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Background: The cAMP response element-binding protein 1 (CREBI) was initiated as
a potential target for cancer treatment. This research was conducted to probe the effect of
CREBI in the progression of gastric cancer (GC) and the molecules involved.

Materials and Methods: CREB1 expression in GC tissues and cell lines (AGS and MKN-
45) as well as that in normal tissues and in gastric mucosa cell line (GES-1) was detected.
The correlation between CREB1 expression and prognosis of GC patients was determined.
Artificial silencing of CREB1 was introduced to evaluate its effect on biological behaviors of
GC cells. The target microRNA (miRNA) of CREBI1 and the target mRNA of miR-186 were
predicted and validated. Altered expression of miR-186, KRT8 and HIF-1a was introduced
to confirm their functions in GC progression.

Results: CREB1 was abundantly expressed in GC tissues and cells and linked to dismal
prognosis in patients. Silencing of CREB1 or upregulation of miR-186 suppressed the malignant
behaviors such as growth, epithelial-mesenchymal transition (EMT) and invasion of GC cells,
while artificial overexpression of KRT8 led to reversed trends. KRT8 was a target mRNA of
miR-186, and CREBI transcriptionally suppressed miR-186 expression to further up-regulate
KRTS8. KRT8 was also found to increase HIF-1a expression. Upregulation of HIF-1a was found
to block the suppressing role of CREBI silencing in GC cell malignancy.

Conclusion: This study evidenced that silencing of CREB1 inhibits growth, invasion, EMT
and resistance to apoptosis of GC cells involving the upregulation of miR-186 and the
following downregulation of KRTS8 and HIF-1a.

Keywords: CREBI, transcription suppression, microRNA-186, KRT-8, HIF-1a, gastric
cancer

Introduction

Gastric Cancer (GC) is 5th most prevailing neoplastic disease and the 3rd leading
contributor to cancer-related death in both males and females, accounting for over
1 million new incidences and almost 800,000 deaths in 2018." The development of
targeted therapies and the improvements of already existing chemotherapies have
expanded the therapeutic options for GC, granting better survival expectations to the
patients.> However, this seems to be better applied in early-diagnosed patients.
Distant metastasis is the most fatal characteristics of advanced cancer, which
accounted for over 90% of tumor-related death, and there is no exception for GC
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patients.” For advanced patients with metastatic potential,
the long-term survival rate is still poor with approximately
5.2% patients surviving 5 years or longer, though the pal-
liative systemic chemotherapeutic regimens prolong the
survival to a median 7.5-12.3 months.* Unfortunately,
approximately a half of patients are found with metastasis
at the first time of diagnosis.” Thus, early detection is the
most important issue in GC control. In addition to this,
finding effective ways to suppress malignancy potentials,
including proliferation and epithelial-mesenchymal transi-
tion (EMT) that trigger further invasion and metastasis of
cells, is of great significance as well.

Advances in genome sequencing technologies have
enabled a revolutionary scale of transcript discovery. One
of the transcription factors, cAMP response element-
binding protein 1 (CREB1) was initiated as a potential
target for cancer control.® CREB is activated through

phosphorylation mostly at Ser'?

that is frequently found
overexpressed in human tumors, and phosphorylated
CREB binds to CREB-binding protein to trigger CREB-
dependent gene transcription.” The oncogenic function of
CREBI1 has been noticed in GC, with its knockdown led to
declines in the growth of human GC cell line SGC-7901
in vivo and in vitro.® This prompted us to validate its
correlation with GC progression in patients and to inquire
into the further molecules. Importantly, as a transcription
factor, CREB1 is capable of regulating a number of
microRNAs (miRNAs) transcriptionally.” MiRNAs repre-
sent a large class of non-coding RNAs that primarily
negatively regulate the target genes, thereby governing
an extensive array of cellular processes and involving in
the initiation and pathogenesis of cancers.'® miR-186,
whose aberrant expression was suggested to be linked to
the progression of many human cancers,'' was confirmed
as a target transcript of CREBI in this present study. We
then speculated that regulation of miR-186 is possibly
involved in GC progression influenced by CREBI. In
addition, keratin 8 (KRT8) was confirmed as a target
mRNA of miR-186 in this paper. This gene has been
noted to promote metastasis of cancer-associated fibro-
blasts, thus serving as a promising therapeutic candidate
for metastasis control and treatment.'? In addition, regio-
nal tumor hypoxia is a typical inhospitable condition
within the tumor microenvironment in most solid malig-
nancies. Hypoxia-inducible factor-la (HIF-1a), a master
regulator participating in response to hypoxia, might be
capable of mediating various steps of cancer progression
from cell survival to invasion and metastasis.'*'* This is

also true for GC, since HIF-1a has been documented to be
highly expressed in GC patients and associated with unfa-
vorable prognosis in GC patients.'” In light of the above
evidence, we hypothesized that CREB1 promotes GC pro-
gression and leads to worse prognosis in patients via
transcriptionally suppressing miR-186 and following indu-
cing KRT8 expression. Clinical samples from GC patients
and purchased GC cell lines were used in this research to
validate this hypothesis, and to explore if aberrant activa-
tion of HIF-1a is involved in the GC events.

Materials and Methods
Ethical Approval

The research was ratified by the Ethics Committee of the
Eighth Affiliated Hospital of Guangxi Medical University
(Approval No. 2011 (KY-E-021)) and performed in accor-
dance with the Helsinki declaration. Written informed
consents were acquired from the enrolled participants.

Clinical Sample Collection

A total of 100 pairs of fresh GC tissue and the adjacent normal
mucosal tissues were obtained from patients who were
admitted into the Eighth Affiliated Hospital of Guangxi
Medical University from January 2012 to January 2014.
Patients were included if 1) they were over 20 years old, 2)
they were pathologically diagnosed as GC; 3) they have com-
plete clinical data. In addition, those who underwent chemo or
radiotherapy, or had a history or other malignancies were
excluded. A 5-year follow-up study was carried out to inves-
tigate the prognosis and recurrence of all included patients.

Cell Culture

Human normal gastric cell line GES-1 (CL-0563, Procell Life
Science & Technology Co., Ltd) and GC cell line AGS (CRL-
1739, ATCC, Manassas, VA, USA) and MKN-45 (CL-0292,
Procell) were applied for in vitro experiments. Cells were
cultured in Roswell Park Memorial Institute (RPMI)-1640
containing 10% fetal bovine serum (FBS, Gibco, NY, USA)
and 1% penicillin-streptomycin (Beyotime Biotechnology) at
37°C with 5% CO, in a humidified atmosphere. The cells
were negative for mycoplasma contamination according to
the short tandem repeat profiling by Genetic Testing
Biotechnology Corporation (Suzhou, China).

Cell Transfection
GC cells were sorted in 6-well plates 24 hours before
transfection. miR-186 mimic, the corresponding mimic
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negative control (NC), small interfering (si)-RNA target-
ing CREBI1 (siRNA-CREBI1) and the siRNA-NC were
synthesized by GenePharma Co., Ltd. (Shanghai, China),
while the pcDNA-CREBI1, pcDNA-KRT8 and pcDNA
HIF-1a and the empty vector pcDNA 3.1 were constructed
by ZonHon Biopharma Institute, Inc. (Jiangsu, China). All
transfection was performed using the Lipofectamine™
2000 (Invitrogen Inc., Carlsbad, CA, USA)

Reverse Transcription Quantitative

Polymerase Chain Reaction (RT-gPCR)
Total RNA was
(Invitrogen). The cDNA was synthesized using a Reverse

extracted using TRIzol Reagent
Transcription Kit (Invitrogen). Next, real-time qPCR was
conducted using a FastStart Universal SYBR Green
Master (Life Technologies, Gaithersburg, MD, USA) and
an ABI 7500 Fast Real-Time PCR system in light with the
instructions. U6 was set as the reference for miRNA and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) for
mRNA. Relative RNA expression was determined using
the 272" method. The sequences are exhibited in Table 1.

Three independent experiments were performed.

Colony Formation Assay

The cells were sorted on 6-well plates at 1000 cells per well
with three duplicated wells set for 14 days of colony forma-
tion. Thereafter, the formed colonies were fixed in 4%

Table | Primer Sequences in RT-qPCR

Gene Primer Sequence (5'-3’)
CREBI F: TGCAACATCATCTGCTCCCA
R: CTGAATAACTGATGGCTGGGC
miR-186 F: ACACTCCAGCTGGGCAGCAGCACACT
R: CTCAACTGGTGTCGTGGA
KRT8 F: GGAAGGGCTGACCGACGAG
R: CCAGGGAGCGGCTGTTGT
HIF-la F: GAACGTCGAAAAGAAAAGTCTCG
R: CCTTATCAAGATGCGAACTCACA
GAPDH F: GAGAAGGCTGGGGCTCATTT
R: AGTGATGGCATGGACTGTGG
ué F: CTCGCTTCGGCAGCACA
R: AACGCTTCACGAATTTGCGT

Notes: F, forward. R, reverse.

Abbreviations: RT-qPCR, reverse transcription-quantitative polymerase chain
reaction; CREBI, cAMP-responsive element-binding protein |; miR-186,
microRNA-186; KRT8, Keratin 8; HIF-la, hypoxia-inducible factor-o; GAPDH,
glyceraldehyde-3-phosphate dehydrogenase.

paraformaldehyde for 10 minutes and stained with 0.5%
crystal violet. The colonies with over 50 cells were included.

Cell Counting Kit-8 (CCK-8) Method

The viability of cells was measured using a CCK-8 system
(Dojindo, Japan) in compliance with the manufacturer’s
protocol. The cells were sorted in 96-well plates (1 x 10*
cells per well). Cells were incubated at 37°C in the dark,
and 10 pL CCK-8 solution was filled into the wells at 24,
48 and 72 hours for 4 more hours of incubation. Then, the
light absorbance of each well was evaluated at 560 nm
using a microplate reader (Tecan, Switzerland).

5-ethynyl-2'-deoxyuridine (EdU) Labeling
Assay

An EdU Assay Kit (RiboBio Co., Ltd, Guangzhou,
Guangdong, China) was used to evaluate cell proliferation.
GC cells were sorted in 96-well plates at a density of 2
x10* cells per well. Following 24 hours of culture, cells
were labeled with 50 uM EdU at 37°C for 2 hours. After
that, cells were fixed for 10 minutes, permeabilized by
0.5% Triton X-100 at 20°C for 20 minutes, washed by
PBS, and then treated with 100 uL. ApolloR reaction cock-
tail for 30 minutes. Hoechst 33,342 (5 pg/mL) was used
for 30 minutes of nuclear staining. Thereafter, the cells
were observed and photographed using the microscope
(IX71, Olympus Optical Co., Ltd, Tokyo, Japan).

Transwell Assay for Cell Invasion

A 24-well Transwell plate was used for invasion assay. In
brief, the apical chambers were precoated with 200 mg/mL
Matrigel (BD Biosciences, Boston, MA, USA) and filled
with 200 pL serum-free medium with 1 x 10° cells, while
the basolateral chambers were loaded with 600 pL 10% FBS
supplemented-RPMI-1640. After 24 hours of normal incuba-
tion, the cells in the inner membrane in apical chambers were
removed using a cotton swab, while the cells invaded through
membranes were collected, fixed and stained by 0.05% crys-
tal violet. Thereafter, the cells were imaged under the IX71
microscope with five random fields included.

Western Blot Analysis

Total protein from cells was collected using the Radio-
Immunoprecipitation assay cell lysis buffer (Solarbio
Science & Technology Co., Ltd., Beijing, China) with
proteinase K inhibitor. After concentration detection
using a BCA kit (Thermo Fisher Scientific Inc.,
Waltham, MA, USA), the protein was separated on 10%
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SDS-PAGE and transferred on PVDF membranes (EMD
Millipore, Billerica, MA, USA). Then, the membranes
were blocked by 5% non-fat milk. Next, the membranes
were co-incubated with primary antibodies against
E-cadherin (1:25,000, ab40772, Abcam Inc., Cambridge,
MA, USA), N-cadherin (1:1000, ab76057, Abcam),
vimentin (1:1000, #5741, Cell signaling technology),
GAPDH (1:1000, #5174, Cell signaling technology) at 4°
C overnight. The next day, the membranes were incubated
with secondary goat anti-rabbit antibody immunoglobulin
G (IgG) H&L (HRP) (1:10,000, ab6721, Abcam).

Flow Cytometry for Cell Cycle Analysis
Cells were fixed in 70% ethanol at —30°C for 24 hours and
then stained with 5 mg/mL propidium iodide (PI, KeyGen,
Nanjing, China). Cell determined using
a FACSCalibur flow (BD Biosciences).
Experimental data were analyzed using FlowJo (TreeStar,
Ashland, OR, USA) and ModFit (BD Biosciences).

cycle was
cytometer

Caspase-3 Activity Assay

A caspase-3 activity reagent (Beyotime Institute of
Biotechnology, China) was applied. Total protein from
AGS and MKN-45 cells was diluted and mixed in cas-
pase-3 substrate for 3 hours according to the manufac-
turer’s protocol. Next, the hydrolyzed Ac-DEVD-pNA
and free pNA secreted by caspase-3 was measured at
405 nm.

Hoechst 33,258 Staining

Hoechst 33,258 (MedChemExpress Co., Ltd., New Jersey,
USA) was used for apoptosis detection. In brief, after
transfection, cells were fixed in paraformaldehyde, washed
by phosphate buffered saline (PBS), and stained by
Hoechst 33,258 at room temperature (20°C) in the dark
The
a fluorescence microscope (Leica, Solms, Germany) with

for 30 minutes. staining was observed under

five random fields included.

Luciferase Reporter Gene Assay

The 293T cell line (CRL-11,268, ATCC) was cultured in 24-
well plates for further use. Binding site between CREB1 and
the promoter region of miR-186 was predicted on JASPAR
(http://jaspar.genereg.net/). The binding site sequence was

amplified and cloned to pGL3 vector (Promega, Madison,
WI, USA). In addition, the binding site between miR-186
and KRT8 was predicted on Starbase (http://starbase.sysu.
edu.cn/). The cDNA fragment containing the putative

binding site of miR-186 was amplified and inserted into
pGL3. The KRTS8-wild type (KRT8-WT) and the corre-
sponding KRT8-mutant type (KRT8-MT) vectors were con-
structed. Well-constructed vectors were co-transfected with
the transfection plasmids into 293T cells using the
Lipofectamine™ 2000. Forty-eight hours later, the lucifer-
ase activity was measured on a dual-luciferase reporter gene
system (Promega, Madison, WI).

Flow Cytometry for Apoptosis Detection
An Annexin V-fluorescein isothiocyanate (FITC)/PI kit
(BestBio, Shanghai, China) was applied to determined
cell apoptosis. Cells were sorted in 6-well plates at 1 x
10° cells per well. Forty-eight hours post-transfection,
cells were detached in trypsin and resuspended in 1 X
binding buffer to 1 x 10° cells/mL. Next, 5 pL FITC
Annexin-V and 5 pL PI was loaded in 100 pL suspen-
sion and incubated without light exposure for 15 min-
utes. After incubation, the samples were further loaded
with 400 pL 1 x binding buffer. Apoptosis of cells was
Cell-Quest software (BD

determined using the

Biosciences).

Chromatin Immunoprecipitation (ChlP)

Assay

A ChIP kit (EZ-Magna, EMD, Millipore) was utilized to
validate the binding relationship between CREBI1 and the
promoter region of miR-186. Briefly, AGS and MKN-45
cell lines were cross-linked in 1% methanol for 10 minutes
and quenched by glycine. The DNA fragments were
obtained by ultrasonication. DNA immunoprecipitated by
anti-CREB1 or anti-IgG was analyzed by qPCR. The primer
sequence used was: Forward: 5-AGGCACGGCCCATAC
-3" and Reverse: 5'-TGCAGCTGCACACCT-3".

Immunohistochemical Staining

The collected tissue samples were fixed, embedded in paraf-
fin and cut into 4-pm thick sections. Next, the sections were
dewaxed, rehydrated and treated with 0.3% H,0, to diminish
the activity of peroxidase. After antigen epitope recovery, the
sections were blocked with 10% goat serum and then incu-
bated with anti-HIF-1a (1:100, ab51608, Abcam) overnight
at 4°C and then with biotin-labeled IgG (1:1000, ab6721,
Abcam) at 37°C for 2 hours. Next, the samples were stained
with 3,3'-diaminobenzidine and observed under the optical
microscope at a X 400 magnification.
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Statistical Analysis

Data were analyzed using the SPSS 22.0 System (IBM
Corp. Armonk, NY, USA). Measurement data were col-
lected from at least three experiments and exhibited as
mean =+ standard deviation (SD). Differences were compared
using the t-test (two groups) and one-way or two-way ana-
lysis of variance (ANOVA) followed with Tukey’s multiple
comparisons (three or more groups). The survival rate of
patients was analyzed using the Kaplan—-Meier method.
p < 0.05 was regarded to show a significant difference.

Results
CREBI is Abundant and Linked to Dismal
Prognosis in GC Patients

According to data in GEPIA (http://gepia.cancer-pku.cn/),
CREBI was suggested to be highly expressed in GC (Figure

1A). Here, a total of 100 pairs or GC and adjacent normal
patients were collected for RT-qPCR. The results suggested
that CREBI1 expression was higher in GC tissues than that in
the normal tissues (Figure 1B). In addition, increased
CREBI expression was found in GC patients with recur-
rence (n = 48) as compared to those without (n = 52) (Figure
1C). The recurrence of GC in patients was confirmed by the
appearance of recurrent lesions diagnosed by imaging
examination including thoracoabdominal Computed
Tomography, ultrasonic examination and positron emission
tomography, along with pathological examination.
According to the average value (4.766), the patients were

allocated into CREB1 high-expression group (n = 47) and

low-expression group (n = 53). The 5-year follow-up study
suggested that patients with lower CREB1 expression had
higher survival rates (Figure 1D). The clinicopathological
characteristics of GC patients are presented in Table 2, and it
was found that CREBI1 is an independent risk factor for
tumor size, tumor differentiation and invasion. High expres-
sion of CREBI was found to be closely linked to poor
prognosis in patients.

Silencing of CREB| Impedes Malignant

Behaviors of GC Cells

RT-qPCR further identified high-expression profile of
CREBI expression in GC cell lines (AGS and MKN-45)
as relative to that in the normal human gastric mucosa cell
line (GES-1) (Figure 2A). Next, siRNA-CREB1 was trans-
fected into GC cell lines (Figure 2B) to evaluate the
influence of CREBI silencing on GC cells. Thereafter,
the CCK-8 and colony formation assays suggested that
siRNA-CREBI inhibited proliferation of GC
(Figure 2C and D), and the Transwell assay results found

cells

the invasion ability of cells was decreased following
CREBI1
related biomarkers in cells was measured, and the results

silencing (Figure 2E). Expression of EMT-

presented that si-CREBI led to an increase in E-cadherin
expression while declines in N-cadherin and vimentin
expression (Figure 2F). The flow cytometry results identi-
fied an increase in cell cycle arrest in the GO/G1 phases
(Figure 2G). In addition, according to the caspase-3 activ-
ity kit results, it was found the caspase-3 expression in
cells was increased after si-CREBI1 transfection (Figure
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Figure | CREBI is abundant and linked to dismal prognosis in GC patients. (A) CREBI expression profile in GC predicted on GEPIA (http://gepia.cancer-pku.cn/); (B)
CREBI expression in GC tissues and the adjacent normal tissues determined by RT-qPCR (paired t-test, n=100, ***p < 0.001); (C) CREBI| expression in GC patients with (n
= 48) and without (n = 52) recurrence detected by RT-qPCR (unpaired t-test, **p < 0.01); (D) overall survival in patients with high (n = 47) and low (n = 53) expression of

CREBI detected by RT-qPCR (Kaplan-Meier method, **p < 0.01).
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Table 2 Correlation Between CREBI Expression and Clinicopathological Characteristics of Gastric Cancer

Clinicopathological N | Low CREBI Expression High CREBI Expression p value

Variables (n=53) (n=47)

Age < 65 54 | 31 (58.49%) 23 (48.94%) 0.422
= 65 46 | 22 (41.51%) 24 (51.06%)

Gender Female 41 | 21 (39.62%) 20 (42.55%) 0.839
Male 59 | 32 (60.38%) 27 (57.45%)

Smoke Yes 49 | 24 (45.28%) 25 (53.19%) 0.548
No 51 | 29 (54.72%) 22 (46.81%)

Drinking history Yes 51 | 24 (45.28%) 27 (57.45%) 0.237
No 49 | 29 (54.72%) 20 (42.55%)

Tumor size <5cm 47 | 31 (58.82%) 16 (34.04%) 0.017
2 5cm 53 | 22 (41.18%) 31 (65.96%)

Tumor differentiation Poorly 55 | 22 (41.51%) 33 (70.21%) 0.005
High/Middle 45 | 31 (58.49%) 14 (29.79%)

Tumor invasion Negative (TO) 10 | 10 (18.18%) I (2.13%) 0.01
Positive (T1-T4) | 90 | 45 (81.82%) 46 (97.87%)

Lymph node metastasis Negative (NO) 27 | 21 (39.62%) 6 (12.77%) 0.003
Positive (NI-N3) | 73 | 32 (60.38%) 41 (87.23%)

Abbreviation: CREBI, cAMP-responsive element-binding protein |.

2H). Accordingly, the Hoechst staining results presented
that the cell apoptosis was increased (Figure 2I).

CREBI Suppresses miR-186 Transcription
The data on JASPAR predicted that CREB1 could bind to
the promoter region of miR-186 (Figure 3A). Then, an RT-
qPCR was performed and identified decreased miR-186
expression in GC tissues as compared to the paired normal
ones (Figure 3B), presenting an inverse relationship with
the CREBI1 expression in tissues (Figure 3C). Next,
pcDNA-CREBI1 as well as its NC was transfected into
GC cells, after which the CREB1 expression was success-
fully up-regulated (Figure 3D), while the miR-186 expres-
sion, accordingly, was further inhibited (Figure 3E). In
siRNA-CREB1 was administrated into GC
cells, after which we found the miR-186 expression in

addition,

cells was notably increased (Figure 3F), further indicating
a negative correlation between CREB1 and miR-186
expression. To further validate the binding relationship
between CREBI1 and the promoter region of miR-186,
the putative sequence with the highest binding score
(Figure 3G) was used for further experiments. The dual-
luciferase assay found that pcDNA-CREBI inhibited the
luciferase activity of miR-186 promoter (Figure 3H).
Moreover, a ChIP assay was conducted, which suggested

that the promoter region of miR-186 was enriched by anti-
CREBI in GC cell lines (Figure 3I). Collectively, these
results identified that CREB1 could bind to the promoter
region of miR-186 and suppress miR-186 transcription.

Overexpression of miR-186 Inhibits
Malignancy of GC Cells

Following the findings above, we further determined miR-
186 expression in AGS, MKN-45 and GES-1 cell lines.
The RT-qPCR results suggested a low-expression profile in
GC cell lines (Figure 4A). Thereafter, miR-186 mimic was
administrated into GC cell lines, after which miR-186
expression was successfully increased (Figure 4B). Then,
the malignancy of GC cells was measured. The CCK-8
method suggested that the proliferation of cells was nota-
bly suppressed after miR-186 upregulation (Figure 4C). In
addition, the Transwell assay showed that the invasive
potential of cells was decreased (Figure 4D), and the GC
cell apoptosis was increased following miR-186 mimic
transfection according to the flow cytometry concerning
cell apoptosis (Figure 4E).

miR-186 Directly Binds to KRT8

The downstream molecular mechanism was further
explored. First, the prediction on Starbase suggested
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(one-way ANOVA, compared to GES-1 cells, *p < 0.05); (B) CREBI expression in GC cells following si-CREB| transfection detected by RT-qPCR (one-way ANOVA, *p < 0.05); (C)
proliferation of GC cells determined by the CCK-8 assay (two-way ANOVA, *p < 0.05); (D) number of formed cell colonies determined by colony formation assay (one-way ANOVA,
*p < 0.05); (E) invasion ability of GC cells examined by Transwell assay (one-way ANOVA, *p < 0.05); (F) protein levels of E-cadherin, N-cadherin and vimentin in GC cells evaluated by

Western blot analysis (one-way ANOVA, *p < 0.05); (G) cell

cycle distribution in GC cells determined by flow cytometry (two-way ANOVA, *p < 0.05); (H) measurement of Caspase-3

activity in cells (one-way ANOVA, *p < 0.05); (I) apoptosis rate of GC cells assessed by Hoechst 33,258 staining (two-way ANOVA, *p < 0.05).
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Matrix ID | Name Score Relative score Sequence ID Start | End | Strand Predicted
sequence
MAO0018.1 | CREB1 | 7.61357 | 0.830387536842 | NC_000001.11:c248956422-1 | 1690 |1701| - GCCGGGACGTG
MAQ018.1 | CREB1 | 7.28342 | 0.821512953671 | NC_000001.11:c248956422-1 | 1661 |1672 | + GGGGGTGGCGCG
MAQ018.1 | CREB1 | 7.02039 | 0.814442442165 | NC_000001.11:c248956422-1 | 1490 |1501 + TGGGGAGACGCG
MAQ0018.1 | CREB1 | 6.83596 | 0.809484997455 | NC_000001.11:c248956422-1 | 1591 |1602 | - CCGAGCGACGTG
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Figure 3 CREBI suppresses miR-186 transcription. (A) putative binding sequences between CREBI and the promoter region of miR-186 predicted on JASPAR (http://jaspar.
genereg.net); (B) miR-186 expression in GC tissues and the adjacent normal tissues examined by RT-qPCR (paired t-test, n=100, ***p < 0.001); (C) correlation between
miR-186 and CREBI| expression in GC tissues (Pearson’s correlation analysis, r = —0.584, ***p < 0.001); (D) CREBI expression in GC cells following pcDNA-CREBI
transfection detected by RT-qPCR (one-way ANOVA, *p < 0.05); (E) miR-186 expression in GC cells after pcDNA-CREBI transfection tested by RT-qPCR (one-way
ANOVA, *p < 0.05); (F) miR-186 expression in GC cells after siRNA-CREBI transfection tested by RT-qPCR (one-way ANOVA, *p < 0.05); (G) putative sequence of the
miR-186 promoter used for following validation experiments; H-I, binding relationship between CREBI and the sequence of miR-186 promoter confirmed by a luciferase
reporter gene assay ((H), one-way ANOVA, compared to the Blank, *p < 0.05) and a ChIP-qPCR ((I), one-way ANOVA, *p < 0.05).

KRT8 as a biological target mRNA of miR-186 (Figure
5A). KRTS8 was suggested to be highly expressed in GC
according to the data in GEPIA (Figure 5B). Thereafter,
KRTS expression in GC tissues and cells was measured.
The RT-qPCR found that KRT8 was highly expressed
either in the GC tissues verses in the adjacent normal
ones, or in the GC cell lines as compared to that in
GES-1 cells (Figure 5C). In addition, following miR-
186 mimic administration, it was found the KRTS8
expression in GC cells was notably inhibited (Figure
5D). A luciferase assay was further performed, which
presented that the luciferase activity in 293T cells co-
transfected with miR-186 mimic and KRT8-WT vector
was notably decreased, while the luciferase activity in
cells subjected to other co-transfections showed little
differences (Figure SE).

KRT8 Increases HIF-1a Expression in
Cells and Promotes GC Cell Malignancy

To explore the possible involvement of HIF-1a in GC, an
immunohistochemical staining concerning HIF-1a expres-
sion in GC and normal tissues was first performed, which
identified a high protein level of HIF-la in GC tissues
(Figure 6A). Then, the RT-qPCR results found a similar
trend, where higher expression of HIF-1a in GC cell lines
was observed (Figure 6B). Further, we transfected
pcDNA-KRT8 into GC cells, after which the mRNA
6C).
Intriguingly, the expression of HIF-la was upregulated
as well (Figure 6D). Thereafter, the EdU-labeling assay
found that the number of EdU-positive cells was increased
after pcDNA-KRT8 administration (Figure 6E). In addi-
tion, invasion of pcDNA-KRTS cells was increased as well

expression of KRT8 was increased (Figure

submit your manuscript

9104

Dove

Cancer Management and Research 2020:12


http://jaspar.genereg.net
http://jaspar.genereg.net
http://www.dovepress.com
http://www.dovepress.com

Dove

Huang et al
-@- NC mimic

© 1.5 8 44 = AGS o 0.89 X e v 1.0 -~ NC mimic
© ® » [0} -8 miR-186 mimic hi
e > | =3 MKN-gs 2 3 ' o
o ['4 = € osd -& miR-186 mimic
E E 3 * T ' 0.6 =%

'S 1.0 S 15 £
5 5 3 £ 0.6
(s} = e} c
a 2 2- = 0.4 * 3

[
2 * 5 g © 0.4+ *
— o -

2 g’ £02 £ 0.2-

k] 5 8 £

© [} < o

o 0.0- T o 0= T T 0.0 T T T 800 T T T

GES-1 AGS MKN-45 6‘\0 _é\c’ _é'\\C’ _6'\\(’ 24H 48H  72H < 24H 48H  72H
= AGS
1507 = Mkn4s
T
3 100
€
2
]
o
o *
2 907 -
@ *
>
£
0= T T
© © © ©
& K & &
& &

E AGS MKN-45 30— BT AGS N
. NC mimic miR-186 mimic . NC mimic miR-186 mimic = MKN-45 * T
9_ Ql Q2] ~3JQr Q2 9— Ql Q2 ~3JQ1 Q2

. £ 204
3 @
8
. @ -
T e 8 10
a
o
Q
=} <
1 1
4 2 4 N N N
-7 v T T L ’I T T T = e & T T T T o 6\\@ é\\& 6\\@ &\&
100100 102 10°  10¢ 100 100 10 10° 100 100 10° 1 100 100 10° O © O ©
Annexin-V-FITC Annexin-V-FITC Annexin-V-FITC Annexin-V-FITC < ,\Q’ <~ ,\Q’
& &

Figure 4 Overexpression of miR-186 inhibits malignancy of GC cells. (A) miR-186 expression in AGS, MKN-45 and GES-| cell lines determined by RT-qPCR (one-way
ANOVA, compared to GES-1 cells, *p < 0.05); (B) miR-186 expression in GC cells following miRNA mimic transfection detected by RT-qPCR (one-way ANOVA, *p < 0.05);
(C) proliferation of GC cells measured by CCK-8 method (two-way ANOVA, *p < 0.05); (D) invasion ability of GC cells determined by Transwell assay (one-way ANOVA,
*p < 0.05); (E) apoptosis rate of GC cells evaluated by flow cytometry (one-way ANOVA, *p < 0.05).

(Figure 6F), while the flow cytometry results suggested
that the GC cell apoptosis was inhibited by pcDNA-KRTS
(Figure 6G). In addition, we further determined the mRNA
expression of KRT8 and HIF-1a in GC cells transfected
with siRNA-CREBI. It was found either KRTS8 or HIF-1a
expression CREBI1

(Figure 6H).

was

suppressed on deletion

Overexpression of HIF-1a Blocks the
Inhibiting Role of CREBI Silencing in GC
Cells

Collectively, we further co-transfected siRNA-CREBI,
siRNA-CREB1 + pcDNA-HIF-1a and the corresponding
NC into GC cells. After that, it was found that HIF-1
expression was downregulated by siRNA-CREBI but
then recovered by pcDNA-HIF-la (Figure 7A). The

colony formation assay presented that the inhibitory
effect of siRNA-CREBI1 on GC cell growth was antago-
nized by pcDNA-HIF-la (Figure 7B). In addition, the
flow cytometry concerning cell cycle progression sug-
gested that the promotion of CREBI1 silencing in cell
cycle arrest at GO/G1 phases was partially blocked fol-
lowing further HIF-la upregulation (Figure 7C).
Likewise, the invasiveness of GC cells was recovered
by pcDNA-HIF-la as well (Figure 7D). In the EMT
regard, it was found that the further administration of
pcDNA-HIF-1a led to increases in N-cadherin and
vimentin expression while a decline in E-cadherin expres-
sion (Figure 7E). Still, the caspase-3 activity in cells was
upregulated by pcDNA-HIF-la as well (Figure 7F).
Correspondingly, according to Hoechst staining, the apop-
tosis rate of GC cells was reduced by pcDNA-HIF-1a
(Figure 7G).
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Figure 5 miR-186 directly binds to KRT8. (A) putative binding site between miR-186 and KRT8 predicted on Starbase (http://starbase.sysu.edu.cn/); (B) high-expression
profile of KRT8 in GC predicted on GEPIA (http://gepia.cancer-pku.cn/); (C) KRT8 expression in GC tissues and the normal tissues (paired t-test, **p < 0.01) and in AGS,
MKN-45 and GES-1 cell lines (one-way ANOVA, compared to GES-1 cells, *p < 0.05) determined by RT-qPCR; (D) KRT8 expression in GC cell lines after miR-186 mimic
transfection measured by RT-qPCR (one-way ANOVA, *¥p < 0.01); (E) binding relationship between miR-186 and KRT8 validated by a dual-luciferase reporter gene assay.

Discussion
Treating GC, especially the advanced metastatic GC, is
still a substantial challenge in the present society. Global
efforts have been made to probe the genomic and epige-
nomic heterogeneity of GC to develop novel specific and
sensitive predictive and/or prognostic markers based on
gene expression profiling, and consequently to seek for
better solutions for this health concern.” In this paper, we
validated a gene regulation network involving CREBI,
miR-186, KLR8 and HIF-1a which is closely correlated
with the disease progression in GC patients and in the
malignant behaviors of GC cell lines AGS and MKN-45.
This research initially found a high-expression profile
of CREBI in the tumor tissues versus that in the adjacent
normal tissues in GC patients. Importantly, abundant
expression of CREBI was found to lead to a high recur-
rence rate while poor survival in all included GC patients.
The oncogenic roles of CREBI in human malignancies
have been largely revealed. It has been noted as a key
driver of pro-survival and metabolic transcription program

in prostate cancer and interacts with FoxA1 to increase the
recurrence rate of cancer.'® In addition, increased expres-
sion of LINC01857, a CREBI activator, was found to be
linked to reduced survival time in patients with breast
cancer.!” As for in GC, an inhibitor of CREBI1, miR-
1297, was found to be poorly existed in GC patients and
positively correlated with survival of patients.'® Promotion
of CREBI in cancer has also been evidenced in several
tumor cell types involving bladder cancer,'® colorectal
cancer’’ and glioma®' cells. Likewise, high-expression
profiles of CREB1 have also been found in GC cell lines
and its downregulation led to declines in growth and
migration of SGC-7901 cells.® Herein, in this paper, silen-
cing of CREBI was introduced in AGS and MKN-45 cell
lines. We observed that silencing of CREBI1 led to declines
in colony formation, proliferation, invasion while
increases in apoptosis and cell cycle arrest in GC cells.
In the cytokine perspective, the expression of pro-
apoptotic factor caspase-3 in cells was increased following

CREBI silencing. In addition, we further confirmed that
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Figure 6 KRT8 increases HIF-10 expression in cells and promotes GC cell malignancy. (A) protein level of HIF-1a in GC tissues and the paired normal tissues determined
by immunohistochemistry staining (paired t-test, *p < 0.01); (B) HIF-la expression in AGS, MKN-45 and GES-1 cell lines measured by RT-qPCR (one-way ANOVA,
compared to GES-1 cells, *p < 0.05); (C and D) mRNA expression of KRT8 (C) and HIF-lo (D) in cells determined by RT-qPCR (one-way ANOVA, *p < 0.05); (E)
proliferation of GC cells determined by EdU-labeling assay (one-way ANOVA, *p < 0.05); (F) invasion ability of GC cells measured by Transwell assay (one-way ANOVA,
*p < 0.05); (G) apoptosis of GC cells determined by flow cytometry (one-way ANOVA, *p < 0.05); (H) mRNA expression of KRT8 and HIF-1a. in cells after siRNA-CREBI
transfection determined by RT-qPCR (one-way ANOVA, *p < 0.05).
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Figure 7 Overexpression of HIF-1a blocks the inhibiting role of CREBI silencing in GC cells. (A) HIF-1a expression in GC cells after the administration of siRNA-CREBI,
siRNA-CREBI + pcDNA-HIF-10 and the corresponding NC determined by RT-qPCR (one-way ANOVA, *p < 0.05); (B) number of formed cell colonies determined by
colony formation assay (one-way ANOVA, *p < 0.05); (C) cell cycle distribution in cells determined by flow cytometry (two-way ANOVA, *p < 0.05); (D) invasion ability of
GC cells examined by Transwell assay (one-way ANOVA, *p < 0.05); (E) protein levels of E-cadherin, N-cadherin and vimentin in GC cells evaluated by Western blot analysis
(one-way ANOVA, *p < 0.05); (F) caspase-3 activity in cells determined by a caspase-3 kit (one-way ANOVA, *p < 0.05); (G) apoptosis rate of GC cells assessed by Hoechst
33,258 staining (one-way ANOVA, *p < 0.05).
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Figure 8 A diagram for molecular mechanism. In GC cells, nuclear translocation of CREBI suppresses miR-186 transcription, up-regulating KRT-8 and HIF-1a expression
and consequently promoting cell proliferation, invasion, EMT while suppressing cell cycle arrest and apoptosis.

the EMT of cells was decreased, presenting as an increased
level of E-cadherin while decreased levels of N-cadherin
and vimentin. During EMT, cells lose their cell-cell adhe-
sion, which enables invasion and metastasis of cancer cells
and is the malignant phase of tumor progression.’*?*
These findings validated the protecting roles of CREBI
silencing against GC malignancy.

MicroRNAs are key influencers participating in tumor-
igenesis, metastasis, and prognosis of human cancers
including GC.” In the current research, the online prediction
and the following luciferase and ChIP-qPCR assays identi-
fied miR-186 as a target that can be suppressed by CREB1
transcriptionally. miR-186 is a well-studied molecule that
presented either high-expression or low-expression profiles,
and played either tumor-inhibiting or oncogenic roles in
different human cancer types.''** In most cases, miR-186
was said to be downregulated in cancers and to inhibit
cancer development including GC.>* This was in line with
our current findings which suggested decreased expression
of miR-186 in GC cell lines. Thereafter, miR-186 mimic
was introduced in these cell lines, after which the

proliferation, invasion, as well as resistance to apoptosis
of the GC cells were decreased. In addition, miR-186 pre-
sented a reverse correlation with CREB1 expression in
cells, further indicating that CREBI1 possibly promotes
GC progression by suppressing miR-186.

miRNAs are well known to exert versatile functions
through mediating the following mRNAs. Here, we further
identified KRTS8 as a target of miR-186 according to the
integrated online prediction, expression examination and
a luciferase assay. We found high expression of KRTS
promoted proliferation and reduced apoptosis in GC
cells. KRTS has been suggested as an independent predic-
tor whose high expression indicating poor prognosis in
patients with lung adenocarcinoma.?® Similarly, the upre-
gulation of KRTS8 was found to promote tumor metastasis
and to indicate poor prognosis in clear cell renal cell
carcinoma.’® More relatively, KRT8 was reported to pro-
mote metastasis and progression of GC.?” In addition to
this, we found HIF-1a expression was increased following
KRT8 upregulation. HIF-1a is frequently overexpressed in
cancers as a consequence of the response to hypoxic
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niches.?® The promoting roles of HIF-1a in tumors includ-
ing triggering metabolism, proliferation, inflammation,
metastasis vascular homeostasis and tumorigenesis is also
true for GC,”° leaving it a potential target for GC
treatment.*® Clinically, high expression of HIF-lo has
been documented to be correlated with unfavorable prog-
nosis in GC patients.'> Here, to validate the involvement
of this pathway in CREB-mediated events, a rescue
experiment was performed, which suggested overexpres-
sion of HIF-1a blocked the functions of CREB1 silencing
in GC malignancy.

Conclusion

To conclude, this study evidenced that silencing of CREB1
inhibited GC progression by suppressing growth, invasion,
EMT and metastasis of GC cells, this process involving
miR-186 upregulation and the following down-regulation
of KLRS8 (Figure 8). We further evidenced that KLR8
positively correlated with HIF-la in GC cells, whose
upregulation blocked the role of CREBI
However, the present evidence is still limiting since how

silencing.

CREBI affects HIF-1a expression remains unsettled. We
would like to explore this correlation in our further studies.
We also hope more studies will be carried out to provide
more ideas in gene-based therapeutic strategies for GC
treatment.
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