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Identifying patient’s cellular radiosensitivity before radiotherapy (RT) in breast cancer (BC) patients allows proper
alternations in routinely used treatment programs and reduces the adverse side effects in exposed patients. This study
was conducted on blood samples taken from 60 women diagnosed with Invasive Ductal Carcinoma (IDC) BC (mean age:
47+9.93) and 30 healthy women (mean age: 44.43+6.7). The standard G2 assay was performed to predict cellular radio-
sensitivity. To investigate miR-22 and miR-335 expression levels in peripheral blood mononuclear cells (PBMCs), qPCR
was performed. The sensitivity and specificity of the mentioned miRNAs were assessed by plotting the Receiver Operating
Characteristic (ROC) curve. Binary logistic regression was performed to identify the miRNA involvement in BC and
cellular radiosensitivity (CR) of BC patients. The frequency of spontaneous and radiation-induced chromatid breaks (CBs)
was significantly different between control and patient groups (p<0.05). A cut-off value was determined to differentiate the
patients with and without cellular radiosensitivity. miR-22 and miR-335 were significantly downregulated in BC patients.
miRNAs expression levels were directly associated with CR. ROC curve assessment identified that both miRNAs had
acceptable specificity and sensitivity in the prediction of BC and CR of BC patients. Binary logistic regression showed that
both miRNAs could also predict BC successfully. Although only miR-22 was shown potent to predict CR of BC patients,
both miR-22 and miR-335 might act as tumor suppressor miRNAs in BC. miR-22 and miR-335 may be promising potential
biomarkers in BC prediction along with other important biomarkers. Moreover, mirR-22 might be a potential biomarker

for the prediction of CR in BC patients.
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Breast cancer (BC), is the most common type of cancer
among women and the first cause of cancer-related mortality
in women worldwide [1]. Radiotherapy (RT) is a common
method used for the treatment of ~50% of all cancer patients
in some stages of their disease [2]; however, some patients
are over/undertreated after RT [3]. Radiosensitivity means
the relative sensitivity of normal cells, tissues, or organs to
the effects of ionizing radiation [4]. Cellular radiosensitivity
depends on several factors including the type of radiation,
the DNA repair capacity, etc. [5]. Identifying radiosensitive
patients before performing RT allows a proper alternation in
routinely used treatment regimens to reduce the adverse side
effects in exposed patients [4]. Radiation response analysis in
different subtypes of breast cancer has revealed that luminal
subtypes (A, B) are more sensitive to irradiation although

triple negative breast cancers (TNBC) and Her2+ subtypes
are almost radio-resistant [6]. Provided that distinct molec-
ular subtypes of BC show a different response to irradiation,
it might affect the clinical outcome of treatment [7].

Studies have also revealed that peripheral blood lympho-
cytes from patients with different types of cancer show
higher chromosomal abnormalities (CA) than healthy
individuals after irradiation [8]. Enhanced CA after irradia-
tion has been detected in ~40% of BC patients while only in
~10% of healthy individuals [9, 10]. G2 assay, a widely used
method for the study of radiosensitivity, is in vitro irradia-
tion of peripheral blood lymphocytes in the G2 phase of
the cell cycle to create DNA damage, which is often repaired
during G2 to M-phase transition, residual lesions can be
observed and measured at metaphase as CA [11]. The high
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frequencies of chromosomal aberrations expressed following
G2 exposure significantly differentiate between radiosen-
sitive and non-radiosensitive cells or individuals [12-16].
Several reports have shown higher frequency of chromo-
somal aberrations in lymphocytes of breast cancer following
G2 exposure to ionizing radiation [17-19]. Ionizing radia-
tion (IR) used in RT, induces several types of DNA lesions
such as double-strand breaks (DSBs) [20], DNA double-
strand breaks (DSBs) are a hazardous form of damage that
can potentially cause cell death or genomic rearrange-
ments. DSBs are repaired with two-component kinetics. In
both phases, a fast process uses canonical nonhomologous
end-joining (c-NHE]) to repair the majority of DSBs [21].
Chromatid aberrations in G2 may be induced following a
signaling pathway induced by initial induction of DNA
damage [22, 23]. The DNA damage response (DDR) acts as
a critical role in DSBs repair [24]. DDR maintains genomic
stability by protecting cells against apoptosis or malig-
nancy [25]. microRNAs (miRNAs) are a subtype of small
non-coding RNAs with 20-25 nucleotides length which
their role in breast tumorigenesis and modulating radiation
response is confirmed [26].

miRNAs can affect tumor radiosensitivity through
the regulation of DDR [15]. miR-22 modulates DDR by
downregulation of MDCI expression, MDCI plays a critical
role in genome stability [27]. MDC1 downregulation has
been detected in human breast and lung tumor cells [28]. It
acts not only as a tumor-suppressor but also as an oncogenic
miRNA to stop or aggravate cancer formation [29]. Although,
its role in regulating the radiation response of BC cells is
poorly understood its upregulation was shown to increase
the radiosensitivity of BC cells through DNA damage
repair [30]. It has been shown that miR-22 acts as a tumor-
suppressive miRNA in BC cells [31]. A study showed that
the radiotherapy initiates reduction of miR-22 expression
[32]. miR-335 regulates the DDR by downregulation of CtIP
expression [33]. CtIP regulates DDR through homologous
recombination (HR) at the site of DSBs [34]. These findings
suggest that miR-335 can sensitize cells to IR [33]. miR-335
also serves as a tumor suppressor miRNA since it has been
found to have reduced expression in BC [35]. miR-335 can
increase tumor sensitivity to radiation partly via targeting
main proteins involved in DDR such as CtIP in breast cancer
cell lines but its functions need to be more explored [33].

We aimed to investigate the possible involvement of
miR-22 and miR-335 in the radiosensitivity of lymphocytes
of IDC BC patients. To do this, a standard G2 assay was used
to differentiate patients as radiosensitive and non-radiosen-
sitive groups based on their cellular radiosensitivity. Then the
expression levels of miR-22 and miR-335 for the first time
in PBMCs was assessed in both patients’ group with and
without cellular radiosensitivity and compared to the healthy
control group. The ultimate aim of this study was to evaluate
the potential use of miRNAs used in this study to predict
cellular radiosensitivity or early detection of BC.

Patients and methods

Study population. Stage I/II invasive ductal carci-
noma BC patients (60 females; mean age 47+9.92 years)
were randomly selected at the Cancer Institute of Imam
Khomeini Hospital (Tehran, Iran). Patients were selected
among new-case individuals who had not received chemo-
therapy and/or primary radiotherapy treatment or previous
anticancer drug before blood sampling. They also had no
previous history of alcohol or drug consumption; no history
of cancer patients in their first-degree relatives and also signs
of congenital chromosomal breakage syndromes associ-
ated with radiosensitivity (such as ataxia-telangiectasia,
xeroderma pigmentosum, etc.). Age and gender-matched
healthy donors (30 females; mean age 44+6.7 years) without
prior history of breast cancer or other major illnesses in
them or their first-degree relatives at the same time were
also included as a healthy group. To obtain information on
all donors’ lifestyles, factors such as dietary habits, medical
history, and exposure to chemical and physical agents,
smoking, and alcohol/drug consumption, etc. were checked
according to written questionnaires. Individuals with these
confounding factors for at least one month prior to blood
sampling were excluded from the study. Informed consent
was obtained from all patients and healthy participants
according to the Institutional Ethical Committee regula-
tions. This study was approved by the Ethical Committee of
the Tarbiat Modares University (Registration no 52D/1958
dated May 17, 2017).

Cell culture and G2 chromosomal radiosensitivity assay.
Peripheral blood (2 ml) from all participants was collected in
heparinized tubes. Each blood sample was divided into two
parts as non-exposed and exposed to gamma irradiation.

Briefly, 0.5 ml of heparinized blood was added to 4.5 ml
of complete RPMI-1640 (Bioidea, EU) supplemented with
10% fetal bovine serum (Bioidea, EU), penicillin (100 TU/
ml), streptomycin (100 pg/ml) (Bioidea, EU), and 100 ul
phytohemagglutinin (Gibco, BRL, USA). Each culture vessel
was prepared in duplicate, one for checking of spontaneous
chromatid breaks yield (SY) as control, and the other for
gamma irradiation-induced chromatid breaks yield (IY).
Cultures were incubated at 37°C for 72 h. Culture vessels
were irradiated with a dose of 1 Gy of gamma-ray generated
from a *°Co source (Theratron-II 780C, Kanata, Canada)
with a dose rate of 0.8-1 Gy at room temperature (4-5 h
before harvesting). Colcemid (Gibco, BRL) at a concentra-
tion of 4 ug/ml was added, 1.5 h before harvesting to arrest
cells at metaphase. Harvesting was performed according to
standard procedure, slides were made, and air-dried, then
stained in 4% Giemsa. To analyze metaphase, 100 well
spread metaphases were scored in slides before irradiation
and 100 metaphases for after irradiation under a light micro-
scope (Leica, Japan) with magnification x1000 for each
sample for the presence of chromatid breaks. The difference
between chromatid breaks yield before and after irradiation
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Figure 1. Examples of abnormalities seen in metaphases A) Normal metaphase, B) Metaphase with chromatid breaks and deletions shown with arrows.
C) Metaphase with chromatid breaks (shown by arrows) and an exchange (shown by double arrows). Magnification x1000

was analyzed. Cut-off values were calculated for radiation-
induced chromatid aberrations in lymphocytes of healthy
individuals as mean aberrations + 1 SD according to Scott et
al. [9, 15] to differentiate between patients with and without
cellular radiosensitivity. Molecular studies were performed
according to the cellular radiosensitivity of BC patients.
Figure 1 shows a sample photomicrograph of metaphase
cells with and without chromatid aberrations following the
irradiation of G2 lymphocytes.

Isolation of peripheral blood mononuclear cells
(PBMCs). Two ml peripheral blood was also collected
from each sample in K2-EDTA tubes for molecular experi-
ments. The blood diluted and mixed with an equal volume
of phosphate buffer solution (PBS). The solution was gently
added to 3 ml Ficoll-Hypaque (Lymphodex Inno-Train) and
centrifuged at 400 g for 40 min. Then the PBMC was carefully
transferred into a new tube, and was further diluted in PBS
and centrifuged at 500 g for 15 min (2 times). miRNA isola-
tion procedure was performed on the pellet immediately.

miRNA isolation and qRT-PCR. miRNA was extracted
using a kit (FavorPrep™ miRNA Isolation Kit, Taiwan).
To synthesize the cDNA; Reverse transcriptase kit (YTA,
Iran) was used and the protocol was followed according
to the manufacturer’s instruction. Stem loop primers were
used to perform reverse transcription. Stem-loop primer
sequences used in this study were as follows: hsa-miR-22
(5-GTCGTATCCAGTGCAGGGTCCGAGGTATTCG-
CACTGGATACGACACAGTT-3’), hsa-miR-335 (5-GTCG-
TATCCAGTGCAGGGTCCGAGGTATTCGCACTG-
GATACGACACATTT-3’). Hsa-miR-16 was also selected
as endogenous control with the following stem-loop primer
sequence: (5-GTCGTATCCAGTGCAGGGTCCGAGGTA-
TTCGCACTGGATACGACCGCCAA-3).

Following reagents: miRNAs, stem-loop RT primer (1
pM), RNase-free water was mixed gently on ice and incubated
for 5 min at 70 °C. Afterward, a mixture containing: x5 first-
strand buffer, dNTPs (10 mM each), RNasin (40 U/ul),
M-MLV was prepared and after adding the mixture into the

tubes; incubation was carried out at 16°C for 30 min and
60°C for 42 min using PCR system (Eppendorf). Reaction
termination was performed using 5 min incubation at 70 °C.

Real-time PCR was carried out using SYBR Green qPCR
Mix reagent (BIOFACT, Taiwan) on a Real-time PCR System
(Applied Biosystems, Step one Plus, USA). The sequences of
the specific forward primers were as follows: hsa-miR-22 F
(5-CAGGAGCGAAGCTGCCAGTTGAA-3’), hsa-miR-335
F (5-GCGGCGGTCAAGAGCAATAACGA-3’),hsa-miR-16
F (5-GGGCGTTAGCAGCACGTAAA-3’). The universal
reverse primer used was (5-CCAGTGCAGGGTCCGAG-
GTA-3).

Twenty pl PCR reaction mixtures included 2x SYBR
Green qPCR Mix reagent (BIOFACT, Taiwan), forward and
reverse primer (10 pM each), cDNA products and nuclease-
free water was made. The PCR reactions 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 finally 72 °C for 10 sec. All reactions were
performed in duplicates. Finally, the 2744 method was used
to analyze the relative expression level of each miRNA.

Statistical analysis. In the G2 assay, for each sample, the
SY of chromatid breaks was subtracted from the IY to give the
radiation-induced yield (RIY). Results were analyzed using
SPSS software (version 25, Chicago, USA). For comparing
the frequency of chromatid aberrations between groups
before and after irradiation un-paired t-test was used.

The normality of data distribution was investigated using
the Shapiro-Wilk test. Outliers were excluded from analysis
and the sampling was repeated to obtain 60 BC patients and
30 healthy individuals. The association of miRNAs expres-
sion levels with breast cancer was examined by an unpaired
t-test (comparison of two groups). Cellular radiosensitivity
was analyzed using Tukey Post Hoc One way ANOVA test
(comparison of more than 2 groups). A non-parametric
Kruskal-Wallis (k samples) test was also conducted to
determine the significant differences between BC molec-
ular subtypes. A p-value <0.05 was considered as a signifi-
cant value.
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ROC curves were generated to assess the accuracy of
using miRNAs in the detection of breast cancer and cellular
radiosensitivity of BC patients. ROC curves and the Area
Under the Curve (AUC) with a 95% confidence interval (95%
CI) were calculated to assess the predictive value of these
molecules. Finally, binary logistic regression was employed
to evaluate the ability of miRNAs in the prediction of BC and
cellular radiation response.

Results

Demographic information of patients and their relevant
pathological characterization such as the status of ER, PR,
Her2, and Ki67 as well as lymph node status and clinical
stages are presented in Table 1. The pathological information
of some patients was not available.

The G2 assay analysis. The G2 assay was carried out on
lymphocytes collected from blood samples of 60 BC women
(patients’ group) and 30 healthy gender-matched individuals
with and without receiving 1 Gy gamma irradiation. The
SY was 1£0.78 and 3.35%£1.90 in metaphase related to the
lymphocytes of healthy individuals and patients, respectively

Table 1. Demographic information of included patients.

Category Number Percentage (%)
Age (years):

40> 18 30

54-41 27 45

55< 15 25
T Stage™:

T1<2cm 24 40

T2

T3>2cm 36 60
Lymph Node Status®:

Positive 21 35

Negative 39 65
Clinical TNM Staging

I 17 28.33

II 43 71.67
ER/PR/HER?2 status:

ER+/PR+/HER2- 16 29.63

ER+/PR-/HER2- 10 18.52

ER-/PR+/HER2- 9 16.66

ER-/PR-/HER2+ 3 5.56

ER+/PR+/HER2+ 7 12.96

ER-/PR-/HER2- 9 16.67
¢ Mean level of ki-67

(Luminal A) <14 14 40

(Luminal B) >14 21 60

“T0=no evidence of primary tumor, T1 = tumor <2 cm, T2 = tumor >2cm
not exceed from 5 cm, T3 = tumor >5 cm, T4=tumors with metastasis to
surrounding tissues that were not included in our study; "positive = metas-
tasis to axillary lymph nodes and or in internal mammary nodes, negative
= no regional lymph node metastasis histologically, no additional examina-
tion for isolated tumor cells. ‘ER+/PR+/HER2-, ER+/PR-/HER2-, and
ER-/PR+/HER2- are totally considered as BC luminal subtypes. The mean
level of Ki-67 is usually determined to differentiate luminal A from luminal
B; Abbreviations: n = number of patients; TNM stage = tumor size; lymph
nodes involvement; metastasis; ER = estrogen receptor; HER2 = human
epidermal growth factor receptor; PR = progesterone receptor

(unpaired t-test; p=0.009). Irradiated yield IY in patients was
also significantly different from controls. The average RIY was
1.3+1.32 per metaphase in the control group and 7.6+4.8 in
patients which were significantly higher in patients (unpaired
t-test, p=0.001). No significant difference was observed in the
mean age of these two groups (unpaired t-test, p=0.0699).

A cut-off value was obtained to classify the individuals as
with cellular radiosensitivity and without cellular radiosensi-
tivity groups, using the mean number of induced chromatid
aberrations + 1 SD observed for healthy donor’s population,
according to the method used in the study done by Scott et al.
[24]. Results are shown in Figures 2A and 2B.

Based on the determined cut-off value, lymphocyte
cultures from patients were classified into 2 groups: with
cellular radiosensitivity and without cellular radiosensitivity.
From 60 lymphocyte cultures initiated from BC patients and
irradiated at G2, thirty-five lymphocyte cultures (58.34%)
showed cellular radiosensitivity, and 25 cultures (41.66%)
were found without cellular radiosensitivity. For molecular
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Figure 2. Cut-off values to classify the cells as radiosensitive and non-
radiosensitive A) Distribution of radiation-induced chromatid breaks
frequency in cells of healthy individuals (n=30) and B) breast cancer pa-
tients (n=60). Dashed lines indicate the mean + 1 SD used to indicate the
cut-off point.
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Figure 3. Studied miRNAs analysis in BC A) miR-22 is downregulated
in breast cancer (60 individuals) compared with healthy individuals (30
individuals). B) miR-335 expression level is reduced in breast cancer
(60 individuals) versus healthy control (30 individuals). *Statistically
significant p<0.05, **statistically significant p<0.01. Error bars indicate
standard deviation (SD) from mean values. The data were analyzed using
unpaired t-test.

analysis, 5 cases with the least number of chromatid breaks
in radiosensitive samples were considered as non-radiosensi-
tive; therefore, the molecular study was finally performed for
2 equal groups of patients with and without cellular radio-
sensitivity (each with 30 samples).

The association of miR-22 and miR-335 with BC and
cellular radiosensitivity. miR-22 was significantly downreg-
ulated in PBMCs extracted from 60 BC patients compared
with samples taken from 30 healthy individuals (expression
ratio = 0.12, unpaired t-test, p=0.006). miR-335 showed also a
significantly reduced expression in 60 BC samples in compar-
ison with 30 samples from healthy individuals (expression
ratio = 0.41, unpaired t-test, p=0.026; Figures 3A, 3B).

miR-22 expression was directly associated with cellular
radiosensitivity. The expression of this miRNA was reduced
in leukocytes of samples with cellular radiosensitivity
(expression ratio = 0.17) and without cellular radiosensitivity
(expression ratio = 0.06) in comparison with the leukocytes
of the control group. It was also found that its expression was
significantly higher in the group with cellular radiosensitivity
rather than those without cellular radiosensitivity (expres-

Figure 4. miR-22 and miR-335 expression levels and BC cellular radia-
tion response. Three different groups are indicated in this figure and each
of them includes 30 individuals. A) The BC group without cellular ra-
diosensitivity showed the lowest expression level of miR-22. B) The BC
group with cellular radiosensitivity showed higher expression of men-
tioned miRNA compared to the BC group without cellular radiosensitiv-
ity. *Statistically significant p<0.05. Error bars indicate standard devia-
tion (SD) from mean values. One-way ANOVA with post hoc Tukey test
was used for data analysis.

sion ratio = 2.83). After performing the Tukey Post Hoc
One-way ANOVA test it was found that these observations
are statistically significant with respective p=0.026, p=0.001,
p=0.036; Figure 4A).

miR-335 expression analysis among our three studied
groups demonstrated that it was also directly related to cellular
radiosensitivity in BC patients. A comparison of samples
with cellular radiosensitivity and without cellular radiosen-
sitivity with control showed a reduced expression ratio of
0.55 and 0.26, respectively. A higher expression level was
observed in samples with cellular radiosensitivity compared
to samples without cellular radiosensitivity (expression ratio
= 2.12). Based on Tukey Post Hoc One-way ANOVA test
results were statistically significant with p=0.049, p=0.018,
p=0.045, respectively (Figure 4B).

Predictive values of miR-22 and miR-335 in cellular
radiosensitivity in BC patients. Both of miR-22 and
miR-335 were differentially expressed in samples taken from
BC and healthy individuals, so ROC curves were applied
to evaluate the specificity and sensitivity of these miRNAs
in discrimination of BC patients and healthy controls. For
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miR-22 a sensitivity of 70%, a specificity of 86.7%, and
AUC values 0.810 (0.701-0.919) with 95% CI was obtained
(Figure 5A). Analysis of ROC in miR-335 showed a sensi-
tivity of 86.7%, a specificity of 66.7%, and AUC values 0.743
(0.614-0.873) (Figure 5B). Interestingly it was found that
a combination of these two studied miRNAs resulted in
enhanced sensitivity 76.7% and specificity 80%, and AUC
value 0.833 (0.732-0.935) in BC differentiation from healthy
individuals (p=0.0001, Figure 5C).

ROC curve was also used to evaluate the prediction power
of the mentioned miRNAs in cellular radiosensitivity in BC
patients. Regarding radiation response, the AUC values with
95% CI was 0.756 (0.657-0.854; p=0.0003), with a sensitivity
of 66.7% and specificity of 70% for miR-22 (Figure 5D) and
0.723 (0.597-0.849; p=0.001) with a sensitivity of 66.7%
and specificity of 66.7% for miR-335 (Figure 5E). Based
on obtained results combining miR-22 and miR-335 had
promoted sensitivity and specificity in cellular radiosen-
sitivity, since the AUC value reached 0.820 (0.726-0.914)
(p=0.001), with a sensitivity of 80% and specificity of 66.7%
(Figure 5F).

Binary logistic regression analysis was applied to predict
the capability of miR-22 and miR-335 in predicting breast

cancer and its cellular radiosensitivity. Obtained results for
mir-22 was with Odds Ratio = 4.376 (p=0.002) compared to
Odds Ratio = 3.263 (p=0.018) for miR-335 in BC predication.
Odds Ratio index shows the effects of an independent factor
on the dependent factor. Therefore, independent factors
(for example miR-22) with bigger OR have a more powerful
potency in the prediction of dependent factor (such as BC
detection). The evaluated results demonstrated that miR-22
was more successful in predicting BC as it could predict BC
1.341 times stronger than miR-335.

Regarding radiation response analysis, evaluation of
binary logistic regression indicated only miR-22 with p=0.011
and Odds Ratio = 3.074 was capable enough to predict
cellular radiosensitivity in BC patients, while miR-335 was
not (p=0.178).

Chromatid breaks frequencyin BCmolecular subtypes.
After determining molecular subtypes of some patients
based on pathology reports it was found that 74.46% of
BC cases were HR-positive (luminal A + B), 19.14% Triple
Negative (TN), and 6.38 % HER2+. Based on the results
from innate chromosomal aberration analysis (without
irradiation) it was found that TN and HER2+ BC subtypes
encompass a higher mean of Chromatid Breaks Frequency
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Figure 5. ROC curve analysis A) and B) represent ROC curves of the miR-22 and miR-335 in breast cancer (n=60) compared to healthy controls
(n=30) and C) combined ROC curve of both miRNAs. D) and E) represent ROC curves of the miR-22 and miR-335 in patients with cellular radiosen-
sitivity (n =30) compared to patients without cellular radiosensitivity (n=30), and F) combined ROC curve of both miRNAs.
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(CBF) compare to luminal A and B subtypes (3.67+1.94
and 5.33%1.73 vs. 3.07£2.34 and 3.33+1.40, respectively).
Luminal A showed the least CBF among all studied
subtypes. To assess Radiation Response Score (RRS) among
BC subtypes, induced CBF was divided by spontaneous
CBF values. A comparison of radiation-induced chromatid
breaks with spontaneous chromatid breaks revealed that
luminal-B (3.55+2.74) and HER2+ (2.43+1.53) had the
highest and the lowest RRS, respectively.

Association of miRNA expression ratios with BC
molecular subtypes. To evaluate the association of miR-22
and miR-335 expression levels with BC molecular subtypes,
a non-parametric Kruskal-Wallis (k samples) test was
conducted. miRNA expression levels were compared with
the control group in each BC molecular sub-types and
indicated as “Expression Ratio vs. Control” in Table 2. The
expression levels of studied miRNAs were also compared
in Triple Positive (TP) versus TN, luminal versus HER2
Positive and luminal A versus luminal B and obtained
results were indicated as “inter-group ratios” in Table 2.
These values indicate the magnitude of expression changes
in each group in comparison with the others. For instance,
TP has a higher expression of miR-22 rather than the TN
group (1.071 times). In summary for miR-22, a significant
reduction of expression levels differences was observed
in all of the BC molecular subtypes, compared to control
(Kruskal-Wallis test; p=0.001). Similar results were
obtained for miR-335 except for HER2+ subtypes. miR-335
expression in Triple Positive was significantly higher than
the TN subtype (Kruskal-Wallis, p=0.013). More details are
presented in Table 2.

Discussion

A probable prospect of radiosensitivity investigations
is creating a risk model including genetic assays with the
power of anticipating the patient’s radiation response and

Table 2. miRNAs expression ratios based on BC molecular subtypes.

the chance of developing adverse reactions from irradiation
[4]. This risk model can eventually be combined with current
predictors of radiosensitivity including the dose of radia-
tion, the existence of other diseases or medical conditions in
addition to primary cancer, and volume of the target exposed
to irradiation [36].

Our results from G2 assays suggested that SY is more
frequent in patients than controls (p<0.05). It was also found
that IY was higher in BC rather than the control group
(Figure 2). This result is in line with some previous findings
[9, 10, 18, 37].

Furthermore, RIY Scores in BC patients were significantly
higher than healthy individuals. On the other hand, lympho-
cytes of patients were more sensitive to ionizing radiation
compared to those of healthy individuals. Inter-individual
variation in chromosomal radiosensitivity among BC
patients and healthy individuals were also observed. These
results are in agreement with several previous studies on BC
[9, 10, 18, 19, 38-40].

Deregulation of miRNAs has been detected in several types
of cancer including BC [41]. Studies revealed that miR-22
expression levels are reduced in several types of cancer such
as BC [42]. miR-22 was significantly downregulated (0.11
times) in BC-derived PBMCs as shown in Figure 3. It was in
agreement with the study done by Xiong et al. in 2010 [42].
Based on our results and according to the fact that miR-22
expression is reduced in several types of cancers (50-53), it
can be concluded that miR-22 might probably act as a tumor
suppressor miRNA in breast cancer and might be a putative
biomarker in the early detection of BC.

Our data revealed that miR-335 expression was signifi-
cantly downregulated (0.41 times) in PBMCs from BC
patients which is in accordance with related studies in BC
[43, 44]. So, it can be concluded that miR-335 may act as
a tumor suppressor miRNA in BC and might be served as
a suitable potential biomarker of BC detection in the early
stages.

Expression Ratios vs.

Inter-group

BC Molecular Subtypes Sample Size Control p-value® Ratios b p-value
miRNA-22 1. Triple Positive 7 (13%) 0.08 0.001** 1.07 0.958
2. Triple Negative 9 (17%) 0.07 0.086
1. Luminal 35 (64%) 0.26 >0.001** 0.30 0.317
2. HER2 Positive 3 (6%) 0.31 0.06
1. Luminal A 14 (26%) 0.18 0.001** 0.66 0.278
2. Luminal B 21 (39%) 0.12 0.040*
miRNA-335 1. Triple Positive 7 (13%) 0.58 0.020* 4.8 0.013*
2. Triple Negative 9 (17%) 0.18 >0.001**
1. Luminal 35 (64%) 0.39 >0.001** 0.49 0.223
2. HER2 Positive 3 (6%) 0.80 0.091
1. Luminal A 14 (26%) 0.43 0.034* 1.15 0.501
2. Luminal B 21 (39%) 0.37 0.004**

*Kruskal-Wallis Non-parametric 2 independent samples test was performed, *statistically significant p<0.05; °to obtain the expression ratio of miRNAs
in each group, the average of miRNA expression in group 1 was calculated and then divided by group 2, such as the expression level in TP (group 1) was

divided by Triple Negative (group 2)
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Exposure to ionizing radiation significantly alters miRNA
expression patterns in normal cells as well as in cancer cells
[45, 46]. Studies showed that the overexpression of miR-22
could significantly increase the number of chromatids breaks
as compared with control cells [47]. As shown in Figure 4,
the expressions level of miR-22 in the radiosensitive group
was significantly higher than the non-radiosensitive group
(2.83 times) which may be due to restraining DNA damage
repair by the miR-22 overexpression [48]. These findings are
in line with the results of other studies indicating an associa-
tion of miR-22 with radiosensitivity [30, 32]. Moreover,
the expression level of miR-335 in the radiosensitive group
was significantly higher than the non-radiosensitive group
(2.11 times) in line with other reports [32, 43]. Tavazoie et
al. found that the lower expression of miR-335 might poten-
tially cause more resistance to irradiation in breast cancer
cells [43]. Based on the obtained results, the expression
changes of these two miRNAs may be considered as poten-
tial biomarkers in cellular radiosensitivity in BC patients
which might help physicians in determining radiosensitive
patients before RT more efficiently in future that need to be
confirmed in clinical studies.

Plotting ROC curves for miR-22 and miR-335 also
indicated an acceptable specificity and sensitivity for breast
cancer differentiation from healthy individuals (Figure 5).
Combined miR-22 and miR-335 ROC curves identi-
fied slightly improved AUC value, suggesting that evalu-
ation of these two miRNAs simultaneously, encompass a
more powerful differentiation of BC from control groups.
Moreover, both miR-22 and miR-335 were able in the separa-
tion of radiosensitive lymphocytes of BC patients from
non-radiosensitive ones with suitable specificity and sensi-
tivity. Combined ROC analysis revealed an enhanced AUC
value, which is an indicator of their additive effect in cellular
radiosensitivity detection. Binary logistic regression also
confirmed the ability of miR-22 and miR-335 in determining
of BC patients from healthy volunteers. Both of the miRNAs
were able to predict breast cancer, however, miR-22 was a
stronger predictor. In cellular radiosensitivity analysis, only
miR-22 was strong enough to predict the radiosensitivity of
BC derived lymphocytes successfully.

Comparison of spontaneous CBF among different breast
cancer subtypes revealed that HER2+ and TNBC subtypes
had a higher CBF rather than luminal subtypes. Since both
HER2+ and TNBC patients have a poor prognosis and the
luminal ones have a better prognosis, our obtained results
seem logical. We found that the luminal-A group had the
lowest spontaneous CBF among all studied groups. Provided
that the luminal-A group generally has a better prognosis
than other subtypes and also, they have a better response to
RT, the obtained results are in agreement with our expecta-
tions. Besides, the analysis of radiation response revealed that
luminal-B had the highest (3.55 times) and HER2+ had the
lowest (2.43 times) radiation response among all subtypes.
Our data revealed that the number of non-radiosensitive

patients was higher than the radiosensitive ones in the TN
group. Although in luminal-A and -B subtypes, most of the
members were radiosensitive. These results are in accordance
with some studies [49].

As shown in Table 2, analysis of miRNA expression ratios
in different BC molecular subtypes compared to healthy
individuals revealed that miR-22 had a higher expression
in BC molecular subtypes with a better prognosis except for
its results in HER2+ versus luminal groups. Interestingly,
Farazi et al. found that miR-22 had a higher expression in
HER2+ and luminal-B subtypes which is in accordance with
our results. It refers to the fact in some cases miR-22 acts
as an oncomiR [50]. Analysis of miR-335 expression ratios
in different BC molecular subtypes compared to healthy
individuals revealed that it had a higher expression in BC
molecular subtypes with a better prognosis. It shows that in
some cases miR-335 can act as an oncomiR which is in agree-
ment with some studies [51].

Based on clinicopathological information of the partici-
pants in each studied group, the number of individuals
in each subtype was inevitably unequal. To achieve more
precise results in the association study of these miRNAs with
BC subtypes, investigation of miRNAs expression levels in
association with radiosensitivity in a larger sample size might
seem necessary. To obtain the clinical utility of these findings
further clinical studies are recommended.

In conclusion, miR-22 and miR-335 downregulation
indicate that they might act as tumor suppressor miRNAs
in breast cancer. miR-22 and miR-335 may be considered
as possible biomarkers in breast cancer detection. As both
miRNAs were associated with cellular radiosensitivity they
might be the promising potential biomarkers in determining
cellular radiosensitivity in BC patients in vitro, which needs
to be confirmed in other clinical studies for future applica-
tions in the detection of BC radiosensitivity.
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