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Introduction
In women, breast cancer (BC) accounts for the highest 
diagnosis number of patients in worldwide. Annually, 1.68 
million new cases are diagnosed and 522 000 patients pass 
away.1 This heterogeneous disease has been classified four 
molecular subtypes base on expression human epidermal 
growth factor receptor 2 (HER2), progesterone receptor 
(PR), and estrogen receptor (ER) 2. Generally, triple-
negative BC (TNBC) accounts for 15%–20% of all BC. In 
spite of optimum local and systemic treatments, TNBC 

are recognized to be an aggressive class with upper rates of 
relapse compared with HER2- and ER/PR-positive BC.3-6

Most epidemiological studies have recommended 
that a healthy lifestyle and dietary fatty acids are crucial 
for diminishing the risk of BC.7-9 There are two main 
classes of polyunsaturated fatty acids (PUFAs): n-3 PUFA 
and n-6 PUFA.9,10 In mammalian, n-3 and n-6 PUFAs 
are necessary fatty acids and because of they cannot 
synthesized endogenously, must be consumed in the 
diet.11 Linoleic acid (LA) (18:2 n-6) is the well-known 
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ARTICLE INFO Abstract
Background: Molecular signatures of the effects of widely used omega-3 and omega-6 fatty acids 
as dietary supplements and even in cancer therapy have been studied. Of them, microRNAs, have 
been shown to undergo altered expression after treatment with docosahexaenoic acid (DHA) 
and linoleic acid (LA) in different cancer types. In this study, the expression level of two well-
known onco-microRNAs (miR), miR-10b, miR-20a, and also major histocompatibility complex 
class I chain-related protein A (MICA) as the target for these oncomiRs were investigated after 
treatment with DHA, LA, and common therapeutic agent Taxol.
Methods: MDA-MB-231 cells were cultured in a complete RPMI 1640 medium and an MTT 
assay was performed to determine IC50 of DHA, LA, and Taxol. Cells were treated by DHA 
(100µM), LA (50µM), and Taxol (0.3µM) alone or in different combinations. After RNA extraction 
and cDNA synthesis, the expression levels of miR-10b, miR-20a, and MICA were determined 
by quantitative real-time PCR. U6 and β-Actin were used as endogenous controls, respectively.
Results: Our findings showed that DHA, LA, and Taxol, and their combinations led to the 
significantly decreased expression of miR-10b and miR-20a (all P < 0.0001). The expression level 
of miR-10b and miR-20a significantly decreased when treated with the LA + TAX combination. 
MICA as the target of miR-10b and miR-20a was also down-regulated significantly (P < 0.0001) 
especially when treated with DHA + LA + TAX.
Conclusion: Useful effects of DHA, LA, and their combination in breast cancer (BC) could be 
interpreted in part by decreasing the expression level of oncomiRs. In the case of MICA have 
had some contrary. High expression of MICA/B caused an approving outcome concerning the 
relapse-free period in early BC patients, however; some studies have shown that higher MICA 
expression was found as a sign of poor prognosis in BC. The decreased expression of MICA in the 
present study suggests the potential role of DHA and LA should be used in dietary supplements 
of BC patients.
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n-6 PUFA.12,13 Recent studies zoom in effects of LA on 
biology of cancer cells demonstrated that LA repressed 
BC proliferation in both in vitro and in vitro; however, 
creating the results about inferring on a carcinogenic part 
for LA in pathology of BC has caused its protective role to 
be questionable 14. N-3 PUFAs including docosahexaenoic 
acid (DHA), and eicosapentaenoic acid (EPA) can be 
gained from marine foods such as fish oil and seafood.13 
DHA has been detailed to have advantageous impacts 
for treating different sorts of cancers along with the 
approved treatment regimens.14 Beneficial effects of DHA 
such as reduction of inflammation, suppression of tumor 
cell proliferation, and induction of apoptosis have been 
reported. DHA regulates immune responses in favor 
of decreasing inflammation through inhibition of pro-
inflammatory mediators and induction of adiponectin.14 
Also, DHA has been appeared to repress the invasion of 
the MDA‐MB‐231 cells via increasing of expression of 
the cytokeratin‐1. In addition, DHA causes activation of 
peroxisome proliferator‐activated receptors α (PPAR‐α)/
TLR‐4 pathways so apoptosis occurs in MDA‐MB‐231 
cells and down-regulation expression of miR-20a, one of 
the important miRs in progression and metastasis of BC.14

Repression of gene expression usually do by a sort of 
short non-coding RNA molecules called miRs. These 
molecules bind to the 3’-untranslated region (3’-UTR) 
of target mRNAs. Evidences provide that miRNAs have 
significant functions in formation and immunogenicity 
of tumor.15 Recent findings regarding miR-20a, miR-106b, 
and miR-93 have led to suppressing MICA, and MICB 
expression and contributed to immune evasion.16,17 The 
inappropriate expression of some miRs such as miR-
20b, miR-138, miR-190b and miR-29 has been observed 
in breast carcinoma, particularly in TNBC. The miR-
20a, consists of miRNA-20a-3p and miRNA-20a-5p, 
which belongs to the miR-17-92 gene cluster. MiR-20a 
is conserved in the human genome and plays substantial 
role in tumor genesis and its development. It has been 
inferred that the expression of miR-20a-5p is upregulated 
in hepatocellular carcinoma and gastric diseases, however, 
the decreased expression of miR-20a-5p is indicated in 
breast carcinoma.18 miR-20a downregulated ULBP2 and 
the expression of MICA/B by inhibiting the MAPK/
ERK signaling pathway and targeting the MICA/B 
3’-untranslated region, respectively. Functional analysis 
indicates that the silencing of NKG2DL-targeting 
miRNAs in BC cells increases inhibited immune escape in 
vivo and NK cell-mediated cytotoxicity in vitro. moreover, 
histone deacetylase inhibitors (HDACis) increase 
expression of NKG2DL in BC cells because they inhibit 
the miR-17-92 cluster’s members. The miR-20a expression 
induces an abnormal vascular mesh formation and also 
angiogenesis in BC.14

miR-10b is another microRNA involved in this network 
which is remarkably upregulated in human BC cells. It 
targets KLF4 and HOXD10 to play a pro-oncogenic role 
and can raise cell invasion and also metastasis formation 

in the TNBC subtype by its secretion via exosomal 
vesicles, mediated through neutral sphingomyelin 
phosphodiesterase 2 (nSMase) and also it can transform 
non-malignant HMLE cells into the type of cells with 
invasion-ability. Directly inhibition of miRNA target, 
PTEN, and on the other hand the indirectly enhance 
of the expression of AKT, as well as that of BCL2 like 
11(BIM) and HOXD10 causes Metastasis generation and 
self-renewal of cancer stem-like cells driven by miR-10b.19

miR-10b is an interesting candidate due to its close 
correlation with the metastatic behaviors. The subsequent 
researches on miR-10b validate its candidacy as a 
mechanistically significant miRNA, as demonstrated 
through in vivo experiments indicating that miR-10b 
overexpression in otherwise non-metastatic breast tumors 
trigger tumor invasion and also distant metastasis in 
the xenotransplantation models. Conversely, metastasis 
is suppressed in a model of mouse mammary tumor by 
therapeutic silencing of miR-10b.20 Therefore, targeting 
miRNAs with the antisense inhibitors represents a new 
approach to enhance the immunogenicity of BC.21

Because of insufficient knowledge in the field of the 
molecular targets related to the anticancer effect of DHA, 
this study is designed to study the DHA effect (alone and 
combined with the chemotherapeutic agent, Taxol) on 
the expression level of the immune‐related gene, MICA. 
miR‐10b and miR‐20a, as two miRs are also involved in 
this study, due to their roles in BC development and their 
relations with the MICA expression. 

In the present study, we found that the DHA, LA, and 
Taxol (generic name paclitaxel), and their combinations 
significantly down-regulated expression of miR-10b and 
miR-20a in MDA-MB-231 cells. The level expression of 
MICA also decreased.

Methods and Materials
Cell culture and reagents
Human highly metastatic BC cell line, MDA-MB-231 was 
purchased from the National Cell Bank of Iran (Pasteur 
Institute, Tehran, Iran). Cell line was cultured in complete 
Roswell Park Memorial Institute (RPMI) 1640 medium 
(Gibco Inc., El Paso, TX) supplemented by 10% of fetal 
bovine serum (Gibco Inc.), 100 unit/ml penicillin, and 
100 μg/ml streptomycin. Cells were incubated at 37 °C 
in a 95% humidified incubator with 5% CO2. Cells with 
80% confluency were treated with 100 µM DHA (Sigma-
Aldrich) and/or 50µM LA (Sigma-Aldrich) and/or 0.3µM 
Taxol for 24 hours. Cells treated with vehicle buffer were 
considered as control cells.

MTT cell proliferation assay
MDA-MB-231 cell line was seeded at a density of 15 × 103 
cell/well in 200 μL culture medium at 96-well tissue 
culture plates. The next day medium was replaced with 
200 μL of fresh media comprising different concentration 
of Taxol (0.1 nM, 1 nM, 10 nM, 100 nM, 1 μM, 10 μM and 
100 μM) and incubated for 24 hours at 37 °C and 5% CO2. 
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Following 24 hours the medium was removed and the 
cells were washed with phosphate-buffered saline (PBS) 
and 50 μL of 2 mg/mL MTT solution (Sigma–Aldrich, St. 
Louis, MO) with 150 μL media was added to every well 
and incubated for 4 hours at 37 °C with 5% CO2. The 
solution was removed and dimethyl sulfoxide (DMSO) 
and Sorenson were added. Afterwards 30 minutes the 
plates were read at 570 nm in a microplate reader and 
Taxol IC50 (half maximal inhibitory concentration) for the 
MDA-MB-231 cell line was determined. To obtain a more 
accurate dose of Taxol in the following cell line, we limited 
the range of Taxol concentrations in the second step.

RNA extraction and cDNA synthesis
Cells were used for RNA extraction by the TRIzol method 
(RiboEX, GeneAll Biotechnology, Korea) recommended 
by the manufacturer. RNA concentration was evaluated 
by a Nano-Drop Spectrophotometer (Nano-Drop 
Technologies, Wilmington, DE, USA) and then kept at 
-80 °C for future experiments. Extracted RNA samples 
were applied to assess the extraction qualitatively by 
electrophoresis on an agarose gel to observe 18s and 28s 
ribosomal RNA bands. miRNAs were reverse transcribed 
by Universal cDNA Synthesis Kit II (Exiqon, Vedbaek, 
Denmark) based on the manufacturer’s instruction. 
Also, cDNA from RNAs was synthesized by BioFact Kit 
(Daejeon, Korea).

Quantitative real-time PCR
Evaluation of the expression levels of MICA mRNA, 
miR-10b, and miR-20a was performed by Quantitative 
Real-time PCR method by using the SYBR Green master 
mix (Yekta Tajhiz Azma, Tehran, Iran) on Light Cycler 
96 system (Roche Company, Basel, Switzerland). MICA 
and miRNA primers were purchased from Bioneer 
(South Korea), and Exiqon respectively (Table 1). The 
comparative CT method was employed to evaluate the 
relative amounts (using the 2−∆∆CT formula) of target 
mRNA in the test samples, which were normalized to the 
corresponding β-actin transcript level. Also, Expression 
levels of miRNAs were normalized to the corresponding 
U6 as the housekeeping gene.

Statistical analysis
Obtained data were analyzed by using the GraphPad 

Prism software version 6.0.1 (GraphPad Prism, San Diego, 
CA, USA). After the calculation of the normality of data 
distribution using unpaired student’s t test. The data were 
represented as the mean ± standard deviation (SD) and 
P < 0.05 was considered the level of significance.

Results
DHA, LA, and Taxol reduced highly metastatic BC cell 
line viability
To evaluate IC50 of DHA, LA, and Taxol in the MDA-
MB-231 cell line, an MTT assay was used. The IC50 
of Taxol, DHA, LA was 0.3 µM, 100 µM, and 50 µM 
respectively (Figure 1).

DHA, LA, Taxol, and their combinations down-regulated 
the level expression of the oncomiRs in the MDA-MB-231 
cell line
To determine which one of the drugs has the most impact 
on the expression of oncomiRs, we treated MDA-MB-231 
cell lines with the mentioned drugs alone and their 
combinations. As shown in Figures 2 and 3 combinations 
of LA and Taxol significantly diminished the expression 
of miR-10b, and miR-20a (all P < 0.0001). Overall, these 
results indicate that the anti-cancer effect of DHA and LA 
strikingly increased when combined with Taxol (Table 2).

DHA, LA, Taxol, and their combinations also decreased 
the level expression of the MICA in MDA-MB-231 cell line
The single most remarkable observation to emerge 
from the data comparison was, the reduced expression 
of MICA in all different combinations (P < 0.0001). In 
fact, contrary to what was previously thought, we found 
that treatment of BC cell lines with anti-cancer drugs 
accounted for lessening the expression of MICA. Contrary 
to expectations, we did not find a surprising difference 
in minimizing expression of MICA when treated with 
LA + Taxol combination compared with declining 
notably the expression of oncomiRs in this combination 
(Figure 4, Table 2).

Table 1. Primer sequences

Primer Sequences

MICA
Forward 5´- GACAGCTGACTTGCTGAGAGG-3'

Reverse 5'- GGTAAACAGGAGCACGAGGAT-3'

β-Actin
Forward 5'-TCCCTGGAGAAGAGCTACG-3'

Reverse 5'-GTAGTTTCGTGGATGCCACA-3'

U6* 5'-GGG CAG GAA GAG GGC CTA T-3'

miR-10b* UACCCUGUAGAACCGAAUUUGUG

miR-20a* UAAAGUGCUUAUAGUGCAGGUAG

* Target sequence. Figure 1. Cytotoxicity effect of Taxol on MDA-MB-231 cells
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Discussion
Due to the increasing of the cancer cases and considerable 
fatalities worldwide; much attention is paid to researches 
in the cancer field. Regarding BC, the ultimate goal 
of all efforts are to reach suitable therapy with lowest 
side effects. It has been indicated that DHA has very 
positive effects on the therapy of cancer along with the 
conventional therapeutics agents. However, molecular 
mechanisms of these effects particularly in the inhibition 
of the tumorigenesis are not clear.22 This study set out with 
the aim of assessing the effect of DHA, LA, and Taxol in 
declining miR-10b, miR-20a, and their target, MICA.

Several researches on various cancer types such as 
breast, ovarian, colorectal, lung, prostate, and gastric 
cancer have indicated that DHA (alone or in combination 
with the chemotherapeutic drugs) could raise tumor cell 
death through increasing apoptosis both in vivo and in 
vitro. Besides, researchers have found a distinct relation 
between DHA and invasion and also metastasis of tumor 
cells which could have a negative or positive effect on these 
processes.22 The present findings about the cytotoxicity 
effects of DHA on MDA-MB-231 cell lines seem to be 

Figure 2. Expression level of miR-10b in triple-negative metastatic human 
breast cancer cell line, MDA-MB-231, treated with DHA, LA, Taxol and their 
different combinations

Figure 3. Expression level of miR-20a in triple-negative metastatic human 
breast cancer cell line, MDA-MB-231, treated with DHA, LA, Taxol and their 
different combinations

Table 2. The fold changes and P values of miR-10b, miR-20a and MICA

Treatment
miR-10b miR-20a MICA

Fold change P value Fold change P value Fold change P value

Taxol -26.52  < 0.0001 -38.02  < 0.0001 -151.51  < 0.0001

DHA -2.6 0.0115 -3.76  < 0.0001 -156.25  < 0.0001

LA -5.91  < 0.0001 -18.72  < 0.0001 -196.07  < 0.0001

DHA + TAX -7.68  < 0.0001 -64.51  < 0.0001 -78.74  < 0.0001

LA + TAX -46.72  < 0.0001 -128.2  < 0.0001 -4.69  < 0.0001

DHA + LA -2.92  < 0.0001 -7.88  < 0.0001 -161.29  < 0.0001

TAX + DHA + LA -2.94  < 0.0001 -14.43  < 0.0001 -204.08  < 0.0001

Figure 4. Expression level of MICA in untreated and treated MDA-MB-231 
cell lines with DHA, LA, Taxol and their different combinations
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consistent with other research which found DHA induces 
pyroptosis, which is an inflammation-related cell death 
in following cell lines.23 Another study which is done by 
Corsetto et al determined that DHA promoted apoptosis 
in MDA-MB-231 and MCF-7 cell lines by decreasing 
Bcl-2 and caspase-8 expression.24 Yun et al indicated 
that DHA has the ability of inhibiting cell proliferation 
and increasing of apoptosis through suppressing Wnt/β-
catenin signaling pathways in the MDA-MB-231 BC 
cells, in a time and dose-dependent manner.25 About the 
synergic effects of DHA and Taxol, Li et al reported that 
DHA caused increasing sensitivity of BC cells and tumor-
associated macrophages to Taxol.26 Wang et al. showed 
that the Taxol-DHA- carboxymethyl dextran drug delivery 
system, which conjugated S with containing amino acids 
Gly-Gly linkers removed xenograft tumors in nude mice-
bearing MCF-7 BC cells.27 Shekari et al showed that DHA 
led to more down-regulation effect on MICA expression 
compared with combination treatment of DHA and 
docetaxel.28 Dong et al designed a drug conjugate with 
DHA, dextran, and docetaxel that had elimination effect 
on xenograft BC tumor in nude mice.29

Recent findings regarding the effects of LA in BC 
have led to contrary opinions in this area. In vivo and in 
vitro researches suggest that n-3 PUFAs may have anti-
tumor impacts but about n-6 PUFAs vice versa effects 
have reported.30-34 Studies in BC showed that LA was 
contributor to rise rate of chronic diseases by induction 
of unsuitable inflammatory responses.35,36 In addition, LA 
have led to induction of plasminogen activator inhibitor-1 
expression, proliferation, invasion, and migration of BC 
cells. Besides, EMT-like process has also observed in 
MCF10A through LA.37-39 Also, Marquez et al revealed 
that LA increases MDA-MB-231 migration and invasion 
through PI3 kinases/Akt signaling pathway.40 However, 
Biatek et al concluded that LA accounts for suppressing 
BC in rat models of this disease.41 Likewise, a meta-
analysis study noted that LA diminishes the risk of BC.42 It 
has been reported that, Taxol-LA loaded in a drug delivery 
system increased proliferation suppression of Non-
Small Cell Lung Carcinoma compared to Taxol alone.43 
In other study, it is indicated that treated gastric cancer 
cells with LA alone, and combination with docetaxel 
significantly decrease expression of miR-20a in docetaxel 
and LA + docetaxel while increasing expression seen in LA 
treatment.44

The most interesting finding in this study was the 
decrease of MICA in all treatments with anti-cancer 
drugs. Previous findings have reported that MICA is one 
of the ligands for NKG2D receptors which activates NK 
cells and causes anti-tumor responses.45-47 Induction of the 
NKG2DL expression occurs in neoplasm transformation 
and during stress conditions, while its expression is 
undetectable or low in normal cells.48 However, tumor 
cells are inhibited from recognition by immune cells by 
decreasing their surface expression of NKG2DLs.49,50 
About BC contrary results have been demonstrated. 

In early BC patients, reported that high expression of 
MICA/B was an indicator of good prognosis51 whereas, 
in another study was shown higher MICA expression was 
found in BC tissues than in normal breast tissues.52 Also, 
Madjd et al proved that over expression of MICA was 
seen in poor prognosis of BC.53 In a Meta-analysis study, 
the higher soluble isoform of MICA/B (sMICA/B) was 
associated with a significantly lower overall survival (OS) 
rate in various cancer types.54 Kshersagar et al showed 
that sMICA in urine, saliva, and serum of BC patients 
were significantly higher than in normal group.55 Our 
results have some similarities with Madjd and colleagues’ 
findings that upregulation of MICA was detected in a 
high grade of BC.53 Furthermore in our study, expression 
of MICA significantly decreased in all treatments that 
matched results of Shekari’s study which reported MICA 
significantly down-regulated in treated gastric cancer cells 
with docetaxel, LA and docetaxel + LA.44

New findings indicate that miRNAs are critical roles 
in regulation of tumor development as an onco-miRs or 
tumor suppressor miRs.56 Following the present results, 
previous studies have demonstrated that miR-10b and 
miR-20a targeted MICA/B.57,58 Shen et al confirmed 
that MICA/B are targeted via miR-20a and miR-20b 21. 
In others, studies proved that miR-20a suppresses the 
expression of MICA through binding 3’-UTR sites in 
human tumor cells like HeLa, 293T, DU145.59,60 Codo 
et al indicated that glioma cancer cells express miR-20a 
to escape immunosurveillance by targeting MICA.16 
Tsukerman et al showed that miR-10b down-regulated 
MICB in DU145, MCF-7, and RKO cell lines.61 It was 
found that down-regulation of miR-10b and miR-20a 
resulted in a reduction of MICA whereas Tang et al62 
found that decreasing expression of MICA overexpressed 
miR-20a in colorectal cancer cells. Youlin et al showed 
that repression of miR-20a by a chemical compound 
(pterostilbene) caused up-regulation of MICA in prostate 
cancer cells.63

The evidence from this study suggests that MICA and its 
controlling miRs expression reduced after treatment with 
Taxol, DHA, LA, and different their combination. MICA 
expression had lower expression in TAX + DHA + LA 
treatment compared to other treatment groups. 
Additionally, LA + TAX is more effective in decreasing the 
expression of oncomiRs. 

Conclusion 
Finally, our study demonstrated DHA and LA has anti-
tumor effects on MDA-MB-231 BC cells and this finding 
leads to the importance of the usage of omega-3 and 
omega-6 supplementation in cancer therapy. 

DHA, and LA can alter miRNA expression levels in 
order to change tumor cells gene expression and ameliorate 
the efficacy of the chemotherapy. However, this effect is 
related to the therapeutic agent used and tumor cell line. 
Combination of these supplements with anti-cancer drug 
(Taxol) have had synergetic effect to decrease onco-miRs 
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expression. Here, combined usage of LA and Taxol have 
more effect than other treatment groups. Further research 
should be done to investigate the level of MICA expression 
in the treatment of BC. 
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