Int J Clin Exp Med 2019;12(9):11273-11279
www.ijcem.com /ISSN:1940-5901/1JCEM0096250

Original Article
GANT 61 up-regulates E-cadherin expression
and inhibits EMT and invasion of breast cancer cells
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Abstract: With the improvement of breast cancer diagnosis and treatment technology, the mortality rate of breast
cancer is reduced to a certain extent, but the recurrence and metastasis rates are still high. The pathogenic factors
are related to epithelial-mesenchymal transition (EMT) and breast cancer cell invasion. The Gli inhibitor GANT61 is
used for treating several tumors. However, its role in breast cancer EMT and invasion, and related mechanisms have
not been reported. The breast cancer cell line MCF-7 was cultured in vitro and randomly divided into control group
and GANT61 treatment groups (20, 40, 60 umol/L), followed by analysis of cell proliferation using tetrazolium salt
colorimetric (MTT) method, cell cycle by flow cytometry, cell apoptosis using Capase-3 activity assay, MMP-9 expres-
sion by real-time PCR, and cell invasion by transwell chamber. GANT61’s effect on the expression of E-cadherin was
detected by Western blot. Compared with control group, GANT61 significantly decreased the proliferation of MCF-7
cells, cell cycle arrest, increased Capase-3 activity, inhibited cell invasion, reduced MMP-9 expression and elevated
E-cadherin expression (all P < 0.05) in a dose-dependent manner. GANT61 promotes apoptosis, regulates cell cycle,
and inhibits cell proliferation and invasion of breast cancer cells by promoting E-cadherin expression.
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Introduction

Breast cancer (BC) mainly occurs in breast epi-
thelial tissues, 99% of breast cancer patients
are female. The incidence rate is increasing
year by year, with younger ages being predomi-
nant [1, 2]. With the current pace of life, work
pressure and environmental changes, the glob-
al incidence of breast cancer has further in-
creased, and in China the incidence of breast
cancer has it gradually becoming one of the
countries with the highest incidence rates [3,
4]. According to statistics from global WHO inci-
dences of cancer, more than one million people
in the world are diagnosed with breast cancer
every year. Breast cancer ranks first in women’s
malignant tumors. Although the current diagno-
sis and treatment of breast cancer has been
improved, the mortality rate of breast cancer is
still high [5, 6]. To date, the global medical com-
munity has given breast cancer a great deal of
attention with treatments, surgery, radiothera-
py and chemotherapy, and even individualized
targeted therapies, but satisfactory treatment

effects have not been obtained regarding re-
ducing the morbidity and mortality of breast
cancer [7, 8]. The occurrence and development
of breast cancer is a complex pathological pro-
cess involving several endogenous or exoge-
nous factors. Exogenous factors such as im-
munity, endocrine levels, genetic background
and other external factors can lead to the oc-
currence of breast cancer [9]. Tumor invasion
and EMT are the key to breast cancer recur-
rence and metastasis [10].

The Hedgehog (Hh) signaling pathway is invol-
ved in embryonic development, morphogene-
sis, cell division, organ formation, etc. [11].
Multiple signal pathways such as Hh signaling
pathway are involved in tumor invasion and
metastasis [12]. The zinc finger protein Gil is a
key gene in the Hh signaling pathway, which
activates transcription of downstream target
genes and regulates the activation of Hh sig-
naling pathways [13, 14]. GANT61 is Gil's most
effective small molecule inhibitor and has been
shown to play an important role in the invasion
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Table 1. Primer sequences

GANT®61 (20 pymol/L) group, medium con-

Gene Forward 5°-3’

Reverse 5’-3’

centration of GANT61 (40 umol/L) group

GAPDH AGTACCAGTCTGTTGCTGG TAATAGACCCGGATGTCTGGT
MMP-9 TCCTTGCTACTACCGCTCT TGTTTGGTGTTTGATGGGTATA

and high concentration of GANT61 (60
pmol/L) group.

and metastasis of various tumors including
prostate cancer and ovarian cancer. It can
inhibit the proliferation and metastasis of tu-
mor cells to varying degrees [15, 16]. However,
GANT61's role in breast cancer EMT and inva-
sion and related mechanisms have not been
reported.

Materials and methods
Reagents and instruments

GANT61 was purchased from Sigma (USA).
Breast cancer MCF-7 (cell number: CRL-103-
17TM) cell line was purchased from the US
ATCC cell bank. DMEM medium, cyan and chain
double antibody were from Hyclone (USA). Di-
methyl sulfoxide (DMSQ), MTT powder was from
Gibco; trypsin-EDTA digest was purchased from
Sigma (USA). The Transwell chamber was bou-
ght from Corning (USA). PVDF membrane was
purchased from Pall Life Sciences, Western
blot related chemical reagents were purchas-
ed from Shanghai Biyuntian Biotechnology Co.,
Ltd., ECL reagent was purchased from Amer-
sham Biosciences, rabbit anti-human E-cadhe-
rin monoclonal antibody, goat anti-rabbit horse-
radish peroxidase (HRP) labeled I1gG secondary
antibody was purchased from Cell signaling
Corporation of the United States. The RNA ex-
traction kit and the reverse transcription kit
were purchased from Axygen (USA). The cell
cycle assay kit was purchased from BD Cor-
poration of the United States. The Capase-3
activity assay kit was purchased from R&D
(USA). The Labsystem Version 1.3.1 microplate
reader was purchased from Bio-rad Corporation
of the United States. The ABI 7700 Fast Qu-
antitative PCR Reactor was purchased from
ABI (USA). The SW-DJ ultra-clean workbench
was purchased from Suzhou Sutai Purification
Equipment Engineering Co., Ltd. The Melody
C6 flow cytometer was purchased from BD Cor-
poration of the United States.

Cell culture and grouping

The liquid nitrogen-preserved breast cancer
cell line MCF-7 cells were resuscitated, cultur-
ed, and passaged, and randomly divided into
4 groups; control group, low concentration of
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Real-time PCR detection of MMP-9
mMRNA expression in MCF-7 cells

Total RNA was extracted using Trizol reagent,
and reverse transcribed into cDNA according
to the kit instructions. The primers were de-
signed according to each gene sequence by
PrimerPremier 6.0 and synthesized by Shang-
hai Yingjun Biotechnology Co., Ltd. (Table 1).
Real-time PCR was performed using the condi-
tions as follows: 56°C 1 min, 92°C 30 S, 58°C
45 S, 72°C 35 S, a total of 35 cycles. GAPDH
was selected as a reference. According to the
fluorescence quantification, the starting cycle
number (CT) of all samples and standards were
calculated. Based on the standard CT value, a
standard curve was drawn, and then the semi-
quantitative analysis was carried out using the
22t method.

Western blot

The total protein of breast cancer MCF-7 cells
was extracted separately: RIPA lysate contain-
ing protease inhibitor was added, and the cells
were lysed on ice for 15-30 min, sonicated for
5 s x 4 times, and centrifuged at 4°C, 10,000 x
g for 15 min to obtain the proteins, whose con-
centration was quantified using BCA assay and
stored at -20°C. The isolated protein was se-
parated on a 10% SDS-PAGE, transferred to a
PVDF membrane, and blocked with 5% skim
milk powder for 2 h. Then, 1:1,000 dilution of
primary antibody E-cadherin monoclonal anti-
body, was incubated with the membrane at
4°C overnight. After PBST wash, 1:2,000 dilut-
ed goat anti-rabbit secondary antibody was in-
cubated with the membrane under dark condi-
tions for 30 min. After washing with PBST, the
chemiluminescence was added and developed
for 1 min, followed by X-ray exposure. X-film and
strip density measurements were separately
scanned using protein image processing sys-
tem software and Quantity one software. The
experiment was repeated four times (n = 4).

MTT analysis of proliferation of cells in each
group

The logarithmic growth phase MCF-7 cells were
inoculated into the 96-well culture plate with
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Figure 1. Analysis of the proliferation of breast can-
cer cells by GANT61. Compared with the control
group, *P < 0.05; compared with the 20 umol/L
GANT®61 group, #P < 0.05.

DMO medium containing 10% fetal bovine se-
rum at a cell number of 5 x 103, the superna-
tant was discarded after 24 hours of culture,
and cells were randomly divided into three tre-
atment groups. After 48 h culture, 20 pl of ster-
ile MTT was added and 3 replicate wells were
set in each treatment group. After 4 hours of
continuous culture, the supernatant was com-
pletely removed, 150 pl/well of DMSO was ad-
ded, and shaken for 10 min. After the purple
crystals were fully dissolved, the absorbance
(Absorbance, A) value was measured at a wave-
length of 570 nm, and the proliferation rate of
each group was calculated. This assay was re-
peated three times.

Cell cycle detection

The cells were collected after digestion, sus-
pended and slowly added to the pre-cooled
90% ethanol, and the cells were washed with
PBS. One hundred ul of the cells were added to
500 pl of RNase and propidium iodide staining
solution (PI), followed by gentle mixing, and in-
cubation at room temperature for 20 min in the
dark. After that, 300 pl of 1 x Binding buffer
was added, mixed and cell cycle was measur-
ed by flow cytometry.

Caspase3 activity detection

The changes in Caspase3 activity in each gr-
oup of cells were examined according to the kit
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instructions. Trypsin-digested cells were centri-
fuged at 600 x g at 4°C for 5 min, discarded
the supernatant, added cell lysate, lysed on ice
for 15 min, 20,000 g, centrifugation at 5°C for
5 min, added 2 mM Ac-DEVD-pNA, and mea-
sured the optical density (OD) at 405 nm wave-
length. Change in value was calculated with Ca-
spase3 activity.

Transwell chamber for detecting cell invasion

After 48 h of transfection, cells were cultured in
DMEM medium containing 10% fetal bovine
serum, and then cultured for 24 h in serum-free
DMEM. The bottom of the Transwell chamber
and the upper chamber of the membrane were
coated with 50 mg/L Matrigel (I:5 dilution) and
air dried at 4°C. The residual liquid in the plate
was aspirated, and 50 ul of serum-free DMEM
containing 10 g/L of BSA was added to each
well at 37°C for 30 min. The Transwell chamber
was placed in a 24-well culture plate, added
500 pl of 10% fetal bovine serum to DMEM
medium in a small chamber, and add 100 pl of
tumor cell suspension in a small chamber. The
culture medium was serum-free DMEM medi-
um, and each group was repeated 3 times.

Statistical analysis

All data are presented as mean + standard
deviation (SD). The mean values of the two
groups were compared by student t-test, ana-
lyzed by SPSS 11.5 software. The differences
between groups were analyzed by analysis of
variance (ANOVA). P < 0.05 indicated a signifi-
cant difference.

Results

GANT®61 inhibits the proliferation of breast
cancer cells

MTT assay showed that GANT61 significantly
decreased the proliferation of breast cancer
MCF-7 cells compared with the control group (P
< 0.05); and the inhibition was enhanced with
increased concentration (Figure 1).

GANT61 inhibits cell cycle of breast cancer
cells

Flow cytometry analysis showed that GANT61

significantly inhibited the cell cycle of breast
cancer MCF-7 cells, mainly blocked in G2/M

Int J Clin Exp Med 2019;12(9):11273-11279



GANT®61 inhibits invasion of breast cancer cells

A Control 20 uM GANT61 B
301
500 | ‘ »
400; | e
300 400 i
200 ~
[T
100+ = g 201 *
Ohm— ot —— A £
0 30 60 90 120 0 30 60 90 120 150 =
o 1 *
40 uM GANT6E1 60 pM GANTE1 9
o
I 600 -% 104
6001 500 14
400 oon 5
300
200 200
100 y o
0 /e 0 ) " S 20 uM 40 pM 60 uM
0 30 60 90 120 150 0 30 60 90 120 150 o GANTB1 GANT61 GANT6E1

Figure 2. Analysis of the effect of GANT61 on cell cycle of breast cancer. A. flow cytometry analysis of the effect of
GANT61 on cell cycle of breast cancer; B. Cell cycle statistical analysis. Compared with the control group, *P < 0.05;
compared with 20 ymol/L GANT61 group, #P < 0.05.

B 2501
20 uM GANTB1
- 3 200+

e F L e S :
R - o i .
'r:.'.'--,“ 'f{"f,:', . '.-.-’ .-'.;‘- .‘..“’..v = 150
iy t . e B W T2 e W & Y
A LA o T N N
’L.fﬂ o g p‘;ﬁ.. Y‘ s- E -~ - = v'.'g‘--;: ol
e \?.a-‘ ,v‘: (X ::‘ e .
e A Ll Ve D e 1004 3
40 pM GANTE1 60 uM GANT6E1
TR  de SiE Z 1 et
'%" 'i; L ] \- - ] ‘ 1 *g
LR e 3 . i e g L O 50
" o A | S
| A ) - 2 e ]
" .4ty .-. i \l 55 \ ‘-L _: g 1
< P - 7.1 ; |
) . sl .\- . g ’ o

[ , =y 1 4 .
r ! et 20 uM 40 uM 60 uM
\ ey 1 b W u
e R § Control - GANTE1  GANTE1  GANT61

- Sl L S

Transmember cells in MCF-7

Figure 3. Analysis of the invasion of breast cancer cells by GANT61. A. Transwell chamber analyzes the invasive ef-
fect of GANT61 on breast cancer cells; B. Statistical analysis of invasive ability. Compared with the control group, *P
< 0.05; compared with 20 umol/L GANT61 group, #P < 0.05.

trol group (P < 0.05); and the inhibitory effect
was enhanced with increase of the concentra-
tion (Figure 3).

phase, compared with th econtrol group (P <
0.05). With increased concentration, the pro-
portion of G2/M cells was increased (Figure 2).

GANTE1 increases Caspase3 activity in breast
cancer cells

GANT61 decreased invasion of breast cancer
cells

GANT61 significantly promoted the increase of
Caspase3 activity in breast cancer MCF-7 cells,
compared with the control group (P < 0.05);

Transwell chamber assay showed that GANT61
significantly inhibited the invasion ability of bre-
ast cancer MCF-7 cells, compared with the con-
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Figure 4. Analysis of Caspase3 activity in breast
cancer cells by GANT61. Compared with the control
group, *P < 0.05; compared with the 20 umol/L
GANT61 group, #P < 0.05.
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Figure 5. Effect of GANT61 on the expression of
MMP-9 in breast cancer cells. Compared with the
control group, *P < 0.05; compared with the 20
umol/L GANT61 group, #P < 0.05.

and the increase of the concentration promot-
ed the increase of apoptotic activity (Figure 4).

Effect of GANT61 on the expression of MMP-9
in breast cancer cells

Real-time PCR analysis found that GANT61 sig-
nificantly reduced the expression of MMP-9 in
breast cancer MCF-7 cells in a dose-dependent
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Figure 6. Effect of GANT61 on the expression of E-
cadherin in breast cancer cells.

manner, compared with the control group (P <
0.05) (Figure 5).

Effect of GANT61 on E-cadherin expression in
breast cancer cells

Western blot analysis showed that GANT61 pro-
moted E-cadherin expression in breast cancer
cells in a dose-dependent manner (Figure 6).

Discussion

Abnormal activation of Hh signaling pathway
was found during tumorigenesis and develop-
ment, including rhabdomyosarcoma, digestive
system tumors, respiratory tumors, and gyne-
cologic tumors [17]. In addition, studies have re-
ported that the Hh signaling pathway is closely
associated with the invasion and metastasis of
various tumors including gastric cancer and
esophageal cancer [18, 19]. The tumor cells
that are detached from the primary site of the
tumor tend to cause invasion and metastasis of
the tumor, invasive growth of surrounding tis-
sues or distant tissue metastasis. In the Hh
signaling pathway, Gli can participate in the
regulation of angiogenesis-related genes, pro-
mote angiogenesis, and regulate cell cycle pro-
gression [20, 21].

GANT6G1, developed by the National Cancer In-
stitute, is a novel selective transcription fa-
ctor target inhibitor of Gli, it can participate in
the regulation of the development of several
tumors [22] and is a research hotspot in re-
cent years. However, the role of GANT61 in the
development and invasion of EMT in breast
cancer cells has not been reported. EMT is a
process in which epithelial cells transform into
mesenchymal phenotype cells, during which
the epithelial cells lose their phenotype and
connection to the basement membrane, which
in turn leads to degradation of the extracellu-
lar matrix [23]. E-cadherin is a cell-marker ad-
hesion molecule of epithelial cells, and its ex-
pression is reduced, which can lead to the dis-
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appearance of the epithelial cytoskeleton, whi-
ch in turn leads to the transformation into me-
senchymal cells [24]. MMP-9, an important me-
mber of the matrix metalloproteinase family,
can further promote the breakdown of the ex-
tracellular matrix, promote the occurrence and
invasion of tumor cell EMT, and promote angio-
genesis [25]. In this study, GANT61 inhibited
MCEF-7 cell proliferation, cell cycle arrest, incre-
ased Capase-3 activity, inhibited cell invasion,
decreased MMP-9 expression, and increased
E-cadherin expression; suggesting that GANT-
61 can up-regulate the expression of E-cad-
herin, inhibit the occurrence of EMT, down-reg-
ulate the expression of MMP-9, and prevent tu-
mor invasion. At the same time, GANT61 blocks
cell cycle, delays tumor cell proliferation and
promotes tumor cell apoptosis. In further re-
search, will be necessary to deeply analyze the
related effects and mechanisms of GANT61 on
tumor progression in breast cancer patients,
and provide a research basis for clinical breast
cancer treatment strategies.

Conclusion

GANT61 promotes cell apoptosis, regulates ce-
Il cycle, inhibits cell proliferation and invasion
by promoting E-cadherin expression; indicating
that GANT61 might be used as a novel approa-
ch for the prevention and treatment of breast
cancer invasion and metastasis, as well as pro-
viding a new theoretical basis for the choice of
clinical breast cancer treatment options.
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