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Original Article  Current cancer therapies include chemotherapy, radiation therapy, immunotherapy, and surgery.
Despite these treatment methods, a major point in cancer treatment is early detection. RNAs
(mRNA, miRNAs, and LncRNA) can be used as markers to improve cancer diagnosis and
treatment. This research examined how radiotherapy affected CCL5, miR-214, and MALAT-1
gene expression in the immune pathway in peripheral blood samples from radiation therapy-
treated breast cancer patients. Before and after radiotherapy, peripheral blood was collected from
15 patients in four steps. Blood samples were collected in an outpatient facility from 20 healthy
female volunteers with no history of malignant or inflammatory conditions. RNA was extracted
from the blood samples and cDNA was synthesized. CCL5, miR-214, and MALAT-1 gene
expression were determined by real-time polymerase chain reaction (RT-PCR). CCL5 protein
levels in the serum were determined in 80 samples (60 BC and 20 healthy controls) using
Quantikine Enzyme-Linked Immunosorbent Assay (ELISA) kits (R&D Systems). The data were
then statistically evaluated. There was a significant difference between CCL5 levels in tumoral
and adjacent normal blood samples (p < 0.05). The results also show that the level of gene
expression and serum concentration of CCL5 protein in different phases of radiotherapy is
significantly different. On the other hand, the expression level of the miR-214 gene was
significantly decreased in patients compared to the control group, but this decrease was not
significant for the MALAT-1 gene (p< 0.05). Also, after each stage of radiotherapy, the expression
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Introduction

I nflammation is a characteristic of cancer that promotes the growth of the tumor. Both acute and chronic
inflammation processes have been indicated to significantly affect the development of cancer. Recent
findings on inflammation have demonstrated a link between inflammatory processes and the neoplastic
transformation, tumor growth, and metastatic development, as well as the occurrence of recurrences. In
particular, inflammatory processes mediated by the tumor microenvironment play a role in the progression
of breast cancer (BC) (1).

C-C motif ligand 5 (CCL5) or regulated upon activation, normal T-cell expressed and secreted
(RANTES) is a chemokine associated with aggressive BC (2). CCLS5 is a chemotactic cytokine extensively
secreted by natural killer cells, epithelial cells, T cells, fibroblasts, and platelets (3). It is also secreted by
specific tumor cells, including malignant melanoma (4), ovarian cancer (5), prostate cancer (6), and BC cells
and, assists in the absorption and stimulation of these cells. In normal breast epithelium cells, the CCL5
expression is lower, but in the primary breast tumor site, metastasis site, and local lymph nodes, it is higher
(7). Therefore, the expression of CCL5 during the process of malignant transformation of BC is necessary.
Moreover, chemokine levels have a negative and positive correlation with patient prognosis and the density
of tumor-associated macrophages, respectively. Hence, inhibition of chemokine receptors or their production
could prevent the recruitment of macrophages by tumor cells (7).

Long noncoding RNAs (LncRNAs) are transcribed RNA molecules (greater than 200 nucleotides in
length) that regulate various biological functions either directly or indirectly (8). Many IncRNAs play a role
in human diseases and cancers by inducing cell cycle progression, invasion, and metastasis (9). Metastasis-
associated lung adenocarcinoma transcript-1 (MALAT-1) is a preserved and well-characterized IncRNA
responsible for various biological processes via a variety of mechanisms (10). Under hypoxia conditions, it
is also important in inflammation, angiogenesis, and metastasis (11).

MALAT-1 expression has been suggested to enhance in the liver, cervix, BC, colorectal, renal, prostate,
gastric, and other cancers. MALAT-1 can mediate tumor cell proliferation, tumorigenesis, autophagy,
metastasis, and drug-resistant phenotypes in cancer cells by targeting multiple transcription and growth
factors, epigenetic changes, and hormones. However, the link between elevated MALAT-1 expression levels
and the inflammatory microenvironment in cancer is an issue that needs further investigation (12).

MicroRNA (miRNA) is another type of endogenous non-coding single-stranded RNA studied
extensively as a circulating marker (13). These RNAs can down-regulate approximately one-third of genes
by binding to the 3’-untranslated region of target messenger RNA (mRNA) and play a role in a wide range
of biological processes such as cell proliferation, apoptosis, migration, and carcinogenesis. (14). Many
mMiRNAs are also involved in BC carcinogenesis and development (15). miRNAs regulate mMRNA expression
by degrading or silencing these molecules, and IncRNAs activate and repress genes via transcriptional or
post-translational mechanisms. miRNAs collaborate with INcCRNAs to influence the transcriptome (16, 17).

The majority of miRNAs are expressed differentially in BC. miR-214-3p can hinder tumor growth and
metastasis by inhibiting the expression of the leucine zipper tumor suppressor. While miR-214-3p decreases
in BC, its mechanism of action and expression in different stages of radiotherapy are unknown. This mMRNA
is down-regulated in various human cancers, including BC, cervical pancreatic, and hepatocellular cancers,
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as well as rhabdomyosarcoma (18). It also impacts the radiotherapy response of non-small cell lung
carcinoma (NSCLC) cells via the regulation of p38MAPK, apoptosis, and senescence. However, the
mechanism and function of miR-214-3p in radiotherapy in BC are still obscure (19).

Radiotherapy is an essential and integral part of BC treatment. Based on two large meta-analyses,
adjuvant radiotherapy declines local recurrence and ameliorates survival after breast-conserving surgery and
mastectomy (20, 21). However, BC is growingly considered a heterogeneous disease, and radiotherapy
cannot assist all patients in terms of survival and nor is the absolute advantage equal across risk groups (22).
Even though local recurrence rates in BC reduces with advancements such as screening, pathognomonic
examination, and modern medical therapy, identification of patients who may not take advantage of radiation
therapy and avoid the morbidity and burden of adjuvant radiotherapy is crucial (23). As a beneficial tool,
gene expression could allow clinicians to perform therapies considering the molecular characteristics of each
tumor (24).

Materials and methods

Collection of blood samples

Only BC patients with no previous chemo- or radiotherapy were enrolled in the study. Following, five
mL of peripheral blood was collected from 15 BC patients referred to Imam Khomeini Hospital in Tehran,
Iran (2020-2021) before, and after the first, second, and fourth weeks of completion of their radiation therapy.
Radiation therapy was administered to all patients using an Elekta Precise linear accelerator at a regular daily
dose of 1.8 Gy (dose per fraction: 1.8 Gy). In treatment phases I, Il, and 111, the radiation treatment dose was
9,9, and 18 Gy (36 Gy in the fourth week) for all patients (Table 1). Five days per week, radiation therapy
was administered using a 3D- conformal protocol with 18 MV photon beams. Furthermore, no specific
medication was prescribed to any of the patients during radiotherapy. Blood samples were collected in an
outpatient facility from 20 healthy female volunteers with no history of malignant or inflammatory
conditions. In addition, 3 mL of blood samples were collected in Vacutainer Serum Separator Tubes II,
allowed to clot for 30 minutes, and centrifuged at 2000 rpm for 4 minutes. After that, the serum is stored at
-80 °C until the assay. Tarbiat Modares University Ethics Committee approved the study based on a code of
ethics (IR.MODARES.REC.1400.232).

Table 1. Details of radiotherapy doses in this study.

Phases of treatment  Number of sessions Dose per fraction (Gy) Dose in per phase (Gy)
Phase | 5 1.8 5*1.8=9

Phase Il 5 1.8 5*1.8=9

Phase 111 10 1.8 10*1.8=18

Total 20 1.8 20*1.8=36

RNA extraction

Total RNA was extracted from whole blood using the EZ-RNA Reagent (BioBasic, Canada) as directed
by the manufacturer. RNA was extracted and stored at —80 °C in 30 uL of RNase-free water. It should be
noted that for all processes, the total RNA procedure was followed. The 260/280 and 260/230 absorbance
ratios of all RNA samples were used to assess RNA purity using a Nanodrop (Thermo Fisher Scientific). For
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RNA, a 260/280 ratio of 2.0 and a 260/230 ratio of 2.0-2.2 were considered "pure".
Reverse transcription and quantitative real-time PCR (QRT-PCR)

M-MuLV enzyme (Sinaclone, Iran), random hexamers, and stem-loop primers were used to synthesize
cDNAs according to the manufacturer's instructions. The StepOne Real-Time PCR system (Applied
Biosystems) was applied to perform RT-gPCR with specific primers (Table 2). B2M and C/D box 48 small
nucleolar RNA were used as internal controls to normalize mRNA and miRNA expression. To assess fold
changes in cDNA, the relative quantification method (224<") was used. A PCR assay was conducted for each
sample with two duplicates and repeated twice.

Table 2. Primer sequences.

Gene Primer sequences Tm(OC)
CCL5 F: 5'-GCTGTCATCCTCATTGCTACTG 62
R: 5'-TGGTGTAGAAATACTCCTTGATGTG 63
MALAT-1 F: 5'- GAATTGCGTCATTTAAAGCCTAGTT 59
R: 5-GTTTCATCCTACCACTCCCAATTAAT 59
B2M F: 5'- CCACTGAAAAAGATGAGTATGCCT 59
R: 5- CCAATCCAAATGCGGCATCTTCA 61
F-mir-214-3p 5'- ACACTCCAGCTGGGACAGCAGGCACAGACA 60
mMiR-214-3p STL 5'- CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACTGCCTG 61
F-U48 5'- GAGTGATGATGACCCCAGGTAA 62
U48 STL 5'-GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGCCAACGGTCAG 61

Complete blood counts with differentials

Complete blood counts with differential measurements were made in normal and BC patients before and
after a basic course of external beam radiation therapy. Clinical laboratory tests (complete blood count) were
performed for participants at Imam Khomeini Hospital's Department of Laboratory Medicine. Within 4 hours
of the blood draw, all samples were hand-delivered.
Chemokine detection in Serum Samples

Blood samples were collected from participants at four different times: 72 hours before the start of RT,
one week after RT was completed, and two and four weeks after RT was completed. Also, blood samples
were collected from normal women who did not have any diseases related to immunity and cancer. To collect
serum samples, we followed our standard procedures: A 3 mL SSTII (serum separator tube) blood sampling
tube was used to collect serum. The blood sampling tubes were centrifuged (1300 xg, 10 minutes at 4°C)
within 1 hour. The serum was then isolated and immediately frozen in aliquots at -20°C. The samples were
kept at -80°C for an extended period. Circulating levels of CCL5 were measured using Quantikine Enzyme-
Linked Immunosorbent Assay (ELISA) kits (R&D Systems) in 80 samples (15 BC in four steps, 20 healthy
controls). The Quantikine Human CCL5/RANTES ELISA kit (R&D Systems) was used to perform ELISA to
determine circulating CCL5 levels. At 450 nm, absorbance was measured. To correct plate imperfections,
readings at 570 nm were subtracted from those at 450 nm. Every sample was evaluated twice. On each
microplate, a new standard curve was created by diluting a known concentration standard. Using a logistic
curve-fitting algorithm, the mean absorbance for the duplicate wells was applied to calculate the chemokine
concentration for each sample. All absorbance values were within the linear portion of the standard curve

International Journal of Molecular and Cellular Medicine. 2022; 11(3): 244-259


http://dx.doi.org/10.22088/IJMCM.BUMS.11.3.244
https://ijmcmed.org/article-1-2021-en.html

[ Downloaded from ijmcmed.org on 2025-07-02 ]

[ DOI: 10.22088/IIMCM.BUMS.11.3.244 ]

Evaluation of radiotherapy on gene expression in breast cancer/ Shokri F, et al 248

after suitable dilution. Concentration levels read from the standard curve were multiplied by the dilution
factor.
Statistical analysis

The results were reported in the form of descriptive statistics indicators in the form of numbers
(percentage) for qualitative variables and means + standard deviation (SD) for quantitative variables. To
compare the expression of genes between two groups of patients and healthy, an independent t-test was used,
and between two groups of control and patients over time, an analysis of variance of repeated measures
(Repeated Measure ANOVA) was used. For data analysis, SPSS Version 19 software was used. A significant
level was defined as a probability value of less than 5% (p< 0.05).

Results

Of 21 women screened for this study, 16 met our diagnostic and temporal inclusion criteria. Of these,
16 study subjects enrolled, 15 completed the pre-RT baseline and the 3-week post-RT observational study
and 40.48 + 7.3 years, and that of the control groups was 42.21+6.2. Most had estrogen (86.7 %) or
progesterone (80.0) receptor-positive breast tumors, 86.7% had invasive ductal carcinoma, and 13.3% also
had ductal carcinoma in situ and Invasive lobular carcinoma. HER2/neu overexpression was present in
33.3% of the participants’ biopsied tissue samples. Patient clinicopathological details are shown in table 3.

Table 3. Patient tumor sample characteristics.

Characteristic Detail Frequency Percentage
I/r 1 6.7
Type of breast left > SEhek
- 2 13.3
Estrogen receptors (ERS) + 13 86.7
- 3 20.0
progesterone receptor (PRs) - 12 80.0
- 10 66.7
HER?2/Neu receptor + 5 33.3
1--3 1 6.7
2 6 40.0
Grade 2.3 3 20.0
3 5 333
<=2cm 4 26.7
Sze 2-4cm 7 46.7
>4 cm 4 26.7
A 2 13.3
A 4 26.7
Stage 1B 3 20.0
HIA 5 33.3
Hnic 1 6.7
DCIS 1 6.7
Type IDC 13 86.7
ILC 1 6.7
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Analysis of gene expression

The peripheral blood sample was obtained from each of the 15 radiotherapy-treated BC patients before,
and one, three, and four weeks after the start of treatment. Gene expression analysis was performed on the
corresponding blood samples from BC patients and controls. The results were normalized to endogenous
control genes and expressed in relative quantity. Expression of CCL5 was significantly elevated in BC
patients compared to controls (p<0.05, Figure 1A). But on the contrary, miR-214-3p expression was
significantly decreased in tumor samples compared to normal (Fig. 1B). Also, no significant difference was
found between MALAT-1 gene expression in both groups (Figure 1C).

CCL5 miR-214
20 15
° 1.5 © 1.0- *
> e .
s £
S 1.0- S
k=] =2
i L 0.5-
0.5
0.0 T T 0.0 T T
Control Patient Control Patient
O
(A) (B)
Malat1
1.5
- ns
% 1.0 -
8
[&}
=}
(o]
% 0.5
0.0 T T
(C) Control Patient

Fig.1. Expression of CCL5, miR-214, and MALAT-1, in breast cancer patients and controls. GraphPad Prism, independent T-test
method. Expression of CCL5 was significantly elevated in BC patients compared to controls (p = 0.011). But on the contrary, miR-

214-3p expression was significantly decreased in tumor samples compared to normal (p =0.024). Also, no significant difference
was found between MALAT-1 gene expression in both groups (p = 0.073).
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CCLS5, miR-214, and MALAT-1 expression in samples from radiotherapy-treated BC patients

The level of CCL5 expression has shown a significant increase in all steps of radiotherapy, so this
increase in expression was higher in the fourth week after the start of radiotherapy compared to the previous
weeks. Unlike CCLS5, the expression level of miR-214-3p had a decreasing trend, which was not significant
for the first week, but its expression level decreased significantly in the second and fourth weeks. Also, there
was no significant difference in the expression of MALAT-1 before radiotherapy and in the first and second
weeks after radiotherapy, but its expression increased significantly in the fourth week after radiotherapy
(Figure 2).

patients ccl5

v

4
2.0
*
g, 37 o 1.5+
S =
5 24 % 1.0- ns DS
= =
2 - £ 0.5-
0 0.0-
week0 week 1 week?2 week4
a b
miR-214
1.5
| P=0.035 || P=0.042 |
o ns
CCSJ 1.0 I * *
«
e
o
=]
2 0.5
0.0 T T
week0week1 week?2 week4

Fig.2. Fold change in expression of the genes CCL5, miR-214, and MALAT-1, before, and 1, 2, and 4 weeks after radiotherapy.
GraphPad Prism, Paired T-test method. The level of CCL5 gene expression has increased over time with increasing radiation dose
(a). The expression level of MALAT-1in the first and second weeks after radiotherapy (after receiving 9 gy and 18 gy of radiation)
has no significant difference compared to before the start of radiotherapy, but in the fourth week after radiotherapy (after receiving
36 gy of radiation), the expression level of MALAT-1 has had a significant increased (b). The level of miR-214 gene expression in
the first week after radiotherapy was not significantly different from that before the treatment, but in the second and fourth weeks,

when the patients received 18 and 36 gy of radiation, respectively, the gene expression was significantly lower than before the start

treatment (c).
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CCL5 protein concentration

ELISA was used to assess the level of CCL5 protein in the supernatant of normal adjacent and tumoral
blood samples from BC patients. Two biological replicates were used for each case and control sample.
Figure 3 shows the CCL5 protein level in breast tumors and normal. There was a significant difference
detected in CCL5 serum levels of BC patients (Mean (SEM) of 80.68 (17.68) ng/mL) compared to healthy
controls (49.04 (10.34) ng/mL). Also, as seen in figure 4, the concentration of CCL5 protein has increased in
each stage of radiotherapy in BC patients.

Group

22 Patient

25000
28 Contral

20000

150.00
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100.00
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CCL5-Basline CCLS5-Week1 CCL5-Week2 CCLS-Weekd
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Fig.3. CCL5 chemokine level. CCL5 levels were evaluated by ELISA in the supernatant of normal adjacent and tumoral blood
samples from BC patients. Each case and control sample were assayed in two biological replicates. The supernatant of the adjacent
had a mean concentration of 49.04 pg/mL and the supernatant of the tumor had a mean concentration of 80.68 pg/mL. The mean

concentration before radiotherapy: 80.68 pg/mL 83.87 pg/mL in Stage I, 125.87 pg/mL in Stage II, and 221.93 pg/mL in Stage I11.
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Fig.4. Changes in CCL5 chemokine levels in the patient and control groups studied four times.
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Changes in White Blood Cell and Differential Counts Associated with RT

Based on the results of the independent T-test, it was observed that the difference between the mean
neutrophils in the fourth week between the patient and the control was statistically significant (p-value =
0.003). Also, the difference in the average level of monocytes in the first, second, and fourth weeks between
the patient and control groups was statistically significant, so the average of these blood cells in the patient
group was higher than the healthy group (p<0.05). Also, in the group of patients, after each stage of
radiotherapy, the average level of monocytes increased significantly compared to the previous stage, but on
the contrary, the increase in the level of lymphocytes, neutrophils, and eosinophils after each stage of
radiotherapy was not significant (Figure 5).
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Fig.5. Pre- and post-radiotherapy white blood cell and differential count for eosinophils (A), neutrophils (B), lymphocytes (C), and

monocytes (D), in breast cancer patients (n = 15) in four steps before and after radiotherapy and control (n=20).

Association of CCL5 chemokine level and white blood cell changes during treatment with RT

Table 4 shows the results of investigating the effect of increasing CCL5 protein on the level of changes
in white blood cells using a mixed-effects model. The results in this study showed that with the increase of
CCL5 protein during the treatment period, the levels of eosinophils, neutrophils, lymphocytes, and monocytes
increased by 0.00004, 0.00749, 0.00147, and 0.00228 respectively, and only the changes of monocyte cells
were statistically significant (p<0.001) (Table 4).
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Table 4. Association of CCL5 chemokine and White blood cell changes.

Parameter Estimate Std. Error 95 % CI t P-value
Eosinophils 0.00004 0.00016 (-0.00028 — 0.00036) 0.239 0.812
Neutrophils 0.00749 0.00326 (0.00095 — 0.01402) 2.294 0.025
Lymphocytes 0.00147 0.00139 (-0.00131 - 0.00425) 1.060 0.293
Monocytes 0.00228 0.00034 (0.0016 - 0.00297) 6.644 <0.001

Based on the regression analysis results, it can be seen that only the effect of CCL5 protein on monocytes
in the fourth week is statistically significant (p=0.031), so with an increase of one unit in the amount of CCL5
protein, the level of monocytes increases by 0.003. The effect of the CCL5 protein on other studied blood
cells was not statistically significant (Table 5).

Table 5. Association of CCL5 chemokine and White blood cell changes during different weeks of treatment

based on regression analysis.

Cell type time B Std. t- P-
Error value value
Eosinophils Baseline 0.002 0.001 1.856 0.086

Weekl -0.001 0.001 -0.764 0.459
Week2  -0.002 0.001 -1.958 0.072
Week4  -0.001 0.001 -0.704 0.494
Neutrophils Baseline -0.011 0.026 -0.417 0.684
Weekl -0.003 0.028 -0.089 0.931
Week2 0.013 0.019 0.690 0.503
Week4  -0.014 0.015 -0.936 0.366
Lymphocytes Baseline 0.004 0.012 0.328 0.748
Weekl 0.002 0.015 0.124 0.904
Week2  -0.007 0.007 -1.005 0.333
Week4  0.000 0.005 -0.029 0.978
Monocytes Baseline -0.001 0.002 -0.628 0.541
Weekl 0.006 0.004 1355 0.199
Week2  -0.001 0.002 -0.627 0.542
Week4  0.003 0.001 2414 0.031

Discussion

The microenvironment of a tumor is strongly correlated with cancer development, and the cells
surrounding a tumor are necessary for tumor progression. CCL5 is an essential protein that contributes to
chronic inflammatory disorders and malignancies via the recruitment of inflammatory cells (25). CCL5 is
overexpressed in various cancer types and involved in different essential steps of cancer spread, i.e.
proliferation, migration, invasion, angiogenesis, and metastatic colonization, after activating the CC
chemokine receptors 1, 3, and 5 (26). In addition to cancer growth and progression, CCLS5 is associated with
resistance to common treatments such as radiotherapy and conventional chemotherapy drugs (e.g. cisplatin
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and tamoxifen) (27). The elevated levels of CCL5 have been found to be a biomarker for cancer and also for
predicting prognosis and improvement of therapeutic approaches (28).

Based on the results of this study, a significant difference was detected in circulating the protein levels
of CCL5 bhetween BC patients and healthy controls, but this difference was insignificant in Hartmann et al.’s
investigation (29). The present study also discovered that the concentration of CCL5 was higher in the tumor
than in normal tissue, which supports the findings of Niwa et al. and Eissa et al. (30, 31). In our study, the
CCLS5 expression level and protein concentration increased in each stage of radiotherapy, but the expression
levels of MiR-214-3p decreased.

CCLS5 is a key chemotactic factor for macrophages in the microenvironment of tumors (32). While the
exact role of CCL5 in tumor biology is unclear, this cytokine is known to be important for triggering and
amplifying the antitumor host response and also inducing appropriate immune responses against tumors (33).
CCL5 expression by BC causes the migration of monocyte to the tumor site, increased production and
recruitment of proinflammatory cytokines, and recruitment and activation of inflammatory cells, which could
contribute to metastasis formation (34). Macrophages abundantly exist in the tumor microenvironment.
Although effective in decreasing primary tumors, radiotherapy may enhance the infiltration of macrophages
into tumor sites, thereby accelerating tumor progression (35, 36).

In our study, a significant correlation was observed between the CCL5 concentration and blood
monocyte level in patients with BC. Moreover, with the elevation of CCL5 concentration and the received
doses of radiotherapy, the level of blood monocytes was enhanced in patients. In cancer cells, RT increased
the 12-LOX expression levels. Furthermore, the expression of CCL5 elevated via the AKT/NF-B pathway.
CCL5 enhances the recruitment of macrophages to tumor tissues and also their polarization to the
immunosuppressive M2 subtype, thereby facilitating metastasis (37). Radiation also increases the migration
of macrophages in NSCLC models. This behavior is caused by CCL5 because its inhibition remarkedly
lessens the number of migrated macrophages. Further analysis has demonstrated the overexpression of CCL5
by IL-6, which is prevention-impaired macrophage migration (38). Evidence has also indicated that the
expression of CCL5 is much higher in parents than in radioresistant tumor tissue. This finding highlights the
function of CCL5 in CD8* T cells and macrophage infiltration (39). Walens and associates implied that
macrophages provide residual BC cells in mice with the protein collagen that they need to grow. In the
experiments, mice with HER2-positive BC were given targeted cancer therapy. Following treatment, CCL5
levels increased and remained high in residual tumors in mice (40).

CCLS5 levels were also found to be high in residual BC tumors in women, suggesting that high levels of
this protein may reduce the period between tumor treatment and relapse, as CCL5 tends to attract
macrophages, which deposit collagen in residual tumor tissues. Collagen helps promote tumor growth
because recurrent tumors enhance collagen levels, and BC patients with high levels of collagen in their
tumors typically have poor outcomes. Therapeutic interventions that inhibit the CCL5 release or macrophages
from supplying collagen to residual tumor cells could contribute to the prevention of recurrence. Therefore,
the increased expression levels of CCL5 may result in recurrence following treatment in BC patients. As a
result, based on our findings, radiotherapy can elevate the CCL5 expression and also the number of
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monocytes. The outcome is the infiltration of macrophages. Of note, when considering radiotherapy or other
therapies associated with increased CCL5 levels, cancer recurrence should be taken into account.

MiRNAs, in addition to being diagnostic biomarkers, can be used as biomarkers for the treatment of BC
and its radiation resistance. An earlier study also indicated that miRNAs can be used as biomarkers for the
prediction of treatment responses (41). By suppressing target genes or degrading mRNA, miRNAs take a key
role in macrophage infiltration, cell proliferation, differentiation, apoptosis, and other biological functions in
normal cells. Differentially expressed miRNAs may interfere with the proliferation and differentiation of
normal cells, which often results in the development of various cancers, as well as cardiovascular and immune
disorders. Alterations in miRNA expression have been denoted to have a crucial role in tumorigenesis and
development. miR-214-3p induced apoptosis in BC cells by targeting and sensitizing the RFWD2-p53
cascade to doxorubicin. The miR-214-3p can also contribute to the development of BC by targeting CCL5.
Analyzing some samples of early oral squamous cell carcinoma has reflected the significant role of miR-214-
3p in prognosis. In general, miRNAs play an essential role in the malignant proliferation of BC and may have
arole in the success of BC radiation therapy (42, 43).

In the present study, we observed the down regulation of miR-214-3p in BC patients. We also noticed a
decreased expression level of miR-214-3p with each stage of radiotherapy and an increased level of CCL5
gene expression. Liu et al. reported that miR-214-3p could suppress breast tumors. Therefore, it could be
concluded that miR-214-3p suppresses BC, as well (44). In our analysis, we found that the miR-214-3p
expression level was lower in BC patients than in the control group, which indicates the tumor suppressor
role of miR-214-3p. Gu et al. have stated that the overexpression of miR-214-3p is considerably associated
with different cancers (45). Based on bioinformatics studies, CCLS5 is a target for miR-214-3p; therefore,
reduction of miR-214-3p expression can elevate the level of CCL5, which could be a miR-214-3p downstream
target gene. miR-214-3p down regulation in BC cells increased cell proliferation but prevented apoptosis,
which suggests that the down-regulation of miR-214-3p can contribute to BC development. In this study, we
observed that the miR-214-3p expression decreased over time with radiotherapy, while the CCL5 expression
increased.

Overexpression of the InCRNA MALAT-1 is a characteristic of human oncogenesis. MALAT-1 promotes
tumor metastasis, the formation of solid tumors, and the development of hematologic malignancies (46) and
is involved in multiple human cancers, including NSCLC, hepatocellular carcinoma, and bladder cancer (47,
48). Our study explored that MALAT-1 expression is increased in BC, which supports the findings of Lin et
al. and Ying et al. (47, 48) but contradicts those of Kim et al. (49). MALAT-1 overexpression blocks and
MALAT-1 deficiency induces BC metastasis; the effect of MALAT-1 deficiency can be reversed by
reintroducing this InNcCRNA. The abundance and aberrant expression of MALAT-1 in many cancers display its
role in cancer development (50). Based on MTT and Transwell assays, MALAT-1 promotes proliferation and
migration in LoVo and HCT116 cells (51, 52).

Xu et al. (53) have reported that MALAT-1 has a significant biological motif located at the 3’ ends of
MALAT-1 (6918-8441 nt), and this motif has a crucial role in the biological processes of cell proliferation,
migration, and invasion. Guo et al. have revealed the involvement of MALAT-1 in cervical tumorigenesis,
cell cycle progression, and invasion through regulating gene expression of caspase-3, -8, Bax, Bcl-2, and Bcl-
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XL (54). The findings of our study exhibited a higher expression of MALAT-1 in BC patients than in normal
women, which affirms previous research and emphasizes the function of MALAT-1 in BC. Our findings also
disclosed that MALAT-1 expression increased over time with radiotherapy. While MALAT-1 expression can
have a role in metastasis development, radiotherapy can have a detrimental impact on the prognosis of the
disease. As a result, MALAT-1 expression can serve as a biomarker for cancer. According to a meta-analysis,
MALAT-1 overexpression has been associated with weak clinical outcomes in cancer (55). Therefore,
MALAT-1 could be used as a potential predictor of tumor metastasis and prognosis after radiotherapy.

In summary, trials of breast irradiation after BC continue to support the evidence that irradiation
significantly reduces the expression of MALAT-1 and miR-2143p, while increasing the expression of CCL5.
We show that radiotherapy has an effect on the CCL5, MALAT-1, and miR-2143p axis of human BC with
increased immunity-associated signaling and that this could be a novel treatment approach for overcoming
the therapeutic ionizing radiation in tumors associated with this signaling network. The expression of these
genes could be used to determine the efficacy of radiotherapy. More studies with larger sample sizes, we
believe, are required to validate this hypothesis.
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