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Abstract

Background
The primary goal of this study is to compare the levels of expression of ID1, LINC00101, and LINC00652
in Isfahan Breast cancer samples to control samples. Understanding the relationship between variations
in RNA expression levels and the clinicopathological statuses of Isfahan patients is another important
goal of this research.

Method
R Studio evaluated 104 breast cancer tissue and 17 control samples in the GSE42568 microarray
datasets to identify a relevant dysregulated gene. The limma package was used to conduct differential
expression analysis. The DEGs were used to test mRNA-lncRNA interactions using the co-lncRNA online
database. The qRT-PCR experiment aimed to determine the degree of expression of ID1, LINC001013, and
LINC00652.

Result
Based on bioinformatics and experimental analyses, ID1 has a signi�cant low-expression in the BC
samples. Furthermore, lncRNAs LINC00101 and LINC00652 have signi�cant high expression in the BC
samples. ID1 and LINC00652 might be the two potential diagnostic (ROC analysis) and prognostic
(Clinicopathological analysis) biomarkers of BC.

Discussion
According to ROC and clinicopathological analyses, ID1 and LINC00652 could be the two signi�cant
prognosis and diagnosis biomarkers in Isfahan Breast cancer patients.

3. Introduction
Over the last 50 years, most cancer research has focused on determining how tumor cells vary from
normal cells in gene expression (Zhang et al., 1997). These distinctions might have a signi�cant impact
on several human illnesses, including Hepatitis (Asselah et al., 2009), Alzheimer (Theuns and Van
Broeckhoven, 2000), Diabetes (Das and Rao, 2007), MS (Tajouri, Fernandez and Gri�ths, 2007), and
some different human cancer types, including Liver cancer (Chen et al., 2002), Colorectal cancer
(Kheirelseid et al., 2013), Retinoblastoma (Kapatai et al., 2013), Lung cancer (Petty et al., 2004), Head and
Neck cancer (Nagai, 1999), and Breast cancer (Bao and Davidson, 2008; Reis-Filho and Pusztai, 2011;
Arpino et al., 2013; Guler, 2017). An extensive study on gene expression patterns in many pathogenic
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illnesses, such as breast cancer, can assist in speeding up the treatment of these diseases and forecast
their emergence.

Breast cancer is the most common malignancy among women, with 1.8 million new cases identi�ed in
2013, accounting for 12 percent of all malignancies. Although breast cancer incidence is lower among
Iranian women, epidemiological research shows that the number of newly diagnosed breast cancer
patients has lately grown (Assad Samani et al., 2019). According to Cancer Statistics 2018, BC is the
most frequent female malignancy, and the primary cause of cancer mortality in women, with over
2.1 million females diagnosed each year and over 62,000 fatalities. Developing countries account for
over 60% of BC deaths (Bray et al., 2018). While early detection and recent advances in anti-cancer
therapy have improved crucial outcomes for BC patients, the recurrence rate of the disease remains high
(Kim et al., 2018; N. Li et al., 2019; Siegel, Miller, and Jemal, 2020). As a result, measuring the expression
of genes linked to breast cancer, discovering diagnostic and prognostic biomarkers, and comprehending
gene expression patterns in various clinical and pathological circumstances linked to breast cancer might
provide valuable information about the illness and aid in its prevention.

Scientists have created several techniques to monitor gene expression. Two powerful technologies for
assessing gene expression are real-time PCR and microarray. Gene expression pro�ling and genome-wide
gene expression analysis utilizing DNA microarray might provide data on the expression level and relative
expression of genes and RNAs in different groups, such as "tumor" and "control," or "treated" and
"untreated" (Dufva, 2009).

Among some various genes involved in Breast cancer, ID1 was selected by integrated microarray
analysis. The roles of ID1 in regulating cell differentiation during neurogenesis, lymphoid, angiogenesis,
cell growth, and cell cycle progression have been studied. There are four inhibitors of DNA-binding (ID1, 2,
3, 4) proteins which are members of basic helix-loop-helix (bHLH), as they form transcriptionally inactive
Id-bHLH protein complexes (Maw, Fujimoto and Tamaya, 2008). Based on bioinformatics analyses, it is
hypothesized that abnormal changes in ID1 expression in the Breast could effectively develop breast
cancer status.

LncRNAs are RNA molecules with a length of more than 200 nucleotides that can be found in the nucleus
or cytoplasm. Only a few can encode a tiny number of polypeptides, while the remainder does not code
for proteins. LncRNAs in�uence a wide range of biological events at the pre-transcriptional and
transcriptional phases, including tumor invasion, metastasis, and apoptosis. As a result, lncRNA
abnormalities in BC patients' peripheral blood may aid in the development and progression of the
disease, allowing for early detection and therapy (Mercer, Dinger, and Mattick, 2009; Fang and Fullwood,
2016; Bin et al., 2018). In this study, evaluation of the ID1 and two relevant lncRNAs was the main aim.
Also, investigation about the correlation of this three RNA and the possible roles of breast cancer.

4. Material And Methods
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4.1. Bioinformatics analyses
GSE42568 microarray dataset was download from GEO online database and analyzed by R Studio
(4.0.2) software. Statistical analyses and drawing the plots of microarray analysis were performed by
Bioconductor packages. GEOquery (Sean and Meltzer, 2007) package was used for downloading the
microarray data from GEO database. The Limma (Ritchie et al., 2015) package was used for statistical
analyses and DEG analysis. Ggplot2 and pheatmap packages was used to drawing the plots and �gures.
Log2 fold-change (FC) ≥ 1 or ≤ -1 was considered as the expression threshold. P Value < 0.05 was
considered as the signi�cance level. lncRNA-mRNA interaction analysis was performed by co-lncRNA
online software.

4.2. Tissue sample collection:
Twenty-one breast cancer tissue samples were collected from the Al-Zahra Hospital of Isfahan, where the
cancer was con�rmed. Patients with breast cancer were sampled, and breast cancer tissue was used as a
tumor and adjacent tissue as normal tissue.

4.3.RNA extraction and cDNA synthesis:

For total RNA extraction of both tissues (tumor and control), TRIZOL was used (Invitrogen, Carlsbad, CA,
USA). The quality of extracted RNAs was determined according to the 260/280 absorbance ratio,
measured by the Nanodrop spectrometer.

Then cDNA synthesis was performed by Takara kit following the protocol included the initial melting step
of 95°C for 4min, 35 cycles of denaturation in 94°C for 30 s, annealing temperature of 57°C for 30 s, the
extension period in 72°C for 30 s, and �nal extension in 72°C for 5 min. (Takara, Tokyo, Japan).

4.4. Primers:
The primers were synthesized (Metabion company – Germany), which are listed in Table 1.

Table 1
Table of primer sequences.

Name Primer sequence (5' − 3')

ID1 F - TGTTTCAGCCAGTCGCCAAG

R - CGTTCATGTCGTAGAGCAGCAC

LINC00101 F - ATGGGAGTTGTCATGTTGGGA

R - ACATCACTCGTCACTCTTGGTC

LINC00652 F - CCCAACCAGAGCAAACCCAG

  R - CCTGCTTCTTCCCATAAGGAC

4.5. Real time PCR:
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To Real-Time PCR, Sybergreen (Amplicon Company, Denmark) was used, and RT-qPCR carried out using
MIC Real-Time PCR device (Australia). Under the protocol, all samples were run in duplicate in MIC q-PCR
device. First activation at 95 ° C for 20 s and 40 cycles of denaturation at 95 ° C for 5 s, primer annealing
at 61 ° C for 15 s, and extension at 72 ° C for15 s.

4.6. Statistical analysis:
Graphs were created by Graph Pad Prism software (version 8.0). qRT-PCR data were analyzed using the
-ΔΔCT method. Statistical analysis was performed using paired t-test and Wilcoxon test for comparing
and analyzing expression data between normal and breast cancer tissue samples by Graph Pad prism
eight and GenEx (version 6). Kruskal-Wallis test was performed for clinic pathological analysis. DGE
analysis was assessed using the RStudio software (version 4.0.2). ROC curves were generated by Graph
Pad Prism software.

5. Results

5.1. Bioinformatics analyses
Microarray analysis was performed on 104 Breast cancer samples and 17 control microarray samples
from the GSE42568 dataset (Fig. 1). Based on microarray analysis, ID1 was considered as a signi�cantly
down-regulated gene in Breast cancer samples, as compared to control samples (logFC > 1, adj. P. Value < 
0.05, Figs. 2 and 3). This differentially expressed gene was considered for the subsequent interaction
analyses and further investigations.

According to co-lncRNA online database analysis, an interaction between ID1 and two LINC00101 and
LINC00652 was found. Based on these bioinformatics analyses, a real-time PCR experiment was
designed to investigate the role of these three RNA expressions in Isfahan's Breast cancer status.

5.2. Real time PCR analysis
Real-time PCR experiment revealed that ID1 has a signi�cant down-regulation in Isfahan Breast cancer
samples. Also, two LINC00101 and LINC00652 lncRNAs signi�cantly low expression in Isfahan Breast
cancer samples (Fig. 4).

ROC analysis was performed to investigate the prognosis biomarker capability of these three RNAs,
based on sensitivity and speci�city. Based on this analysis, ID1 and LINC 00652 could be considered as
acceptable prognosis biomarkers in Isfahan Breast cancer (AUC > 0.7, P. Value < 0.05, Fig. 5)

5.3. Clinicopathological analyses
The expression of ID1, LINC00101, and LINC00652 was evaluated in the samples with different
clinicopathological features, including Stage, Age, Lymph node metastasis, Menopausal status, Tumor
size, ER receptor, PR receptor, and HER2/neu receptor. Based on this analysis, the expression of ID1 is
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signi�cantly decreased in the sample with the tumor size lower than 5cm and the samples that have no
lymph node metastasis compared to the control sample (Fig. 6). Also, the expression of LINC00652 had a
signi�cantly high expression in persons older than 45 years (Fig. 7).

6. Discussion
To design a reasonable investigation and achieve a reliable result, we perform an integrated
bioinformatics analysis, including microarray data analysis and lncRNA-mRNA interaction analysis, by R
Studio and co-lncRNA database. These bioinformatical analyses demonstrated that ID1 might have a
signi�cantly low expression in Breast cancer samples. Also, we �nd that two LINC00101 and LINC00652
have interaction with ID1. Based on this bioinformatics research, we hypothesized that the three RNAs
could affect breast cancer by altering their expression, and altering the expression of either lncRNAs
could affect ID1 expression level. We designed a real-time PCR experiment to investigate every three
RNAs' expression levels based on these results.

Our real-time PCR experiment indicated that ID1 could be a tumor suppressor in Isfahan Breast cancer
samples. This gene had a signi�cantly low expression in Isfahan tumor samples compared to controls.
Furthermore, we demonstrated that LINC00652 and LINC00101 had signi�cantly high expression in
tumor samples and could be the Breast cancer oncogenes. ID1 and LINC00652 could be two prognosis
biomarkers based on ROC analysis. Our experiment represented a signi�cant correlation between the size
of Breast cancer tumor and lymph node invasion and the expression level of ID1. According to this
analysis, a signi�cant reduction in ID expression is observed in non-invasive and small-sized tumor
samples.

Previous studies about the two investigated lncRNAs tried to clear the role of these RNAs in several
human diseases, including cancer. According to previous studies, up-regulation of LINC00101 (SNHG11)
could promote Gastric cancer progression by activating the Wnt/β-Catenin Pathway and Oncogenic
Autophagy (Wu et al., 2021). Another study demonstrated that SNHG11 has a signi�cantly high
expression in colorectal cancer samples by promoter hypomethylation. This up-regulation could facilitate
metastasis by interacting with and stabilizing HIF-1α (L. Xu et al., 2020). Also, another investigation
revealed that circulating lncRNA SNHG11 could be a novel diagnosis and prognosis biomarker for
colorectal cancer (W. Xu et al., 2020). About hepatocellular carcinoma, previous studies revealed that
SNHG11 could promote proliferation and migration by interaction with hsa-miR-184/AGO2 (Huang et al.,
2020). In this experiment, we examined for the �rst time the expression of this RNA in Breast cancer. The
result of our research was almost in line with previous results. In breast cancer specimens, increased
expression of this RNA was associated with the progression of Breast cancer. About the LINC00652,
some previous bioinformatical investigations revealed that this RNA could have a potential role in Lung
cancer (J. Li et al., 2019), Renal cell carcinoma (D. Xu et al., 2020), Papillary thyroid cancer (You et al.,
2018). We perform a real-time PCR experiment for the evaluation of LINC00652 for the �rst time.
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Clinicopathological analysis revealed a signi�cant correlation between lymph node metastasis and tumor
size with the expression level of ID1. Also, LINC00652 had a signi�cant up-regulation in the samples older
than 45 years. It is suggested that similar experiments be performed on the expression of these RNAs in
samples with different clinicopathological statuses with a larger size to obtain more and more reliable
results from the effect of different pathological conditions on the expression of these RNAs.

7. Conclusion
Our experiment has introduced the two ID1 and LINC00652 RNAs as the diagnostic and prognostic
biomarkers of breast cancer. Mentioned coding and non-coding RNAs have signi�cant dysregulation in
the BC patients, specially in the samples with the tumor size lower than 5cm, samples with no lymph
node metastasis, and the patients older than 45 years.
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Figures

Figure 1
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Principal component analysis of GSE42568 samples.

Figure 2

Volcano plot showing the differentially expressed genes between tumor and control samples of
GSE42568. The ID1 gene is indicating by a black point.
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Figure 3

Heatmap from differentially expressed genes in GSE42568. The 104 left columns are tumor samples, and
the following 17 columns are normal samples. The ‘correlation’ clustering method was used.
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Figure 4

Relative expression analysis of ID1, LINC00101, and LINC00652 in Isfahan Breast cancer samples and
paired normal tissue.
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Figure 5

ROC curve of ID1, LINC00101 and LINC00652.

Figure 6

Clinicopathological analysis of ID1 expression level in different Tumor size and Lymph node metastasis
status.
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Figure 7

Analysis of LINC00652 expression level in the different age status.


