cancer 
has been the highest‑ranked malignancy since 1986 (2), and 
the latest Cancer Registry in Iraq has observed 7,515 new 
breast cancer cases in 2020, accounting for 37.9% of the total 
reported cancer cases. Furthermore, breast cancer is the most 
common malignant tumor among Iraqi women (3).

Moreover, well‑known risk factors (such as ionizing radia‑
tion, having a family history of cancer, alcoholism, obesity, 
hormone therapy during menopause, an older age, etc.), and 
several other factors, such as genetic predisposition from 
parents (4) along with epigenetic factors, have been recently 
reported to be associated with breast cancer development (5).

Breast carcinogens originate from a small cellular popula‑
tion known as breast cancer stem cells (BCSCs), that have a 
distinct molecular signature (6), and whose origin continues 
to be controversial. Some studies have reported that BCSCs 
originate from mammary stem cells or progenitor cells (7‑9), 
while others have demonstrated that they arise from differen‑
tiated mammary cells (10‑12). A low proportion (5‑10%) of 
breast cancer cases may be associated with inherited muta‑
tions in the BRCA genes, which occur only in women (13,14).

MicroRNAs (miRNAs/miRs) are small, non‑coding, single 
stranded (18‑22 nucleotides in length) RNA molecules that 
function to regulate the post‑transcriptional machinery of gene 
expression (15). Previous research has reported that miRNAs 
are involved in tumorigenesis (16), playing a critical role in 
the genesis and progression of breast cancer (17), potentially 
through the regulation of BCSCs (18). miRNAs play a crucial 
role in regulating the biological functions of a cell on a variety 
of levels. A number of diseases, including cancer, have been 
associated with miRNAs. There has been a rapid increase in 
interest in miR‑146a in particular, as a modulator of differen‑
tiation and function as well as innate and adaptive immunity. 
miR‑146a has been implicated in regulating a number of key 
cellular functions; thus, there are various types of tumors 
(papillary thyroid carcinoma, breast cancer and cervical 
cancer) with a dysregulated expression of miR‑146a  (19). 
Evidently, miR‑146 levels have been shown to be consistently 
higher in breast cancer cells that exhibit tumor aggressive 

Potential effects of miR‑146 expression in relation 
to malondialdehyde as a biomarker for oxidative 

damage in patients with breast cancer
AHMED S.K. AL‑KHAFAJI1,2,  ISTIKRAR M. HADE2,  MANWAR A. AL‑NAQQASH3  and  GHALIAH O. ALNEFAIE4

1Department of Biology, College of Science, University of Baghdad, Baghdad 10071; 
2Leading National Cancer Research Centre, and 3Department of Surgery,  

College of Medicine, University of Baghdad, Baghdad 10049, Iraq;  
4Department of Pathology, College of Medicine, Taif University, Taif 21944, Saudi Arabia

Received August 28, 2022;  Accepted January 11, 2023

DOI: 10.3892/wasj.2023.187

Correspondence to: Dr Ghaliah O. Alnefaie, Department of 
Pathology, College of Medicine, Taif University, Alseteen Street, 
Alhaweyia, P.O. Box 11099, Taif 21944, Saudi Arabia
E‑mail: Ghaliah.o@tu.edu.sa

Key words: breast cancer, microRNA, malondialdehyde, miR‑146, 
oxidative damage

https://www.spandidos-publications.com/10.3892/wasj.2023.187
https://www.spandidos-publications.com/10.3892/wasj.2023.187
https://www.spandidos-publications.com/10.3892/wasj.2023.187


AL‑KHAFAJI et al:  EFFECTS OF miR‑146 EXPRESSION IN RELATION TO MDA IN PATIENTS WITH BREAST CANCER2

characteristics, among a variety of molecular subcategories of 
breast malignancy, along with an observed peak enrichment 
in BCSCs (20).

As regards the molecular mechanisms of miR‑146 in breast 
cancer, it was previously demonstrated that miR‑146a‑5p over‑
expression in MCF‑7 cells led to an increased proliferation, 
and the low expression miR‑146a‑5p in MCF‑7 cells led to a 
decreased proliferation (21). By analyzing bioinformatics data 
and detecting fluorescent reporter genes, miR‑146a‑5p was 
identified as a gene target for BRCA1. Breast cancer tissue 
and MCF‑7 cells expressing miR‑146a‑5p may regulate the 
proliferation of the cancer cell line via BRCA1 (21). Another 
study also found that the miR‑146a expression levels were 
significantly higher in breast cancers with various pathological 
classifications, while non‑metastatic protein 23 H1 (NM23‑H1) 
expression levels were significantly lower, which were closely 
correlated  (22). In a breast cancer cell line, miR‑146 and 
NM23‑H1 were verified to have target regulatory associa‑
tions by double luciferase reporter gene assays. miR‑146a was 
closely related to the proliferation and metastasis of breast 
cancer. Additionally, miR‑146a targeted NM23‑H1 in vivo to 
promote breast cancer growth (22).

Malondialdehyde (MDA) is an organic compound that 
occurs naturally and its determination in blood plasma or tissues 
functions as a predictive marker of oxidative stress (23,24). 
When biomolecule peroxidation occurs, a number of carci‑
nogenic and mutagenic factors are produced (25). Exploring 
the potential role of ectopic gene expression in patients with 
cancer has recently attracted the research interests of the 
authors (26‑29). Despite the fact that a higher expression of 
miR‑146 is associated with increased levels of MDA in normal 
tissues (30‑32), to date, at least to the best of our knowledge, 
there are no reports available suggesting a similar associa‑
tion in malignant tissues. Therefore, the present study aimed 
to investigate the association between miR‑146 expression 
and oxidative stress, as indicated by MDA levels, in breast 
tumorigenesis.

Subjects and methods

Subjects and sampling. Blood samples were collected from 
patients with breast cancer (n=30) and healthy women 
(age‑matched controls; n=20), between January 3 to March 
23, 2022. The inclusion criteria used to recruit individuals 
in the present study involved female patients diagnosed 
with stage I‑III breast primary tumors aged 30‑70 years. 
Control individuals included apparently healthy females 
with the same age range aforementioned. Males, patients 
with breast secondary tumors and those out of the age range 
mentioned above were, otherwise, excluded. Relevant ethics 
approval was obtained from the Biomedical Research Ethics 
Committee of the leading National Cancer Research Center at 
the University of Baghdad (reference no. NCRCEC/01/001). 
All individuals participating in the study were recruited 
from the Baghdad Teaching Hospital and Oncology 
Hospital, Baghdad, Iraq, after providing written informed 
consent. The recruitment process was carried out based on 
clinical/laboratory examinations and diagnoses by specialist 
doctors in the hospitals. A questionnaire was prepared to 
obtain patient information, including name, age and a family 

health history. The clinical information of all the study 
subjects is presented in Table I.

Blood samples were collected in VACUETTE® tubes, 
K3EDTA tubes (cat. no. 454021, Greiner Bio One Ltd.) and 
allowed to stand for 20 min. RNA was then extracted using 
TRIzol reagent (cat. no. T9424, MilliporeSigma) by the addi‑
tion of 200 µl blood and 400 µl TRIzol to reagent to each 
sample. In addition, blood plasma (serum) was collected from 
all samples for the MDA assay.

RNA isolation and cDNA preparation. Total RNA was 
extracted from whole blood of patients with breast cancer and 
healthy women using the mirVana™ miRNA Isolation kit 
(AM1560, Thermo Fisher Scientific, Inc.), following the manu‑
facturer's protocol. The quantity of miRNA was measured 
using a Qubit 4 fluorometer (Thermo Fisher Scientific, Inc.). 
This assay is highly selective for the miRNA quantification 
of other types of RNA. Following RNA extraction, cDNA 
was synthesized from isolated miRNA, through optimized 
primers, using a Protoscript cDNA synthesis kit (E6300L, 
New England BioLabs, Inc.). Briefly, 5 µl of each RNA sample 
were added to the Protoscript reaction mix, containing dNTPs, 
10 µl buffer, 2 µl MuLV enzyme and 2 µl specific primers for 
each sample. All mixtures were incubated for 1 h at 42˚C in 
a thermocycler, followed by an incubation at 80˚C to inacti‑
vate the enzyme. The cDNA products were quantified using 
a Qubit 4 fluorometer. The products were electrophoresed on 
a 2% agarose gel and visualized on a UV transilluminator by 
ethidium bromide staining.

Reverse transcription‑quantitative PCR (RT‑qPCR). RT‑qPCR 
was used to detect the expression of miR‑146 using the Luna® 
Universal qPCR Master Mix kit (cat. no. M3003, New England 
BioLabs, Inc.). Primers for miR‑146 and U6 calibrators were 
designed by Macrogen, Inc. (Korea), and are presented in 
Table II.

Synthesized cDNA from patients and healthy controls 
were run simultaneously, including the target miR‑146, and the 
housekeeping gene, U6 snRNA. The reaction mix consisted of 
10 µl Luna Universal qPCR Master Mix, 1 µl forward primer 
(10 µM), 1 µl reverser primer (10 µM), 5 µl template DNA 
and 3 µl nuclease‑free water. The qPCR program was set up 
with the indicated thermocycling protocol, as presented in 
Table III. Relative mRNA quantification was performed using 
the 2‑ΔΔCq method (33).

MDA assay. MDA, a highly reactive an organic compound 
that causes toxic stress in cells, is a naturally occurring marker 
of oxidative stress  (23). In the present study, to determine 
whether the MDA capacity of serum differs between healthy 
women and patients with breast cancer, the serum MDA 
concentrations were detected and its association with miR‑146 
gene expression was examined.

The MDA assay kit (cat. no. ab118970; Abcam) was used in 
the present study. Serum samples from 30 patients with breast 
cancer and 20 healthy women were collected and centrifuged 
at 2,500 x g for 10 min at room temperature to remove any 
residual cells. Subsequently, 200 µl of each serum sample or 
standard solution were mixed with 600 µl thiobarbituric Acid 
(TBA). All of the samples were then heated in a 100˚C water 
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bath for 30 min and cooled down to room temperature 25˚C for 
20 min. The total antioxidant capacity (TAC) was measured 
using a relevant kit (cat. no. ab65329; Abcam); 100 µl Cu2+ 
working solution was added to 100  µl of each sample or 
standard solution, followed by centrifugation at 1,008 x g for 
10 min. Finally, the absorbance of the samples was measured 

using an Accuris™ SmartReader™ 96 microplate absorbance 
reader (cat. no. Z742712; Merck KGaA) at 532 and 570 nm, 
respectively.

Statistical analysis. Comparisons of miRNA gene expression 
frequencies and the results of the MAD assay among the study 

Table I. Clinical information of the patients with breast cancer in the present study.

	 Age of the healthy	 Age of the patients,		  Tumor marker	
Subject no.	 controls, years	 years	 Patient relative	 (cA15.3)	 Tumor stage

  1	 32	 70	 Not relative 	 20.5	 PT 1
  2	 44	 67	 Sister	 19.4	 PT 2
  3	 52	 62	 Aunt	 20.6	 PT 1
  4	 22	 70	 Not relative 	 18.2	 PT 2
  5	 50	 57	 Nephew	 13.4	 PT 2
  6	 38	 70	 Not relative 	 11.2	 PT 1
  7	 25	 62	 Not relative 	 21.4	 PT 2
  8	 31	 60	 Not relative 	 17.3	 PT 2
  9	 34	 52	 Not relative 	 22.2	 PT 1
10	 24	 59	 Daughter 	 16.5	 PT 1
11	 62	 56	 Sister 	 10.5	 PT 1
12	 59	 50	 Sister	 9.3	 PT 1
13	 43	 55	 Sister	 7.1	 PT 2
14	 21	 59	 Daughter 	 20.7	 PT 2
15	 30	 61	 Not relative 	 14.9	 PT 1
16	 37	 67	 Not relative 	 18	 PT 1
17	 70	 69	 Sister	 28.6	 PT 1
18	 58	 48	 Not relative 	 23.8	 PT 1
19	 24	 68	 Not relative 	 16.3	 PT 1
20	 21	 55	 Not relative 	 8.6	 PT 1
21	 	  59	 Not relative 	 10.2	 PT 1
22	 	  62	 Not relative 	 19.8	 PT 1
23	 	  45	 Not relative 	 12.1	 PT 1
24	 	  68	 Not relative 	 7.5	 PT 1
25	 	  66	 Not relative 	 12.9	 PT 1
26	 	  43	 Not relative 	 14.8	 PT 1
27	 	  51	 Not relative 	 18.2	 PT 1
28	 	  55	 Not relative 	 8.2	 PT 1
29	 	  49	 Not relative 	 13.9	 PT 1
30	 	  32	 Not relative 	 24.2	 PT 1

Table  II. Primers used for the analysis of miR‑146 and U6 
gene expression.

Primers	 Sequence

miR‑146	
  Forward	 GGGTGAGAACTGAATTCCA
  Reverse	 CAGTGCGTGTCGTGGAGT
U6	
  Forward	 CTCGCTTCGGCAGCACA
  Reverse	 AACGCTTCACGAATTTGCGT

Table III. Thermocycling conditions used in RT‑qPCR.

Cycle step	 Temperature (˚C)	 Time	 Cycles

Initial denaturation	 95	 60 sec	 1
Denaturation	 95	 15 sec	 40‑45
Extension	 60	 30 sec 	
		  (+ plate read)
Melting curve	 60‑95	 40 min	 1

RT‑qPCR, reverse transcription‑quantitative PCR.
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groups were determined using an unpaired t‑test (independent 
samples t‑test). All measurements were taken from three 
replicates and are presented as mean values, from which the 
standard error (SE) of the mean was calculated. A value of 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Expression of U6 gene. The results of the expression of the U6 
gene (endogenous control) in healthy women and patients with 
breast cancer are presented in Table IV. The mean Ct values for 
healthy women and patients with breast cancer were 20.71 and 
20.59, respectively. There were no significant differences in 
U6 expression between the healthy and breast cancer samples.

The 2‑ΔΔCq values for healthy women and patients with 
breast cancer were (0.64E‑8) and (0.60E‑8), respectively. There 
was no significant difference in U6 gene expression between 
the two groups. However, there was a decrease in fold change 
in patients with breast cancer, when compared with the healthy 
controls (0.93 and 1, respectively), as shown in Table V.

Expression of the miR‑146 gene. The values of Ct, ΔCq and 
2‑ΔCq of the miR‑146 gene in healthy women and breast 
cancer patients are presented in Table VI. The Ct values of 
the miR‑146 gene for healthy women and patients with breast 
cancer were 29.76 and 28.04, respectively. The ΔCq values 
of the miR‑146 gene were significantly (P<0.05) lower in 
patients with breast cancer compared with healthy women 
(7.47 and 9.1, respectively). In contrast, the 2‑ΔCq values of 
miR‑146 were significantly (P<0.05) higher in breast cancer 
patients than in healthy women (0.0056 and 0.0018, respec‑
tively). The results related the fold change in miR‑146 gene 
expression, based on the 2‑ΔCq and 2‑ΔΔCq values, as presented 
in Table VI.

As shown in Table VII, depending on the 2‑ΔCq method, 
the actual results were significantly associated with the 
predictions by the model (P<0.01); miR‑146 expression was 
higher in patients with breast cancer compared with healthy 
women (3.1‑ and 1‑fold, respectively). In addition, depending 
on the 2‑ΔΔCq method, the values of ΔΔCq were significantly 
(P<0.01) lower in patients with breast cancer than in the 
healthy subjects (‑1.52 and 0.11, respectively). The value of 
2‑ΔΔCq was significantly (P<0.01) higher in patients with breast 

cancer than in healthy women (2.867 and 0.926, respectively). 
Therefore, depending on the 2‑ΔΔCq method, miR‑146 gene 
expression was significantly (P<0.01) higher in patients with 
breast cancer than in healthy women (3.096‑ and 1‑fold, 
respectively) (Fig. 1).

MDA levels in serum. The serum MDA values in patients with 
breast cancer (n=30) and the healthy controls are presented in 
Table VIII. The MDA levels were significantly (P<0.01) higher 
in patients with breast cancer compared with the healthy 
controls (Fig. 2).

Association between miR‑146 expression and MDA levels. A 
positive association was found between miR‑146 expression 
and MDA levels in patient serum, where miR‑146 expression 
in normal healthy samples was 0.84, whereas the MDA level 
was 0.76. By contrast, the breast cancer samples exhibited a 
3‑fold increase in miR‑146 expression and the MDA levels 
also exhibited a similar 2‑fold increase (Fig. 3).

Table IV. Comparison of the Ct value between study groups 
for the U6 gene (mean ± SE).

	 Ct mean	
	----------------------------------------------
Group	 No	 Statistic	 SE

Healthy controls	 20	 20.71	 0.32
Patients	 30	 20.59	 0.34
LSD	 ‑	 1.018 (NS)	
P‑value	 ‑	 0.238	

NS, not significant; SE, standard error.

Figure 1. Bar chart demonstrating miR‑146 expression in blood samples. 
miR‑146 was highly expressed in patients with breast cancer compared with 
the normal healthy controls.

Figure 2. Bar chart demonstrating the MDA level in blood samples. The 
MDA level was higher in patients with breast cancer compared with the 
normal healthy controls. MDA, malondialdehyde.
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Discussion

A small, non‑coding, single‑stranded RNA that consists of 
20‑24 nucleotides, known as miRNA, plays a crucial role in 
gene transcription and expression by regulating gene expres‑
sion (34). While miRNAs do not code for proteins, they are 
capable of directly degrading mRNA or preventing mRNA 
translation by creating complete or incomplete complemen‑
tary combinations with the target mRNA (35).

A variety of studies have demonstrated that miRNAs 
are involved in tumor growth, metastasis and angiogenesis 

through the modulation of oncogenesis, migration and other 
related genes (36,37). Several miRNAs have also been shown 
to be associated with the clinical and pathological aspects of 
breast cancer, including the expression of estrogen and proges‑
terone receptors, as well as vascular invasion. For example, 
Blenkiron et al  (37) discovered 133 miRNAs expressed in 
both normal breast and cancer tissues; some of these types are 
associated with the molecular subtypes of breast cancer.

The aim of the present study was to elucidate the role of 
miRNA‑146 in the context of oxidative stress in breast cancer. 
miRNAs are increasingly being implicated in the development 

Table V. Comparison of U6 gene fold expression between the study groups.

Group	 Means Ct of U6	 2‑ΔCq	 Experimental group/control group	 Fold of gene expression

Healthy controls	 20.71	 0.64E‑8	 0.64E‑8/0.64E‑8	 1
Patients	 20.59	 0.60E‑8	 0.60E‑8/0.64E‑8	 0.93
LSD	 1.017 (NS)	-	-	   0.230 (NS)
P‑value	 0.223	-	-	   0.087

NS, not significant.

Table VI. Comparison between Ct, ΔCq and 2‑ΔCq values of miR‑146 in different groups.

Group	 No	 Ct value	 ΔCq	 2‑ΔCq

Healthy controls	 20	 29.76	 9.1	 0.0018
Patients	 30	 28.04	 7.47	 0.0056
LSD	-	              1.483 (NS)	    1.761a	    0.00055a

P‑value	-	  0.0688	     0.0420	 0.0495

NS, not significant; aP<0.05.

Table VII. Fold of miR‑146 gene expression depending on the ΔCq and 2‑ΔCq methods.

Parameters	 2‑ΔCq method
	----------------------------------------------------------------------------------------------------
Group	 Healthy controls	 Patients	 P‑value

Ct target	 9.1	 7.47	 0.0420a

Experimental	 0.0018/0.0018	 0.0056/0.0018	-
Fold of gene expression	 1	 3.1	 0.0028b

Parameters	 2‑ΔΔCq method
	----------------------------------------------------------------------------------------------------
Group	 Healthy	 Patients	

Ct calibrator	 8.99	 8.99	 1.00 (NS)
ΔΔCt	 0.11	 ‑1.52	 0.0042b

2‑ΔΔCt	 0.926	 2.867	 0.0002b

Experimental	 0.926/0.926	 2.867/0.926
Fold of gene expression 	 1	 3.096	 0.0030b

NS, not significant; aP<0.05 and bP<0.01.
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of breast cancer. It has been found that miR‑146a‑5p expres‑
sion is considerably higher in breast cancer tissues than it is 
in paraneoplastic tissue (21). The study by Gao et al (21) also 
reported that the expression of miR‑146a‑5p was significantly 
higher in MCF‑7 cells than in control cells, as verified using 
RT‑qPCR. MCF‑7 cells with a high expression of miR‑146a‑5p 
exhibited an increased proliferation, while cells with a low 
expression exhibited a decreased proliferation  (21). This 
finding supports the findings of the present study, indicating 
high levels of miR‑146 expression in patients with breast 
cancer.

For a more in‑depth understanding of oxidative stress, the 
present study measured the MDA levels in patients with breast 
cancer and compare these to those of healthy women. Increased 
levels of MDA have been reported in breast, ovary, gastric 
and lung cancers, as well as in colorectal adenomas (38‑43). 
The reaction between polyunsaturated fatty acids and free 
radicals can produce MDA, a low‑molecular‑weight aldehyde. 

Patients with breast cancer have been found to have higher 
plasma levels of MDA  (40). It was demonstrated that the 
MDA serum levels were indeed higher in patients with breast 
cancer than in healthy individuals (40). The study performed 
by Bhattacharjee et al (44) revealed that the median MDA 
level for patients with breast cancer was 3.98±0.35 nmol/ml, 
which was higher than that in controls (3.04±0.36 nmol/ml), 
with a P‑value of 0.001. In the Ropanasuri Specialized Surgery 
Hospital, Padang, Indonesia, breast cancer patients and 
controls also exhibited significantly different MDA levels (44). 
Furthermore, patients with breast cancer had significantly 
higher serum MDA levels than those with benign breast 
diseases (P=0.042). The MDA concentrations and age of 
the patients with breast cancer and lymph node metastases 
differed significantly (P=0.006) (45). Similarly, Sahu et al also 
observed an increased level of MDA in patients with breast 
cancer, with an average value of 5.8±3.2 nmol/ml as compared 
to the control group with an average value of 1.9±0.28 nmol/ml, 
indicating that there were statistically significant differences 
between the two groups (38).

The results support the hypothesis that MDA plays a 
causal role in the development of breast cancer. In addition, 
malignant tissues contain higher MDA concentrations than 
normal tissue samples obtained from healthy individuals (46). 
The abnormally high levels of MDA in breast cancer patients 
can be attributed to excessive reactive oxygen species reactive 
oxygen species (ROS) production and a lack of antioxidant 
defenses.

The observed increase in MDA levels may be caused by 
ROS induction in breast cancer cells leading to oxidative 
stress and molecular damage, including lipid peroxida‑
tion (47). It is possible that MDA represents a product of 
lipid peroxidation, induced by an increase in ROS in the 
body, a process that could lead to the development of breast 
cancer (48,49). Biological, chemical and physical carcino‑
gens can induce excessive ROS production. Significantly 
higher levels of oxidative stress and lower levels of antioxi‑
dants are associated with increased MDA levels in cancer 
patients. This event plays a critical role in the development 
and pathogenesis of tumors (50).

Since MDA is one of the most common products of lipid 
peroxidation, by interacting with proteins and DNA, it can lead 
to gene mutations that increase tumor development, explaining 
why increasing MDA levels can act as a marker cancer cell 
development (46,47). Previous studies have provided evidence 
that ROS plays a critical role in the development and progres‑
sion of breast cancer (51). As a result, previous findings (52), as 

Table VIII. Serum MDA values at 532 nm.

	 Healthy	 Breast cancer	
Subject no.	 women	 patients	 P‑value

  1	 1.04±0.08	 2.87±0.31	 0.002a

  2	 0.84±0.05	 2.50±0.22	 0.002a

  3	 0.31±0.03	 4.29±0.23	 0.002a

  4	 1.05±0.11	 2.92±0.26	 0.002a

  5	 0.89±0.07	 5.62±0.09	 0.002a

  6	 0.68±0.06	 2.62±0.29	 0.002a

  7	 0.73±0.05	 4.07±0.12	 0.002a

  8	 0.94±0.04	 2.99±0.82	 0.002a

  9	 1.07±0.12	 3.81±0.22	 0.002a

10	 0.98±0.07	 2.92±0.18	 0.002a

11	 0.34±0.05	 2.21±0.22	 0.002a

12	 0.69±0.09	 2.07±0.02	 0.002a

13	 1.97±0.07	 3.62±0.09	 0.002a

14	 0.54±0.03	 4.25±0.27	 0.002a

15	 1.24±0.10	 2.41±0.11	 0.002a

16	 0.80±0.02	 2.04±0.08	 0.002a

17	 1.21±0.08	 2.84±0.05	 0.002a

18	 0.73±0.05	 3.61±0.12	 0.002a

19	 0.38±0.07	 2.05±0.03	 0.002a

20	 1.94±0.11	 3.86±0.46	 0.002a

21		  2.99±0.82	
22		  2.56±0.34	
23		  6.89±0.16	
24		  3.31±0.03	
25		  5.66±0.09	
26		  2.21±0.22	
27		  2.25±0.58	
28		  2.25±0.58	
29		  3.86±0.46	
30		  2.04±0.08	

aP<0.01.

Figure 3. An increasing expression of miR‑146 is associated with an increase 
in the MDA levels in patients with breast cancer. MDA, malondialdehyde.
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well as the results of the present study support the hypothesis 
that oxidative stress is prevalent, not only in cancer cells, but 
also throughout the entire body affected in cancer patients. In 
addition, MDA levels increased with progressing TNM stages 
in malignant breast cancer tissue (46).

Cancer progression and treatment resistance are char‑
acterized by ROS accumulation, altered redox balance and 
signaling. Oxidative phosphorylation generates ROS, primarily 
at the mitochondrial level. It is possible that the increased ROS 
levels detected in cancer cells arise due to several factors, 
including high metabolic activity, cellular signaling, peroxi‑
somal activity, mitochondrial dysfunction, oncogene activity 
and increased enzyme activity of oxidases, cyclooxygenases, 
lipoxygenases, and thymidine phosphorylases (53). A number 
of antioxidants are involved in maintaining intracellular 
homeostasis, including catalase, superoxide dismutase and 
glutathione peroxidase. Furthermore, glutathione, a potent 
antioxidant, and the transcription factor, Nrf2, also contribute 
to balancing oxidative stress  (53). Free radicals, oxidative 
stress and lipid peroxidation have been well documented as 
factors contributing to the carcinogenesis initiation and the 
progression of the process (39). It has been demonstrated that 
MDA is a potent marker for evaluating oxidative stress in 
patients with breast cancer. An individual's age and disease 
stage determine the level of oxidative stress (39). The levels of 
MDA can serve as a marker of an oxidative state. The disease 
stage and age have been shown to be associated with higher 
levels of malondialdehyde, suggesting a more severe state of 
oxidative stress (39).

A recent study demonstrated that miR‑146a regulates 
inflammatory reactions in diseases associated with inflam‑
mation and oxidative stress  (54). The association between 
miRNA‑146a expression and MDA levels were examined in the 
present study. NF‑κB is a transcription factor located upstream 
of the miR‑146a promoter that triggers miR‑146a expression 
in response to pro‑inflammatory factors and reactive oxygen 
species. In turn, miR‑146a can impede NF‑κB and mediate 
inflammatory processes by inhibiting the expression of some 
of its target genes, such as IRAK1 and TRAF6 (55,56). Further 
analysis revealed that miR‑146a overexpression inhibited 
neuronal apoptosis, reduced the production of pro‑inflam‑
matory cytokines, and reduced oxidative stress in ICH mice. 
miR‑146a appears to function as a protective factor against 
ICH by inhibiting inflammatory and oxidative stress (57).

miR‑146a levels have recently been found to be negatively 
associated with chronic inflammation and oxidative stress. In 
2018, Xie et al (58) found that chronic type 2 diabetes (cT2DM) 
rats with elevated inflammation and oxidative stress status 
exhibited neurodegenerative disorders that were negatively 
correlated with miR‑146a levels. miR‑146a may therefore serve 
as a positive indicator of inflammation and oxidative stress in 
the brain of rats with chronic type 2 diabetes. Overall, it has 
been demonstrated that increased levels of inflammation and 
oxidative stress in cT2DM rats contribute to brain impairment, 
which is negatively regulated by miR‑146a (58). Furthermore, 
inflammatory mediators, such as COX‑2, TNF‑α and IL‑1β, as 
well as oxidative stress indicators, such as MDA and p22phox 
were elevated in the brain tissues of cT2DM rats and nega‑
tively correlated with miR‑146a expression (58). Accordingly, 
the present study examined the association between miR‑146a 

expression and MDA, an oxidative stress indicator, comparing 
patients with breast cancer and healthy women. However, no 
such association was observed. However, one of the limitations 
of the present study is the lack of sampling that affected the 
sample size. In addition, due to the difficulty of the survey, 
data on smoking, alcohol consumption and body mass index 
were not included.

miRNAs regulate a wide range of biological processes 
within a cell. Cancer is one of the diseases associated with 
miRNAs There has been a rapid increase in interest in 
miR‑146a in particular, as a modulator of differentiation 
and function, as well as innate and adaptive immunity (19). 
Various types of tumors have a dysregulated expression of 
miR‑146a due to the fact that miR‑146a regulates several 
important cellular functions (19). Furthermore, to evaluate 
the effectiveness of free and total MDA as indicators of 
oxidative stress, a more in‑depth understanding of the asso‑
ciation between free and total MDA in different biological 
media is essential (59).

The mechanisms underlying this observation are not yet 
entirely clear; however, miRNAs may influence gene abun‑
dance via several different mechanisms. The mechanism 
underlying this phenomenon needs to be examined in more 
detail in future studies. Similarly, high levels of 8‑hydroxy‑
deoxyguanosine and MDA, and low superoxide dismutase 
levels have been shown to increase oxygen radical activity in 
certain inflammatory diseases (60). Thus, further studies are 
warranted to determine the association of miRNAs with breast 
cancer in more detail.
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