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Abstract
Background: A disintegrin and metalloproteinases (ADAMs) are a novel gene family of proteins that share
the metalloproteinase domain with matrix metalloproteinases and have sequence similarities to the
reprolysin family of snake venomases (MMPs). They are divided into two classes based on their
structural similarities: membrane-anchored ADAM and ADAM with thrombospondin motifs (ADAMTS).
These molecules have a role in a number of biological processes, including membrane protein shedding,
proteolysis, cell adhesion, cell fusion, and cell migration.

Method: In this study, the RNA interaction analysis (miRWalk, lncRRisearch, ENCORI, and lncBase3) and
protein interaction analysis (STRING) was performed. Survival, expression, and correlation analyses was
performed by ENCORI and GEPIA2. Expression analysis also performed by microarray analysis. GSEA
analysis was performed to �nd top up and down-regulated genes and relevant signaling pathway. Gene
ontology analysis was performed by g: Pro�ler and clusterpro�ler. Pathway enrichment was performed by
GSEA analysis.

Results

ADAMTS5 has a signi�cant low-expression, based on ENCORI (Fold Change: 0.12, FDR < 0.0001),
microarray analysis (logFC: -3.791881, adj. P. Val < 0.0001), and qRT-PCR experiment (logFC: -1.975, FC:
0.025, p. value < 0.0001, patients under 40). ADAMTS5 is a potential diagnostic biomarker of BC, based
on ROC curve (AUC: 0.75, p. value: 0.0007). mRNA VTI1B, lncRNAs CRNDE and BAIAP2-AS1, and hsa-miR-
135a-3b have interaction with ADAMTS5. VTI1B has a signi�cant low-expression (FC: 0.65, FDR: 0.0001).
BAIAP2-AS1 is signi�cantly up-regulated (FC: 1.37, FDR: 0.0001). CRNDE is signi�cantly up-regulated (FC:
1.30, FDR: 0.0001). BAIAP2 (log-Rank p: 0.0017, Hazard Ratio: 0.59) and CRNDE (log-Rank p: 0.34,
Hazard Ratio: 1.17) are the two potential BC survival predictor.

Conclusion

In this study, we performed a differential expression analysis on the expression level of ADAMTS5, VTI1B,
and BAIAP2-AS1 in the BC patients for the �rst time. ADAMTS5 and its correlated oncogene and tumor
suppressor RNAs and proteins are the hub therapeutic target of BC. DEGs of the GSE42568 dataset are
involve in PPAR and cell cycle checkpoint signaling pathways and during the regulation of mentioned
pathway, regulate the BC development. Targeting the expression and interaction of mentioned RNAs can
be helpful for the diagnosis, prognosis, and treatment of BC.

Background
The majority of cancer research has focused on determining how tumor cells differ from normal cells in
gene expression over the last 50 years (1). Dysregulation of gene expression level could provide some
crucial human abnormalities and diseases, including hepatitis (2), Alzheimer (3), diabetes (4), MS (5), and
the various human cancer types, including live cancer (6), colorectal cancer (7), retinoblastoma (8), lung
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cancer (9), head and neck cancer (10), and breast cancer (11–14). An in-depth look at gene expression
patterns in a variety of pathogenic illnesses, such as breast cancer, can help speed up treatment and
predict disease emergence.

Breast cancer is the most common cancer among women, accounting for 1.8 million new cases in 2013,
or 12 percent of all cancers. Despite the fact that the incidence of breast cancer is lower among Iranian
women, epidemiological studies show that the number of newly diagnosed breast cancer patients has
recently increased (15). BC is the most common female malignancy and the leading cause of cancer
mortality in women, according to Cancer Statistics 2018, with over 2.1 million females diagnosed each
year and over 62,000 deaths. More than 60% of BC deaths occur in developing countries (16). BC also is
one of the main reasons of cancer-related death in woman worldwide (17–19). The development of
mutations in the genome that result in the gain of function or activation of oncogenes like Human
Epidermal Growth Factor Receptor 2 (HER2), mTOR, PI3K, EpCAM, PTBP1, HER4, and WBP2 or the loss of
function or deactivation of tumor suppressor genes like p53, BRCA1/2, and p21 is what causes cancer
(20). Despite the fact that early detection and recent advances in anti-cancer therapy have improved
critical outcomes for BC patients, the disease's recurrence rate remains high (21–23). All in all, measuring
the expression of genes linked to breast cancer, identifying diagnostic and prognostic biomarkers, and
understanding gene expression patterns in various clinical and pathological situations linked to breast
cancer could provide valuable information about the disease and aid in its prevention.

Several techniques for monitoring gene expression have been developed by scientists. Real-time PCR and
microarray are two powerful technologies for assessing gene expression. Gene expression pro�ling and
genome-wide gene expression analysis using DNA microarray could provide information on the level of
expression and relative expression of genes and RNAs in different groups, such as "tumor" and "control,"
or "treated" and “untreated” (24).

Among various genes involved in BC, A Disintegrin-like And Metalloproteinase with ThromboSpondin
(ADAMTS5) was selected as the potential biomarker gene. ADAMTS5 is a secreted metalloproteinase with
numerous proteoglycan substrates that belongs to the A Disintegrin-like And Metalloproteinase with
ThromboSpondin Motifs (ADAMTS) family. However, it is widely known for its involvement in cartilage
deterioration and arthritis, the prominent role of ADAMTS5 in cancer (25). Also, although transforming
growth factor-β (TGF-β) and proin�ammatory cytokines have been shown to promote ADAMTS4
expression in chondrocytes, nothing is known regarding the control of ADAMTS5 expression (26).

Previous studies revealed that ADAMTS5 has some potentially essential roles in different cancer types.
For example, an investigation in 2019 revealed that ADAMTS5 could act as a tumor suppressor and have
an essential rule in migration, invasion, and angiogenesis in gastric cancer (27). Also, previous studies
showed that the expression level of this gene reduced in human Breast cancer samples of Indian women,
compared to control (28). In return, high expression of ADAMTS5 was reported in several investigations
about hepatocellular carcinoma (29,30), and colorectal cancer (31). Therefore, investigations about the
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role of these genes in different populations could provide important information about the molecular
causes of related diseases, including cancer.

LncRNAs are long RNA molecules found in the nucleus or cytoplasm and have a length of more than 200
nucleotides. Only a handful can code for a small number of polypeptides, whereas the others do not.
LncRNAs play various biological processes during the pre-and post-transcriptional stages, including
tumor invasion, metastasis, and apoptosis (32–34). One of the critical objectives of this study is to
investigate the expression pattern of this gene in breast cancer patients. Also, the relationship between
the expression of this gene and different clinical and pathological conditions is another vital issue in this
study. Another goal of this study is to investigate the expression of lncRNA expression associated with
this gene. The expression pattern of the relevant lncRNA in Breast cancer patients in Isfahan and the
study of the biomarker potential are also among the research items.

Methods

3.1. Microarray analysis
The datasets related to breast cancer underwent microarray analysis. In order to identify the differentially
expressed genes (DEGs) in the breast cancer microarray datasets, GSE42568 (35) was examined. In this
collection, 104 BC samples and 17 control samples were examined. This dataset is provided by GPL570
([HG-U133_Plus_2] Affymetrix Human Genome U133 Plus 2.0 Array). The affy (36) package was used to
normalize the raw data after being sent to the R Studio environment (Read.Affy command in R) from the
GEO online database (https://www.ncbi.nlm.nih.gov/geo/). The limma (37) package carried out the
statistical analysis of the microarray dataset. The Bioconductor web database was used to get the Affy
and limma packages. (https://www.bioconductor.org/). The signi�cance level for the analysis of
microarray data was set at 0.01 (adjusted p value). The ggplot2 and pheatmap packages, which can be
acquired from CRAN, were used to construct the microarray data analysis visualizations (https://cran.r-
project.org). The expression of 54675 mRNA and lncRNA transcripts was examined in this microarray
research. The difference in the expression level of all RNAs was computed following normalizing
(quantiles normalization method), logarithmic scaling, and deletion of the transcripts with no expression
in the dataset. The logFC − 3 was chosen as the threshold of low expression, and the RNAs with logFC > 3
were chosen as the up-regulated RNAs.

3.2. RNA interaction, expression, survival, and gene
ontology analyses
The mRNA – RNA interaction analysis was performed by ENCORI (https://starbase.sysu.edu.cn/)
(https://doi.org/10.1093/nar/gkt1248) (38). Expression, correlation and survival analyses was performed
by GEPIA2 (39) (http://gepia2.cancer-pku.cn/) and ENCORI online software. RNA interactions were
visualized by Cytoscape (3.8.2) software (40). Protein-protein interaction analysis was performed by the
STRING online database (41). Gene ontology analysis was performed by gpro�ler2 (42) (from CRAN) and
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clusterpro�ler (43) packages (from Bioconductor). microRNA (miRNA) – mRNA interaction analysis was
performed by miRWalk (http://mirwalk.umm.uni-heidelberg.de/) (44–46). miRNA-lncRNA interaction
analysis was performed by lncBase 3 (https://diana.e-ce.uth.gr/lncbasev3) (47).

3.3. Gene set enrichment analysis (GSEA)
In the GSE42568 dataset, the samples were divided into the control and tumor samples. To investigate
biological function, gene set enrichment analysis (GSEA) (https://software.broadinstitute.org/gsea/) was
carried out (48,49). Signi�cant terms were determined to have P < 0.05.

3.4. Clinical characteristics of tissue samples
All procedures for the research in this study that included human samples were authorized by the Al-
Zahra Hospital Ethics Committee, Isfahan University of Medical Science, and all patients signed written
consent forms. In a case-control study, breast cancer and surrounding normal breast tissue samples from
50 breast cancer patients were examined. None of the patients had ever had chemotherapy or radiation
treatment. Before being immersed in RNA Later solution (Invitrogen, USA) and immediately frozen in
liquid nitrogen for pathologist review, tissue samples were washed in distilled water. Table 1 lists the
clinicopathological features of patients with gastric and breast cancer.
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Table 1
The clinicopathological characteristics of BC patients.

Characteristic Status Number of patients

Stage I 8 (16%)

II 15 (30%)

III 12 (24%)

IV 9 (18%)

Unknown 6 (12%)

Age < 45 20 (40%)

> 45 24 (48%)

Unknown 6 (12%)

Lymph node metastasis Yes 17 (34%)

No 26 (52%)

Unknown 7 (14%)

Tumor size (TS) < 2 cm 15 (30%)

5 > TS > 2 5 (10%)

> 5 cm 29 (58%)

Unknown 1 (2%)

Menopausal status Yes 12 (24%)

No 15 (30%)

Unknown 23 (46%)

ER receptor Positive 14 (28%)

Negative 13 (26%)

Unknown 23 (46%)

PR receptor Positive 19 (38%)

Negative 21 (42%)

Unknown 10 (20%)

HER2/neu receptor Positive 12 (24%)

Negative 21 (42%)

Unknown 17 (34%)
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3.5. RNA extraction, cDNA synthesis, and qRT-PCR analyzers
For RNA extraction of both tissues, tumorous and normal, TRIZOL was used (Invitrogen, Carlsbad, CA,
USA). After the RNA extraction stages, the synthesis of cDNA (TaKaRa, Tokyo, Japan) was carried out,
using the TaKaRa cDNA synthesis kit described by the producer protocol. To perform Real-Time PCR
Sybergreen, (Amplicon Company, and Denmark) was used, and RT- qPCR carried out using MIC Real-Time
PCR device (Australia). To perform PCR reactions following conducting were set as Initial denaturation,
95º C for 15 minutes, the secondary 95 ºC for 15 seconds, a 60 ºC for 20 seconds, and a 72 ºC for 20
seconds, the number of cycles was 40. The primers were synthesized by TAQ Copenhagen Company
(Denmark), and the sequences are shown in Table 1. The associated expression was normalized with the
amount of GAPDH as an internal control. Primer sequence is showing in Table 2.

Table 2
Primer sequences of ADAMTS5 and GAPDH as the housekeeping

gene.
Gene Forward/Reverse Primer sequence

ADAMTS5 F 5’TGCACTTCAGCCACCATCAC3’

ADAMTS5 R 5’CGTACCACAGCACACCACAG3’

GAPDH F 5’ACAGGGTGGTGGACCTCAT3’

GAPDH R 5’AGGGGTCTACATGGCAACTG3’

3.6. Statistical analysis
Real-time PCR data and associated graphs were statistically analyzed using the GraphPad Prism
program (version 8). The − ΔΔCT approach was used to compare the expression levels between the tumor
and control samples in the qRT-PCR results. To determine if the data were normal, the Shapiro-Wilk test
was run on the expression data. The expression levels in tumor and control samples were compared
using a paired t-test on the − ΔΔCT data. R Studio was used to do DEG analysis on the microarray data
(4.1.2). The GraphPad prism performed the recipient operating characteristic (ROC) analysis for the real-
time PCR datasets based on sensitivity and speci�city. The signi�cance level for this investigation was
set at a p-value of less than 0.05. In the ROC analysis, AUC values between 0.7 and 0.8 are considered
fair, 0.8 and 0.9 are considered good (signifying a good biomarker), while 0.9 and 1 showed an
exceptional biomarker.

Results

4.1. Quality control of microarray samples
The GSE42568 microarray dataset underwent microarray analysis. To assess the quality of the samples
and the microarray data, principal component and correlation analyses were performed (Fig. 1, 2). The
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unprocessed microarray expression data is shown in Fig. 1A. The normalized expression data was
displayed in Fig. 1B following quantile normalization. The microarray control and tumor samples are
shown in Figure A's x axis, and the expression of all 54675 represented genes is shown in Figure A's y
axis. The samples that are noisy in the aforementioned boxplots are those whose medians deviate from
those of the other samples. According to the expression boxplots in Fig. 1, there were no examples of low
quality in this dataset. Based on the �rst and second main components of the control and tumor data, a
PCA analysis was carried out to identify the low-quality samples in Fig. 2. Also, there was no bad-quality
samples based on the PCA analysis.

4.2. ADAMTS5 has a signi�cant low-expression in the
microarray samples, RNA-seq (ENCORI and GEPIA2), and
qRT-PCR experiment
Microarray data analysis of GSE42568 revealed that ADAMTS5 has a signi�cant down-regulation in the
BC samples, compared to control (logFC: -3.791881, adj. P. Val < 0.0001, Fig. 3). In the microarray analysis
of GSE42568, 393 genes are the down-regulated genes and 142 genes are the up-regulated genes. The
heatmap of top 50 DEGs are provided in the Fig. 4. Top 50 up and down regulated genes of microarray
analysis are provided in the Tables 2 & 3. Based on the differential expression analysis of 1104 tumor
and 113 normal RNAseq samples of BC, ADAMTS5 has a signi�cant low-expression in the BC samples
(Fold Change: 0.12, FDR < 0.0001, Fig. 5A). Also, based on the GEPIA2 data analysis, ADAMTS5 has a
signi�cant low-expression in the BC samples (Fig. 5B). Real-time PCR experiment was performed on
ADAMTS5 to �nd the changes in the expression level of this gene in the breast cancer samples. Data
analysis revealed that ADAMTS5 (logFC: -1.975, FC: 0.025, p. value < 0.0001) has a signi�cant low-
expression in the human breast cancer samples (Fig. 6).
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Table 3
The top 50 up-regulated genes in the microarray analysis

ID Gene.symbol logFC AveExpr adj.P.Val

1552797_s_at PROM2 4.034416 9.615846 7.90E-16

1553986_at RASEF 3.68242 7.24066 1.84E-12

1559949_at   3.60705 7.174521 1.34E-13

200606_at DSP 4.970517 9.80584 3.63E-25

201131_s_at CDH1 4.93688 10.26391 2.23E-18

201286_at SDC1 4.627368 7.160284 1.91E-20

201287_s_at SDC1 4.258994 7.332663 1.71E-19

201291_s_at TOP2A 4.437646 7.620142 1.69E-15

201596_x_at KRT18 4.963591 10.30379 2.22E-18

201650_at KRT19 5.519178 11.01424 3.29E-15

201689_s_at TPD52 3.620107 8.270104 1.80E-14

201690_s_at TPD52 3.735863 10.34887 3.03E-19

201839_s_at EPCAM 5.175473 11.24738 3.84E-21

201890_at RRM2 4.33196 8.367756 1.32E-16

202286_s_at TACSTD2 4.570748 10.90014 4.21E-14

202376_at SERPINA3 3.278976 9.958011 1.00E-05

202421_at IGSF3 3.289024 8.027429 3.92E-14

202454_s_at ERBB3 3.646062 7.027292 6.72E-15

202489_s_at FXYD3 3.164143 9.64655 2.78E-11

202503_s_at KIAA0101 3.737831 8.097359 1.22E-15

202525_at PRSS8 3.790543 6.957124 2.15E-19

202575_at CRABP2 3.024231 9.224404 1.21E-08

202597_at IRF6 3.284609 7.090864 2.09E-15

202870_s_at CDC20 3.684426 6.747565 5.88E-15

203108_at GPRC5A 3.516755 7.459268 1.62E-08

203228_at PAFAH1B3 3.685702 8.123168 3.49E-21

203358_s_at EZH2 3.657506 6.690811 7.14E-19
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ID Gene.symbol logFC AveExpr adj.P.Val

203453_at SCNN1A 4.104894 7.50119 2.70E-10

203878_s_at MMP11 3.30896 6.469012 1.17E-10

203917_at CXADR 3.171424 8.239799 1.04E-09

203954_x_at CLDN3 3.161605 8.294682 5.04E-11

203961_at NEBL 3.081555 8.001078 3.89E-10

204320_at COL11A1 4.872168 7.58127 5.74E-12

204351_at S100P 4.267184 7.495964 3.31E-08

204475_at MMP1 3.120998 5.850599 0.000102

204653_at TFAP2A 4.636436 9.505486 9.41E-19

204667_at FOXA1 3.270144 5.845329 1.05E-08

204798_at MYB 3.623567 6.904626 1.18E-09

205713_s_at COMP 3.390541 6.369407 1.27E-09

205941_s_at COL10A1 3.519242 6.483829 2.36E-11

205980_s_at ARHGAP8 3.732744 6.911901 8.21E-18

206102_at GINS1 3.046119 6.568088 1.29E-14

207847_s_at MUC1 3.864021 7.741723 1.86E-09

208079_s_at AURKA 3.53248 7.384416 3.06E-15

208451_s_at C4A 4.328142 8.979695 6.85E-10

208650_s_at CD24 4.458536 10.17113 1.23E-12

208651_x_at CD24 3.549324 8.195981 1.46E-12

209008_x_at KRT8 3.909263 10.17412 1.07E-18

209016_s_at KRT7 3.688189 8.09024 2.57E-07

209173_at AGR2 4.299528 9.036295 1.60E-06
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Table 4
The top 50 down-regulated genes in the microarray analysis

ID Gene.symbol logFC AveExpr adj.P.Val

1552509_a_at CD300LG -4.420 3.46875 1.71E-23

1552519_at ACVR1C -5.658 3.422548 2.09E-33

1552616_a_at ACACB -3.193 2.87015 1.09E-27

1553102_a_at CCDC69 -3.522 3.438745 1.24E-21

1553243_at ITIH5 -3.793 3.481887 1.39E-31

1553583_a_at THRSP -3.170 4.653558 7.83E-26

1554044_a_at MRAP -4.797 3.288932 5.04E-29

1554062_at XG -3.148 3.904648 3.41E-18

1554485_s_at TMEM37 -4.517 4.193475 6.63E-22

1555854_at LOC101930400 -4.399 3.181976 5.57E-26

1556427_s_at LRRN4CL -4.052 3.852743 3.69E-21

1557832_at LOC101926960 -4.836 3.240912 1.16E-26

1558420_at C14orf180 -4.314 3.175471 2.08E-31

1558421_a_at C14orf180 -5.140 3.488894 7.23E-28

1559942_at MDFIC -3.222 3.397004 1.56E-23

1563182_at ACVR1C -4.711 4.476274 1.80E-32

200831_s_at SCD -3.019 8.493693 4.89E-14

201012_at ANXA1 -3.178 9.089452 2.93E-10

201348_at GPX3 -4.835 7.049173 2.48E-13

201425_at ALDH2 -3.067 9.132746 9.36E-13

201525_at APOD -3.064 7.927405 0.000278

201539_s_at FHL1 -5.453 3.388847 2.66E-31

201540_at FHL1 -4.577 9.634601 1.09E-14

201843_s_at EFEMP1 -3.079 6.173931 2.38E-07

201963_at ACSL1 -3.496 8.548934 4.06E-15

202022_at ALDOC -3.787 4.732487 5.44E-17

202345_s_at FABP5 -3.024 8.453878 3.23E-11
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ID Gene.symbol logFC AveExpr adj.P.Val

202350_s_at MATN2 -3.146 6.349562 2.17E-07

202768_at FOSB -3.778 6.027379 1.94E-09

202884_s_at PPP2R1B -3.587 3.272612 2.28E-30

202886_s_at PPP2R1B -3.353 4.103628 1.18E-23

202920_at ANK2 -3.323 3.877897 1.49E-22

202973_x_at FAM13A -3.065 8.152986 7.12E-14

202976_s_at RHOBTB3 -3.034 6.010552 5.40E-09

202990_at PYGL -3.294 7.326218 4.51E-15

203065_s_at CAV1 -4.433 6.667073 6.43E-17

203296_s_at ATP1A2 -4.441 3.766834 1.69E-21

203305_at F13A1 -3.349 5.124114 1.56E-14

203323_at CAV2 -4.491 6.094718 1.85E-15

203324_s_at CAV2 -4.081 7.228227 8.82E-15

203337_x_at ITGB1BP1 -4.099 5.107344 5.94E-21

203400_s_at TF -4.658 4.571469 7.03E-14

203414_at MMD -4.089 7.958242 1.51E-24

203434_s_at MME -4.392 4.151296 3.69E-24

203435_s_at MME -4.210 4.986593 2.37E-28

203548_s_at LPL -6.402 6.112699 4.72E-17

203549_s_at LPL -5.905 7.263051 4.20E-15

203571_s_at ADIRF -3.565 7.894999 5.18E-11

203680_at PRKAR2B -3.808 7.651282 2.36E-13

203851_at IGFBP6 -3.632 5.482259 2.84E-18

4.3. ADAMTS5 is a potential prognostic and diagnostic
biomarker of BC
To �nd the distinguishing pattern of RNAs expression level in tumor and control samples and �nd the
prognostic and diagnostic biomarker property of these RNAs, ROC and clinicopathological analyses were
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performed on the RNA expression data. According to ROC analysis, ADAMTS5 (AUC: 0.75, p. value:
0.0007) could be the potential signi�cant diagnostic biomarker of Breast cancer (Fig. 7).

Clinicopathological analysis was performed on the RNA expression data in different Stage, Age, Lymph
node metastasis, Menopausal, Tumor size, ER receptor, PR receptor, and HER2 receptor Statuses.
According to these analyses, ADAMTS5 expression level had a signi�cant low-expression in the patients
younger than 45 years (Fig. 8). So ADAMTS5 could be a potential diagnostic and prognostic biomarker
for Isfahan Breast cancer samples.

4.4. Protein and RNA interaction analysis and relevant
expression and co-expression analysis
Based on STRING online database, ADAMTS5 has interaction with Thrombospondin 1 (THBS1) and
Thrombospondin 2 (THBS2), Fibronectin 1 (FN1), CD36, Aggrecan core protein (ACAN), ADAM
Metallopeptidase with Thrombospondin Type 1 Motif 2–5 (ADAMTS2-5), Spondin 1 (SPON1), Beta 3-
Glucosyltransferase (B3GLCT), Protein O-Fucosyltransferase 2 (POFUT2), ADAMTS Like 1 (ADAMTSL1),
Syndecan 4 (SDC4), and Matrix Metallopeptidase 3 and 13 (MMP3 and MMP13, Fig. 9).

mRNA-mRNA interaction analysis (ENCORI) revealed that ADAMTS5 has a signi�cant RNA interaction
with VTI1B (Free Energy: -39.3, Align Score: 25.5). miRNA-mRNA interaction analysis demonstrated the
miRNA interaction of ADAMTS5 (Score: 1, region: 3’UTR). Based on the energy of binding, ADAMTS5 is a
signi�cant target of hsa-miR-135b-3p. lncBase miRNA-lncRNA revealed that hsa-miR-135-3p affects the
expression level of OIP5-AS1, CRNDE, SNHG14, PRKAG2-AS1, POC1B-AS1, and PKMP5. Furthermore,
lncRRisearch interaction analysis revealed that ADAMTS5 has RNA interaction with lncRNA CRNDE and
lncRNA BAIAP2-AS1 (Fig. 10).

4.5. Expression analysis of VTI2B, CRNDE, and lncRNA
BAIAP2-AS1
Relative expression analysis (GEPIA2 and ENCORI) revealed that VTI1B has a signi�cant low-expression
in the BC samples (FC: 0.65, FDR < 0.0001, Fig. 11A). BAIAP2-AS1 has a signi�cant up-regulation in the
BC samples (FC: 1.37, FDR < 0.0001, Fig. 11B). CRNDE has a signi�cant up-regulation in the BC samples
(FC: 1.30, FDR < 0.0001, Fig. 11C).

4.6. BAIAP2-AS1 and lncRNA CRNDE have signi�cant
negative co-expression with ADAMTS5
Pearson correlation analysis of RNAseq data was performed by ENCORI and GEPIA2 online databases.
Based on mentioned analyses, ADAMTS5 has a signi�cant negative correlation with BAIAP2-AS1 (r:
-0.202, p-value < 0.0001, Fig. 12B) and lncRNA CRNDE (r: -0.233, p-value < 0.0001, Fig. 12C). However,
based on ENCORI, VTI1B has a not-signi�cant positive correlation with ADAMTS5 (r: 0.029, p-value: 0.34),
and based on GEPIA2 correlation analysis VTI1B has a not-signi�cant negative correlation with
ADAMTS5 (p-value: 0.97, R: -0.0013, Fig. 12A).



Page 14/40

4.7. Survival analysis of ADAMTS5, VTI1B, BAIAP2-AS1, and
CRNDE in the breast cancer patients with high and low
expression levels
ENCORI Survival analysis revealed that higher expression level of BAIAP2-AS1 has a signi�cant
correlation with higher survival rate of the BC patients (log-Rank p: 0.0017, Hazard Ratio: 0.59, Fig. 13B).
The expression level of lncRNA CRNDE have a not-signi�cant negative correlation with the survival rate of
the BC patients (log-Rank p: 0.34, Hazard Ratio: 1.17, Fig. 13D). There was not a signi�cant correlation
between expression level of ADAMTS5 and VTI1B with the survival rate of the patients (Fig. 13). GEPIA2
survival analysis revealed that the expression level of BAIAP2-AS1 have a not-signi�cant positive
correlation with the survival rate of BC patients (Fig. 14)

4.8. GSEA analysis
GSEA analysis revealed that the up-regulated genes on GSE42568 have a signi�cant role in the cell cycle
checkpoints signaling pathway (Fig. 15). Also, the own-regulated genes in this dataset of BC samples
have a signi�cant role in the PPAR signaling pathway (Fig. 16).

4.9. Gene ontology analysis
Based on gene ontology analysis, the up-regulated genes of GSE42568 (Table 3) are involved in the
anatomical structure development, tissue development, cell differentiation, and cell motility biological
processes. These high expressed RNAs (protein coding or non-coding) of BC samples are located in the
extracellular space and organelles (Fig. 17). Based on GO analysis, the down-regulated genes of
GSE42568 (involves ADAMTS5, Table 4) are involve in the following biological processes: response to
stimulus, response to chemical, lipid metabolic process, small molecule metabolic process, and response
to peptide. Mentioned genes are regulating signaling receptor binding, integrin binding, and
oxidoreductase activity, in the extracellular region and cell periphery (Fig. 18, 19).

Discussion
At the �rst, we perform an integrated high-throughput bioinformatics analysis to demonstrate
signi�cantly biomarkers involved in breast cancer. We carried out a microarray analysis to �nd the
differentially expressed genes that could affect breast cancer development. After �nding the DEGs, we
choose ADAMTS5 for further analyses and investigations. Also, we performed following bioinformatics
analyses to �nd a systematic view of the regulatory mechanism of up and down regulated genes in this
dataset on the BC development, specially ADANTS5: mRNA – mRNA interaction, mRNA – lncRNA
interaction, mRNA – microRNA interaction, miRNA – lncRNA interaction, GSEA, and GO. Based on
mentioned analyses, Also, we �nd that the VTI1B mRNA have a signi�cant RNA interaction with the
ADAMTS5, as a down-regulated tumor suppressor gene in the BC. Also, we �nd that lncRNA BAIAP2-AS1
has a signi�cant interaction with ADAMTS5, as an up-regulated tumor suppressor lncRNA. ADAMTS5
also is a potential target of hsa-miR-181a-5p, as a competitive endogenous RNA (ceRNA) of lncRNA
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CRNDE. We �nd a multi-component ceRNA network that regulated by has-miR-135b-3p. From this
network, we selected the CRNDE - hsa-miR-135b-3p – ADAMTS5 axis and predicted that lncRNA CRNDE
and ADAMTS5 could indirectly affect expression of each other by changes in expression level and
binding a�nity of hsa-miR-135b-3p in breast cancer patients. 

Based on this hypothesis, we evaluated the expression level of ADAMTS5 in human BC samples in order
to gain some understanding of the function of this network and the changes in gene expression in this
axis. Our real-time PCR experiment revealed that the expression level of ADAMTS5 is decreasing in breast
cancer patients. Also, these two RNA could be the diagnostic and prognostic biomarkers, based on ROC
and clinicopathological analyses. Also, we �nd that the lower expression level of lncRNA BAIAP2-AS1 has
a signi�cant correlation with the higher death rate of the patients. 

Generally, the possible role of Has-miR-135b-3p in some different human diseases have been
investigated. Based on previous studies, this micro-RNA could have some effect on Breast cancer (50),
Epithelial Ovarian cancer (51), and Adenocarcinoma (52). However, the main characteristics of this
miRNA in different cancer types – including Breast cancer - is still unclear. Based on miRWalk and
lncBase analysis, we demonstrated that this miRNA could regulate the ADAMTS5 and lncRAN CRNDE.
CRNDE is the gene symbol for colorectal neoplasia differentially expressed (non-protein-coding), a long
non-coding RNA (lncRNA) gene that expresses numerous splice variants and has a tissue-speci�c
expression pattern. According to previous studies, this lncRNA could have some essential role in cancer,
neurobiology, and development (53). This non-coding RNA is involved in enteral metabolism by regulating
different genes, responding to insulin/IGF signaling. CRNDE nuclear transcripts are speci�cally
downregulated by insulin, IGF1, and IGF2, by both the PI3K/Akt/mTOR and Raf/MAPK signaling
pathways (54). This lncRNA also could promote glioma cell growth and invasion through mTOR
signaling pathway (55). Interestingly, the effect of CRNDE on the growth of myeloma cell could perform
by suppressing miR-451 (56). About the functions of this lncRNA in several disease, various results have
been reported. CRNDE by suppressing miR-348 could promote hepatic carcinoma cell migration, invasion,
and proliferation (57). Suppressing miR-145 by this lncRNA could promote proliferation of Gastric cancer
cells (58). This RNA by suppressing PUMA expression, enhance the cervical cancer progression (59).
 Specially in breast cancer, previous studies have been investigated about some different networks. For
example, previous studies revealed that CRNDE by inhibiting miR-136 in BC cell lines could activate Wnt/
β-catenin signaling and overexpression of this RNA in Breast cancer is reported (60). Our study discussed
about a novel and different ceRNA network and specially, a single CRNDE – hsa-miR-135b-3p –
ADAMTS5 axis in a multi-component ceRNA network. Based on our investigation, both ADAMTS5 and
CRNDE could have the tumor suppressor effect on the human breast cancer. 

Based on genecards.com, VTI1B is a protein-coding gene that codes for vesicle transport through
interaction with T-SNAREs 1B. Hermansky-Pudlak syndrome and familial hemophagocytic
lymphohistiocytosis 4 are two conditions linked to VTI1B. Response to increased platelet cytosolic Ca2+,
and wtCFTR as well as late endosome and lysosome, are some of its linked processes (norm and CF). In
this study, we performed the DE analysis of the VTI1B in the BC samples for the �rst time. There was no
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previous research about the correlation of VTI1B’s expression level with the BC development. About
lncRNA BAIAP2-AS1, previous studies revealed that BAIAP2-AS1 activated by E2F1 and HepG2 and PLC5
cell growth and metastasis were suppressed by BAIAP2-AS1 silencing. In general, BAIAP2-AS1 altered the
miR-361-3p/SOX4 axis to encourage the growth of HCC (61). Xianli Gong et al. in a same gene expression
pro�ling demonstrated that BAIAP2-AS1 is a differentially expressed RNA in the HBV-related HCC (62).
Furthermore, Xiaogang Mao et al.in 2018 revealed that BAIAP2-AS1 is a potential cervical squamous cell
carcinoma biomarker and can be considered as a novel predictor of the patients’ survival (63). However,
there was no previous study about the effect of changes in the expression level of BAIAP2-AS1 in the BC.
In this study, we �nd that BAIAP2-AS1 has a signi�cant high-expression in the BC patients. Also, based on
our bioinformatics investigation, there was a signi�cant positive correlation between the expression of
BAIAP2-AS1 and the survival rate of the patients. So, this lncRNA could be a potential predictor of the BC
survival. This lncRNA has a signi�cant negative co-expression with ADAMTS5. So, this lncRNA could
have a signi�cant suppressor effect on the ADAMTS5’s expression level.

To �nding more accurate and valid results, it is suggested that the same experiments be perform on the
samples from different populations and examine the possibility of being biomarker in the different
disease. This study demonstrates a possible ceRNA network that could have effect on Breast cancer.
Additionally, as we select and analyzed the has-miR-135b-3p completely bioinformatically, we suggest
that the expression level of this micro-RNA be analyzed in next investigations and the biomarker
capability of this miRNA be evaluated. High or low expression of this miRNA could have some essential
information about the oncogenic or tumor suppressor effect of this miRNA on Breast cancer, especially in
Isfahan. Further studies could make these results clearer and have more accurate information about this
network and the correlation of it in different cancer types, including BC. Furthermore, we highly
recommended that the expression level of BAIAP2-AS1, VTI1B, and lncRNA CRNDE be evaluated by qRT-
PCR experiment on the human clinical tumor samples, or in the different BC cell lines. Also, we suggest
that the RNA interaction of BAIAP2-AS1 with ADAMTS5 be evaluated by luciferase assay experiments for
validation of this study.

Conclusion
In this study, we demonstrated that ADAMTS5 can be regulated by lncRNAs CRNDE, BAIAP2-AS1, mRNA
VTI1B. Dysregulation of mentioned RNAs can lead ADAMTS5 expression level to the abnormality (in this
study, low-expression). In this study, we demonstrated that low-expression of ADAMTS5 is a potential
cause of the malignancy. There was no previous study about the difference in the expression of
ADAMTS5 in BC patients. Furthermore, for the �rst time, we demonstrated that VTI1B and lncRNA CRNDE
are the two potential oncogene of BC (up-regulation). Also, we �nd that lncRNA BAIAP2-AS1 is a novel
tumor suppressor RNA in the BC samples. lncRNA BAIAP2-AS1 and lncRNA CRNDE can predict the BC
survival rate. Also, ADAMTS5 have a signi�cant negative correlation with lncRNA BAIAP2-AS1 and
lncRNA CRNDE.
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Figures

Figure 1

Boxplot of the raw and normalized expression level of 54675 genes in the microarray samples. A) Boxplot
of raw microarray samples. B) Boxplot of the normalized expression data of microarray samples.
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Figure 2

Principal component analysis (PCA) of microarray samples. A) PCA analysis based on raw microarray
expression data. B) PCA analysis of normalized expression data.
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Figure 3

Volcano plot showing the differentially expressed genes in the microarray BC samples. Red color
indicates the signi�cant up-regulated genes and the green color indicates the signi�cant low-expressed
genes in the GSE42568. ADAMTS5, VTI1B, and BAIAP2-AS1 are showing in the plot by black, blue, and
red color.
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Figure 4

The heatmap of top 50 differentially expressed genes in the GSE42568 microarray dataset.
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Figure 5

ENCORI and GEPIA2 RNA-seq data analysis revealed that ADAMTS5 have a signi�cant down-regulation
in the breast cancer samples. A) The expression analysis of ENCORI online software. B) The differential
expression analysis of ADAMTS5 in the BC samples, performed by GEPIA2.
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Figure 6

The boxplot of the real-time PCR data of ADAMTS5 expression level, based on the logFC data. ADAMTS5
has a signi�cant low-expression in the human clinical breast cancer samples.
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Figure 7

ROC analysis based on the expression data of ADAMTS5 revealed that ADAMTS5 is a potential
diagnostic biomarker of breast cancer samples.
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Figure 8

The clinicopathological analysis of ADAMTS5 revealed that ADAMTS5 have a signi�cant down-
regulation in the patients older than 40.
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Figure 9

Protein-protein interaction of ADAMTS5, generated by STRING online database.
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Figure 10

The RNA interaction network of ADAMTS5 gene revealed the hub miRNA and lncRNAs correlated to the
ADAMTS5 (hsa-miR-135b-3p, lncRNA CRNDE), directly or indirectly.
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Figure 11

Relative expression analysis of VTI1B, BAIAP2-AS1, and lncRNA CRNDE in the RNAseq breast cancer
samples. A) Relative expression analysis of VTI1B revealed that VTI1B has a signi�cant down-regulation
in the BC samples. B) Relative expression analysis of B lncRNAAIAP2-AS1 has a signi�cant high
expression in the breast cancer samples, compared to control. C) Relative expression analysis of lncRNA
CRNDE has a signi�cant up-regulation in the BC samples, compared to control.
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Figure 12

Pearson correlation analysis of the VTI1B, BAIAP2-AS1, and lncRNA CRNDE with ADAMTS5’s expression
level in the RNAseq samples of breast cancer patients. The right column is the plots of GEPIA2 online
software, and the left column is the plots of ENCORI online software. A) ADAMTS5 have no signi�cant
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co-expression with the VTI1B. B) lncRNA BAIAP2-AS1 has a signi�cant co-expression with ADAMTS5. C)
lncRNA CRNDE has a signi�cant correlation in the expression level with ADAMTS5.

Figure 13

Survival analysis of ENCORI online software revealed the negative and positive correlation of BAIAP2-AS1
and lncRNA CRNDE with the survival rate of BC patients.
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Figure 14

Survival analysis of GEPIA online software.
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Figure 15

The GSEA data analysis revealed that the up-regulated genes of GSE42568 have a signi�cant role in the
cell cycle checkpoints signaling pathway.

Figure 16
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Based on the GSEA data analysis on the GSE42568 dataset, the down-regulated genes in the mentioned
BC dataset have a signi�cant role in the PPAR signaling pathway.

Figure 17

Gene ontology of the up-regulated genes in the GSE42568 BC dataset.
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Figure 18

Gene ontology of the low expressed genes in the GSE42568 microarray dataset.

Figure 19
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Gene ontology bar plot and dot plot of the down-regulated genes in the GSE42568 microarray dataset.
Red color indicates more signi�cant gene ontology terms. Size of the dots in the right chart indicates the
gene ratio (number of genes involve in the relevant process or component).


