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Background: Dysregulation of ESR1 accounts for endocrine therapy resistance and
metastasis of ERa positive breast cancer. However, the underlying molecular mechanism
of ESR1 in ERa positive breast cancer remains insufficiency. Notably, to date, a
comprehensive mMiIRNA-mMRNA regulatory network involved in modulation of ESR1 in
development and progression of ERa positive breast cancer is still not established.

Methods: Microarray miRNA and mRNA expression profiling from GEO database were
used to obtained significant DE-miRNAs and DE-mRNAs in ERa positive breast cancer.
Functional enrichment analysis was conducted by Enrichr database. STRING database
was utilized to construct protein-protein interaction network, after which hub genes
were identified through Cytoscape. Kaplan-Meier plotter was introduced to perform
survival analysis. The relationship between ESR1-miRNA or miRNA-target gene pairs
were experimentally validated.

Results: 74 DE-miRNAs, including 19 upregulated and 55 downregulated miRNAs, and
830 DE-mRNAs, including 359 upregulated and 471 downregulated mRNAs, in ERa
positive breast cancer were identified. Potential DE-mRNAs were statistically enriched
in several cancer-associated pathways, such as cell cycle and pathway in cancer.
Fifty-one hub genes with node degree more than 10 were screened. Twenty-seven
of 51 hub genes had significant prognostic values in ERa positive breast cancer.
Based on the 27 hub genes, a miBRNA-hub gene network, containing 26 miBNAs, was
established. Seven of 26 miRNAs were found to possess prognostic predictive roles for
patients with ERa positive breast cancer by combination of TCGA and METABRIC data.
Intriguingly, ESR1 positively correlated and regulated the 7 miBRNAs and the 7 miRNAs
inversely correlated and modulated their corresponding downstream targets in MCF-7
and T47D cells, supporting the accuracy of in silico analysis. The relationship between
ESR1-miRNA, miRNA-mRNA, or ESR1-mRNA pairs was validated in clinical ERa positive
breast cancer.

Conclusions: In total, the current findings from this work add substantially to the
understanding of ESR1’s molecular regulatory mechanism in ERa positive breast cancer.
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FIGURE 3 | The prognostic values of key genes (AURKA, CCNB2, AURKB, MYBL2, MELK, TTK, TPX2, KIT, KIF2C, UBE2C, CENPA, CCNE1, CDC20, CDCAS, OIP5,
LMNBT1, FOXM1, RAD51AP1, PTTG1, KIFC1, MCM6, MCM2, MCMA4, BRCA2, SHCBP1, CHAF1B, and CDCA2) in ERa positive breast cancer determined by
Kaplan-Meier plotter database.

Frontiers in Oncology | www.frontiersin.org 8 May 2020 | Volume 10 | Article 753



Gao et al.

ESR1-miRNA-mRNA Network in Breast Cancer

hsa-mir-342-5p h

hsa-let-7e-5p

hsa-let-7a-5p
hsa-mir-26a-5p

hsa-let-7f-5p hsa-mir-2!
hsa-let-7c- b/s/.

hsa-let-7b-5p

hsa-mir—33{./

hsa-mir-129-5p

hsa-mir-19

hsa-mir-30;

hsa-mir-29¢c-3p

hsa-mir-10a-5p

downregulated in luminal B breast cancer compared with luminal A breast cancer.

FIGURE 4 | Construction of a potential miIRNA-mRNA regulatory network in ERa positive breast cancer. The genes in red ellipse represented that they were
significantly upregulated in luminal B breast cancer compared with luminal A breast cancer; the miRNAs in green triangle represented that they were markedly

sa-mir-195-5p

-mir-15a-5p

Sa-mir-497-5p

6{ ./hsa-mir-3760-3p

.\_Mir_m_sp

Sa-mir-30a-3p

mir-34a-5p

: {mir-MS-Sp

hsa-mir-30a-5p

hsa-mir-34a-3p
hsa-mir-10b-5p

was a potential upstream regulator of the 7 potential miRNAs.
MCEF-7 and T47D were chosen as two representative cell lines
as high expression of ERa. ESR1 expression was significantly
downregulated after using ESR1 siRNA in both MCF-7 and
T47D cells (Figure 6H). Expectedly, expression levels of the
7 potential miRNAs was markedly decreased after knockdown
of ESR1 in MCF-7 (Figure 6I) and T47D (Figure 6J). Next,
we assessed the expression relationships of the 7 potential
miRNAs and their targets in ERa positive breast cancer.
As shown in Figures 7A-I, there were negative expression
correlations of hsa-let-7a-5p-CCNB2, hsa-let-7c-5p-CCNB2,
hsa-let-7a-5p-AURKB, hsa-miR-30a-5p-CDC20, hsa-miR-30a-
5p-MYBL2, hsa-miR-29¢-3p-OIP5, hsa-miR-10b-5p-CHAF1B,
hsa-miR-195-5p-CCNEI, and hsa-miR-497-5p-CCNEI in ERa
positive breast cancer. Moreover, we also determined the
upstream and downstream association of miRNAs and target
hub genes in ERa positive breast cancer. The overexpression
effect of miRNA mimics was first detected in MCF-7 and
T47D cells. As shown in Figures 7J,K, the 7 miRNAs were
significantly upregulated using miRNA mimics in MCEF-7
and T47D, respectively. In additional to hsa-let-7a-5p-CCNB2
and hsa-miR-30a-5p-MYBL2 pairs, the expression levels of
potential target hub genes of the 7 miRNAs were significantly
downregulated after overexpression of the 7 miRNAs in
MCEF-7 (Figure 7L) and T47D (Figure 7M). Taken all these

findings into consideration, an ESR1-mediated miRNA-mRNA
regulatory network was constructed as shown in Figure 8.
Finally, 18 ERa positive breast cancer tissues were used
to validate the relationship between ESRI-miRNA, miRNA-
mRNA, and ESR1-mRNA pairs (Figure 9). Intriguingly, ESR1
expression was positively correlated with miRNA expression,
miRNA expression was negatively correlated with mRNA
expression, and ESR1 expression was negatively correlated with
mRNA expression in ERa positive breast cancer. Among these
pairs, only hsa-miR-497-5p/CCNE1 pair show no statistical
significance (Figure 9M), which further support our previous
bioinformatic analysis.

DISCUSSION

More than 70% of diagnosed breast cancer cases express
ERa, which is a transcription factor encoded by ESRI located
on chromosome 6 (25). It has been widely acknowledged
that ERa signaling is an important event contributing to
growth and disease progression of ERa positive breast cancer
(26). The underlying molecular mechanism of how ESRI acts
remains unclear. miRNAs, a class small endogenous noncoding
RNAs, play key roles in multiple biological processes by
negatively regulating downstream gene expression (7, 11).
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FIGURE 5 | Survival analysis for candidate miRNAs in ERa positive breast cancer based on data from TCGA and METABRIC databases. (A) The prognostic values of
candidate miRNAs in ERa positive breast cancer based on data from TCGA database. (B) The prognostic values of candidate miRNAs in ERa positive breast cancer
based on data from METABRIC database. Green bars indicated favorable prognosis; red bars indicated unfavorable prognosis; black bars represented no statistical
significance. (C) The intersection of miRNA with good prognosis in ERa positive breast cancer based on TCGA and METABRIC databases. (D) The prognostic role of
hsa-let-7a-5p in TCGA (left) and METABRIC (right) ERa positive breast cancer. (E) The prognostic role of hsa-let-7c-5p in TCGA (left) and METABRIC (right) ERa
positive breast cancer. (F) The prognostic role of hsa-miR-30a-5p in TCGA (left) and METABRIC (right) ERa positive breast cancer. (G) The prognostic role of
hsa-miR-29c¢c-3p in TCGA (left) and METABRIC (right) ERa positive breast cancer. (H) The prognostic role of hsa-miR-10b-5p in TCGA (left) and METABRIC (right) ERa
positive breast cancer. (I) The prognostic role of hsa-miR-195-5p in TCGA (left) and METABRIC (right) ERa positive breast cancer. (J) The prognostic role of
hsa-miR-497-5p in TCGA (left) and METABRIC (right) ERa positive breast cancer.
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FIGURE 7 | expression. (G) The correlation analysis of CHAF1B expression and hsa-miR-10b-5p expression. (H) The correlation analysis of CCNE1 expression and
hsa-miR-195-5p expression. () The correlation analysis of CCNE1 expression and hsa-miR-497-5p expression. “*” represented significant correlation, with P < 0.05.
(J) Overexpression effect of mimics for the 7 key miRNAs at concentration of 50 nM in MCF-7 cell line. (K) Overexpression effect of mimics for the 7 key miRNAs at
concentration of 50 nM in T47D cell line. (L) Expression change of downstream genes after increasing expression of corresponding miRNAs in MCF-7 cell line. (M)
Expression change of downstream genes after increasing expression of corresponding miRNAs in T47D cell line. The data were shown as mean =+ standard
deviations. “*” represented significant difference, with P < 0.05. “nc” represented no statistical change.
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FIGURE 8 | An ESR1-miRNA-mMRNA regulatory network in ERa positive breast cancer (luminal B vs. luminal A breast cancer).
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Several miRNAs have been reported to directly target ESRI
to influence breast cancer development and progression, such
as miR-22 (12), miR-301a-3p (6), and miR-206 (27). However,
there are few studies about miRNAs regulated by ESR1. The
purpose of the current study was to determine the ESRI-
mediated miRNA-mRNA regulatory network in ERa positive
breast cancer.

Based on the GEO datasets GSE38278 and GSE38279, we
successively identified 74 DE-miRNAs and 830 DE-mRNAs
between luminal A and luminal B breast cancer using the online
tool, GEO2R. Subsequently, a widely used database miRNet
was employed to predict the potential targets of DE-miRNAs.
312 candidate DE-mRNAs were commonly appeared in the
target gene set of DE-miRNAs after intersection of DE-mRNAs
and target genes of DE-miRNAs. GO and KEGG enrichment
analyses are widely used to understand a large number of
genes. Enrichment analysis revealed that they were significantly
enriched in several cancer-associated pathways, such as cell
cycle (28), TNF signaling pathway (29), Jak-STAT signaling
pathway (30), and NF-kappa B signaling pathway (31). Next,
PPI analysis to further comprehend interactive relationships
among these candidate DE-mRNAs. After entering them into
STRING database, a variety of protein-protein interactions were
observed. To obtain hub genes among PPI network, these

interactions were re-imported into Cytoscape software. Fifty-one
hub genes, including AURKA, AURKB, UBE2C, and PTTGI,
were screened. Most of these hub genes were reported as
critical players in regulating occurrence and development of
breast cancer. For example, Zhang et al. found that nuclear
AURKA acquired kinase-independent transactivating function
to enhance breast cancer stem cell phenotype (32); PTTG1
promoted growth, endocrine therapy resistance of breast cancer
(33-35); UBE2C post-transcriptionally upregulated by miR-196a
enhanced proliferation of breast cancer cell (36). Then, we
performed survival analysis for the 51 hub genes. Twenty-
seven of the 51 hub genes possessed significant prognostic
values in ERa positive breast cancer. The 27 hub genes were
upregulated in luminal B breast cancer compare with luminal
A breast cancer and were selected for constructing miRNA-hub
gene network.

Based on the negative action mechanism of miRNA on
gene expression (37), we only included 26 miRNAs that were
significantly downregulated in luminal B breast cancer compared
with luminal A breast cancer. Similarly, the prognostic roles
of potential miRNAs in ERa positive breast cancer were
also determined using TCGA and METABRIC ERa positive
breast cancer data. Finally, a total of 7 miRNAs, containing
hsa-let-7a-5p, hsa-let-7c-5p, hsa-miR-30a-5p, hsa-miR-29¢-3p,
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cancer. (A) ESR1/hsa-miR-29c¢c-3p pair. (B) ESR1/hsa-let-7¢c-5p pair. (C) ESR1/hsa-let-7a-5p pair. (D) ESR1/hsa-miR-30a-3p pair. (E) ESR1/hsa-miR-195-5p pair. (F)
ESR1/hsa-miR-497-5p pair. (G) ESR1/hsa-miR-10b-5p pair. (H) hsa-miR-29¢-3p/OIP5 pair. (I) hsa-let-7c-5p/CCNB2 pair. (J) hsa-let-7a-5p/AURKB pair. (K)
hsa-miR-30a-3p/CDC20 pair. (L) hsa-miR-195-5p/CCNE1 pair. (M) hsa-miR-497-5p/CCNE1 pair. (N) hsa-miR-10b-5p/CHAF1B pair. (0) ESR1/0OIP5 pair. (P)
ESR1/CCNB2 pair. (Q) ESR1/AURKB pair. (R) ESR1/CDC20 pair. (S) ESR1/CCNE1 pair. (T) ESR1/CHAF1B pair.

hsa-miR-10b-5p, hsa-miR-195-5p, and hsa-miR-497-5p, were
found to be favorable prognostic biomarkers for patients with
ERa positive breast cancer in both TCGA and METABRIC
databases. These miRNAs have been demonstrated to functional
tumor suppressive miRNAs in breast cancer. For example,
suggested that hsa-miR-497-5p inhibited breast

Liu et al

cancer cell proliferation, invasion, and survival by targeting
SMAD7 (38); Wang et al. showed that hsa-miR-497-5p
suppressed tumor growth and angiogenesis through modulating
IRS1 in breast cancer (39); Li et al. found that hsa-
miR-29¢-3p played a suppressive role in breast cancer by
inhibiting the TIMP3/STAT1/FOXO1 pathway (40). These
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reports together with our previous findings demonstrated that
the 7 miRNAs may be important regulators in ERa positive
breast cancer.

The expression relationships between ESR1 and the 7
miRNAs were subsequently evaluated. The results revealed
that ESR1 were positively correlated with the 7 miRNAs in
ERa positive breast cancer. Experimental validation showed
that these miRNAs were significantly downregulated after
knockdown of ESR1 in ERa positive breast cancer cells.
Next, we also determined the expression correlation of the 7
miRNAs and their corresponding potential targets. Intriguingly,
the 7 miRNAs were inversely linked to these hub genes.
After overexpression of the 7 miRNAs, most of corresponding
downstream target genes were downregulated in MCF-7 and
T47D cells. Finally, an ESR1-mediated miRNA-mRNA network
in ERa positive breast cancer were established. The relationship
of pairs in this network was also validated in clinical ERa
positive breast cancer. The results were in accordance with the
previous analytic findings. In the future, more in vitro and in
vivo functional experiments need to be performed to further
confirm roles of these miRNAs and mRNAs in the established
network in endocrine resistance and metastasis of ERa positive
breast cancer.

CONCLUSION

In conclusion, the evidence from this study suggests that a
potential miRNA-mRNA network may be involved in the effect
of ESR1 on ERa positive breast cancer. This study has gone
some way toward enhancing our understanding of the underlying
molecular mechanism of ESR1-mediated progression of ERa
positive breast cancer and this research will serve as a base
for future studies in this field. In the future, more basic
experiments and clinical trials need to be conducted to validate
these findings.
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