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Upregulation of LINC00511 expression by DNA hypomethylation
promotes the progression of breast cancer
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Background: LINCO00511 is a newly discovered long intergenic nonprotein-coding RNA (Ribonucleic
acid) with unknown.

Method: Differential gene expression analysis was performed on breast cancer microarray data, and the
upregulated expression of LINCO00511 in breast cancer tissues and breast cancer cell lines was verified by
qRT-PCR (quantitative Reverse Transcription-Polymerase Chain Reaction). A cohort study revealed a
correlation between the expression of LINC00511 and the clinicopathological features in breast cancer
patients. The effects of LINC00511 on breast cancer migration and invasion were studied iz vitro. Then,
an experiment using the Illumina Infinium Human Methylation450 Beadchip data was conducted to study
the role of DNA (Deoxyribonucleic acid) methylation in LINC00511 expression, and DAVID (Database
for Annotation, Visualization and Integrated Discovery) Functional Annotation Bioinformatics Microarray
Analysis was used to determine the biological functions and potential pathways of LINC00511 in breast
cancer. Then, LINC00511 and key genes associated with breast cancer disease progression were further
studied in TCGA (The Cancer Genome Atlas), and western blotting was used to verify the results at the
protein level. Finally, we further studied the effect of LINC00511 on Panobinostat drug sensitivity in breast
cancer and its effect on the prognosis of breast cancer patients.

Results: LINC00511 was upregulated in breast cancer patients. The expression of LINC00511 was
closely related to lymph node metastasis, tumor size and molecular subtypes of breast cancer. The in vitro
studies revealed that LINC00511 could promote the migration and invasion in MDA-MB-231 and
MCEF-7 cells. In terms of mechanism, DNA hypomethylation promoted the expression of LINC00511,
furthermore LINCO00511 promoted the expression of Wntl10A, E2F2, TGFA, and MET, which participate
in the progression of breast cancer. In addition, LINC00511 reduced the sensitivity of breast cancer cells to
Panobinostat. Moreover, breast cancer patients with a high expression of LINC00511 had a poor prognosis.
Conclusions: DNA hypomethylation promotes the expression of LINC00511 in breast cancer, and
LINCO00511 promotes the progression of breast cancer by upregulating Wnt10A, E2F2, TGFA and MET.
High expression of LINCO00511 is associated with poor prognosis. Our study identified the mechanism of

LINCO00511 upregulation and provides novel information on the progression of breast cancer.
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Introduction

Breast cancer is the most commonly diagnosed cancer
in women (1). Terminal metastasis and invasion are still
the primary causes of death in breast cancer patients (2).
DNA methylation is the most common form of chemical
modification and plays an important role in epigenetic
gene regulation (3,4). DNA methylation of different
gene regions may lead to different biological functions
and clinical effects. Some researchers have found that
DNA methylation level were significantly associated to
ER, PR, TP53 mutation, histological grade and mRNA
subtypes, and univariate and multivariate analysis
showed that the survival rate of patients with BCAP31
hypomethylation was poor, while the survival rate of
patients with hypermethylation of OGG1 was lower
than that of patients with normal methylation level (5).
There are approximately 60,000 to 100,000 IncRNA
genes in the human genome, however a few of these genes
have been fully studied (6,7). The newly discovered long
intergenic non-protein coding RNA 00511 (LINCO00511)
is a 2.265 kB IncRNA located on 17q24.3. Studies have
found that LINCO00511 is highly expressed in colorectal
cancer and is involved in the development of oncogenic
tumors (8). Study have shown that DNA hypomethylation
can activated the expression of LncRNA SNHGI12 and
promoted temozolomide resistance in glioblastoma (9).
Other studies have identified several IncRNA regulated
by aberrant DNA methylation by integrating genome-
wide analysis to analyze differential methylation loci
and LncRNA. The result shows the expression of 5
LncRNAs (HOTAIR, HOTTIP, HOXA11-AS, HOXB-
AS4, and HOXC-AS3) were negatively correlated with
their methylation levels (10). However, the up-regulated
expression and carcinogenic mechanism of LINC00511 in
breast cancer remains unknown.

In this study, we found that LINCO00511 expression is
closely correlated with tumor size, lymph node metastasis
(LNM), and molecular subtypes of breast cancer. DNA
hypomethylation could promote the expression of
LINCO00511, and LINCO00511 reduced the sensitivity of
breast cancer cells to Panobinostat. Therefore, the targeted
regulation of LINCO00511 expression may inhibit the
progression of breast cancer and enhance the sensitivity of
breast cancer cells.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/gs-21-84).
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Methods
Tissue samples

Tissue samples were collected from January 2014 to June
2014 in the Department of Breast Surgery, Harbin Medical
University Cancer Hospital (HMUCH). The tissue samples
were taken from female breast cancer patients with no
preoperative chemoradiotherapy, distant metastasis, or
history of other tumors (Table S1). All of the samples were
immediately stored in liquid nitrogen and then transferred
to =80 cryogenic freezer for long-term preservation, and
were not subjected to re-transport or defrosting. The
pathological diagnoses were made in a double-blinded
manner by two senior pathologists. All procedures were
performed in accordance with the ethical standards of
the responsible committee on human experimentation
(institutional and national) and the Helsinki Declaration (as
revised in 2013). The research was reviewed and approved
by the Ethics Committees of HMUCH, and all patients
who participated in the experimental study provided written
informed consent.

Analysis of differential gene expression

Two breast cancer microarray datasets, GSE29431 and
GSE42568, were downloaded from the GEO (https://
www.ncbi.nlm.nih.gov/geo/) to analyze the differential
gene expression. High expression of IncRNA was identified
by VENNY (http://bioinfogp.cnb.csic.es/tools/venny/)
and Gene Expression Profiling Interactive Analysis
(GEPIA) (11) (http://gepia.cancer-pku.cn/index). The
genome-wide expression profiles of LINC00511 were
downloaded from TCGA (https://tcga-data.nci.nih.gov/)
and the Cancer Cell Line Encyclopedia (CCLE) (https://
portals.broadinstitute.org/cell/about).

Cell culture

The MDA-MB-231 and MCF-7 cell lines were obtained
from the Type Culture Collection of the Chinese Academy
of Sciences (Shanghai, China). The T47D, MDA-MB-468,
and MCF-10a cell lines were obtained from the BeNa
Culture Collection (Beijing, China). The MDA-MB-231
cells were cultured in L-15 medium (Gibco, USA) with
10% fetal bovine serum (FBS, Gibco, USA) in an air
incubator at 37 °C. The MDA-MB-468, MCF-7, and T-47D
cells were cultured in DMEM (Gibco, USA) with 10% FBS
at 5% CO, and 37 °C. The MCF-10A cells were cultured in
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a MEGM kit with 100 ng/ml cholera toxin at 5% CO, and
37 °C.

RNA preparation and quantitative real-time polymerase
chain reaction (qRT-PCR)

RINA was prepared using TRIzol reagent (Invitrogen, USA)
according to the manufacturer’s protocol. Lipofectamine
2000 (Invitrogen, USA) was used for cell transfection.
FastStart Universal SYBR Green Master (ROX) (Roche,
Germany) was used to detect LINC00511 expression by
qRT-PCR.

DNA methylation

The DNA methylation profile was experimentally analyzed
using the Illumina Infinium HumanMethylation450
Beadchip data. The DNA methylation values were
quantified as beta values and were derived from the Johns
Hopkins University and University of Southern California
TCGA genome characterization center; these values
were recorded for each array probe in each specimen via
BeadStudio software. Data regarding the H3K27ac and
H3K4me3-mediated regulation of LINCO00511 were
derived from ENCODE (12,13).

Cell transfection

Small interfering RNA (siRNA1, siRNA2) and control
RNA (siRNA-NC) were utilized for the silencing of
LINCO00511 expression (Sigma, USA). The pcDNA3.0
vector (0e-LINC00511) and empty DNA vector (0e-NC)
were constructed for the overexpression of LINC00511
(Sigma, USA). MDA-MB-231 and MCF-7 cells were
seeded in six-well plates (Corning, USA) at 1x10° cells per
well to generate indicated cells.

Cell migration and invasion assays

Indicated cells in the logarithmic phase of growth were
seeded in six-well plates (Corning, USA). Wounds were
scratched with sterile micropipette tips, and scraped cells
were washed with PBS three times. Photographs were
captured under an inverted microscope. The cells (5x10°)
were seeded in Matrigel (Corning, USA)-precoated upper
chambers of a 24-well Transwell plate (Corning, USA) in
200 pL of serum-free medium, and the lower chamber was
supplemented with 600 pL of 10% serum medium.
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Western blot

Western blot assays were performed as previously described
(14). Anti-Met (ab137654, 1:1,000), anti-Wnt10a (ab97469,
1:1,000), anti-TGFa (ab208156, 1:1,000), and anti-E2F2
(ab235837, 1:1,000) were purchased from Abcam. Anti-
GAPDH (10494-1-AP, 1:5,000) and HRP-conjugated
AffiniPure goat anti-rabbit IgG (H+L) (SA00002, 1:1,000)

were purchased from Proteintech Group.

Statistical analysis

GraphPad Prism 6.0 was used for statistical processing.
The relationship between clinicopathological factors and
LINCO00511 was compared using the chi-square test. Survival
was assessed using Kaplan-Meier analysis. P<0.05 was accepted.
Each experiment is repeated three times in the laboratory.

Results
LINCO00511 is bighly expressed in breast cancer

Hierarchical cluster analysis showed there were 43 and 86
ncRNAs upregulated in the two breast cancer microarray
datasets, respectively (FC >1.5, P<0.05) (Figure 14,B), and
seven overlapping ncRNAs in the Venn diagram: WASIRI,
LINC00472, LINC00960, LINC00511, MIR143HG,
MIR100HG, and HCG4 (Figure 1C). LINC00511 was
significantly upregulated in breast cancer in the GEPIA
database (Figure 1D,E,F,G,H,1,7). We then verified this
result in the breast cancer tissue by qRT-PCR, and
the result indicated that LINC00511 was significantly
upregulated in breast cancer (P=0.0051) (Figure 1K). Further
studies showed that LINCO00511 was also upregulated in
breast cancer cell lines (P<0.05) (Figure 1L).

High expression of LINC00511 is associated with the
clinicopathological features of breast cancer patients, and
LINCO00511 promotes the migration and invasion of breast
cancer in vitro

Analysis of clinicopathological data indicated that
LINCO00511 was significantly correlated with the LNM
(P=0.003), tumor size (P=0.014), and molecular subtypes
(P=0.003) of breast cancer, while LINC00511 expression
was not correlated with age (P=0.537) or TNM staging (I &
1T and IIT & 1V) (P=0.107) (Table 1).

The relative expression level of LINCO00511 in the
breast cancer cell lines indicated that LINCO00511 was
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Figure 1 LINCO00511 was highly expressed in breast cancer. (A,B) Hierarchical cluster analysis of differential gene expression between
cancer and normal tissues in the two breast cancer microarray datasets (FC >1.5, P<0.05, the red to green color gradient indicates the level
of gene expression from high to low). (C) Overlapping ncRNAs with upregulated in the breast cancer cohorts GSE29431 and GSE42568 by
VENNY (http://bioinfogp.cnb.csic.es/tools/venny/). (D,E,F,G,H,LJ) Seven overlapping ncRNAs were screened using the GEPIA database
(http://gepia.cancer-pku.cn/index). (K) Expression of LINC00511 validated in breast cancer and paired normal tissues by qRT-PCR (N=96).
(L) Upregulated expression of LINC00511 in breast cancer cell lines validated by qRT-PCR. *, P<0.05; **, P<0.01; ***, P<0.001; ****,
P<0.0001. LINCO00511, long intergenic non-protein coding ribonucleic acid 00511; ncRINA, non-coding ribonucleic acid; FC, fold change;
GEPIA, Gene Expression Profiling Interactive Analysis; gQRT-PCR, quantitative reverse transcription polymerase chain reaction.
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Table 1 Relationship between LINC00511 expression and clinicopathological features in breast cancer. Based on the median level of LINC00511
expression, patients were divided into a high expression group (N=48) and a low expression group (N=48)

LINC00511 Expression

Variable P value®
Case, N Low, N (%) High, N (%)

Age, years 0.537
<50 42 23 (54.8) 19 (45.2)
>50 54 25 (46.3) 29 (53.7)

Tumor size, cm 0.014
<2 51 32 (62.7) 19 (37.3)
>2 45 16 (35.6) 29 (64.4)

LNM 0.003
No 59 37 (62.7) 22 (37.3)
Yes 37 11 (29.7) 26 (70.3)

TNM stage 0.107
-1l 70 39 (565.7) 31 (44.3)
-1V 26 9 (34.6) 17 (65.4)

Molecular subtype
Luminal like 59 37 (62.7) 22 (37.3) 0.003
HER-2 positive 20 8 (40.0) 12 (60.0)
Triple negative 17 3(17.6) 14 (82.4)

2« test. P<0.05 represents a significant difference. LNM, lymph node metastasis; TNM, tumor, node, metastasis.

highly expressed in the MDA-MB-231 and MCF7 cell
lines (P<0.05) (Figure 1I). Moreover, LINCO00511 was
downregulated in the MDA-MB-231 cell lines transfected
with siRNA1-LINCO00511 and siRNA2-LINC00511
(P<0.05), and was upregulated in the MCF-7 cell line
transfected with oe-LINCO00511 (P<0.05) (Figure 2A,B).

The wound healing experiment indicated that MDA-
MB-231 cells with silenced LINCO00511 exhibited
prolonged wound healing times (P<0.05) (Figure 2C,D), and
MCF-7 cells with overexpression of LINC00511 exhibited
reduced wound healing times (P<0.05) (Figure 2E,F).
The results of the invasion assays also demonstrated that
silenced LINCO00511 expression could significantly reduce
the invasion ability of the MDA-MB-231 cells (P<0.05)
(Figure 2G,H), and that overexpression of LINC00511
could significantly promote the invasion ability of the
MCEF-7 cells (P<0.05) (Figure 2L3).

DNA hypomethylation promotes LINC00511 upregulation

in breast cancer

DNA methylation modification analysis indicated that

© Gland Surgery. All rights reserved.

DNA methylation of the LINC00511 promoter locus
was decreased in breast invasive carcinoma (BRCA) and
13 other types of cancer tissues (Figure 3A4). Furthermore,
LINCO00511 expression level was found to be negatively
related to DNA methylation in BRCA (N=783, P<0.0001)
(Figure 3B). Next, we also found that the DNA methylation
level of the LINC00511 promoter region was lower in pan-
cancer (P<0.0001) (Figure 3C), and that DNA methylation
was negatively correlated with LINC00511 expression
in pan-cancer (N=8451 P<0.0001) (Figure 3D). The
results described above suggest that the upregulation of
LINCO00511 could promote the progression of breast cancer
by DNA hypomethylation.

LINCO00511 upregulates the expression of MET, E2F2,
TGFA, and WNT10A4

We identified the genes that were positively associated
with LINC00511 using the Pearson correlation coefficient
(PCC), and the top 200 genes were retained (PCC >0.4,
P<0.05). Next, gene ontology term enrichment and the
Kyoto Encyclopedia of Genes and Genomes were utilized by
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Figure 2 High expression of LINC00511 promotes the migration and invasion of breast cancer. (A,B) The expression of LINC00511 was
downregulated in the MDA-MB-231 cell lines with silenced LINCO00511, and was upregulated in the MCF-7 cell line with LINC00511
overexpression. (C,D,E,F) The effect of LINC00511 expression on the motility of indicated cells was detected by wound healing assays.
(G,H,1,J) The effect of LINC00511 expression on the invasion abilities of indicated cells was detected by Matrigel invasion assays. Scale bar,
200 pm. *, P<0.5; **, P<0.01; ***, P<0.001; ****, P<0.0001.
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Figure 3 DNA hypomethylation promotes the upregulation of LINC00511 in breast cancer. (A) DNA methylation of the LINC00511
promoter region was decreased in 14 cancer types. (B) LINC00511 was negatively correlated with DNA methylation in BRCA. (C) DNA
methylation of the LINC00511 promoter region in pan-cancer tissues was lower compared to normal tissues (T=8,989) in TCGA (https://
tega-data.nci.nih.gov/). (D) LINCO00511 was negatively correlated with DNA methylation in pan-cancer (N=8,451). **** P<0.0001. BLCA,
bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma;
CHOL, Cholangio carcinoma; COAD, colon adenocarcinoma; HNSC, head and neck squamous cell carcinoma; KIRC, kidney renal
clear cell carcinoma; KIRP, kidney renal papillary cell carcinoma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma;
LUSC, lung squamous cell carcinoma; PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and paraganglioma; READ, rectum
adenocarcinoma; SARC, sarcoma; SKCM, skin cutaneous melanoma; STAD, stomach adenocarcinoma; THCA, thyroid carcinoma; UCEC,

uterine corpus endometrial carcinoma; TCGA, The cancer genome atlas.

DAVID Functional Annotation Bioinformatics Microarray
Analysis (https://david.nciferf.gov/). The results showed that
LINCO00511 may be associated with a variety of biological
functions, including gene transcription, gene expression,
intracellular signal transduction, cell proliferation, signal
transduction, protein K63/K48-linked ubiquitination, cell
adhesion, energy homeostasis, histone exchange, and so on
(Figure 4A). In addition, LINCO00511 may be involved in a
variety of important oncogenic signaling pathways, such as
the cell cycle, microRNAs in cancer, and natural killer cell

© Gland Surgery. All rights reserved.

mediated cytotoxicity (Figure 4B).

Through further verification, we found that LINC00511
was positively associated with the expression of E2F2,
MET, TGFA, and WNT10A in breast cancer (N=1,104,
P<0.0001) (Figure 4C,D,E,F). Our experiments also showed
that the expression of E2F2, MET, TGFA, and WNT10A
was downregulated when LINCO00511 was silenced in
the MDA-MB-231 cell line, and was upregulated when
LINCO00511 was overexpressed in the MCF-7 cell line
(Figure 4G).
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Upregulation of LINC00511 is corrected with drug
sensitivity and poor prognosis in breast cancer patients

To find the reason mentioned above, we studied the
correlation between LINCO00511 and Panobinostat drug
sensitivity in the CCLE, and the results suggested that
LINCO00511 was positively correlated with the half maximal
inhibitory concentration (IC50) of Panobinostat in breast
cancer (Figure 5A). This indicated that LINC00511
promoted drug resistance by inhibiting the sensitivity of
breast cancer cells to Panobinostat. Thus, breast cancer
patients with high LINCO00511 expression may have a poor
prognosis.

Survival analysis showed that patients with low
expression of LINCO00511 had a longer overall survival (OS)
time (P=0.0048) (Figure 5B). We then studied LINC00511
expression and OS in breast cancer patients in the TCGA
database to verify our results. As we assumed, breast
cancer patients with high LINCO00511 had a shorter OS
(P=0.0478) (Figure 5C). We also found that patients with
high LINC00511 had a shorter OS, disease-specific survival
(DSS), progression-free interval (PFI), and disease-free
interval (DFI) in pan-cancer (P<0.0001) (Figure 5D,E,FG).

Discussion

Breast cancer has become a worldwide threat to women’s
health (15). Recently, many IncRNAs have been reported
to be associated with progression of breast cancer. For
instance, IncRNA BCRT'1 is upregulated in breast cancer,
and upregulates the target gene PTBP3 by binding to miR-
1303 (16). Although many IncRNAs have been identified
in breast cancer, their functional mechanism remains
unknown.

Multiple-gene sequencing can increased the detection
rate of pathogenic mutant genes (17), and genome-wide
association study can better find breast cancer susceptibility
genes and provide more information for the development of
breast cancer subtype-specific polygenic risk scores (18). In
this study, we found that LINCO00511 is highly expressed in
breast cancer by screening differentially expressed genes in
breast cancer microarray. LINCO00511 is a newly discovered
IncRNA in pancreatic cancer (19). It has been reported that
LINCO00511 is upregulated in colorectal cancer and cervical
cancer (8,20). Other research groups in our lab found that
LINCO00511 is a specific IncRNA in triple negative breast
cancer (21). In our study, the expression of LINC00511
was significantly related to LNM, molecular subtype, and
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tumor size. However, LINCO00511 was not associated
with age or TNM stage. The results of bioinformatics
analysis also showed that the LINCO00511 was significantly
correlated with the molecular typing of breast cancer, and
the expression of LINCO00511 was significant in triple
negative breast cancer (P<0.0001, Figure S1A). And we
found a negative correlation between the expression of
ER (Estrogen Receptor) and LINC00511 in breast cancer
(P<0.05, Figure S1B) and a positive correlation between ER
and LINCO00511 in normal tissues (P<0.05, Figure S1C)
in GEPIA database. ER change the mRNA and protein
expression of DNA methyltransferase (DNMT) by recruiting
recruitment co-repressors (HDACI, histone deacetylase.
PRC2, polycomb complex 2) and different protein complexes
(PRC2. NurD, Nucleosome Remodeling Deacetylase) to
promote DNA methylation in the promoter or enhancer
region (22). ER deficiency enhance the transcriptional
activity of LINGO00511 (23). However, Lu et 4l. (24) reported
that the expression of LINCO00511 was correlated with
the TNM stage of breast cancer, but not with molecular
subtypes. A possible explanation for this may be that there
were no patients with stage IV breast cancer in our study, or
that there were fewer patients enrolled in this study.

DNA methylation is an important epigenetic
modification. Studies have found that DNA methylation is
associated with the occurrence and development of breast
cancer. Yang et al. (25) established a statistical prediction
model based on DNA methylation data and genetic
data to identify 450 CpG islands significantly associated
with the occurrence of breast cancer, of which 38 CpGs
may affect breast cancer by regulating the expression of
21 genes. Teschendorff (26) analyzed the changes of DNA
methylation levels in breast tissues of 50 cancer-free
women and 84 paired cancers and normal tissues through a
cohort study, and found that there were DNA methylation
changes associated with tumorigenesis in the adjacent
normal tissues of breast cancer, and 30% of the changes
were increased in paired cancer tissue samples. Moreover,
compared with the normal tissue on the opposite side of
the tumor, the hypomethylation locus in the normal tissue
on the ipsilateral side of the tumor was rich in transcription
factor binding sites related to breast cancer (P<0.01), and
the hypermethylation locus in the normal tissue on the
ipsilateral side of the tumor relative to the normal tissue on
the contralateral side of the tumor was depleted for CpG
island, but enriched for adjacent shore regions (P<0.01) (27).
Studies have found that detection of DNA methylation in
peripheral blood is helpful for breast cancer risk assessment.
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Figure 4 Predicted biological functions and pathways of LINC00511 and LINC00511 upregulate the expression of MET, E2F2, WNT10A,
and TGFA. (A) The potential biological function of LINCO00511 in breast cancer. (B) The potential carcinogenic pathway of LINCO00511 in
breast cancer. (C,D,E,F) The expression of LINC00511 was positively correlated with the expression of MET, E2F2, TGFA, and WNT10A
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blot. TCGA, the cancer genome atlas.
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Figure 5 High expression of LINC00511 is corrected with drug resistance and prognosis in breast cancer. (A) LINC00511 was positively
related to the half maximal inhibitory concentration (IC50) of Panobinostat: HDAC (N=27) in breast cancer cells. (B) Breast cancer patients
with low LINCO00511 expression had a longer OS in HMUCH. (C) Breast cancer patients with low LINC00511 had a longer OS in TCGA.
(D,E,EG) TCGA data showed that high LINC00511 expression resulted in worse OS, DSS, PFI, and DFI in pan-cancer. HDAC, histone
deacetylase; OS, overall survival; DSS, disease specific survival; PFI, progression free interval; DFI, disease free interval; HMUCH, Harbin
Medical University Cancer Hospital; TCGA, the cancer genome atlas.

Through the analysis of genomic DNA methylation in the coding gene is: GREBI, PNKD, C7orf50, TMC3 (28).

peripheral blood DNA samples of breast cancer patients, A multicenter study found that blood-based whole-genome
some researchers have found a heritable DNA methylation bisulfite sequencing can improve the accuracy of non-
marker that can be used to identify the risk of breast cancer, invasive diagnostic imaging of early breast cancer (29).
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However, the mechanism through which upregulated
LINCO00511 expression promotes breast cancer remains
unknown. Studies have found that IncRNA expression
is related to the regulation of DNA methylation (9,30),
and we speculated that LINCO00511 expression might be
regulated by DNA methylation. In our study, we found that
the DNA methylation of the LINC00511 promoter region
was decreased in breast cancer, and DNA hypomethylation
was significantly positively correlated with LINC00511
expression, indicating that DNA hypomethylation promotes
LINCO00511 expression.

In addition, our study found that high expression of
LINCO00511 could promote the migration and invasion
of breast cancer cells. Moreover, LINC00511 performs
a variety of potential biological functions, including cell
proliferation, regulation of gene expression, and so on.
And LINCO00511 may promote the malignant behavior of
breast cancer via the PI3K-Akt signaling pathway, focal
adhesion, and other pathways. Our assays showed that
the expression of MET, TGFA, E2F2, and WNT10A
was downregulated when LINCO00511 was silenced in
the MDA-MB-231 cell line, and was upregulated when
LINCO00511 was overexpressed in the MCF-7 breast
cancer cell line. These results indicate that LINC00511
promoted the expression of key genes, such as Wntl0A,
E2F2, TGFA, and MET, which participate in breast
cancer progression. It has been previously reported that
LINCO00511 can be used as a scaffold by binding to EZH2,
which can inhibit the expression of target gene p57 to
promote the progression of breast cancer (31). Moreover,
LINCO00511 can also be used as a molecular stent to
promote angiogenesis in pancreatic cancer by binding to
miRNA to eliminate its effect (19).

Panobinostat is a histone deacetylase inhibitor that is
used in the treatment of multiple myelomas (32). Studies
have reported that Panobinostat has a good antitumor
effect in breast cancer (33). However, in our study,
LINCO00511 inhibited the sensitivity of breast cancer to
Panobinostat, suggesting that it may give rise to drug
resistance in breast cancer, and thus, the prognosis for
breast cancer patients with high LINC00511 expression
is poor. Our study found that DNA methylation enhances
breast cancer resistance by promoting the expression of
LINCO00511. It has been found that cancer cells show
therapy resistance by changing the DNA methylation,
DNA methylation modified tumor suppressor gene
hypermethylation associated with chemotherapy resistance
in cancer: TGBI, ER-a, MSH2, MGP, PSATI and
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hypomethylation associated with chemotherapy resistance
in cancer: ID4, ERp29/MGMT, ETS-1, miR-663,
MDRI1 (34). Next, we evaluated the association between
LINCO00511 and OS of breast cancer patients by Kaplan-
Meier analysis. The results indicated that breast cancer
patients with upregulated LINCO00511 had a shorter OS.
We also verified this result in TCGA database. Moreover,
pan-cancer patients with high LINC00511 had a poor
prognosis in TCGA. This study validated our hypothesis
that breast cancer patients with high expression of
LINCO00511 have a poor prognosis.

NSUN?2 is an RNA methyltransferase. The researchers
found that DNA hypomethylation promotes the expression
of NSUN?2 in breast cancer, and the overexpression of
NSUN?2 promotes the migration and invasion of breast
cancer cells (35). Nuclear transport protein o2 is a nuclear
import factor, KPNA?2 is associated with poor prognosis
of breast cancer (36). It has been found that silencing
the expression of KPNA2 can inhibit the proliferation,
migration, invasion and cell cycle arrest of breast cancer
cells (37). It was found that the expression of LINC00511
was significantly correlated with NSUN2 and KPNA2
(Figure S1D,E). The limitation of this paper is that there
is no more in-depth study on the mechanism of action
between NSUN2 and KPNA2 and DNA hypomethylation.

Conclusions

LINCO00511 was upregulated in human breast cancer.
Additionally, breast cancer patients with upregulated
LINCO00511 expression have a poor prognosis. DNA
hypomethylation of the LINCO00511 promoter region
promotes the upregulation of LINCO00511 expression,
and LINCO00511 contributes to breast cancer progression
by promoting the expression of MET, TGFA, E2F2, and
WNTT10A and inhibiting the sensitivity of breast cancer
cells to Panobinostat.
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Supplementary

Table S1 Age and sex for all study participants Table S1 (continued)

Serial number Sex Age Serial number Sex Age
1 Female 47 36 Female 63
2 Female 48 37 Female 63
3 Female 62 38 Female 40
4 Female 46 39 Female 43
5 Female 53 40 Female 46
6 Female 64 41 Female 65
7 Female 59 42 Female 32
8 Female 39 43 Female 44
9 Female 70 44 Female 66
10 Female 46 45 Female 56
11 Female 46 46 Female 64
12 Female 61 47 Female 59
13 Female 78 48 Female 55
14 Female 54 49 Female 48
15 Female 38 50 Female 56
16 Female 33 51 Female 32
17 Female 57 50 Female 66
18 Female 42 53 Female 46
19 Female 52 54 Female 49
20 Female 44 55 Female 47
20 Female 49 56 Female 38
21 Female 73 57 Female 46
23 Female 56 58 Female 56
24 Female 56 59 Female 44
25 Female 48 60 Female 53
26 Female 46 61 Female 44
o7 Female 51 62 Female 58
o8 Female 55 63 Female 51
29 Female 36 64 Female 44
30 Female 48 65 Female 64
31 Female 60 66 Female 59
39 Female 48 67 Female 46
33 Female 60 68 Female 63
34 Female 55 69 Female 69
35 Female 61 70 Female 50

Table S1 (continued) Table S1 (continued)
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Table S1 (continued)

Serial number Sex Age
71 Female 61
72 Female 46
73 Female 41
74 Female 64
75 Female 55
76 Female 50
77 Female 61
78 Female 59
79 Female 50
80 Female 63
81 Female 40
82 Female 46
83 Female 52
84 Female 73
85 Female 63
86 Female 68
87 Female 64
88 Female 53
89 Female 61
90 Female 39
91 Female 61
92 Female 59
93 Female 53
94 Female 42
95 Female 45
96 Female 62
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Figure S1 Analysis of the relationship between LINC00511 and molecular subtypes of breast cancer, estrogen receptor, NSUN2 and
KPNA2. (A) LINC00511 was significantly correlated with the molecular typing of breast cancer in TCGA. (B) GEPIA database analysis
showed that the expression of ER is negatively correlated with LINC00511 in breast cancer. (C) There is a positive correlation between the

expression of estrogen receptor and LINC00511 in normal tissues adjacent to breast cancer in GEPIA. (D,E) The expression of LINC00511
was significantly correlated with NSUN2 and KPNA2 in GEPIA. P<0.05 means statistical significance. TCGA, the cancer genome atlas;

ER, estrogen receptor; GEPIA, Gene Expression Profiling Interactive Analysis.
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