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Abstract: Long non-coding RNA gastric carcinoma high-expressed transcript 1 (lncRNA GHET1) is highly expressed 
in many tumors. The aim of the present study was to determine whether GHET1 inhibition decreases growth and 
metastasis of MCF-7 breast cancer cells by modulating epidermal growth factor receptor (EGFR) expression. In 
vitro, lncRNA GHET1 knockdown suppressed cell proliferation, migration, and invasion and enhanced cell apopto-
sis by maintaining MCF-7 cells in the G1 phase of the cell cycle. Furthermore, lncRNA GHET1 knockdown reduced 
the expression of EGFR and related proteins. Treatment of mice with a GHET1 inhibitor prevented tumor growth in 
vivo. The results indicate that lncRNA GHET1 inhibition directly suppresses EGFR expression, significantly inhibiting 
the downstream PI3K/AKT/Cyclin D1/MMP2/9 pathway. This mechanism may underlie the suppression of breast 
cancer cell activities including proliferation, migration, and invasion. In conclusion, lncRNA GHET1 knockdown sup-
presses tumor growth and metastasis by suppressing the activity of EGFR and downstream pathways. 
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Introduction

Breast cancer is one of the most common can-
cers worldwide and is the leading cause of can-
cer death among females [1]. In China, the 
annual incidence is growing, in part because of 
a “Westernized lifestyle” and exogenous estro-
gen [2]. Understanding the pathogenesis of this 
disease and finding new treatments have 
become important research fields.

Long non-coding RNA (lncRNA) is a class of 
non-coding RNA longer than 200 nucleotides 
[3]. lncRNA that is abundantly transcribed is of 
interest to many tumor researchers studying 
microRNA (miRNA) because of its potential 
roles in carcinogenesis and cancer suppres-
sion [4]. The contributions of lncRNAs to gas- 
tric cancer and their functional mechanisms 
remain largely unknown. Previous studies dem-
onstrated high lncRNA GHET1 expression in 
gastric, colorectal, bladder, and hepatocellular 
cancers [5-10]. Similarly, c-Myc-encoded pro-
teins are involved in cell proliferation, apo- 
ptosis, differentiation, and tumorigenesis [11], 

and c-Myc expression is elevated in some 
tumors [12-14]. c-Myc is also a target gene  
for lncRNA GHET1 in gastric cancer [15, 16]. 
However, the effects and mechanisms of this 
lncRNA and the relationship between GHET1 
and c-Myc in breast cancer remain unclear. In 
the present study, we measured GHET1 and 
epidermal growth factor receptor (EGFR) ex- 
pression in breast cancer and adjacent normal 
tissues. We also performed in vitro and in vivo 
experiments to evaluate the effects of lncRNA 
GHET1. 

Materials and methods

Tissue collection

In total, 30 pairs of adjacent and tumor tissu- 
es were collected from breast cancer patient 
who underwent surgery at The First Affiliated 
Hospital of Zhengzhou University from 2014 to 
2016. Among these, 15 patients were classi-
fied as Grade I and the other 15 as Grade II 
according to the American Joint Committee  
on Cancer (AJCC) TNM system. None of the 
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patients received preoperative radiotherapy or 
chemotherapy. 

In situ hybridization (ISH)

After dewaxing, paraffin wax was placed in a 
0.8% pepsin and hydrochloric acid mixture. The 
tissues were digested in a water bath for 10 
min at 37°C, washed with Tris-buffered saline 
(TBS) for 5 min, and dried at room temperature. 
After 10-min ice bath annealing, the tissues 
were degenerated at 98°C, placed in a 37°C 
water bath for 1 h, and washed three times with 
TBS for 5 min each. A digoxin antibody labeled 
with alkaline phosphatase was added, and the 
tissues were incubated for 0.5 h at room tem-
perature. After washing twice with BCIP/NBT 
under dark conditions, 0.3% nuclear fast red 
dye was added. The samples were stained with 
nitro blue tetrazolium/5-bromo-4-chloro-3-in-
dolyl phosphate.

Immunohistochemistry (IHC)

Tumor and adjacent normal tissues were fix- 
ed with 4% neutral formaldehyde solution. 
Paraffin-embedded tissues were prepared as 
4-μm continuous sections, and routine hema-
toxylin and eosin staining and IHC were per-
formed. IHC was performed using the following 
conditions and procedures: paraffin dewaxing, 
gradient ethanol hydration citrate buffer (pH = 
6.0), microwave antigen retrieval, serum block-
ing, overnight primary antibody addition, biotin-
labeled secondary antibody incubation, strep-
tavidin-biotin-peroxidase incubation solution 
addition, DAB staining, hematoxylin staining, 
ascending gradient alcohol dehydration, xylene 
addition, neutral balata usage, microscopic 
observations, and imaging.

Reverse transcription-polymerase chain reac-
tion (RT-PCR)

The total RNA of adjacent and tumor tissues 
was extracted with a TRIzol kit (R&D, USA) 
according to the manufacturer’s instructions. 
RNA concentrations were measured with a 
Nanodrop 2000 (Thermo Scientific, USA). RNA 
integrity was tested with 1% agarose gel elec-
trophoresis, and cDNA was synthesized us- 
ing a Takara reverse transcription kit with 1 μg 
total RNA. The sample was added on ice. The 
negative control for the experiment replaced 
the template with distilled water. Glyceraldehy- 
de 3-phosphate dehydrogenase (GAPDH) was 

used as an internal control to quantify GHET1 
and c-Myc levels. Gene expression was quanti-
fied with Roche’s LightCycler480 (LC480) fluo-
rescence quantitative PCR. The reaction condi-
tions were 95°C for 30 s, followed by 95°C for 
5 s, 60°C for 30 s, and 72°C for 30 s for a total 
of 30 cycles. Adjacent normal tissues were 
used as the normal control. GHET1 and c-Myc 
levels were measured with 2-ΔΔCt using the fol-
lowing primer sequences: GHET1 F: 5’-CA- 
ACAAAGCAGGTAAACATTGG-3’, R: 5’-GCAAAGG- 
CAGAGTGAAAGGT-3’; c-Myc F: 5’-ATCACAGCC- 
CTCACTCAC-3’, R: 5’-ACAGATTCCACAAGGTGC- 
3’; GAPDH: F: 5’-GAACAAAGCAGGTAAACATTGG- 
3’ and R: 5’-GACAAGCTTCCCGTTCTCAG-3’.

Cell culture

The human breast cancer cell line MCF-7 was 
purchased from ATCC (USA) and cultured in 
Dulbecco’s minimum essential medium (DM- 
EM) containing 10% fetal bovine serum (FBS) in 
a constant temperature incubator (37°C, 5% 
CO2). Cell morphology and growth were ob- 
served daily under an inverted microscope 
(OLYMPUS CKX53, Japan). Cells were passaged 
when they reached 70%-80% confluence. 

Cell grouping and treatment

The MCF-7 cells were divided into four groups: 
NC, normal control; BL, transfected with an 
empty vector; si-GHET, transfected with GHET1-
shRNA (5’-CGGCAGGCATTAGAGATGAACAGCA- 
3’), and siGHET1+c-Myc agonist, injected with 
si-GHET1 and a c-Myc agonist (GenScript Co., 
Ltd. China).

MTT assay

Cells in the logarithmic phase of growth (2 × 
103/well) were inoculated into a 96-well plate 
and cultured in an incubator (37°C, 5% CO2) 
with normal DMEM. After 48 h, 100 µl MTT was 
added to the culture for 4 h. Liquid was 
removed, and 100 µl dimethyl sulfoxide was 
added. Sonication for 10 min facilitated com-
plete crystal dissolution. Absorbance of the 
cells in each well was measured at 490 nm 
with a full wavelength multifunctional enzyme 
spectrometer. These data were used to calcu-
late the cell proliferation rate in each group.

Flow cytometry

MCF-7 cells in the logarithmic proliferation 
phase (5 × 105 cells/well) were plated in 6-well 
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plates. Cells were collected and washed three 
times with pre-cooled phosphate-buffered 
saline (PBS). After centrifugation, the superna-
tant was fixed with 75% ethanol at 4°C over-
night. Cell cycle distribution was measured by 
flow cytometry. Cells were collected, washed, 
and suspended in PBS. Apoptosis was also 
evaluated by flow cytometry.

Transwell assay

MCF-7 cells from different groups (5 × 104 
cells/well) were cultured in Transwell upper 
chambers. After culture, the cells were main-
tained for 1 h at room temperature, and se- 
rum cell suspension containing 5% calf serum 
albumin was added to the wells. The lower 
chamber was filled with 500 µL culture medium 
containing 10% FBS. After 48 h, the upper 
matrix adhesive was removed, and the lower 
layer was dyed with crystal violet to assess cell 
invasion. 

Wound healing assay

MCF-7 cells (2.5 × 104/cm2) were added to 
6-well plates, and a scratch test was per-
formed. The cells were cultured for 24 h. A clear 
straight line was made in each well with a ster-
ile 1000-μL pipette tip, scraping the cell mono-
layers carefully and evenly. The cells were 
washed with PBS twice, and DMEM culture 
medium with 10% FBS was added for further 
incubation. Imaging was performed at 0 and 48 
h.

Western blot (WB)

MCF-7 cells were collected for total protein 
extraction. Protein concentration was mea-
sured using the bicinchoninic acid method.  
The protein samples were separated with  
sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis and transferred to polyvinyli-
dene fluoride membranes. TBS-Tween contain-

Figure 1. Tumor characteristics. A. Hematoxylin and eosin staining of non-cancer and Grade I and II breast cancer 
tissues (× 200). B. GHET1 expression in non-cancer and Grade I and II cancer tissues analyzed with ISH (× 200). 
**P < 0.05 and ***P < 0.001 vs. NC. C. c-Myc expression in non-cancer and Grade I and II cancer tissues analyzed 
with ISH (× 200). **P < 0.05 and ***P < 0.001 vs. NC.
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ing 5% skim milk powder was applied for 2  
h at room temperature to block nonspeci- 
fic binding. Rabbit antibodies against hu- 
man c-Myc, phosphoinositide 3-kinase (PI3K), 
AKT, cyclin D1, and matrix metalloproteina- 
se (MMP)-2/9 (1:1000) were added, and the 
blots were incubated at 4°C overnight. Aft- 
er washing, horseradish peroxidase-labeled 
sheep anti-rabbit IgG (1:3000 dilution) was 
added, and the blots were incubated at room 
temperature for 1 h. After washing, enhanced 
chemiluminescence reagent was added for 
visualization. GAPDH was used as a loading 
control. 

Establishment of tumor-bearing mice

Digestion was used to collect human breast 
cancer MCF-7 cells in the logarithmic growth 
phase. The cell density was adjusted to 2.0 × 
107/mL. Each nude mouse was injected with 
0.1 mL of tumor cells through the caudal vein 
under the armpit. The tumor-bearing mice were 
divided into four groups (n = 9 each): NC, BL, 
si-GHET1, and si-GHET1+c-Myc agonist. The NC 
group was injected with normal saline, BL group 
with an empty vector, si-GHET1 group with si-
GHET1, and si-GHET1+c-Myc agonist group 
with si-GHET1 and a c-Myc agonist. After 30 
days, the nude mice were sacrificed, and tumor 
volume and weight were measured for each 
group. 

glass slides. Apoptotic cells were observed 
under a light microscope, and the apoptosis 
rate was calculated for each group.

Statistical analysis

The experimental data were processed with 
SSPS 13.0 statistical software (USA). The 
results are presented as mean ± standard  
deviation. Quantifiable data were evaluated 
with variance analysis. The Least Significant 
Difference test was used for comparisons 
between multiple groups, while comparisons 
between 2 groups were carried out with t-te- 
sts. P < 0.05 was considered statistically 
significant. 

Results

Clinical data

Cell invasion was enhanced in breast cancer 
tissue (Figure 1A). ISH and IHC revealed signifi-
cantly higher GHET1 and c-Myc levels in cancer 
tissues (Figure 1B and 1C). RT-PCR showed 
that lncRNA GHET1 and c-Myc expression in 
cancer tissue were significantly upregulated 
compared with those in adjacent samples (both 
P < 0.05, Figure 2A and 2B). There was a posi-
tive correlation between c-Myc and GHET1 
expressions in breast cancer tissues (r = 0.325, 
Figure 2C).

Figure 2. Correlation between c-Myc 
and GHET1 expression. A. GHET1 ex-
pression in non-cancer and Grade I 
and II cancer tissues analyzed with 
RT-PCR. **P < 0.05 and ***P < 
0.001 vs. NC. B. c-Myc expression in 
non-cancer and Grade I and II can-
cer tissues analyzed with RT-PCR. 
C. Correlation between GHET1 and 
c-Myc in cancer tissues (r = 0.325).

Terminal deoxynucleotidyl 
transferase dUTP nick end 
labeling (TUNEL) assay 

Tumor tissue was fixed with 
formalin, and paraffin-embed-
ded sections were prepared. 
Dewaxing was performed by 
placing the tissues in xylene 
twice for 5 min each, followed 
by dipping them in gradient 
ethanol solutions once for 3 
min each. Next, 20 µg/mL 
protease K solution was add- 
ed, and the samples were 
incubated at 37°C for 30 min. 
After washing twice with PBS, 
50 µL TUNEL solution was 
added, and the cells were cul-
tured at 37°C for 60 min. 
Cells were then washed three 
times in PBS and mounted on 
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Cell proliferation 

To investigate the effects of lncRNA GHET1 
knockdown in breast cancer, we evaluated cell 
proliferation rates using MTT assays. The 
results showed a significantly lower cell prolif-
eration rate in the si-GHET1 group compared to 
the NC group (P < 0.05, Figure 3).

Apoptosis

To evaluate the effect of lncRNA GHET1 down-
regulation, we performed flow cytometry to 

measure apoptosis in MCF-7 cells. Apoptosis in 
the si-GHET1 group was significantly higher 
compared to the NC group (P < 0.05, Figure 4). 
There were no significant differences among 
the NC, BL, and siGHET1+c-Myc agonist groups 
(P > 0.05).

Cell cycle distribution

Compared with the NC group, the G1 phase 
rate was significantly increased in the si-GHET1 
(P < 0.05, Figure 5). Again, there were no sig-
nificant differences among the NC, BL, and si-

Figure 3. Cell proliferation rate in 
different groups analyzed with MTT 
assays. ***P < 0.001 vs. NC.

Figure 4. Apoptosis rates in differ-
ent treatment groups. Flow cytom-
etry was performed to measure 
cell death in control, cells trans-
fected with empty vector (BL), and 
cells treated with shRNA against 
(si-GHET1) with or without c-Myc 
agonist. ***P < 0.001 vs. NC.
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Figure 5. Cell cycle analyzed 
with flow cytometry in control, 
cells transfected with empty vec-
tor (BL), and cells treated with 
shRNA against (si-GHET1) with 
or without c-Myc agonist. ***P < 
0.001 vs. NC.

Figure 6. Cell invasion analyzed with Tran-
swell assays in control, cells transfected 
with empty vector (BL), and cells treated 
with shRNA against (si-GHET1) with or with-
out c-Myc agonist. ***P < 0.001 vs. NC.

si-GHET1+c-Myc agonist groups (P > 0.05, 
Figure 6).

Cell migration

Compared with the NC group, the wound heal-
ing rate in the si-GHET1 group was significantly 
decreased (P < 0.05, Figure 7). However, there 
were no significant differences among the NC, 

GHET1+c-Myc agonist groups (P > 0.05, Figure 
5). 

Cell invasion

MCF-7 cell invasion in the si-GHET1 group  
was significantly lower than that in the NC  
group (P < 0.05, Figure 6). There were no  
significant differences among the NC, BL, and 
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Figure 7. Wound healing rate in control, cells trans-
fected with empty vector (BL), and cells treated with 
shRNA against (si-GHET1) with or without c-Myc ago-
nist. ***P < 0.001 vs. NC.

Figure 8. Relative protein expressions analyzed with WB 
assays in control, cells transfected with empty vector 
(BL), and cells treated with shRNA against (si-GHET1) 
with or without c-Myc agonist. ***P < 0.001 vs. NC.
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Figure 9. Tumor characteristics in each group. The NC, BL, si-GHET1, and si-GHET1+c-Myc groups were injected with 
normal saline, empty vector, si-GHET1, and si-GHET1+c-Myc agonist, respectively. ***P < 0.001 vs. NC. A. Tumor 
tissues in each group. B. Resected tumor tissues in each group. C. Analysis of tumor volumes. ***P < 0.001 vs. NC. 
D. Analysis of tumor weights. ***P < 0.001 vs. NC group.

Figure 10. Apoptosis analyzed with TU-
NEL assays (× 200) in control, cells 
transfected with empty vector (BL), and 
cells treated with shRNA against (si-
GHET1) with or without c-Myc agonist. 
***P < 0.001 vs. NC.
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BL, and si-GHET1+c-Myc agonist groups (P > 
0.05, Figure 7).

Relative protein expression by WB

c-Myc, PI3K, AKT, cyclin D1, MMP-2, and -9 pro-
tein levels were significantly lower in the si-
GHET1 group compared to the NC group (all P < 
0.05, Figure 8). There were no significant differ-
ences among the NC, BL, and si-GHET1+c-Myc 
agonist groups in terms of c-Myc, PI3K, AKT, 
cyclin D1, or MMP-2 and -9 expressions (all P > 
0.05, Figure 8).

Tumor characteristics

Compared with the NC group, the mean tumor 
volume and weight were significantly lower in 
the si-GHET1 group (P < 0.05, Figure 9). There 
were no differences among the NC, BL, and si-
GHET1+c-Myc agonist groups (both P > 0.05, 
Figure 9).

Cell apoptosis

The apoptosis rate in the si-GHET1 group was 
significantly higher than that in the NC group (P 

Figure 11. c-Myc expression ana-
lyzed with IHC (× 200) in control, 
cells transfected with empty vector 
(BL), and cells treated with shRNA 
against (si-GHET1) with or without 
c-Myc agonist. ***P < 0.001 vs. NC.

Figure 12. PI3K expression ana-
lyzed with IHC (× 200) in control, 
cells transfected with empty vector 
(BL), and cells treated with shRNA 
against (si-GHET1) with or without 
c-Myc agonist. ***P < 0.001 vs. NC.
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< 0.05, Figure 10). However, there were no sig-
nificant differences among the NC, BL, and si-
GHET1+c-Myc agonist groups (all P > 0.05, 
Figure 10).

Relative protein expression by IHC

c-Myc, PI3K, AKT, cyclin D1, and MMP-2 and -9 
expression in the si-GHET1 group were signifi-
cantly lower than those in the NC group (P < 
0.05, Figures 11-16). Again, there were no sig-
nificant differences among the NC, BL, and si-

GHET1+c-Myc agonist groups in terms of c-Myc, 
PI3K, AKT, cyclin D1, or MMP-2 and -9 levels (all 
P > 0.05, Figures 11-16).

Discussion

lncRNA is a class of transcribed RNA longer 
than 200 nucleotides [17, 18]. In humans, 
lncRNA accounts for most ncRNA transcripts, 
and the genomic distribution of lncRNA-encod-
ing genes is very wide. Because they do not 
encode proteins, they were previously consid-

Figure 13. AKT expression ana-
lyzed with IHC (× 200) in control, 
cells transfected with empty vector 
(BL), and cells treated with shRNA 
against (si-GHET1) with or without 
c-Myc agonist. ***P < 0.001 vs. NC.

Figure 14. Cyclin D1 expression an-
alyzed with IHC (× 200) in control, 
cells transfected with empty vector 
(BL), and cells treated with shRNA 
against (si-GHET1) with or without 
c-Myc agonist. ***P < 0.001 vs. NC.
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ered transcription “noise.” However, recent 
studies have shown that lncRNA plays an 
important role in the cellular life cycle via epi-
genetic modification, transcription regulation, 
post-transcriptional processing, translation re- 
gulation, and other mechanisms.

There are thousands of lncRNA in the human 
body, but < 1% of their functions are special-
ized. HOX transcript antisense RNA (HOTAIR) 
was found to contain trans-regulation lncRNA  
in the human chromosome 12q13.13 region. 

The HOX gene family HOXC11 gene antisense 
strand, encodes a 2.2-kb long-chain non-RNA 
molecule that does not encode any protein. 
HOTAIR is upregulated in breast cancer, pancre-
atic cancer, hepatocellular carcinoma, and gas-
trointestinal stromal tumors and is closely relat-
ed to tumor staging, metastasis, and survival. 
The present study showed that HOTAIR in con-
junction with polycomb repressive complex 2 
regulates histone H3 at the lysine 27th trimeth-
ylation, thus affecting p21 PTEN and WIF1 
expression. These genes regulate p53, Wnt, 

Figure 15. MMP-2 expression ana-
lyzed with IHC (× 200) in control, 
cells transfected with empty vector 
(BL), and cells treated with shRNA 
against (si-GHET1) with or without 
c-Myc agonist. ***P < 0.001 vs. NC.

Figure 16. MMP-9 expression ana-
lyzed with IHC (× 200) in control, 
cells transfected with empty vector 
(BL), and cells treated with shRNA 
against (si-GHET1) with or without 
c-Myc agonist. ***P < 0.001 vs. NC.
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and Akt signaling pathways, which play impor-
tant roles in the cell cycle, apoptosis, tumor 
angiogenesis, invasion, and metastasis [19-
22]. lncRNAANRIL and lncRNA-Xist have also 
been implicated in regulating human cell devel-
opment and tumorigenesis [23]. These lncRNAs 
have important roles in cancer development. 
Our in vitro results show that lncRNA GHET1 
knockdown may suppress cell proliferation, 
invasion, and migration abilities and enhance 
cell apoptosis by increasing the G1 phase rate.

We also investigated how lncRNA GHET1 
affects breast cancer development. Some pre-
vious studies [11, 15] showed that c-Myc is 
closely correlated with lncRNA GHET1 in gastric 
cancer. Our clinical data also showed positive 
correlations between GHET1 and c-Myc in can-
cer tissues. Antitumor effects of GHET1 knock-
down were inhibited by a c-Myc agonist in vitro 
and in vivo. These results indicate that lncRNA 
GHET1 is related with c-Myc expression in 
breast cancer. 

Previous studies showed that c-Myc levels are 
closely correlated with PI3K/AKT signaling [24-
26]. The PI3K/AKT pathway has long been the 
focus of research on apoptosis, invasion, and 
migration [27-30]. The results of our study con-
firm that the PI3K/AKT signaling pathway is 
inhibited via c-Myc suppression induced by 
lncRNA GHET1 downregulation both in vitro and 
in vivo. We suggest that PI3K/AKT suppression 
is the mechanism underlying the lncRNA GHET1 
knockdown inhibition of breast cancer activi-
ties. In the eukaryotic cell cycle, cyclin D1 is 
responsible for regulating the G1-to-S phase 
transition and cell cycle-dependent kinase pro-
tein complex formation. After the G1/S phase, 
cells enter the DNA synthesis S phase [31, 32]. 
Cyclin D1 protein expression is inhibited by 
PI3K/AKT suppression. This may be the mecha-
nism underlying increased cell apoptosis due to 
a higher proportion of cells in G1.

MMP-2 and -9 play important roles in extracel-
lular matrix degradation [33, 34]. This helps 
tumor cells infiltrate surrounding normal tis-
sues and promotes tumor proliferation and 
metastasis. MMP-2 and -9 are important pro-
teins for invasive tumor growth. In the present 
study, we found that MCF-7 cell invasion and 
migration were suppressed following lncRNA 
GHET1 knockout. MMP-2 and -9 levels were 
also decreased in the GHET1 knockout group. 

This suggests that lncRNA GHET1 knockdown 
inhibits MCF-7 cell invasion and migration abili-
ties by suppressing MMP-2 and -9.

Collectively, our data indicate that lncRNA 
GHET1 knockdown directly suppresses the 
c-Myc and PI3K/AKT pathways. The down-
stream genes cyclin D1 and MMP-2/9 were 
also inhibited. Maintaining cells in the G1 phase 
leads to decreased cell proliferation, invasion, 
and migration and increased cell apoptosis.

Our results should be considered in the context 
of some limitations. The study revealed that 
GHET1 knockdown suppressed breast cancer 
cell activities via influencing upstream regula-
tory proteins. It still is unclear how lncRNA 
GHET1 levels precisely affect the expression of 
these proteins. We plan to explore this in future 
investigations.
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