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Abstract: Introduction: miR-132-3p acts in normal breast development and its downregulation has been document-
ed in breast cancer. One of the targets of miR-132-3p is RB1 which is also inactivated in breast cancer. The interac-
tions between RB1 and miR-132 have been reported in several pathological conditions. We aimed to investigate the
correlation between expression levels of miR-132 and RB1 in ductal carcinoma of the breast. Methods: The study
was carried out on tissues obtained from female patients with primary breast cancer. Tumor samples were classi-
fied using clinical and pathological data. Following RNA extraction and cDNA synthesis, relative gene expressions
in tumors were compared to non-cancerous adjacent tissues. The link between RB1 and miR-132 was assessed by
the correlation coefficient test. Results: Our findings revealed a significant decrease in miR-132 and RB1 expres-
sions with a ratio of 0.165 and 0.365, respectively. Tumor grade showed an association with miRNA-132 levels. The
expression of miR-132 in grade | tumors was almost equal to that of normal adjacent tissues, but was intensely
decreased in grades Il and lll. The correlation analysis showed a small linear association between RB1 and miR-
132 levels. Conclusion: The reduction of miR-132 and RB1 expression confirmed the tumor-suppressive role of both
genes in breast cancer. Considering that RB1 is one of the miR-132 targets, further studies are required to discover
any miRNA-mediated upregulation role for miR-132. Our finding discovered a small linear association between miR-
132 and RB1, which can be concluded towards their independent function in breast cancer pathogenesis.
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Introduction factors, such as microRNAs (miRNAs). miRNAs
are conserved twenty-two base pairs (bps) mol-
ecules that are involved in several developmen-
tal and cellular processes such as cell cycle,
cell proliferation, and tumorigenesis [7]. It has
been predicted that they target more than half

of the human genome including oncogenes and

Breast cancer is the most common and leading
cause of cancer-related mortality in women
worldwide [1]. Genetic factors involved in the
cell cycle and mitosis are widely studied in
breast cancer pathogenesis [2]. It has been

demonstrated that alterations in the retino-
blastoma (RB) tumor suppressor pathway could
be a potential risk factor for breast cancer [3].
Inactivation of the RB1 gene was reported in
approximately 20-35% of breast tumors associ-
ated with poor disease outcomes [4]. RB1 gene
is located on 13g14.2 and can be inactivated
by gene deletions or mutation [5]. Hyper-
phosphorylation of RB1 protein is one of the
key events in the G1/S transition of the cell
cycle. It mainly acts as a suppressor of tran-
scriptional components and inhibits the expres-
sion of essential genes required for cell division
[6]. This is while RB1 itself is regulated by other

tumor suppressors [8]. miRNAs are deregulated
in many solid tumors, mostly creating a specific
signature [9].

miR-132 (MIRN132, hsa-MiR-132) has been
originally linked to inflammation and neuronal
function. Its corresponding gene is located
on 17p13.3 and acts in normal breast de-
velopment by enhancing epithelial-stromal
interactions [10]. Pre-miRNA of miR-132 in-
cludes 66 bps in length which generates two
forms of mature miRNA-132 named miR-132-
5p and miR-132-3p. The latter is mainly consid-
ered as miR-132 [11]. The miRDB database
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Table 1. The sequence of primers for Quantitative Real-time PCR analysis

Primer name Sequence

miR132-3p Stem-loop GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCGACCA
miR132-3p Forward GCGTCCCTAACAGTCTACA

miR-132-3p Reverse GTGCAGGGTCCGAGGTAT

miR16 Stem-loop GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCGCCAA
miR16 Forward CCGGAGTAGCACGTAAAT

miR16 Reverse TCGTATCCAGTGCAGGG

RB1 Forward AGAAGGTCTGCCAACACCAA

RB1 Reverse TTCTTTTGAGCACACGGTCG

GAPDH Forward ACACCCACTCCTCCACCTTTG

GAPDH Reverse TCCACCACCCTGTTGCTGTAG

(http://www.mirdb.org/) lists 673 predicted
mRNA targets for miR-132-3p [12]. Among
them, RB1 is one of the few validated targets of
miR-132-3p confirmed via low-throughput and
high-throughput experiment [13, 14].

Since both molecules play prominent roles in
the pathogenesis of breast cancer, we aimed to
determine their expression levels in ductal car-
cinoma of the breast.

Material and methods
Patient specimens

Thirty tissue samples of primary breast tumors
along with non-cancerous adjacent tissues
(NATs) were collected at the Sina hospital and
Farmanieh hospital in Tehran, from April 2018
to August 2019. Inclusion criteria comprise
being female, new case of biopsy-confirmed pri-
mary breast invasive ductal carcinoma, aware
and consent to participate in the study.
Exclusion criteria were receiving any chemo-
therapy, radiotherapy, hormone therapy, previ-
ous breast surgery and the presence of any
other diseases that can affect the study.

Samples were collected by an expert breast
surgeon and divided into two parts: one part
was sent directly for pathology examination
and the second part was immediately stored
in the nitrogen tank until used for RNA
extraction.

The tumors were classified by the pathological
grade scheme in line with the American joint
committee on cancer (AJCC) guideline. Mole-
cular classification of breast tumor subtypes
was applied based on estrogen receptor (ER),
progesterone receptor (PR), and human epider-

mal growth factor receptor 2 (HER2) statuses,
determined by immunohistochemistry (IHC)
method. The values of the Ki67 index above
14% were considered positive to discriminate
between luminal A and luminal B subtypes, as
recommended.

RNA extraction and cDNA synthesis

Total RNA was isolated from the tissue using
the Allspin™ mini kit (GeneAll, Pishgam Biotech,
Iran) according to manufacturer instructions.
The quality and quantity of the total RNAs
were measured by NanoPhotometer (NP8O,
Germany) and the RNA integrity was confirmed
by gel electrophoresis. cDNA synthesis was
performed using a 2X RT pre-mix kit (BioFact,
NoavaranTeb, Iran). OligodT and random hex-
amer were simultaneously included to increase
cDNA synthesis efficacy.

To achieve a higher specificity in miRNA detec-
tion, we used the stem-loop method. The stem-
loop was incubated at 95°C for 8 minutes and
then at 25°C for 10 minutes. The reaction mix-
ture contained cDNA synthesis pre-mix, stem-
loop primer, forward primer, and required val-
ues of total RNAs (Table 1). The cDNA synthesis
reaction was incubated for 30 minutes at 50°C
and 5 minutes at 95°C and was kept at -20°C.

Quantitative real-time reverse transcription-
PCR (qRT-PCR) assay

Real-time PCR assays were performed using
cDNA product, 2X master mix (BioFact,
NoavaranTeb, Iran), and specific primers. The
GAPDH gene was recruited as an internal con-
trol for the RB1 gene and the miR-16 as an
internal control of miR-132 (Table 1). The reac-
tion was carried out on Step One apparatus
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(Applied Biosystems) with the following condi-
tions: 95°C for 15 minutes, followed by 40
cycles of 95°C for 20 seconds, 60°C for 40
seconds, and 72°C for 35 seconds. All amplifi-
cations were performed in duplicate and no
template control (NTC) was included for each
reaction. The level of efficiency for each primer
pair was assessed by LinReg PCR software
(Academic Medical Centre, Amsterdam, the
Netherlands). This software analyzes SYBR
green qPCR reactions and subtracts the base-
line fluorescence in all samples.

Receiver operating characteristic (ROC) curve

We applied a ROC curve analysis to appraise
the sensitivity and specificity of RB1 and miR-
132 expression in breast tissue. The signifi-
cance of gene expression variations was evalu-
ated by IBM Statistical Package for the So-
cial Sciences (SPSS). The area under the ROC
curve (AUC), sensitivity, and one minus specific-
ity were calculated to compare the predictive
values of the gene expressions.

Statistical analyses

Real-time PCR data analyses were carried out
with REST 2009 software (Qiagen, Hilden,
Germany) and SPSS software. The expression
levels were normalized to internal controls and
subsequently, relative expression levels in the
tumor tissues were compared to the NATs
based on the 222t method. To study the influ-
ence of clinical parameters, relative expression
levels were analyzed by the Kolmogorov-
Smirnov to check the distribution normality.
One-way ANOVA was used for normally distrib-
uted data. For the data which were not distrib-
uted normally, non-parametric Mann Whitney U
test was employed. The study of the correlation
between RB1 and miR-132 gene expression
was determined by the correlation coefficient
(r?) using the Pearson test. Data were express-
ed as mean values + standard error and were
considered statistically significant with P<0.05
and 95% confidence intervals (CI).

Results
Clinicopathological characteristics

All the patients were new cases of breast duc-
tal carcinoma with a mean age of 59.7 + 13
ranging from 43 to 82 years old. The mean
tumor sizes were 2.55 + 1.52 cm (range, 0.7-7

cm). Based on the histopathological results,
20.3% of the tumors were grade |, 53% grade |l
and 26.7% grade Ill. The IHC results revealed
that 20% and 87% of tumors were HER2 posi-
tive and ER/PR positive, respectively. Additional
Ki67 index assessment regarding molecular
subtype’s classification showed that luminal A,
luminal B, HER2 positive, and basal-like com-
prised 33.3%, 53.3%, 6.7%, and 6.7% of
tumors, respectively.

RB1 and miR-132 were down-regulated in
breast tumors

The amplification of the interest genes and
internal controls resulted in the corresponding
desired fragments. The accuracy of PCR ampli-
fication was determined by agarose gel electro-
phoresis and the presence of single, sharp
melting curves (Figure 1). The RB1 and miR-
132 PCR efficiency were 1.99 and 1.86
obtained by the LinRegPCR software.

The relative gene expression levels of RB1 and
miR-132 were quantified comparative to their
expression in NATs, following normalization to
the GAPDH and miR-16 internal controls,
respectively. We observed a significant down-
regulation of RB1 and miR-132 levels in tumor
samples in comparison to matched NATs. The
relative expression levels were calculated at
0.365 (P-value = 0.044) for the RB1 gene. The
analysis results regarding miR-132 showed rel-
ative expression levels of 0.165 with a P-value
of 0.028 (Figure 2).

Discrimination power of RB1 and miR-132

By drawing the ROC curves, we analyzed the
selection power of the genes. As shown in
Figure 3, the RB1 and miR-132 discriminate
breast cancer with AUC of 0.657 and 0.668,
respectively. The 95% confidence interval of
the AUC was 0.519-0.795 for RB1, with a Std.
Error of 0.071. The ROC analysis of miR-132
displayed a confidence interval of 0.524-
0.813 and Std. Error of 0.074. The results indi-
cated the same discrimination power for RB1
and miR-132.

Correlated expression of RB1 and miR-132

The matched expression of RB1 and miR-132
was checked via http://www.mirdb.org/ data-
base by calculating target score. The in-silico
data showed that RB1 is one of the predicted
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Figure 1. Amplification plot and melt curve of target and control genes.
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Figure 3. ROC curve analysis to evaluate the performance of RB1 and miR-132.

targets for hsa-miR-132-3p with a high score of
90. The statistical evaluation of the correlation
between RB1 and miR-132 gene expression
was conducted by the Pearson test. Figure 4
shows Pearson Correlation plots for RB1/miR-
132 matched expression in tumor tissues as
well as in NATs. The relative gene expressions
(224¢Y) plot for RB1/miR-132 is also presented
in Figure 4. The statistical analysis indicated
no significant correlation between the two RNA
levels. The r? was calculated at 0.003 and
0.078 in NATs and tumor tissues, respectively.
The r? was 0.013 in correlation between the
relative gene expressions of the two RNAs.

5

Correlation between tumor grades and the
miR-132 expression

To inspect whether RB1 and/or miR-132 were
correlated to patients’ clinicopathological para-
meters, we analyzed relative gene expression
levels against tumor grade, size, subtypes, and
clinical stage as well as ER, PR, and HER2 sta-
tus. The obtained results showed a statistically
significant correlation between miR-132 and
tumor grade with a P-value of 0.04. Figure 5
shows that in grade I, the ratio of miR-132 to
the NATs was around 1.2. However, in grades |l
and lll, the ratios were greatly decreased to
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less than 0.2. Statistical analyzes did not show
a significant link between miR-132 and other
parameters. Also, no significant correlation was
observed between RB1 expression and clinico-
pathological features including tumor grades
(Figure 5).

Discussion

The presence of the miR-132 gene on 17p13.3,
a genomic location that is frequently lost in
malignancies, underscores its importance in
cancer studies [15]. Although a few reports
indicated increase in miR-132 expression in
cancers [16-18], most studies including pros-
tate cancer [19], colorectal cancer [20, 21] oral
squamous cell carcinoma [22] and lung cancer
[23, 24] described its down-regulation.

In breast cancer, further support of a tumor
suppressor role has been suggested based on
evidence of decreased miR-132 levels [25-27].
A study on patients’ survival displayed that the
expression of miR-132 was even lower in brain
metastasis than in their paired breast tumors
[28].

Several mechanisms have been reported for
the mode of action of miR-132 in breast tu-
mors. One of them is to target forkhead box
protein A1 (FOXA1), which acts in favor of br-
east cancer progression [25]. In another study,
hematological and neurological expressed 1
(HN1) mRNA was described as a direct target
of miR-132. By inactivating HN1, which pro-
motes the proliferation and invasion of tumor
cells, miR-132 could inhibit breast cancer [27].
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Figure 5. The relative expression levels of miR-132 indicates significant decrease in grades Il and lll. The relative
expression levels of RB1 in different tumor grades did not show an interpretable pattern.

Using luciferase reporter assay, western blot,
and real-time PCR, it was confirmed that miR-
132 can directly target the mRNA of glycogen
synthase kinase-33 (GSK-3B) and reduce its
protein expression. GSK3B plays multiple roles
in cell signaling and proliferation [29].

We noticed that the expression of miR-132 was
intensely decreased in breast tumors com-
pared to NATs of the same patients. In accor-
dance with another study conducted on the
Iranian population [26], we detected a more
robust down-regulation in the tumors exhibiting
higher pathological grades. However, no signifi-
cant difference was observed in the grade |
tumor. Bjorner and colleagues performed an
investigation on early precancerous breast
lesions known as the columnar cell hyperplasia
(CCH) in comparison to invasive breast cancer.
They described a three-fold increase in miR-
132 in the stroma surrounding CCH but the
lower levels of the stromal miR-132 in invasive
breast cancer. This reduction was not only
lower than CCH but also than stroma surround-
ing normal cells, indicating that miR-132 was
over-expressed in the primary lesions but was
reduced by the tumor progression. They also
explored differentially expressed target genes
by in-vitro overexpression of miR-132 in human
mammary fibroblasts. However, RB1 was not
among 10 mostly up or down-regulated genes
following miR-132 induction [30]. This evidence
in addition to our finding that indicates a small

correlation between RB1 and miR-132, raise
the prospect of their independent function in
breast tumors.

The cellular interaction between RB1 and miR-
132 was first reported in gastric cancer by Gao
and colleagues. Using luciferase reporter
assays they confirmed that by up-regulation of
miR-132, RB1 expression was inhibited. Since
RB1 over-expression blocked the expression
and proliferative effects of miR-132, a recipro-
cal effect between RB1 and miR-132 was sug-
gested [18]. The inverse link between RB1 and
miR-132 has also been reported by Park and
colleagues. By in-vitro miR-132 suppression,
they described an RB1 increased expression in
pancreatic cancer [14]. However, data analysis
of the pancreatic ductal adenocarcinoma from
the cancer genome atlas (TCGA) showed con-
vergent expression of RB1 and miR-132 [31].

Bijkerk and colleagues revealed more complex-
ity of miR-132 and RB1 correlation depending
on the cell type and condition. In the mice
model of kidney fibrosis treated with anta-
gomir-132, they identified increased phosphor-
ylated RB1 protein in kidney lysates as an indi-
cator of increased cell proliferation. However,
by analyzing the expression of RB1 gene in the
interstitial cells from antagomir-132 treated
mice compared with scramblemir-treated mice,
they detected no change in RB1 mRNA [32].
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How miR-132 and RB1 relate to the progres-
sion of cancer is a question that needs more
research, to be answered. Most studies, espe-
cially those in breast cancer, have reported
decreased expression for both genes, indicat-
ing that RB1 is not inhibited by miR-132.
However, as mentioned earlier, bioinformatic
analyzes strongly identify RB1 as one of the
main targets of miR-132. A possible specula-
tion could be enhancing effects of miR-132 on
RB1 such as miRNA-mediated upregulation. In
that case, as the tumor progresses and miR-
132 decreases so does RB1. This suggestion
was reinforced by the study that found a cell
cycle inhibitory role for miR-132 in osteosarco-
ma cells. In vitro overexpression of miR-132
caused G1/S arrest that subsequently sup-
pressed cell proliferation and tumor growth
[33].

The application of cell cycle inhibitors in breast
cancer has brought more attention to RB1 and
miR-132. The role of RB1 has been identified in
response to CDK4/6 inhibitors which currently
are used in the treatment of metastatic hor-
mone receptor-positive, HER2-negative breast
cancers [34]. New results indicate that in the
presence of RB1 expression, CDK4/6 inhibitors
enhance the radio-sensitivity of tumors includ-
ing triple-negative breast cancers [35].

Conclusions

Taken together, we observed a substantial
decrease in expression levels of miRNA-132
and RB1 in breast ductal carcinoma compared
to NATs tissues. The miR-132 did not show a
significant decrease in grade | tumors, but with
the progression of the tumor to grade Il and Ill,
a more pronounced decrease was observed.
Our study revealed a small linear association
between RB1 and miR-132 that emphasized
the possibility of an independent function of
miR-132 and RB1 in breast cancer. Given the
importance of both genes in breast cancer
pathogenesis, further studies on their cross-
talk in tumor initiation and progression could
lead toward developing therapies.
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