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Background: Clinical tolerance to trastuzumab greatly affects the therapeutic effect in 
breast cancer (BC). Long-chain non-coding RNA (lncRNA) plays an important role in the 
development of trastuzumab resistance, in which SNHG7 can promote the epithelial 
mesenchymal transformation (EMT) of breast cancer cells into, while EMT is related to 
trastuzumab resistance of breast cancer cells.
Objective: To investigate whether lncRNA-SNHG7 can enhance chemotherapy resistance 
and cell viability of BC cells by regulating miR-186.
Methods: SK-BR-3 and SNHG7 of HER2+BC cells were induced to enhance the resistance 
of BC cells to trastuzumab by regulating miR-186, and to regulate the expression levels of 
SNHG7 and miR-186. The sensitivity of drug-resistant cells to trastuzumab and the changes of 
cell proliferation, migration, apoptosis, and EMT were measured and verified by tumorigenesis 
in vivo. The effects of miR-186 on SNHG7 were investigated through rescue experiments; the 
regulatory relationship between the expression of SNHG7 and miR-186 was verified by the 
double luciferase reporter (DLR) and the mechanism of SNHG7 was explored.
Results: Down-regulation of SNHG7 or up-regulation of miR-186 could increase the 
sensitivity of BC cells to trastuzumab, inhibit the proliferation, migration and EMT, and 
promote apoptosis. Compared with the down-regulation of SNHG7 or miR-186 alone, 
simultaneous down-regulation of SNHG7 and miR-186 on drug-resistant cells brought 
notably lower sensitivity to trastuzumab and apoptosis rate, and higher proliferation and 
apoptosis ability. The DLR showed that miR-186 could specifically inhibit the expression of 
SNHG7. The results of tumorigenesis in vivo revealed that down-regulation of SNHG7 or 
up-regulation of miR-186 could improve the therapeutic effect of trastuzumab and reduce the 
tumor volume, and miR-186 could also antagonize the effect of SNHG7.
Conclusion: Down-regulation of SNHG7-targeted miR-186 can reverse trastuzumab resis-
tance of BC cells, inhibit the proliferation, migration, and EMT levels of BC cells, and 
promote apoptosis.
Keywords: SNHG7, miR-186, breast cancer, drug resistance

Introduction
Breast cancer (BC) is one of the most common gynecological malignant tumors in the 
world and the second leading cause of cancer death in women.1,2 In the United States, BC 
accounted for 30% of all new cancers in 2017.3 Although advances in early diagnosis, 
surgery, chemotherapy, and other treatment methods have greatly improved the prognosis 
of BC patients, the survival of them is still not optimistic due to the high heterogeneity 

Correspondence: Zun-Yi Wang  
Department of Thyroid and Breast III, 
Cangzhou Central Hospital, Cangzhou, 
Hebei 061001, People’s Republic of China  
Email wangzunyi890@163.com

submit your manuscript | www.dovepress.com Cancer Management and Research 2020:12 10163–10172                                              10163

http://doi.org/10.2147/CMAR.S270328 

DovePress © 2020 Zhang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Cancer Management and Research                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

mailto:wangzunyi890@163.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


of BC cells and the increasing resistance of tumor cells to 
chemotherapeutic drugs.4 Therefore, the call for understanding 
the mechanism of BC development and the development of 
drug resistance, and finding more targets for treating BC is 
overwhelmingly urgent.

Doxorubicin is one of the drugs of choice for the treat-
ment of BC, however, its clinical application is limited due to 
its severe side-effects and concomitant drug resistance.5 Of 
these, trastuzumab is the first approved targeted therapy for 
HER2+BC, and it is also the first choice for the treatment of 
this disease. However, with the widespread use of trastuzu-
mab, many patients develop tolerance to trastuzumab, which 
greatly affects the therapeutic effect of trastuzumab.6,7 

Today, increasing evidence has found the role of various 
molecules in the occurrence of tumor drug resistance with 
the in-depth understanding of the mechanism of tumor drug 
resistance.8,9 It is shown that long non-coding RNA 
(lncRNA) exerts marked effects on the generation of trastu-
zumab resistance, such as H3K27, and small nucleolar RNA 
host gene (SNHG) 14.10,11 As another member of the SNHG 
family, SNHG7 is located on chromosome 9q34.3, which is 
also associated with the development of tumor resistance. As 
reported by Chen et al,12 SNHG7 promoted cisplatin resis-
tance in non-small cell lung cancer. Wu et al13 found in their 
study that SNHG7 was involved in paclitaxel resistance in 
hypopharyngeal cancer. It still raises questions concerning 
whether SNHG7 is also implicated in the development of 
trastuzumab resistance in BC cells, but recent studies have 
found that SNHG7 can promote epithelial mesenchymal 
transformation (EMT) of BC cells.14 While, according to 
Shi et al,15 EMT was associated with trastuzumab resistance 
in BC cells, suggesting that SNHG7 might also participate in 
the development of trastuzumab resistance.

In this study, the effect of lncRNA-SNHG7 on chemother-
apy resistance and cell viability of BC cells, as well as its 
mechanism of action were explored through the study of the 
breast cancer model,16 so as to provide more experimental 
evidence for clinical search for targets in the treatment of BC.

Materials and Methods
Study Subjects
Two HER2+BC cell lines, SK-BR-3 and AU565, were pur-
chased from American Type Culture Collection (ATCC; 
Manassas, VA), with Cat. Nos. of ATCC®HTB-30™ and 
ATCC®CRL-2351™, respectively. All the cells underwent 
short tandem repeat (STR) authentication, and mycoplasma 
detection was performed before each cell experiment. The 

medium of SK-BR-3 cells was McCoy’s 5a (ATCC, 
30–2007)+10% fetal bovine serum (ATCC, 30–2020), while 
that of AU565 cells was RPMI-1640 (ATCC, 30–2001). Both 
medium contained 1% L-glutamine, 1% sodium pyruvate, 100 
U/mL penicillin, and 100 μg/mL streptomycin. The cell cul-
ture conditions were 37.0°C, 95% air+5% CO2.

Construction of Drug-Resistant Cell 
Lines
Two BC cell lines, SK-BR-3 and AU565, were continuously 
exposed to trastuzumab with increasing concentrations to 
induce the cells to become resistant to trastuzumab. The 
initial trastuzumab concentration was 1 μM, and the trastu-
zumab concentration was increased to 2 μM after 3 months 
of culture for another 12 months of continuous culture. The 
drug-resistant cells SK-BR-3/TR and AU565/TR were pre-
served in a culture medium containing 2 μM trastuzumab. 
Trastuzumab was purchased from Shanghai Roche 
Pharmaceutical Co., Ltd. with a specification of 440 mg/ 
branch. Drug resistance index=50% inhibitory concentration 
(IC50) of drug resistant cells/IC50 of parental cells.

Construction and Transfection of 
Expression Vectors
SNHG7 low expression vector (si-SNHG7), SNHG7 over-
expression vector (sh-SNHG7), miR-186 low expression 
vector (miR-186-inhibitor), miR-186 overexpression vector 
(miR-186 mimic), Gal-1-SNHG7 wild type (wt), Gal- 
1-SNHG7 mutant (mt), and their corresponding control vec-
tors LNC-NC, miR-NC, and Gal-1-NC were designed and 
synthesized by ThermoFisher Scientific Co., Ltd., Shanghai, 
China. The cells were digested with trypsin 24 hours before 
transfection, and transfected with the above expression vec-
tors when the cells reached 80% confluence. Specific proce-
dures were conducted by referring to the kit instructions, and 
the culture medium was replaced every 6 hours during the 48 
hours of culture in a 5% CO2 incubator at 37°C. Quantitative 
real-time polymerase chain reaction (QRT-PCR) was utilized 
to detect the transfection results. The cells without any inter-
vention were assigned into the blank group. Lipofectamine 
TM2000 transfection kit was purchased from Invitrogen 
Company (Carlsbad, CA), with the Cat. No. 35050.

QRT-PCR
Total RNA was extracted from tissues/cells using TRIzol kit, 
and the purity, concentration, and integrity were then tested 
by UV spectrophotometer and agarose gel electrophoresis, at 
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the requirement of Ribosomal RNA 28s:18s≥2 and A260/ 
A280 within 1.8–2.1. The RNA was amplified by one-step 
method in this study, and the reaction system was as follows: 
RNA Template: 1 μg, Forward GSP: 0.4 μL, Reverse GSP: 
0.4 μL, 2*One-Step Reaction Mix: 10 μL, EasyScript One- 
Step Enzyme Mix: 0.4 μL, and RNase-free Water was added 
to complete the reaction volume of 20 μL. The amplification 
conditions were 40°C for 30 minutes, 94°C for 5 minutes, 
94°C for 30 seconds, 60°C for 30 seconds, 72°C for 2 kb/ 
minute, and 72°C for 10 minutes, totaling 42 cycles. 
GAPDH and U6 were used as the internal reference for 
lncRNA and miRNA, respectively, and the experiment was 
run in triplicate. The expression level was calculated by 
2−∆∆ct. The TRIzol kit was purchased from Invitrogen 
Company (US), with the Cat. No. 15596018. The 
EasyScript One-Step RT-PCR SuperMix kit was acquired 
from TransGen Biotechnology Co., Ltd. (Beijing, China), 
with the Cat. No. AE411-02, and the microplate reader was 
purchased from Flash Spectrum Biotechnology Co., Ltd. 
(Shanghai, China). Primer sequences are shown in Table 1.

CCK8 Cell Proliferation Assay
Cells at logarithmic growth phase were collected, digested 
with trypsin, and resuspended to 2×104/mL, 100 μL of 
which was then routinely inoculated into the 96-well 
plate. At the specific time points, which were 24, 48, 72, 
and 96 hours, respectively, 200 μL CCK8 mixture (10:1) 
was added for another 3 hours of culture, and the absor-
bance value was then measured at the wavelength of 450 
nm. The experiment was repeated three times. The CCK8 
kit was purchased from Beyotime Biotechnology Co., 
Ltd., Beijing, China, with the Product No. C0037.

Drug Sensitivity Test
BC cells with a density of 2×103 were routinely inoculated 
into 96-well plates, and were added with trastuzumab of 
different concentrations 24 hours later. The sensitivity of 
the cells to BC was detected by CCK8 method 72 hours 
later, and the IC50 was calculated. The experiment was 
performed three times.

Tunel Cell Apoptosis Assay
The apoptosis rate was detected by Tunel method 
(ThermoFisher Scientific Co., Ltd.). Approximately 
5×107 cells/mL were fixed in 4% neutral formaldehyde 
room temperature for 10 minutes, and 50–100 μL cell 
suspension was dripped on the slide and dried. After the 
cells were stained according to the instructions of the kit, 
the number of apoptotic cells and the total number of cells 
under 5 high-power microscope were counted under an 
optical microscope, and the apoptosis rate was calculated. 
The experiment was run three times.

Cell Migration and Invasion Detection
5×104 cells were seeded into the Transwell upper chamber, 
and L-15 medium containing 10% FBS was added to the 
lower chamber. After 24 hours, the cells under the mem-
brane were fixed with 75% methanol, and stained with 0.1% 
crystal violet. The number of transmembrane cells in five 
visual fields was counted under 40×10 fields of view, and 
three parallel experiments were set up. The Transwell cham-
ber and related reagents were obtained from Corning (NY).

EMT Detection
Western Blot Assay
The total protein of cells was extracted by radio- 
immunoprecipitation assay (RIPA) lysis buffer (Thermo 
Scientific), and its concentration was detected by bicinchoni-
nic acid (BCA) method (Thermo Scientific). Then, the protein 
concentration was adjusted to 4 μg/μL, and separated by 12% 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) before transferring to a Polyvinylidene 
Fluoride (PVDF) membrane. Next, the membrane was dyed 
with Ponceau S staining solution, soaked in PBST for 5 
minutes, and sealed with 5% skim milk powder for 2 hours. 
Followed by the addition of CD9 and CD63, and MMP-14 
(Abcam, Burlingame, CA), primary antibody (1:1000) 
(Abcam) and an overnight sealing at 4°C. After that, the 
primary antibody was washed and the horseradish peroxidase- 
labeled goat anti-rabbit secondary antibody (1:5000) was 
added, incubated at 37°C for 1 hour, and rinsed 3 times with 

Table 1 Primer Sequences

Forward Primer Reverse Primer

SNHG7 5ʹ-GTCAGCCGCATCTTCTTTTG-3’ 5ʹ-GCGCCCAATACGACCAAATC-3’

miR-186 5′-GCGGCGCAAAGAATTCTCCT-3′ 5′-GTGCAGGGTCCGAGGT-3′
U6 5ʹ-GCGCGTCGTGAAGCGTTC-3’ 5ʹ-GTGCAGGGTCCGAGGT-3’

GAPDH 5ʹ-TGCACCACCAACTGCTTAG-3’ 5ʹ-GATGCAGGGATGATGTTC-3’
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PBS, 5 minutes each. Finally, the excess liquid on the mem-
brane was blotted with a filter paper, and then an enhanced 
chemiluminescence (ECL) kit was used to develop in a dark 
room. The protein bands were scanned and the gray value was 
analyzed using Quantity One software, wherein the relative 
expression level of the protein = the gray value of the target 
protein band/the gray value of the β-Actin protein band. The 
experiment was run in triplicate. RIPA kit, BCA protein kit, 
and ECL kit and trypsin were all purchased from Thermo 
Scientific™ under Cat. Nos. of 89,901, 23,250, 35,055, and 
90,058, respectively. Rabbit anti-Vimentin, E-Cadherin mono-
clonal antibodies, and goat anti-rabbit IgG secondary antibo-
dies were purchased from Abcam, and the Cat. Nos. were 
ab92547, ab40772, and ab6721, respectively.

DLR Assay
Human embryonic kidney cells 293T were purchased from 
ATCC (US), with the Cat. No. ATCC®CRL-1573™. After 
the cells were cultured to logarithmic growth phase, they 
were transfected with Gal-1-SNHG7 wt, Gal-1-SNHG mt, 
miR-186 mimic, and miR-NC, respectively. After 48 hours 
of transfection and the addition of 100 μL pre-mixed 
Luciferase Assay Reagent II for 2 seconds, the fluores-
cence intensity was measured by dual luciferase detection 
system (Beckman CytoFLE S flow cytometer, San 
Francisco, CA). The experiment was repeated three times.

In vivo Cell Experiment
Forty female thymus free nude BALB/c mice, purchased from 
Harlan Laboratory (France) with an age of 4–5 weeks and 
a weight of 20–25 g, were equally and randomly divided into 
four groups. After 1 week of adaptive feeding with common 
diet, all mice were subcutaneously injected with 10×106 SK- 
BR-3/TR cells, which were pre-transfected with si-SNHG7, 
miR-186 mimic, and si-SNHG7+miR-186 inhibitor (co- 
transfection), respectively, and the untreated SK-BR-3/TR 
cells were used as the control. After the tumor grew to 
180–200 mm3, 4 mg/kg trastuzumab was injected intraperito-
neally once a week for 6 weeks, and normal saline was used as 
control. One week after the last administration, the mice were 
killed by cervical dislocation, and the tumor volume was 
measured. This study was approved by the animal ethics 
committee of Cangzhou Central Hospital, and carried out in 
accordance with the National Institutes of Health guide for the 
care and use of Laboratory animals (NIH Publications No. 
8023, revised 1978).

Statistical Analysis
The collected data was statistically analyzed using 
SPSS19.0 software (Asia Analytics Formerly SPSS, 
China). The measurement data were expressed as mean 
±standard deviation (mean±SD). The inter-group compar-
ison were performed by the independent sample t-test, 
while one-way analysis of variance was adopted for multi-
group comparisons. LSD test was employed for post hoc 
test, and Pearson test was used for correlation analysis. 
P<0.05 denoted a significant difference.

Results
Drug Sensitivity of BC Cells to 
Trastuzumab
The IC50 values of SK-BR-3 and AU565 against trastu-
zumab were 1.60 μM and 1.44 μM, while the IC50 values 
of SK-BR-3/TR and AU565/TR against trastuzumab were 
21.44 μM, 20.60 μM, with the resistance index of 13.4 and 
14.31, respectively (Figure 1).

Analysis of Transfection results
QRT-PCR results exhibited that si-SNHG7 markedly 
reduced the expression level of SNHG7 in cells 
(P<0.05), miR-186 mimic noticeably increased the expres-
sion level of miR-186 in cells (P<0.05), and SNHG7 and 
miR-186 inhibited the expression of each other (Figure 2).

Effects of SNHG7 on Trastuzumab 
Sensitivity and Cell Viability in 
Drug-Resistant Cells
After si-SNHG7 successfully down-regulated the expression 
level of SNHG7 in drug-resistant cells, the sensitivity of the 
two drug-resistant cells to trastuzumab increased greatly, and 
the IC50 values of SK-BR-3/TR and AU565/TR to trastuzu-
mab decreased to 14.74 cm (formerly 21.44 cm) and 13.68 cm 
(formerly 20.60 cm), respectively. Moreover, we observed that 
down-regulation of SNHG7 could dramatically reduce the 
proliferation, migration ability and EMT levels (P<0.05) and 
promote the apoptosis of drug-resistant cells (P<0.05) 
(Figure 3).

Effects of miR-186 on Trastuzumab 
Sensitivity and Cell Viability in 
Drug-Resistant Cells
After miR-186 mimic successfully up-regulated the expres-
sion of miR-186 in drug-resistant cells, the sensitivity of 
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two drug-resistant cells to trastuzumab increased signifi-
cantly, and the IC50 of SK-BR-3/TR and AU565/TR to 
trastuzumab decreased to 12.09 μM (formerly 21.44 μM) 
and 12.57 μM (formerly 20.60 μM), respectively. What’s 

more, we noticed that down-regulated miR-186 resulted in 
dramatically reduced proliferation, migration ability, and 
EMT levels (P<0.05), as well as enhanced apoptosis of 
drug-resistant cells (P<0.05) (Figure 4).

Figure 1 Drug sensitivity of BC cells to trastuzumab. (A) Drug sensitivity of parental cells to trastuzumab. (B) Drug sensitivity of drug-resistant cells to trastuzumab.

Figure 2 Analysis of transfection results. (A) Analysis of si-SNHG7 transfection results of drug-resistant cells. (B) Effects of si-SNHG7 transfection on the expression of 
miR-186 in drug-resistant cells. (C) Analysis of miR-186 mimic transfection results of drug-resistant cells. (D) Effects of miR-186mimic transfection on the expression of 
drug-resistant cells SNHG7. (E) Analysis of miR-186 mimic transfection results in 293T cells. (F) Effects of miR-186mimic transfection on SNHG7 expression in 293T cells. * 
P<0.05 compared with blank group, # P<0.05 compared with LNC-NC group, and P<0.05 compared with si-SNHG7 group, @ P<0.05 compared with miR-NC group, and $ 
P<0.05 compared with miR-186 mimic group.
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MiR-186 Inhibited SNHG7 to Promote 
Trastuzumab Resistance in BC Cells
Compared with the si-SNHG7 group, the cells in the 
co-transfection group were less sensitive to trastuzu-
mab, and the IC50 values of SK-BR-3/TR and AU565/ 
TR for trastuzumab decreased to 17.9 μM (formerly 
14.74 μM) and 16.21 μM (formerly 13.68 μM), respec-
tively. In addition, the proliferation, migration, and 
EMT levels of cells in the co-transfection group ele-
vated (P<0.05), and the apoptosis reduced (P<0.05). 
The results of the DLR demonstrated that miR-186 

was able to target the inhibition of SNHG7 expression 
(P<0.05) (Figure 5).

Analysis of Tumorigenesis in Mice
The expression level of SNHG7 in tumor tissues in the 
control group, the co-transfection group, si-SNHG7, and 
miR-186 mimic group decreased successively (P<0.05), 
while the expression level of miR-186 increased successively 
(P<0.05). The expression of SNHG7 and miR-186 showed 
a significant linear negative correlation (P<0.05), and the 
tumor volume also decreased in turn (P<0.05) (Figure 6).

Figure 3 Effects of SNHG7 on trastuzumab sensitivity and cell viability in drug-resistant cells (A) Effects of SNHG7 on the sensitivity of drug-resistant cells to trastuzumab. 
(B) Effects of SNHG7 on proliferation of drug-resistant cells. (C) Effects of SNHG7 on migration of drug-resistant cells. (D) Effects of SNHG7 on apoptosis of drug-resistant 
cells. (E) Effects of SNHG7 on EMT levels of drug-resistant cells. *** P<0.001.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2020:12 10168

Zhang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Discussion
MiRNAs are a class of short non-coding RNAs approxi-
mately 19bp in length that target mRNA through silence- 
induced complexes with RNA to form a complex and 
induce its degradation. They usually form a ceRNA net-
work with lncRNA, thus interfering with the function of 
the protein encoded by the target gene mRNA.17,18 There 
is evidence showing that lncRNA SNHG14 can target 
miR-186 to promote cisplatin resistance in colorectal 
cancer.19 Luo et al20 identified that SNHG7 could target 
miR-186 to promote the development of BC. In addition, 
miR-186 has been reported to be involved in EMT21 and 
inhibit tamoxifen resistance of BC cells.22 We speculate 

that this may also be one of the mechanisms by which 
SNHG7 promotes drug resistance in tumor cells. This 
study, for the first time, found that SNHG7 targeted inhibi-
tion of miR-186 promoted BC cell trastuzumab resistance.

In the present study, we constructed two strains of tras-
tuzumab-resistant HER2+BC cells. It was noticed that com-
pared with the parental cells SK-BR-3 and AU565, the IC50 
of the resistant cells to trastuzumab increased to 21.44 μM 
(formerly 1.60 μM), and 20.60 μM (formerly 1.44 μM), 
respectively, with the drug resistance index of 13.4 and 
14.31, presenting moderate drug resistance.23 When 
SNHG7 was down-regulated in drug-resistant cells, the 
IC50 of drug-resistant cells to trastuzumab decreased to 

Figure 4 Effects of miR-186 on trastuzumab sensitivity and cell viability in drug-resistant cells. (A) Effects of miR-186 on the sensitivity of drug-resistant cells to trastuzumab. 
(B) Effects of miR-186 on proliferation of drug-resistant cells. (C) Effects of miR-186 on migration of drug-resistant cells. (D) Effects of miR-186 on apoptosis of drug- 
resistant cells. (E) Effects of miR-186 on EMT levels of drug-resistant cells. *** P<0.001.
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14.74 μM and 13.68 μM, respectively, the proliferation and 
migration capacities of cells decreased obviously, and the 
apoptosis rate increased. Gao et al24 also reported in their 
study that SNHG7 can promote the proliferation and invasion 
of BC cells. Burnett et al25 pointed out that the transforma-
tion of HER2+BC induced by EMT to triple-negative breast 
cancer was an important cause of trastuzumab resistance in 
HER2+BC. However, in this study, estrogen receptor, pro-
gesterone receptor, and proto-oncogene were not detected in 
the two cell lines, so whether similar changes were to be 

observed in the cell lines in this study still needs further 
verification. Nevertheless, the results of the present study 
show that down-regulation of SNHG7 could inhibit the 
EMT of drug-resistant cells.

Furthermore, we found that up-regulating the expres-
sion of miR-186 in drug-resistant cells could produce 
similar effects to down-regulating SNHG7, that is, increas-
ing the sensitivity of drug-resistant cells to trastuzumab, 
inhibiting proliferation, migration, EMT, and promoting 
apoptosis of BC cells. What’s more, it was observed that 

Figure 5 MiR-186 inhibited SNHG7 to promote trastuzumab resistance in BC cells. (A) Effects of co-transfection of si-SNHG7+miR-186 inhibitor on the sensitivity of drug- 
resistant cells to trastuzumab. (B) Effects of co-transfection of si-SNHG7+miR-186 inhibitor on proliferation of drug-resistant cells. (C) Effects of co-transfection of si- 
SNHG7+miR-186 inhibitor on migration of drug-resistant cells. (D) Effects of co-transfection of si-SNHG7+miR-186 inhibitor on apoptosis of drug-resistant cells. (E) Effects 
of co-transfection of si-SNHG7+miR-186 inhibitor on EMT levels of drug-resistant cells. (F) DLR results. *** P<0.001.
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miR-186 could antagonize SNHG7, and compared with 
the down-regulation of SNHG7 alone, the drug-resistant 
cells that simultaneously down-regulated SNHG7 and 
miR-186 had significantly lower sensitivity to trastuzumab 
and higher proliferation and apoptosis ability. Moreover, 
the DLR indicated that miR-186 could target to inhibit the 
expression of SNHG7, and hereto we found that SNHG7 
targeted to inhibit miR-186 promoted trastuzumab resis-
tance and cell activity in BC cells. In vivo experiments 
were further carried out for verification. After 6 weeks of 
treatment with the same dose of trastuzumab, the tumor 
volume differed significantly by inoculation of BC drug- 
resistant cells SK-BR-3/TR that had been treated with 
different treatments. The tumor volume in the transfection 
group, si-SNHG7, and miR-186 mimic groups decreased 
in order, and the expression levels of SNHG7 and miR- 
186 showed a linearly negative correlation. Therefore, 
in vivo experiments also confirmed that SNHG7 and 
miR-186 were involved in the resistance of BC cells to 
trastuzumab, and there was an antagonistic effect between 
SNHG7 and miR-186. However, there is no report on the 
effect of SNHG7 regulation of miR-186 on the drug resis-
tance of tumor cells, and this study only used cells and 
mice as research objects. In addition, the changes of cell 
cycle progression, cyclin level, and other factors in BC 
need to be analyzed. Therefore, the results of this study 
need to be verified by more basic experiments and further 
clinical trials.

In summary, down-regulation of SNHG7 targeted miR- 
186 can reverse the resistance of BC cells to trastuzumab, 
inhibit the proliferation, migration ability, and EMT levels 
of BC cells, and promote cell apoptosis (Figure 7), which 
provided an experimental basis for clinical understanding 

of the mechanism of trastuzumab resistance of BC and the 
search for new targets for the treatment of BC.
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