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MiR-3663-3p Inhibits the Progression of Gastric
Cancer Through the CCND1 Pathway

KOJI TAKAO, HIROTAKA KONISHI, DAIKI MATSUBARA, KATSUTOSHI SHODA,
TOMOHIRO ARITA, HIROKI SHIMIZU, SHUHEI KOMATSU, ATSUSHI SHIOZAKI, YUSUKE YAMAMOTO,
TAKESHI KUBOTA, HITOSHI FUIIWARA, KAZUMA OKAMOTO and EIGO OTSUJI

Division of Digestive Surgery, Department of Surgery, Kyoto Prefectural University of Medicine, Kyoto, Japan

Abstract. Background/Aim: The regulation of gene expression
by miRNAs plays an important role in cancer progression. Here,
we investigated the role of miR-3663-3p in gastric cancer.
Patients and Methods: The relationship between miR-3663-3p
expression, clinicopathological features and prognosis were
retrospectively analyzed in 80 gastric cancer patients. Results:
miR-3663-3p expression was significantly lower in gastric
cancer tissue than adjacent non-cancerous tissue (p=0.002).
Recurrence free survival was significantly lower in patients with
low miR-3663-3p expression (p=0.016). Low miR-3663-3p
expression was also an independent predictive factor for
recurrence (p=0.029). Overexpression of miR-3663-3p in gastric
cancer cell lines significantly suppressed cell proliferation,
migration/ invasion, and induced GO/GI arrest (p<0.01).
Furthermore, overexpression of miR-3663-3p decreased Cyclin
DI mRNA and protein, and reduced the phosphorylation of
Retinoblastoma (Rb) protein. Conclusion: miR-3663-3p is a
clinically useful predictor of gastric cancer recurrence. It
exhibits tumor suppressive features through limited entry into the
cell cycle in a Cyclin DI1-Rb dependent manner.

Gastric cancer (GC) is the fifth most common cancer and
third leading cause of cancer related death worldwide, with
more than 1,000,000 new cases and about 783,000 deaths in
2018 (1). The mortality associated with GC is caused by
metastases to distant organs, lymph nodes, or abdominal
disseminations. The overall survival of patients with GC has
been improved due to early detection, popularization of
radical surgery, and advances in chemotherapy (2). Despite
advances in GC treatment, the prognosis of advanced gastric
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cancer remains poor and the mortality high (3), therefore,
identification of valuable diagnostic markers and
development of effective adjuvant therapies are significant.

Recently, novel non-coding RNAs, including microRNAs
(miRNAs), which are endogenous short non-coding RNAs
of 20-24 nucleotides, have been discovered with the advent
of next generation sequencing techniques (4). miRNAs are
important in normal development, differentiation, growth
control, and pathogenesis of many diseases, including cancer
(5). The primary function of miRNA is the suppression of
target messenger RNA (mRNA) expression (6), and
abnormally expressed miRNAs act as tumor suppressive or
oncogenic molecules, depending on the function of their
target genes (7-11).

Despite the wealth of information on miRNA-dependent
processes, the function of many newly reported miRNAs is
still unknown. We have previously found abnormal miR-3663-
3p levels in blood samples from patients with GC as a
published data, with only one study reporting on the function
of miR-3663-3p (12). We, therefore, focused on the minimally
characterized miRNA, miR-3663-3p, as its role in GC had not
been previously explored. In the present study, we analyzed
the clinical significance of miR-3663-3p expression in GC
tissue, and examined its functions in GC cell lines.

Patients and Methods

Clinical characteristics of gastric cancer patients. Eighty patients with
primary GC who underwent radical gastrectomy between 2014 and
2017 at the hospital of Kyoto Prefectural University of Medicine were
registered in the present study. A database containing the
clinicopathological features and prognoses of these patients was
retrospectively reviewed. The median length of the follow-up period for
censored cases was 41.8 months (range=26.2-51.6 months). The clinical
features were diagnosed using i) gastrography, ii) upper gastrointestinal
endoscopy, and iii) computed tomography (CT) prior to operation. The
pathological features were evaluated using the 15th edition of Japanese
Classification of Gastric Cancer. Patient follow up appointments,
roughly 5 years postoperatively, were done in an outpatient clinic using
upper gastrointestinal endoscopy and computed tomography to evaluate
a possible recurrence and confirm the prognosis.
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All patients provided a written informed consent for their
treatments and participation in the present study. The research was
conducted in accordance with the principles of the Helsinki
declaration. Ethical approval was granted by the Faculty of Science
Ethics Committee at Kyoto Prefectural University of Medicine
(ERB-C-67-4).

Tissue sample collection. Cancer and non-cancerous tissues were
collected from frozen gastric tissue from 80 patients with GC who
had undergone gastrectomy. All GC samples were histologically
diagnosed as a primary gastric adenocarcinoma.

GC cell lines and cell culture. The human GC cell lines (MKN7,
MKN28, MKN45 MKN74, NUGC4, and HGC27) and non-cancer
cell lines (Met-5A and WI-38) were used in the present study.
MKN7, MKN45, and MKN74 were purchased from RIKEN
BioResource Center (Tsukuba, Japan). MKN28 was purchased from
the Japanese Collection of Research Bioresources Cell Bank (Osaka,
Japan). HGC27 was obtained from Cell Lines Service (Eppelheim,
Germany). The human normal mesothelial cell line MeT-5A was
purchased from ATCC (Manassas, VA, USA). The human normal
fibroblast cell line WI-38 was purchased from the Japanese
Collection of Research Bioresources Cell Bank (Osaka, Japan).

HGC27 cells were cultured in Dulbecco’s Modified Eagle Medium
(Nacalai Tesque, Kyoto, Japan). WI-38 cells were cultured in Basal
medium Eagle (Thermo Fisher Scientific, Waltham, MA, USA). The
other cell lines were cultured in Roswell Park Memorial Institute 1640
medium (Nacalai Tesque). All media was supplemented with 10% fetal
bovine serum (Corning, New York, NY, USA). All cell lines were
cultured in a humidified incubator with 5% of CO, at 37°C.

RNA extraction and quantitative real time polymerase chain
reaction (qRT- PCR). Total RNA was extracted from frozen tissue
samples using an AllPrep® DNA/RNA/miRNA universal kit
(Qiagen, Hilden, Germany) and from cell lines using a miRNeasy
Mini Kit (Qiagen), according to the manufacturer’s guidelines.
Isolated RNA was stored at —80°C until use.

miRNA levels were measured by qRT-PCR using a StepOnePlus
PCR system (Applied Biosystems, Waltham, USA). A TagMan
MicroRNA Assay (Thermo Fisher Scientific) was used for the
detection of has-miR-3663-3p expression (Assay ID: 465775_mat,
Thermo Fisher Scientific) and RNUG6B expression (Assay
ID=001093, Thermo Fisher Scientific). Cycle threshold (Ct) values
were calculated using StepOne Software v2.0 (Applied Biosystems).

To determine mRNA levels, a reverse transcription reaction was
performed using a High-Capacity cDNA Reverse Transcription Kit
(Applied Biosystems). mRNA level was determined by qRT- PCR
using a TagMan Gene Expression Assay (Thermo Fisher Scientific):
i) CCND1 (Assay ID: Hs00765553_m1, Thermo Fisher Scientific)
and ii) the housekeeping gene ACTB (Hs01060665_g1, Thermo
Fisher Scientific). miR-3663-3p and CCNDI expression was
normalized using the AACt method relative to RNU6B and ACTB
expression in each sample.

Overexpression of miRNA. A mirVana® miRNA mimic was used for
the overexpression of miR-3663-3p (Assay ID: MC20554, miRbase
ID: has-miR-3663-3p, MIMAT0028085, Thermo Fisher Scientific).
The GC cells lines, MKN74 and NUGC4, were transfected in a 6-
well plate at the final miRNA mimic concentration of 3 nM, using
Lipofectamine® RNAIMAX Reagent (Thermo Fisher Scientific),
according to the manufacturer’s instructions. All overexpression
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experimental results were compared to those in similarly treated cells
except for the miRNA mimic (mock). miR-3663-3p overexpression
by the mimic was confirmed using gRT-PCR.

Cell proliferation assay. Cell proliferation was evaluated using a
WST-8 assay (Cell Count Reagent SF; Nacalai Tesque). GC cells,
MKN74 and NUGC4, were seeded on 24-well plate at a density of
1.0x104 cells/well and incubated for 24 h, then transfected with a
miR-3663-3p mimic. Cell proliferation was measured every 24 h
after transfection by measuring the absorbance at 450 nm, using
Thermo Scientific Multiskan FC (Thermo Fisher Scientific).

Transwell cell migration or invasion assay. Migration and invasion
assays were performed using the BioCoat Matrigel™ invasion
Chamber kit (BD Biosciences, San Jose, CA, USA), following the
manufacturers guidelines. For the invasion assay, the upper surface
(6.4-mm-diameter filters with 8-um pores) was coated with Matrigel,
whereas there was no coating for the migration assay. Media with
10% Fetal Bovine Serum (FBS) was added into the lower chamber.
First, GC cells were seeded in a 6-well plate at a density of 1.0x105
cells/well, incubated for 24 h and then transfected with miR-3663-
3p mimic. Cells were incubated for 48 h following transfection, then
detached using Trypsin-EDTA solution (Nacalai Tesque) and
reseeded in the wupper chamber with serum-free media
(MKN74=0.5x105 cells/well and NUGC4=1.0x105 cells/well).
Following incubation, the infiltrative or migratory cells on the
duplicate membranes were stained with Diff-Quik stain (Sysmex,
Kobe, Japan). The nuclei of stained cells on the lower side of the
membrane were counted in five independent fields of view at x100
magnification for each insert, and the results are shown as a
mean+SD. Each assay was performed in triplicate.

Cell cycle analysis. The miRNA mimic-transfected cells were
incubated for 48 h after transfection. Then, cells were treated with
Triton X-100, and cell nuclei were stained with PI/ RNase staining
buffer (Becton-Dickinson Biosciences, San Jose, CA, USA),
according to the manufacturer’s instructions. The content of DNA
was measured using a Becton-Dickinson Accuri C6 Plus Flow
Cytometer (BD Biosciences). At least 10,000 cells were counted in
each measurement, and the cell cycle distribution was recorded
using BD Accuri C6 software.

Western blotting. Cells were lysed by M-PER Mammalian Protein
Extraction Reagent (Thermo Fisher Scientific) and centrifuged at 4°C
12,000 rpm for 5 min. The supernatant was collected, and protein
concentration was determined using the Protein Assay Rapid Kit Wako
II (Wako, Osaka, Japan). Fifteen ng of protein from the cell lysate was
separated using a 12% SDS-PAGE gel, and then transferred onto a
PVDF membrane (GE Healthcare, Chicago, IL, USA). The
membranes were subsequently probed with the indicated antibodies,
and proteins were detected using SuperSignal West Dura Extended
Duration Substrate (Thermo Fisher Scientific) and an Amersham
imager 680 (GE Healthcare). The following primary antibodies were
used: Cyclin D1 (1:1000 dilution, Proteintech, Rosemont, IL, USA),
Rb (1:300 dilution, Santa Cruz Biotechnology, Dallas, Texas, USA),
phospholyrated Rb (1:1,000 dilution, Cell Signaling Technology,
Danvers, MA, USA) and 3-Actin (1:2,000 dilution, Sigma-Aldrich, St.
Louis, MO, USA). The following secondary, HRP-linked antibodies
were used: Anti-mouse IgG antibody for Rb and Anti-rabbit IgG
antibody for Cyclin D1 and phospholyrated Rb (Cell Signaling
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Technology). Cyclin D1 and phosphorylated Rb protein levels
normalized by [3-Actin levels are shown in the bar graphs.

Statistical analysis. Gene expression changes by RT-qPCR were
determined using the 2-AACt method. A Wilcoxon signed-rank test
was used to compare the relative expression of miRNA in cancer
and non-cancerous tissues. Student’s #-tests were used for the
analyses of proliferation, migration/invasion, and cell cycle assays,
as well as the comparison of mRNA expression. A Chi-squared test
was used to estimate the relationship between miRNA expression
and clinicopathological features. The cut-off value of miR-3663-3p
expression was determined with the minimum p-Value approach
using the recurrence free survival, calculated by the log-rank test.
Patients were divided into a “High” or a “Low” expression group
using this cut-off value. Survival curves were plotted using the
Kaplan-Meier method and compared using a log-rank test. A
multivariate survival analysis was performed using the Cox’s
proportional hazard regression model. All results were analyzed
using JMP software, version 13 (SAS Institute, Cary, NC, USA). A
p-Value<0.05 was considered statistically significant.

Results

Relationship  between  miR-3663-3p  expression — and
clinicopathological features. miR-3663-3p is a novel miRNA
with little information available regarding its expression level
and impact on various cancers, including gastric cancer (GC).
The clinicopathological features of 80 patients with GC and
their miR-3663-3p expression levels are shown in Table I.
miR-3663-3p expression was related to pT factor (p=0.049),
while no relation with other clinicopathological features was
observed. Recurrence was observed in 23 patients, consisting
of: i) 8 cases of hematogenous metastasis, ii) 4 cases of
lymphatic metastasis, iii) 8 cases of peritoneal dissemination,
and iv) 3 cases of other recurrences.

Survival analysis in relation to miR-3663-3p expression.
Recurrence free survival (RFS) was significantly lower in the
low miR-3663-3p expression group compared to the high
expressing group (Figure 1a, p=0.016). Furthermore, cancer
specific survival was slightly lower in the same group, but
not statistically significant (p=0.086).

Prognostic factors of patients with GC. Using univariate
analysis, i) venous invasion (p=0.025), ii) pT factor
(p=0.006), iii) pN factor (p=0.001), iv) pStage (p=0.0004),
and v) miR-3663-3p expression (p=0.016) were significantly
correlated with RFS (Table II). In addition, using
multivariate analysis, 1) pStage III (HR=3.12, p=0.029) and
ii) low miR-3663-3p expression (HR=2.31, p=0.016) were
independent predictive factors of RFS.

miR-3663-3p expression in GC tissue and cell lines. miR-
3663-3p expression was significantly lower in cancer tissue
compared to the adjacent non-cancerous tissue (Figure 1b,

Table 1. Clinicopathological features in relation to miR-3663-3p
expression.

Variables n=80 High Low p-Valueb
expression  expression
(n=47) (n=33)

Age
<70 37 24 13 0.433
=70 43 23 20

Gender
Female 22 14 8 0.583
Male 58 33 25

Location?
U 22 10 12 0.139
ML 58 37 21

Differentiation?®
pap/tub 42 23 19 0.446
por/sig/muc 38 24 14

Tumor size (mm)
<60 52 32 20 0.491
=60 28 15 13

Lymphatic invasion?
LyO 18 9 9 0.394
Lyl1-3 62 38 24

Venous invasion?
VO 21 13 8 0.732
V1-3 59 34 25

pT factor?
T1-2 32 23 9 0.049
T3-4 48 24 24

pN factor?
NO 27 19 8 0.128
N1-3 53 28 25

pStage?
I-1I 49 31 18 0.303
111 31 16 15

Recurrence
Presence 23 11 12 0.849
Absence 57 36 21

2According to the Japanese classification of gastric carcinoma, 15th
edition (36). bp-Values are from Chi-squared test. U: Upper third; M:
middle third; L: lower third; pap: Papillary adenocarcinoma; tub: tubular
adenocarcinoma; por: poorly differentiated adenocarcinoma; sig: signet-
ring cell carcinoma; muc: mucinous adenocarcinoma; Ly: lymphatic
invasion; V: venous invasion.

p=0.002). We assessed miR-3663-3p expression in 6 GC cell
lines and it tended to be lower in 4 cell lines than in the non-
cancer cell lines (Figure 1c).

Effect of miR-3663-3p overexpression in GC cell lines. To
address the impact of miR-3663-3p levels, we expressed a
miR-3663-3p mimic using GC cell lines. miR-3663-3p
expression was significantly increased following transfection
of MKN74 and NUGC4 cells with the mimic (Figure 2a,
p<0.001). The proliferation of MKN74 and NUGC4 cells was
significantly reduced by miR-3663-3p overexpression (Figure
2b, p<0.01). The migratory and invasive capacity of the cells
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Figure 1. Survival analysis and miR-3663-3p expression in gastric cancer tissue and cell lines. A) Cancer specific and recurrence free survival in
relation to miR-3663-3p expression using the Kaplan—Meier method. Patients were divided into ‘High’ and ‘Low’ miR-3663-3p expression groups
using a cut-off value determined with the minimum p-value method. B) Relative expression of miR-3663-3p in cancer and non-cancerous tissues
(**p<0.01). C) Relative expression of miR-3663-3p in GC and non-cancer cell lines.

was also suppressed by miR-3663-3p overexpression (Figure
2c¢, p<0.001). Cell cycle analysis using FACS revealed a
higher proportion of cells in GO/ G1 phase when miR-3663-
3p expression was increased (Figure 2d, p<0.01).

Analysis of downstream pathways regulated by miR-3663-3p.
We next sought to identify potential mRNA targets of miR-
3663-3p. We took a computational approach, using
TargetScan Human 7.2, which predicts mRNA targets of
specific miRNA. Using TargetScan, it was revealed that the
3’-UTR of CCNDI gene contains a predicted miR-3663-3p
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binding sequence (Figure 3a). CCNDI encodes the cell cycle
regulatory protein Cyclin D1, which is involved in cell cycle
initiation (13). CCNDI mRNA expression was significantly
reduced following transfection with the miR-3363-3p mimic
(Figure 3b, p<0.001). Western blot analysis revealed that the
levels of Cyclin D1 protein were also reduced by miR-3663-
3p overexpression (Figure 3c¢ and d). Furthermore,
phosphorylation of Rb protein, a readout of Cyclin DI
activity, was also reduced with no change in Rb protein
levels (Figure 3c and d). Taken together, these results show
that miR-3663-3p downregulates CCNDI and reduces the
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Table II. Recurrence free survival analyses.

Variables n=80 5-year RFS (%) Univariate Multivariate
p-Valueb HR 95% CI p-Value¢
Age
<70 37 67.6 0.263
=70 43 60.5
Gender
Female 22 68.2 0.822
Male 58 62.1
Differentiation?
pap/tub 42 643 0.767
por/sig/muc 38 63.2
Tumor size (mm)
<60 52 71.2 0.117
=60 28 50.0
Lymphatic invasion?
Ly0 18 66.7 0.860
Lyl-3 62 62.9
Venous invasiona
\ 21 85.7 0.025 1 0.83-10.47 0.114
V1-3 59 559 245
pT factor?
T1-2 32 81.3 0.006 - - -
T3-4 48 52.1
pN factor?
NO 27 88.9 0.001 - - -
N1-3 53 50.9
pStage?
I-1I 49 79.6 0.0004 1 1.45-7.12 0.003
111 31 38.7 3.12
miR-3663-3p expression
in cancer tissue
Low 33 515 0.016 231 1.09-5.02 0.029
High 47 723 1

aAccording to the Japanese classification of gastric carcinoma (JCGC), 15th Edition (36). bp-Values in log-rank test. p-Values in Cox’s proportional
hazard model. RFS: Recurrence-free survival; HR: Hazard ratio; CI: confidence interval; pap: papillary adenocarcinoma; tub: tubular
adenocarcinoma; por: poorly differentiated adenocarcinoma; sig: signet-ring cell carcinoma; muc: mucinous adenocarcinoma.

phosphorylation of Rb protein (Figure 3e). Cyclin DI
modulates cell cycle entry in GC cells (14), thus we can
practically assume that miR-3663-3p-dependent changes in
Cyclin D1 levels alter the proliferative capacity.

Discussion

miRNAs play an important role in many normal biological
processes and their expression is often de-regulated in
diseases, such as cancer. The specific miRNA, miR-3663-3p,
has not been characterized as yet. We sought to delineate its
role in gastric cancer (GC). Our study identified decreased
miR-3663-3p expression in gastric cancer tissue.
Overexpression of miR-3663-3p decreased the proliferation,
migration, and invasion abilities of GC cells in vitro, and
identified miR-3663-3p as a target of the cell cycle

regulatory factor, Cyclin D1, which gets down-regulated
upon miR-3663-3p overexpression. Cyclin D1, along with its
cognate cyclin-dependent kinase (CDK), regulates the
phosphorylation of Rb family proteins (15). Indeed, miR-
3663-3p overexpression led to decreased levels of
phosphorylated Rb protein and a higher proportion of GO/G1
cells. To our knowledge, we have provided the first
characterization of miR-3663-3p in gastric cancer.

A previous report on miR-3663-3p by Lili Ji et al., has
shown that miR-3663-3p was tumorigenic and upregulated
in papillary thyroid cancer cell lines and tissue (12). The
IncRNA, Ribosomal protein L34 antisense RNA 1 (RPL34-
AS1), inhibited proliferation and invasion of papillary
thyroid cancer cells. RPL34-AS1 competitively binds miR-
3663-3p and exerts this function by regulating the miR-3663-
3p/ Regulator of G protein signaling 4 (RGS4) axis (12).
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Figure 2. Effects of miR-3663-3p overexpression in gastric cancer cell lines. A) miR-3663-3p expression measured by gRT- PCR in MKN74 and NUGC4
cells transfected with miR-3663-3p mimic is significantly increased in the bar graphs. The results are shown as a relative value. B) Proliferation assays
of MKN74 and NUGCH4 cells transfected with miR-3663-3p mimic. The results are shown as a relative value (N=4). C) Representative images of
transwell migration and invasion assays of MKN74 and NUGC4 cells overexpressing miR-3663-3p. The cells were stained using crystal violet. The
mean number of cells counted in random 5 fields is shown in the bar graphs. The results are shown as a relative value (N=3). D) Cell cycle analysis
using Propidium iodide (PI) staining and Fluorescence Activated Cell Sorting (FACS) in MKN74 cells revealed a higher proportion of cells in GO/G1
phase overexpressing miR-3663-3p. The cell proportion in each phase is shown in the bar graph (N=3). *p<0.05; **p<0.01; ***p<0.001.
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Figure 3. The levels of cyclin D1 and phosphorylation of Rb protein regulated by miR-3663-3p expression. A) The predicted binding sequence for
miR-3663-3p in the 3’-UTR of the CCND1 gene. B) CCNDI mRNA expression measured by gRT-PCR in MKN74 and NUGC4 cells transfected with
miR-3663-3p mimic is significantly reduced following transfection with the miR-3363-3p mimic in the bar graphs (p<0.001). The results are shown
as a relative value C) Expression of Cyclin D1, Rb, and phosphorylated Rb protein in MKN74 and NUGC4 cells overexpressing miR-3663-3p.
Protein levels were assessed from total cell lysates by western blot for the proteins indicated. D) Cyclin D1 and phosphorylated Rb protein levels
normalized by -Actin levels are reduced by miR-3663-3p overexpression in the bar graphs. The results were shown as a relative value. E) A model
of miR-3663-3p acting on the gastric cancer cell cycle. ***p<0.001.
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miRNAs play many diverse roles in diseases including
cancer (16, 17), simultaneously promoting or suppressing
cancer progression by regulating both tumor suppressive and
tumorigenic mRNA molecules, respectively (18). More
comprehensive mechanistic analyses of the biological roles
of miR-3663-3p and its specific mRNA targets need to be
performed to gain an understanding of its role in GC.

Cancer development is a highly orchestrated process
requiring transcriptional and post-transcriptional regulation
of gene expression by many non-coding RNAs, including
miRNAs (19). Furthermore, miRNAs are currently being
investigated as potential therapeutic targets in many cancers.
and may be playing an important role in cancer diagnosis or
even prognosis (20, 21). In this context, miR-3663-3p may
represent an important miRNA with regards to its potential
use for managing GC, as it seems to be involved in the
suppression of this type of tumor.

The transition from G1 to S phase of the cell cycle is
crucial for the control of eukaryotic cell proliferation, and
abnormal cell cycle progression promotes oncogenesis (22).
To this end, the first identified tumor suppressor gene,
Retinoblastoma gene (Rb), acts as a switch to regulate the
initiation of this exact transition (23-25). Overexpression of
miR-3663-3p induced cell cycle arrest at the GO/Gl1
transition. Dysregulation of the Cyclin D1- Rb pathway is
one of the most common alterations found in human cancers,
including gastric cancer (13, 26), so that it could become a
specific prognostic marker (27). Another molecule, miR-218
also negatively regulates cell cycle progression in GC by
specifically targeting CDK6 and Cyclin D1 (28). Therefore,
it could be assumed that the decreased levels of miR-3663-
3p in GC may highlight an important role in the regulation
of gastric cancer cell cycle progression.

Studies examining the efficacy of novel miRNA targeting
therapies for cancers are currently underway (29, 30). For the
realization of these treatments, safe and efficient drug delivery
systems (DDS) and reliable tumor suppressive miRNAs are
necessary. Regarding DDS, several types of molecules, such as
a nano-peptides (31) and collagen derivatives (e.g.,
atelocollagen) (32) have been described. In addition, several
tumor suppressive miRNA molecules have shown their
potential as therapeutic agents by limiting tumorigenicity (33-
35). Further analysis of miR-3663-3p may shed light on its
usefulness in cancer therapeutics or diagnosis in the future.

Our study provided a proof of context regarding the
importance of miR-3663-3p in GC. Since our study was an
initial characterization of miR-3663-3p in GC, there are
many open questions to be addressed in the future. Due to
the small patient cohort and limitations in sample storage it
was not easy to make concrete conclusions about the clinical
significance and the role of miR-3663-3p. Furthermore, we
have not verified whether CCNDI is a direct target of
miR3663-3p. Although the mRNA and protein levels of
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CCNDI1 are decreased by miR3663-3p overexpression and
the phosphorylation of Rb protein is decreased, there could
be a mediator facilitating the observed effect. Nonetheless,
miR-3663-3p expression appears to influence the Cyclin D1-
Rb pathway and cell cycle initiation.

Taken together, miR-3663-3p is a clinically useful predictive
factor for GC recurrence. Furthermore, our findings shed light
on the tumor suppressive role of miR-3663-3p in limiting cell
cycle entry by decreasing Cyclin DI levels. More
comprehensive analyses need to be performed to further
elucidate the exact role of miR-3663-3p in gastric cancer.
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