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INTRODUCTION  
 

The most obvious change in the worldôs latest cancer 

data in 2020 is the rapid growth of new cases of breast 

cancer, which has become the most common cancer in 

the world [1]. Among them, estrogen receptor (ER)-

positive patients account for about 70% of all breast 

cancers, and endocrine therapy is usually the option for 

such patients. Although endocrine therapy and targeted 

therapy have good results in ER-positive patients, 20% 

of women still develop cancer recurrence or metastasis 

[2, 3]. Drug resistance is an important cause of the 

failure of endocrine therapy for breast cancer [4]. At 

present, the causes of endocrine therapy resistance 

include estrogen receptor Ŭ (ESR1) gene mutation, gene 

polymorphism of aromatase (CYP19A1), receptor 

tyrosine kinase (RTKs) and activation of downstream 

pathways [5]. The high incidence rate of breast cancer, 

the poor prognosis and resistance mechanism of 

endocrine therapy are not fully clear, which prompted 

us to further study and understand the mechanism of 

breast cancer endocrine therapy, and more importantly, 

to establish effective therapeutic targets for endocrine 

therapy. 

 

For postmenopausal patients, aromatase inhibitors (AIs) 

are preferred for first-line endocrine therapy. It mainly 

works by inhibiting the activity of aromatase 

(CYP19A1), reducing the production of estrogen in the 

body. Despite the significant effect of AIs treatment, 

more than 20% newly diagnosed breast cancer patients 

will develop tumor progression or relapse within ten 

years of using the drug [6]. Letrozole belongs to non-

steroidal AIs and has no potential toxicity to all systems 
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ABSTRACT 
 

The endocrine therapy resistance of breast cancer is the difficulty and challenge to be urgently solved in the 
current treatment. In this study, we examined the effects of noncoding RNA LINC00094 and miR-19a-3p on 
breast cancer in vivo and in vitro by RT-QPCR, Western Blot, luciferase assay, immunofluorescence and drug 
sensitivity tests. The plasma level of CYP19A1 in patients with breast cancer resistance was lower than that in 
drug sensitive patients. Compared with normal subjects, miR-19a-3p was highly expressed in plasma of patients 
with breast cancer. miR-19a-3p is highly expressed in estrogen receptor positive breast cancer cells. The 
expression of miR-19a-3p promoted the migration and EMT of breast cancer cells and reduced the sensitivity of 
breast cancer to Letrozole. LINC00094 sponge adsorbed miR-19a-3p. LINC00094 promotes the expression of 
CYP19A1, the target gene of miR-19a-3p, and inhibits the EMT process of breast cancer, ultimately promoting 
the sensitivity of ER-positive breast cancer cells to Letrozole. This study found a new mechanism of Letrozole 
sensitivity in ER positive breast cancer. 
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and target organs of the whole body. Compared with 

other AIs and SERMs, Letrozole has stronger antitumor 

effect [7]. The mechanism of AIs resistance involves 

epithelial mesenchymal transition (EMT) [8], but the 

relationship between EMT and the sensitivity of breast 

cancer to Letrozole is still unclear. 

 

Noncoding RNA, especially miRNAs and LncRNAs, are 

involved in regulating the therapeutic sensitivity of 

almost all treatments for breast cancer [9]. MiRNA is a 

class of noncoding RNA encoding 22 nucleotides, 

encoding endogenous genes. Our previous study 

reported that miR-206 is involved in breast cancer 

migration, and miR-93-5p regulates breast cancer 

mesenchymal transition (EMT). Let-7a-5p affects the 

glycometabolism of breast cancer and miR-17-5p can 

accelerate the apoptosis of breast cancer cells induced by 

paclitaxel [10ï14]. Studies have shown that abnormal 

expression of miRNAs can lead to drug resistance in 

breast cancer. MiR-27a, miR-34a, miR-146a, miR-21 

and miR-148a may be potential targets for tamoxifen 

resistance in breast cancer. Meanwhile, Zhou et al. [15] 

found that miR-3178, miR-1228, miR-138, miR-486-5p 

and miR-4532 are expected to be new targets for 

improving resistance to endocrine therapy. MiR-575, 

miR-182-5p, miR-18a and miR-449a promote the  

drug resistance of endocrine therapy for breast cancer 

[16ï19]. What is interesting is that miR-19 not only 

affects the proliferation and metastasis of breast cancer 

[20ï24], but also regulates the multidrug resistance of 

breast cancer [25]. However, the role of miR-19 in 

endocrine therapy resistance, especially in AIs treatment 

resistance, has not been reported. 

 

LncRNAs are noncoding RNAs composed of transcripts 

of more than 200 nucleotides, which participate in the 

regulation of various physiological processes of breast 

cancer. We reported that LncRNA H19 can regulate 

the EMT of breast cancer [12]. LncRNA regulates 

breast cancer endocrine therapy resistance: LncRNA-

UCA1 mediates Wnt / ɓ-Catenin and AKT / mTOR 

signaling pathway promotes breast cancer endocrine 

therapy resistant [25]. LncRNA HOTAIR increased 

resistance to tamoxifen by promoting ER signal 

transduction [12]; LncRNA HOTAIRM1 promotes 

breast cancer drug resistance by promoting HOXA1 

expression in breast cancer cells [26]. LncRNA  

Gas5 functions in the endogenous competitive RNA 

(competing endogenous RNAs, ceRNA) [27]. The 

expression of LINC00094 is associated with poor 

prognosis of lung squamous cell carcinoma [28]. 

Expression of LINC00094 has also been associated 

with esophageal squamous cell carcinoma and 

Alzheimerôs disease [29, 30]. However, the role of 

LINC00094 in endocrine resistance of breast cancer is 

currently unknown. 

In our study, we found that LINC00094 sponge 

adsorbed miR-19a-3p, while miR-19a-3p was highly 

expressed in plasma and breast cancer cells of patients 

with breast cancer, and high expression of hsa-miR-19a-

3p in breast cancer patients in LINC00094 group. The 

overall survival rate of these patients is very low. These 

findings provide new ideas for the clinical treatment of 

breast cancer. 

 

RESULTS 
 

CYP19A1 promotes ER positive breast cancer 

sensitivity to letrozole 

 

The CYP19A1 gene encodes aromatase, which converts 

androstenedione and testosterone into estrogen. We first 

detected the CYP19A1 expression from 26 patients 

plasma with drug-resistant breast cancer, comparing 

with 72 patients with non-drug-resistant patients. The 

drug-resistant breast cancer patients CYP19A1 mRNA 

expression level was significantly downregulated 

(**P<0.01) (Figure 1A). Meanwhile, CYP19A1 is 

upregulated in the ER positive cell lines (MCF-7, BT-

474) of all the 5 breast cancer cell lines, with the highest 

expression in BT-474, while almost no expression in 

ER negative breast cancer cell lines (Figure 1B, 1C). 

CCK-8 cell activity test showed that different level  

of CYP19A1 in BT-474 cells could significantly affect 

the activity of breast cancer cells (Figure 1D). 

Overexpression of CYP19A1 reduced the IC50 value of 

BT-474 pairs of Letrozole from 16923±45.33 nM to 

7429±52.00 nM, while interference of CYP19A1 

increased the IC50 value of BT-474 pairs of Letrozole 

from 867.6±64.07 nM to 1900±54.75 nM (Figure 1E). 

These results suggest that low expressed CYP19A1 was 

associated with letrozole resistance in ER-positive 

breast cancer cells. 
 

MiR -19a-3p is upregulated in ER positive breast 

cancer 

 

ESR1as a gene which could encoding ER. Its 

expression was closely related to Letrozole resistance in 

breast cancer therapy Through analysis of 4 databases, 7 

miRNAs that can target ESR1 were screened out, and 4 

miRNAs that can target CYP19A1 were screened out 

through bioinformatics analysis. Venn diagram showed 

that miR-19a-3p could bind both ESR1 and CYP19A1 

targetly (Figure 2A). Compared with 70 normal women, 

98 breast cancer patients exist miR-19a-3p over-

expressed in plasma, ***P<0.001 (Figure 2B). In 

addition, we also found that the expression of miR-19a-

3p was elevated both in the plasma of ER-positive 

breast cancer patients and in ER-positive breast cancer 

cells (Figure 2C, 2D). According to TCGA database 

analysis, the higher expression level of miR-19a-3p 
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Figure 1. CYP19A1 expression promotes the sensitivity of ER positive breast cancer cells to Letrozole. (A) mRNA expression level 

of CYP19A1 in plasma of breast cancer patients was detected by RT-QPCR and analyzed by Mann Whitney test.**P<0.01. (B) Western Blot 
Analysis of endogenous protein expression levels of CYP19A1 in 5 breast cancer cell lines, using GAPDH as an internal reference, and 3 
experiments were repeated. ***P<0.001, ****P<0.0001. (C) RT-QPCR was used to detect the endogenous mRNA expression level of CYP19A1 
ƛƴ р ōǊŜŀǎǘ ŎŀƴŎŜǊ ŎŜƭƭ ƭƛƴŜǎΦ ʲ-actin was used as an internal reference, and 3 replicates were carried out each time. *P<0.05, **P<0.01, 
*** P<0.001, ****P<0.0001. (D) BT-474 cells in 4 groups were treated with 8 concentrations of Letrozole, and CCK-8 was added 48 hours later 
to detect cell activity. Cells in each group had 3 repeated Wells. **P<0.01. (E) Graphpad Prism calculated the IC50 of four groups of BT-474 
cells against Letrozole. ****P<0.0001. 

 

 
 

Figure 2. Expression of miR-19a-3p in breast cancer. (A) Bioinformatics analysis showed that miR-19a-3p could target ESR1 and 
CYP19A1. (B) The expression levels of miR-19a-3p in plasma of 70 normal women and 98 breast cancer patients were detected by RT-QPCR, 
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using U6 as internal reference and analyzed by Mann Whitney test.****P<0.0001. (C) The expression levels of miR-19a-3p in plasma of 12 
patients with ER negative breast cancer and 56 patients with ER positive breast cancer were detected by RT-QPCR, using U6 as internal 
reference and analyzed by Mann Whitney test.*P<0.05. (D) RT-QPCR was used to detect the expression levels of miR-19a-3p in normal breast 
epithelial cells and 4 breast cancer cell lines. With U6 as internal reference, 3 replicates were performed for 3 times each time. **P<0.01, 
**** P<0.0001. (E) Kaplan-Meier curve of overall survival of breast cancer patients with low expression (n = 560) and high expression (n = 188) 
of miR-19a-3p. 
 

in breast cancer with the lower the survival rate 

(P=0.0043). 

 

miR-19a-3p inhibits the sensitivity of ER positive 

breast cancer to Letrozole 

 

After knockdown the miR-19a-3p in MCF-7 and BT-

474, scratch test results showed that cell healing rate 

was inhibited in the experimental group (Figure 3A). 

The experimental group showed the migration was 

suppressed in MCF-7 and BT-474 (Figure 3B). Lower 

miR-19a-3p expression reduced colony formation in 

MCF-7 and BT-474 cell (Figure 3C). After treated by 8 

concentrations Letrozole for 48 hours drug incubation, 

the CCK-8 activity was used to detect the miR-19a-3p 

affected in MCF-7 and BT-474 (Figure 3D).  

MiR-19a-3p knocked down reduced the IC50 value of 

MCF-7 pair of Letrozole from 7231±51.50 nM to 

621.1±64.73 nM, and knocking miR-19a-3p reduced the 

IC50 value of BT-474 pair of Letrozole from 

7231±51.50 nM to 810.5±62.07 nM (Figure 3E). 

Indicated that the high expression of miR-19a-3p 

promoted the letrozole resistance in ER-positive breast 

cancer. 

 

LINC00094 targets miR-19a-3p in breast cancer 

cells 

 

The targeted lncRNAs of miR-19a-3p were detected 

by two bioinformatics analysis websites. 5 targeted 

 

 
 

Figure 3. Knockdown of miR-19a-3p decreases the IC50 of Letrozole in breast cancer cells. (A) Cell healing rate at 0 hours and 72 

ƘƻǳǊǎ ǿŀǎ ƳŜŀǎǳǊŜŘ ōȅ ǎŎǊŀǘŎƘ ŀǎǎŀȅ ǿƛǘƘ ǘƘŜ ǎŎŀƭŜ ƻŦ млл ˃ƳΦ ¢ƘŜ ŜȄǇŜǊƛƳŜƴǘ ǿŀǎ ǊŜǇŜŀǘŜŘ о ǘƛƳŜǎΦϝP<0.05. (B) Transwell experiment was 
performed to detect the effect of knockdown miR-19a-3p on the mobility of breast cancer cells. The experiment was repeated for 3 times 
with 20× microscope field.**P<0.01 and ***P<0.001. (C) Cell clonal formation assay was performed to detect the effect of knockdown miR-
19a-3p on breast cancer cell colony formation. The experiment was repeated for 3 times.***P<0.001, ****P<0.0001. (D) CCK-8 was used to 
detect cell activity, and each group had 3 repeated wells.**P<0.01. (E) Graphpad Prism calculated IC50 of MCF-7 and BT-474 cells against 
Letrozole. ****P<0.0001. 
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lncRNAs to miR-19a-3p were screened out by Venn 

diagram (Figure 4A). RT-QPCR showed the 

downregulated of LINC00094 in 26 breast cancer 

patients plasma, while miR-19a-3p was overexpressed, 

P=0.0036 (Figure 4B). Compared with normal  

breast epithelial cells, LINC00094 was lower expressed 

in the 4 types of breast cancer cells (Figure 4C) 

However, high expression of miR-19a-3p in those cells. 

Overexpression of LINC00094 in MCF-7 and BT-474 

cells significantly reduced the miR-19a-3p level 

(Figure 4D). MiR-19a-3p binds to the cDNA sequence 

of LINC00094, and luciferase activity test results 

show that, after co-transfection of wild-type plasmids 

pcDNA3.1-LINC00094 and overexpressed plasmids 

pLKO.1-miR-19a-3p. The luciferase activity of pLKO.1-

miR-19a-3p-HEK-293T cells was significantly reduced 

(Figure 4E, 4F). 

LINC 00094 promotes sensitivity of ER positive 

breast cancer to Letrozole 

 

LINC00094 was overexpressed in MCF-7 and BT-474, 

and the scratch assay showed that the experimental 

group cells had lower migration ability compared with 

control group (Figure 5A, 5B). Overexpression of 

LINC00094 reduced the formation of BT-474 and 

MCF-7 cell colonies (Figure 5C). In BT-474 and MCF-

7, after treated by 8 concentrations Letrozole for 48 

hours in all group, the CCK-8 activity test showed that 

the LINC00094 overexpression reduced the cell activity 

of MCF-7 and BT-474 (Figure 5D). Interestingly, 

overexpression of LINC00094 reduced the IC50 value 

of MCF-7 versus Letrozole from 7429±51.75 nM to 

1871±61.08 nM, and the IC50 value of BT-474 versus 

Letrozole from 6538±52.92 nM to 807.1±66.34 nM 
 

 
 

Figure 4. Adsorption of miR-19a-3p by LINC00094 sponge in breast cancer. (A) Bioinformatics analysis of LINCRNA binding to miR-
19a-3p. (B) RT-QPCR was used to detect the expression levels of miR-19a-оǇ ό¦с ŀǎ ƛƴǘŜǊƴŀƭ ǊŜŦŜǊŜƴŎŜύ ŀƴŘ [Lb/лллфп όʲ-actin as internal 
reference) in plasma of breast cancer patients. (C) Endogenous expression of LINC00094 in breast cancer cells was detected by RT-QPCR. 
*P<0.05, **P<0.01, ***P<0.001. (D) miRNA specific PCR detection of miR-19a-3p expression level (U6 as internal reference). **P<0.01, 
**** P<0.0001. (E) Binding sequence of miR-19a-3p and LINC00094, and mutation site of mutant LINC00094. (F) Luciferase activity test of 
HEK-293T cells in each transfection group, **** P<0.0001. 
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(Figure 5E). Our results suggest that the overexpressed 

of LINC00094 can inhibit the letrozole resistance in 

ER-positive breast cancer. 

 

The adsorption of miR-19a-3p by LINC00094 

sponge affects the expression of CYP19A1 

 

The successful transfection of miR-19a-3p in MCF-7 

and BT-474 cells significantly reducedCYP19A1 

mRNA expression, while overexpressed of LINC00094 

and miR-19a-3p promote the effect of CYP19A1 

(Figure 6A, 6B). Intracellular CYP19A1 expression was 

detected by immunofluorescence, showing that the 

fluorescence expression level of FITC of CYP19A1  

was reduced after overexpressed miR-19a-3p in BT-

474. Moreover, overexpressed LINC00094 partially 

increased the fluorescence expression level of FITC of 

CYP19A1 compared with experimental group (Figure 

6C). When miR-19a-3p was transfected into MCF-7 and 

BT-474 cells, the protein CYP19A1 expression was 

downregulated in overexpressed miR-19a-3p group 

significantly. Co-transfected with miR-19a-3p and 

LINC00094, CYP19A1 protein level was partially 

upregulated compared with miR-19a-3p alone (Figure 

6D, 6E). RNA-seq of 98 breast cancer patients showed 

that the high expression of CYP19A1 was correlated 

with the low expression of miR-19a-3p (Figure 6F). 

miR-19a-3p target the 3ôUTR sequence to CYP19A1; 

Results of luciferase activity experiment was showed  

by the luciferase activity of HEK-293T cells. These 

results showed that luciferase activity was significantly 

declined after co-transfection of pmirGLO-CYP19A1 

3ôUTR wild-type plasmid and pLKO. 1- miR-19a-3p 

overexpressed plasmid (Figure 6G, 6H). 

 

The LINC00094/ miR-19a-3p /CYP19A1 axis affects 

EMT progression in breast cancer 

 

When tumors promote cancer cell invasion and 

metastasis through the EMT pathway, CDH1 and 

Vimentin are often downregulated, while CDH2 is 

overexpressed. In BT-474, Immunoblotting indicated 

 

 
 

Figure 5. Overexpression of LINC00094 affects IC50 of breast cancer cells to Letrozole. (A) The cell healing rate at 0 hours and 72 
ƘƻǳǊǎ ǿŀǎ ƳŜŀǎǳǊŜŘ ōȅ ǎŎǊŀǘŎƘ ŀǎǎŀȅ ǿƛǘƘ ǘƘŜ ǎŎŀƭŜ ƻŦ млл ˃ƳΦ ¢ƘŜ ŜȄǇŜǊƛƳŜƴǘ ǿŀǎ ǊŜǇŜŀǘŜŘ о ǘƛƳŜǎΦ ϝϝP<0.01, ****P<0.0001.  
(B) Transwell assay was performed to detect the effect of LINC00094 overexpression on the mobility of breast cancer cells, 20× microscope 
field, and the experiment was repeated 3 times. ****P<0.0001. (C) Cell clonal formation assay was performed to detect the effect of 
overexpression of LINC00094 on the colony formation of breast cancer cells. The experiment was repeated for 3 times.****P<0.0001.  
(D) CCK-8 was used to detect cell activity, and each group had 3 repeated wells.**P<0.01. (E) Graphpad Prism calculated IC50 of MCF-7 and 
BT-474 cells against Letrozole. ****P<0.0001. 
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that the CDH1 and Vimentin were overexpressed in  

the three transfection groups, while the expression 

levels of CDH2 decreased (Figure 7A, 7B). Further 

immunoblotting in MCF-7 showed the expression levels 

of CDH1 and Vimentin in the three transfection groups 

were increased, while the expression levels of CDH2 

decreased (Figure 7C, 7D). 

 

In vivo studies demonstrated the role of LINC00094/ 

miR-19a-3p in breast cancer 

 

Next, the effect of LINC00094 and miR-19a-3p on 

oncogenesis in breast cancer was detected in vivo. Cell 

lines with stable and high expression of LINC00094 

and miR-19a-3p and their control group were injected 

into the fat pad of the fourth pair of left breasts of 28 

days female BALB/c nude mice. The tumor growth rate 

and volume were increased significantly in miR-19a-3p 

stable overexpression group (Figure 8A, 8B). On the 

contrary, the tumor growth rate and tumor volume in 

the stable LINC00094 overexpression group of were 

reduced (Figure 8C, 8D). As well as the tumor body 

weight increased in miR-19a-3p overexpression group 

(Figure 8E). HE staining analysis of tumor tissues  

in nude mice showed more mitotic cells in the  

stable miR-19a-3p overexpression group, while the 

mitotic count decreased in the LINC00094 stable 

overexpression group (Figure 8F). In the miR-19a-3p 

stable overexpression group, the expression level of 

CYP19A1 was significantly decreased. IHC staining  

of CYP19A1 was increased (Figure 8G, 8H). Overall, 

these in vivo tumorigenic suggest that miR-19a-3p 

expression promotes breast tumor growth, while 

LINC00094 expression inhibits breast cancer growth. 

 

DISCUSSION 
 

Studies have found that in addition to ESR1 and 

CYP19A1 gene mutations, 21.5% of AIs drug-resistant 

breast cancer patients have abnormal amplification of 

 

 
 

Figure 6. Adsorption of miR-19a-3p by LINC00094 sponge affects the expression of CYP19A1. (A) miRNA-specific PCR was used to 
detect the expression level of miR-19a-3p (U6 was an internal reference). ****P<0.0001. (B) mRNA expression of CYP19A1 in each 
transfection group of breast cancer cells was detected by RT-vt/w όʲ-actin as internal reference). ****P<0.0001. (C) Immunofluorescence 
analysis of DAPI and FITC-CYP19A1 expression in each transfection group of BT-птп ŎŜƭƭǎΣ ǿƛǘƘ ǘƘŜ ǎŎŀƭŜ ƻŦ мл ˃ƳΦ όD) Western Blot was used 
to detect the protein expression level of CYP19A1 in each transfection group of MCF-7, with GAPDH as internal reference. The experiment 
was repeated for 3 times. ****P<0.0001. (E) Western Blot was used to detect the protein expression level of CYP19A1 in BT-474 transfected 
cells, with GAPDH as internal reference, and the experiment was repeated for 3 times. *P<0.05, ****P<0.0001. (F) The expression levels of 
/¸tмф!м όʲ-actin as internal reference) and miR-19a-3p (U6 as internal reference) in plasma of breast cancer patients were detected by RT-
QPCR. *P<0.05. (G) Binding sequence of miR-19a-оǇ ǘƻ /¸tмф!м оΩ¦¢w ŀƴŘ Ƴǳǘŀǘƛƻƴ ǎƛǘŜ ƻŦ Ƴǳǘŀƴǘ /¸tмф!м оΩ¦¢w ǇƭŀǎƳƛŘΦ όH) Luciferase 
activity assay of HEK-293T cells in each transfection group. ***P<0.001. 
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Figure 7. The LINC00094/ miR-19a-3p /CYP19A1 axis affects EMT progression in breast cancer. (A) Western Blot was used to 

detect the protein expression levels of CDH1 and Vimentin in BT-474 transfected cells, with GAPDH as internal reference. The experiment 
was repeated for 3 times. ** P<0.01, ***P<0.001, ****P<0.0001. (B) Western Blot was used to detect the protein expression level of CDH2 in 
BT-474 transfected cells, with GAPDH as internal reference. The experiment was repeated for 3 times. * P <0.05, **P<0.01, ***P<0.001, 
**** P<0.0001. (C) Western Blot was used to detect the protein expression levels of CDH1 and Vimentin in MCF-7 transfected cells, with 
GAPDH as internal reference. The experiment was repeated for 3 times. **P<0.01, ****P<0.0001. (D) Western Blot was used to detect the 
protein expression level of CDH2 in MCF-7 transfected cells, with GAPDH as internal reference. The experiment was repeated for 3 times. 
** P<0.01, ***P<0.001. 


