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Summary

Purpose: This study was designed to investigate the rela-
tionship between the abnormal expression of LncRNA GA-
CAT3 and the prognosis of breast cancer patients, preopera-
tive magnetic resonance imaging (MRI) parameters and the
molecular downstream mechanism.

Methods: Quantitative fluorescence PCR was used to de-
tect the expression of LCCRNA GACAT3 in 20 breast cancer
tissues and adjacent tissues. Patients were divided into low
expression group and high expression group according to the
level of expression, and the differences and overall survival
of MRI diffusion-weighted imaging parameters were ana-
lyzed. The expression of LCCRNA GACAT3 was interfered
by MCV-7 cells transfected by recombinant adenovirus, and
the proliferation and apoptosis of MCF-7 were detected by
BrdU method and TUNEL method, respectively.

Results: The expression of LncRNA GACAT3 was increased
in breast cancer tissues and cell lines compared to paracan-

Introduction

Breast cancer is the most common malignant tu-
mor in women, and its incidence has always ranked
first in women’s cancers [1,2]. In the past few dec-
ades, breast cancer-related mortality has declined
due to significant advances in testing, diagnosis, and
treatment [3]. However, the side effects of treatments
limit the treatment of breast cancer [4]. Therefore,
it is very important to understand the pathogen-

cer tissues and normal cells. Compared with the low ex-
pression group, patients with high expression had poorer
MRI diffusionweighted imaging and lower overall survival.
Down-regulation of LncRNA GACAT3 increased the expres-
sion of miR-497, and miR-497 mimics reduced the luciferase
of LncRNA GACATS3. Increased LrcRNA GACATS3 in breast
cancer cells could downregulate the expression of miR-497,
down-requlate Capsase 9 and up-regulate Bcl-2 to promote
proliferation and anti-apoptosis of breast cancer cells.

Conclusion: LncRNA GAC AT3 is associated with poor
prognosis of breast cancer, preoperative MRI perfusion-re-
lated diffusion (D) reduction, and elevated perfusion fraction
(f). After targeting CIR-497, LncRNA GACAT3 promotes the
progression of breast cancer by down-requlating Caspase 9
and up-requlating Bcl-2.

Key words: IncRNA, breast cancer, magnetic resonance im-
aging, proliferation, apoptosis

esis of breast cancer and to find out new therapeu-
tic targets of breast cancer to improve the treat-
ment of breast cancer and the prognosis of patients.

Magnetic resonance imaging (MRI) has been
considered superior to physical examination, mam-
mography or ultrasound in preoperative evalua-
tion of breast cancer [5,6]. Currently, MRI based on
contrast-enhanced residual tumor size and volume
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is commonly used as an indicator of preoperative
tumor size and infiltration [7,8]. Diffusion-weighted
imaging (DWI) is considered a potential method
to overcome traditional MRI assessments that are
limited to intrinsic special tissues [9]. For the first
time, Le Bihan et al proposed the Intravoxel In-
coherent Motion (IVIM) theory based on DWI to
obtain perfusion-related diffusion associated with
perfusion (D) and perfusion fraction (f) in tissues
without the application of contrast agents [9]. This
IVIM method has been shown to be useful in distin-
guishing between benign and malignant biological
behavioral features of tumors, and even predictive
efficacy of postoperative adjuvant chemotherapy
[10-12]. This type of discrimination is clearly based
on the responsiveness of perfusion-related diffu-
sion (D) and perfusion fraction (f) to the degree of
angiogenesis in the tumor.

Human transcriptome studies have found that
most RNAs are not translated after transcription
[13]. The long non-coding RNA (IncRNA) is a non-
coding RNA comprising more than 200 nucleotides.
LncRNA triggers endogenous RNA interference and
is involved in post-transcriptional regulation, and
its aberrant expression plays an important regula-
tory role in the development of many types of tu-
mors [14,15]. LncRNA inhibits the normal function
of the target nucleotide by binding to the target
miRNA, thereby regulating the regulation of cell
proliferation, apoptosis, differentiation and drug
resistance. Emerging evidence suggests that IncR-
NAs play a crucial role in the development and pro-
gression of cancer [16,17]. The IncRNA AC130710
was named gastric cancer-associated transcript 3
(GACAT3) [18]. LncRNA GACAT3 has been found
to increase in gastric cancer and is involved in tu-
mor proliferation and lymph node metastasis by
negatively regulating miR-497 expression [19-22].
However, few studies have reported the potential
regulatory role of IncRNA GACAT? in breast cancer
and its association with perfusion-related diffusion
(D) and perfusion fraction (f) and other important
tools for preoperative tumor evaluation. Therefore,
the aim of this study was to investigate the expres-
sion of IncRNA GACATS3 in breast cancer, and to
explore the relationship between the high and low
expression of IncRNA GACAT3 and the prognosis
of patients, preoperative MRI parameters, and the
underlying biological mechanisms.

Methods

Material

Participants: The cancer and adjacent cancer tissues
from women with breast cancer who underwent surgery
and MRI in our hospital from June 2016 to July 2017
were collected.

Inclusion criteria: patients aged 23-76 years; all were
subjected to core needle biopsy to confirm the presence
of tissue invasive breast cancer; the distance between
the edge of the cancer tissue and the adjacent to can-
cer tissue was about 2 cm; breast conserving surgery,
axillary lymph node dissection or modified radical mas-
tectomy; first diagnosis; surgical resection including RO
(no cancer cells within 1 mm of all resection margins)
or R1 (cancer cells present within 1 mm of one or more
resection margins); peripheral whole blood exams nor-
mal; liver and renal functions normal. Exclusion criteria:
non-mammary invasive ductal carcinoma; incomplete
(R2) resection; previous chemotherapy or radiotherapy;
distant metastasis, malignant ascites or pleural effu-
sion; anemia, thrombocytopenia; serum total bilirubin
level = 1.5 times the upper limit of normal, creatinine
clearance < 50 ml per min; patients with symptomatic
heart failure or coronary heart disease; DWI images dif-
ficult to assess due to obvious artifacts; pregnancy or
any MRI contraindications (including metal implants,
cardiac pacemakers, cardiac metal stents); and allergic
reactions to MRI contrast agents.

Finally, 20 cases were collected, aged 43.96+9.79
years old. A portion of the surgically removed specimen
was immediately stored in a centrifuge tube without
RNase and stored in a refrigerator at -80 °C. The study
was approved by the ethics committee and all subjects
signed the informed consent form.

Cell lines, adenoviral vectors and primers: normal
breast cell line MCF-10A and breast cancer cell lines
MCF-7 and HEK293T were obtained from Shanghai In-
stitute of Biological Sciences, Chinese Academy of Sci-
ences. HEK293T was cultured in DMEM, and MCF10A
was cultured in a 1:1 mixed medium of F12/DMEM 77.
MCF7 was cultured in MEM medium containing sodium
pyruvate 0.11 mg/ml and bovine insulin 0.01 mg/ml. All
cells were cultured in medium containing 10% fetal bo-
vine serum (FBS; Gibco, Grand Island, NY, USA), 100 U/
ml penicillin and 100 mg/ml streptomycin (Gibco, Grand
Island, NY, USA). The culture conditions were 37°C and
5% CO,. Lentiviral vectors carrying shNC, shGACAT3, NC
and GACAT?3 and miR497 mimics and inhibitors and their
respective negative control RNAs were obtained from
GeneBio Company (Shanghai, China). Specific shRNA
expression plasmid pLKO-shSRC-3, targeting sequence
5-TTCCACCTCCTAGGGATATAA-3’; GACAT3 upstream
primer: 5-CTTCCGGAGCAGGTCTGAGT-3’, downstream
primer: 5’-CTTTCCCTGCAGAGACCAGT-3’; miR-497 up-
stream Primer: 5’AGTCCAGTTTTCCCAGGAATCCCT-3’,
downstream primer: 5’ ACCAGCAGCACACTGTGGTTTGT-3;
GAPDH upstream primer: 5-GTCAACGGATTTGGTCT-
GTATT-3’, downstream primer: 5-AGTCTTCTGGGTG-
GCAGTGAT-3, all purchased from Sigma-Aldrich.

Main reagents: reverse transcription kit iScript re-
verse transcription supermix (item number: 1708841),
real-time quantitative PCR reaction kit SYBR® Premix Ex
Taq™ II (TliRNaseH Plus) (item number: RR820A) was
purchased from takara. RIPA lysate (item No. PO013B)
was purchased from Biotime Biotechnology Co., Ltd.
Fetal bovine serum (item No. 10438026), BCA protein
assay kit (item No. 23235), PVDF membrane (item No.
LC2005) were purchased from ThermoFisher Scientific.
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Dulbecco’s modified Eagle medium (DMEM) dry pow-
der (Item. No. D5030), MTT (item No. D5655) was pur-
chased from Sigma. EDTA-trypsin (item No. 0785) was
purchased from Amresco.

Instruments: Fluorescence quantitative PCR instru-
ment was Roche Lightcycler 480 Quantitative Analysis Sys-
tem (Applied Biosystems), nucleic acid analyzer was Nan-
odrop2000, MRI instrument was PHILIPS-Achieva 1.5T.

Magnetic resonance imaging

Whole-body MRI was performed. All patients were
imaged in the prone position using an 8-channel phased
array breast coil. Patients were fasted for at least 2 hours
prior to imaging and avoided any strenuous exercise
prior to examination.

Conventional MR breast imaging included later-
al T2-weighted imaging fat suppression, lateral DWI
fat suppression, short-term inversion recovery (STIR)
(b=0,1000 s/mm?), lateral 3D Vibrant-Flex multiphase
dynamic contrast enhancement (DCE-MRI) and sagit-
tal 3D Vibrant-Flex was used for delayed acquisition.
Transverse multi-b DWI was obtained prior to DCE-MRI
using STIR fat saturated single spin echo planar imaging
(SE-EPI). Twelve b values were used: O, 10, 20, 30, 50,
70, 100, 150, 200, 400, 800 and 1000 s/mm?. The number
of excitations (NEX) was 1, 3, 3,3, 3, 2, 2, 2, 2, 3, 5, and
06, respectively. The corresponding parameters were as
follows: repeat time/echo time: 2400/62.1 ms; field of
view: 320x320 mm; matrix size: 128x160; section thick-
ness: 5 mm; cross gap: 1 mm; flip angle: 90°; Receiver
bandwidth: 250 kHz; parallel imaging (ASSET) factor: 2.
The imaging duration of the multi-b DWI sequence was
8 min and 19 s. For the DCE-MRI sequence, the lateral
3D Vibrant-Flex scanning was performed and repeated 9
times (each for 45 s) before intravenous administration
of 0.1 mmol/kg Gd-DTPA (Magnevist; Bayer, Berlin, Ger-
many) at 2 mL/s (a power injector with 15 s time delay
was used, then rinsed with 20 ml of saline).

1. Relative expression of IncRNAGACAT?3 and miR-
497 in breast cancer, adjacent tissues and cell lines: 1
g of fresh tissue blocks were taken and total RNA was
extracted by Trizol method. A nucleic acid analyzer was
used to detect purity, concentration, and impurities. The
first strand cDNA was then synthesized by a reverse
transcription kit. The reaction system: cDNA 2 ul, SYBR®
Premix Ex Tag™II (2x) 10 ul, upstream and downstream
primers (10 uM) each 0.4ul, ROX 0.4ul, H,06.8ul. PCR
was performed in a real-time quantitative fluorescent
PCR instrument (ABI 7300, USA). The PCR conditions
were 95°C for 30 s and 95°C for 15 s. The 3-phosphate
dehydrogenase (GAPDH) gene was used as an internal
reference to analyze relative gene expression levels us-
ing the 2-24Tmethod.

2. MCF-7 transfection: MCF-7 cells were cultured
in a 24-well plate at a concentration of 1x10° cells/ml.
When reached 60% confluence, recombinant adenovirus
was added, 1 ul/well, cultured in 37°C, 5% CO, incubator
overnight, the virus transfection efficiency was observed
under a fluorescence microscope, and MCF-7 cells were
transfected into an empty vector as a control.

3. Cell Proliferation Capability Assay: Proliferation
was assessed by measuring 5-BrdU incorporation to as-
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sess DNA synthesis. The cells were seeded at a density
of 2x 103 cells/well in 96-well culture plates, cultured for
24-72 h, and then cultured at a final concentration of 10
mM BrdU (BD Pharmingen, CA, USA). After 2 h of incu-
bation, the medium was removed, the cells were fixed
at room temperature for 30 min, and incubated with
peroxidase-conjugated anti-BrdU antibody (Sigma-Al-
drich, USA) (working concentration 1:1000) at room tem-
perature for 60 min. The cells were then washed three
times with PBS and incubated with peroxidase substrate
(tetramethylbenzidine) for 30 min. Finally, the absorb-
ance at 450 nM was measured using a microplate reader
(Thermo Fisher Scienific, IL, USA). The relative number
of 1-3 days was calculated by continuously monitoring
for 3 days based on the number of cells on day O. Three
separate experiments were performed.

4. Measurement of apoptosis: Apoptotic cell death
was assessed using the TdTmediated dUTP nick end
labeling (TUNEL) fluorescent FITC kit (Roche, Basel,
Switzerland). After treatment, cells were fixed with 4%
paraformaldehyde and permeabilized in 0.1% Triton
X-100. Then, the cells were incubated with TUNEL in
an incubator at 37°C for 1 h. After washing twice with
PBS, FITC fluorescence was analyzed using a cell counter
(BD Biosciences, USA). Results were expressed as the
percentage of apoptotic cells compared to the control.

5. Luciferase activity assay: HEK293T cells were
seeded at 1.5x10%well in 96-well plates and co-expressed
with 200 ng GACAT3-WT, GACAT3-MUT, CCND2-WT or
CCND2-MUT (Sangon Biotech, China). HEK293T cells
were also co-transfected with 10 ng of pRL-TK (Promega,
USA) and miR-497 mimic or miRNA NC using Lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA, USA). Lucif-
erase assays were determined 48 h after transfection using
a dual luciferase reporter assay system (Promega, USA).

Statistics

Statistical analyses were performed using SPSS 22.0
statistical software. The Kolmogorov-Smirnov test was
used to estimate the distribution of all parameters: nor-
mal distribution data was expressed as mean + standard
deviation, while non-normal data was expressed as me-
dian and quartile ranges. Differences in parameters (D,
D*, f, MD, and V) before NAC and after 2 cycles of NAC
between non-pCR and pCR groups were compared using
Student’s t-test or non-parametric test. Three independ-
ent experiments were performed for each experiment.
Kaplan-Meier and log-rank test were used to analyze
and compare the relationship between GCAT? level and
prognosis of breast cancer patients. The difference was
statistically significant at p< 0.05.

Results

Up-regulation of LncRNA GACATS3 is associated with
poor prognosis of breast cancer patients, decreased D
value of magnetic resonance imaging parameters, and
increased F value

The expression of LncRNA GACAT?3 was signif-
icantly increased in breast cancer tissues compared
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Figure 1. Correlation of up-regulation of LncRNA GACAT3 with MRI features and prognosis in breast cancer patients.
A: LncRNAGACAT?3 expression in paracancer tissues and breast cancer tissues measured by qRT-PCR. B: LncRNAGA-
CAT?3 expression in normal breast cells and breast cancer cell lines measured by gRT-PCR. C: Breast cancer patients were
divided into GACAT3 high expression group and low expression group, and Kaplan-Meier analysis was used to analyze
the relationship between GACAT?3 expression level and prognosis of breast cancer patients. D: Typical MRI diffusion-
weighted imaging of patients with lower LncRNA GACAT?3 expression (left panel) and higher expression (right panel).

*P<0.05 compared to the control.

Table 1. Comparison of diffusion-weighted imaging pa-
rameters between groups of high and low LCCRNA GA-
CAT?3 expression levels

DWI parameter ~ LncRNA GACATS3 expression p value
Number

Low (10) High (10)
D(*10°mm?/s) 130+021 092+0.18 0.000*
D*(*10°mm?/s) 0.587
Median number 10.76 11.30
Range 4.98-29.65  3.27-33.42
F (%) 0.000*
Median number 21.76 31.05

15.67-23.76  20.67-37.48

D*: perfusion-related diffusion coefficient; D: true molecular diffusion
coefficient; f: perfusion fraction; IVIM: intravoxel incoherent motion.
Normal distribution data were expressed as mean+standard devia-
tion, such as true molecular diffusion coefficient. Non-normal data
were expressed as median and quartile ranges, such as perfusion-
related diffusion coefficients, perfusion scores.

Range

with adjacent tissues, and there was a statistical
difference (p=0.034) (Figure 1A). Furthermore, the
expression of LncRNA GACAT?3 was significantly
increased in the breast cancer cell line MCF-7
compared to the normal breast cell line MCF-10A
(Figure 1B). For patients with higher expression

of LncRNA GACAT3, MRI diffusion-weighted
imaging (DWI) parameter D values (0.92+0.18)
were lower than those with lower expression of
LCCRNA GACAT3 (1.30+0.21, p=0.0008), F val-
ues were higher (median number 31.05 vs. 21.706,
p=0.0004) (Figure 1C), overall survival time was
lower (Figure 1D), all with statistical differences
(Table 1).

miR-497 is the target of LncRNA GACAT3 in the regu-
lation of breast cancer cell proliferation

Knockdown of LncRNA GACATS3 inhibited
MCEF-7 cell proliferation (Figure 2A), whereas
overexpression of LncRNA GACAT3 promoted
MCF-7 cell proliferation (Figure 2B). Bioinformat-
ics predicted that miR-497 was a potential target
for LncRNA GACAT3 to regulate tumor cell prolif-
eration and invasion in breast cancer (Figure 2C).
Correlation regression showed that the expression
level of miR-497 was negatively correlated with
LncRNA GACATS3 in tumor tissues (Figure 2D).
Overexpression of LncRNA GACAT3 significantly
inhibited miR-497 levels in MCF-7 cells (Figure
2E), whereas knockdown of LncRNA GACAT? sig-
nificantly upregulated miR-497 expression (Figure
2F). Luciferase reporter assay showed that LRCRNA
GACAT3 WT luciferase activity decreased signifi-
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Figure 2. miR-497 is the target of LncRNA GACAT3 in the regulation of breast cancer cell proliferation. A: Cell prolifera-
tion in MCF-7 cells after LncRNAGACAT? overexpression. B: Cell proliferation in LncRNAGACAT?3 knockdown MCF-7
cells. C: Predicted binding sites of miR-497 in LncRNAGACAT?3 (GACAT3-wild type) and GACAT3 mutant (GACAT3-MUT)
sequences. D: Correlation analysis of the relationship between LncRNAGACAT3 and miR-497. E: miR-497 expression
in MCF-7 cells after LncRNAGACAT?3 overexpression. F: miR-497 expression in LncRNAGACAT?3 knockdown MCF-7
cells. G: Luciferase activity determined in cells co-transfected with miR-497 mimics or NC mimics and pGL3 luciferase
reporter containing GACAT3-WT or GACAT3-MUT sequences. *P<0.05 compared to the control.
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Figure 3. Knockdown of LncRNAGACAT?3 leads to up-regulation of miR-497 expression and inhibition of breast cancer cell
proliferation. A: Cell proliferation of LncRNAGACAT? knockdown MCF-7 cells in the presence of miR-497 blocker. B: Apopto-
sis of LncRNAGACAT?3 knockdown MCF-7 cells in the presence of miR-497 blocker. C: Activity of Caspase 9 in cell prolifera-
tion of LncRNAGACAT?3 knockdown MCF7 cells in the presence of miR-497 blocker. D: Measurement of Bcl-2 expression by
gRT-PCR in LncRNAGACAT knockdown MCF-7 cells in the presence of miR-497 blocker. *P<0.05 compared to the control.
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cantly after miR-497 mimic nucleic acid transfec-
tion miR-497 increased expression, but LncRNA
GACAT3 MUT luciferase activity did not decrease,
and the difference was statistically significant (Fig-
ure 2QG).

LnRNA knockdown of GACAT3 leads to up-regulation
of miR-497 expression and inhibition of breast cancer
cell proliferation

As shown in Figures 3A and B, LncRNA GA-
CAT3 knockdown MCF-7 cells were more po-
tent and less apoptotic than without using miR-
497 inhibitors, the difference being statistically
significant (p<0.05). In addition, knockdown of
LncRNA GACAT3 promoted the enzymatic ac-
tivity of caspase 9 and decreased the expression
of Bcl-2 (Figures 3C and D). Compared with the
uninhibited group, the miR-497 inhibitor re-
duced the activity of caspase 9 in MCF-7 cells
and up-regulated the expression of Bcl-2 (Figures
3C and D), and the difference was statistically
significant.

Discussion

Abnormally altered LncRNA has become a
hot spot for prognostic markers and therapeu-
tic targets [23]. LncRNA GACAT?3, an aberrantly
expressed oncogene, was first discovered to be
involved in the development and progression of
gastric cancer, including promoting proliferation,
inhibiting apoptosis, and promoting metastasis
[19,20,24,25]. Subsequently, Lnc RNA GACAT3
was found to be involved in the progression of
glioma through miRNAs [26,27]. In addition,
there is no report of the role of LncRNAGACAT?3
in the development and progression of breast
cancer.

In our study, we found that LncRNAGACAT?3 is
highly expressed in breast cancer tissues and cells.
The high expression of LncRNAGACAT?3 in breast
cancer tissues indicates a poor prognosis. Not only
that, but as an important means of preoperative
evaluation of breast cancer, the decrease of the
characteristic parameter D value and the increase
of F value in NMR are considered to be indicators
of poor biological behavior of the tumor and poor
chemotherapy effect. This study shows that these
indicators are associated with high expression of
LncRNAGACATS3. This indicates that high expres-
sion of LncRNAGACATS3 is even associated with
adjuvant chemotherapy tolerance after breast can-
cer surgery.

In addition, we investigated the role of LncR-
NAGACAT3 and miR-497 in breast cancer ma-

lignancies. Competing endogenous RNAs (ceR-
NAs) are RNA transcripts that interact at the
post-transcriptional level through competitively
shared miRNAs [28,29]. A large body of evidence
suggests that LncRNA can serve as a ceRNA for
target mRNA, possibly representing a broad form
of post-transcriptional regulation of gene expres-
sion in physiology and pathology [28,29]. Whether
LncRNAGACATS3 acts as a ceRNA is unclear, but
the results of this study indicate that LncRNAGA-
CAT3 may play a carcinogenic role in breast cancer
as a miR-497 ceRNA. The LncRNAGACAT3miR-497
regulatory axis has rarely been reported in cancer.
The role of LncRNAGACATS3 in colorectal cancer is
achieved by interaction with miR-149 [25]. In the
progression of glioma, miR-135 and miR-3127-5p
are targets of LncRNAGACAT?3 to promote tumori-
genesis [26,27]. Studies have confirmed that LncR-
NAGACAT3 can affect the progression of gastric
cancer by negatively regulating the level of miR-
497 [20]. This study not only used bioinformatics to
predict the relationship between LncRNAGACAT?3
and miR-497 in the presence of breast cancer, but
also confirmed the negative correlation in expres-
sion by gPCR and correlation analysis. Finally, the
direct interaction through complementary bind-
ing sites were confirmed by dual luciferase report
assay.

In different tumor studies, miR-497 targets
different effector molecules to regulate tumor
development [30-34]. In this study, we confirmed
the inhibitory effect of miR497 in breast cancer,
and this inhibition is caused by Caspase 9 and Bcl-
2. Studies on the relationship between miR-497
and proliferation and apoptosis have found that
miR497/Caspase 9/Bcl-2 are present in non-small
cell lung cancer and glioma [35,36]. However, stud-
ies on the relationship between LncRNAGACAT3
and miR-497 involved in the regulation of Cas-
pase 9/Bcl-2 in tumors and even diseases are still
rare.

A growing number of studies have shown that
LncRNA and mRNA integration network recon-
struction plays an important role in the develop-
ment of cancer [37]. miRNAs also play a crucial
role in the regulation of cancer development and
are key biomarkers for cancer diagnosis or prog-
nosis [38]. Based on these findings, we propose
that LncRNAGACAT3 and miR-497 may be use-
ful biomarkers for predicting breast cancer pro-
gression, chemotherapy efficacy, and prognosis.
Largescale clinical studies should be conducted
to test the role of LncRNAGACAT3 and miR-
497 in predicting breast cancer progression and
prognosis.

Overall, the results suggest that LncRNAGA-
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CAT3 is associated with poor prognosis, preopera-
tive MRI perfusion-related diffusion (D) reduction,
and elevated perfusion score (f) in breast cancer.
Further investigation revealed that LncRNAGA-
CAT3 acts as a regulatory RNA of miR-497, and
promotes the progression of breast cancer by
down-regulating Caspase 9 and up-regulating
Bcl-2.
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