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Abstract

Background: Cancers can survive the oxidative conditions by upregulating nucleoside diphosphate linked moi-
ety X-type motif 1 (NUDT1). However, the mechanisms underlying gastric carcinogenesis and the dys-regulation
of NUDTT1 in gastric cancer (GC) remain unknown. Our study aimed to explore the role of NUDT1 and its regulatory

pathway by miR-485-5p in GC.

Methods: Gastric cancer tissues and paired noncancerous tissue samples were collected, and the expression level
of NUDT1 and miR-485-5p were detected. Two cohorts from The Cancer Genome Atlas (TCGA) database and another
cohort from the Tianjin Medical University Cancer Institute and Hospital were further analyzed. Luciferase assays were
performed, and the effects of the miR-485-5p/NUDT1 axis on GC cells and normal gastric cells were determined by

subsequent experiments.

Results: We found that the expression of miR-485-5p was clearly repressed in GC tissues, while NUDT1 expression
level was dramatically increased. The overexpression of NUDT1 correlated closely with an increase in invasive depth
and a decrease in survival in GC patients. MiR-485-5p could directly bind to the 3'UTR of NUDTT mRNA and induce its
degradation, thus down-regulate its expression. The miR-485-5p/NUDT1 axis could lead to the changes of 8-oxo-dG
in GC cells. And the increased expression of NUDT1 resulting from the downregulation of miR-485-5p could acceler-
ate cell proliferation and metastasis in GC. However, the growth and migration of normal gastric cells did not depend
on the protection of NUDT1, while the overexpression of NUDT1 could promote malignant transition in normal gastric

cells.

Conclusions: MiR-485-5p acts as a tumor suppressor by targeting NUDT1 in GC. The miR-485-5p/NUDT1 axis is
involved in the processes of cell growth and cell motility and plays a key role in the tumorigenesis of GC.
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Background

Reactive oxygen species (ROS) are generated during
regular electron transport in the mitochondria or other
cellular metabolic pathways. Cellular macromolecules,
including nucleic acids, proteins and lipids, are always
at high risk of being oxidized by ROS and thus lead to
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functional or structural abnormalities. Oxidative dam-
age to nucleic acids is the most hazardous owing to the
alteration of gene information caused by base mismatch
to oxidative nucleotide, such as 8-oxo-7,8-dihydro-2’-
deoxyguanosine 5'-triphosphate (8-0xodGTP). Accu-
mulation of 8-0xodGTP in genomes can result in
mutagenesis or cell death, and is eventually minimized
by the functions of nucleoside diphosphate linked moi-
ety X-type motif 1 (NUDT1), also known as MutT
homolog-1 (MTH1) with its activity of 8-oxo-dGTPase
[1]. NUDT1 can hydrolyze 8-oxodGTP into 8-oxodGMP
or 8-0xodGDP, then sanitize from the nucleotide pools

[1].
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With high proliferative properties and various micro-
environmental factors, cancer tissues are exposed to
high oxidative pressure levels and thus accumulate a high
level of 8-0x0-dGTP in their nucleotide pools [2-5]. As
a result, cancer cells up-regulate NUDT1 to eliminate
excessive 8-0xo-dGTP [5-7], indicating that increased
expression of NUDT1 in cancer cells may be detrimental
for cancer patients. Overexpression of NUDT1 may have
several protective functions for cancer cells by hydrolyz-
ing 8-0x0-dGTP or other oxidized nucleotides produced
by endogenous elevated ROS or by therapy-induced ROS,
thus contributing to malignant phenotypes, poor prog-
nosis and resistance to therapy in cancer patients. It has
been reported that NUDT1 is overexpressed in various
cancers [8, 9]. And some positive correlations have been
observed between the expression levels of NUDT1 and
the prognosis of cancer patients [10-12]. Recent stud-
ies also demonstrate that NUDT]1 is indispensable for
the oncogenic RAS-mediated transformation and prolif-
eration in tumorigenic cells, because oncogenic RAS can
induce ROS formation [13—15]. Since normal tissues are
in regular cell cycles and are with low oxidative pressure,
the actions of NUDT1 are unnecessary. Based on the pro-
tective properties of NUDT1 against oxidative stress in
cancer cells and the nonessential role of it in normal cells,
NUDTT1 inhibitors have been developed as potential anti-
cancer drugs [2, 16].

Gastric cancer (GC) is the fourth most common can-
cer and the third lethal cancer worldwide [17]. The mor-
bidity and mortality of GC in China is much higher than
others, both rank second merely after lung cancer [18].
Target therapy is a promising strategy in the cancer treat-
ment, however, the effective target used in the treatment
of GC is limited. Hence, many scholars focus on the
mechanisms of GC oncogenesis to discover novel targets.
It is noteworthy that GC is also in high oxidative stress,
so GC cells theoretically require the overexpression of
NUDT1 to survive. However, the mechanism underlying
the dys-regulation of NUDT1 in cancer, particularly in
GC remains unknown.

MicroRNAs (miRNAs) are significant modulators in
carcinogenic pathways by specific mRNA cleavage or
translational repression of target genes. Whether miRNAs
play an important role in the dys-regulation of NUDT1
in GC is unidentified. The tumor suppressor role of miR-
485-5p was discovered in several cancers [19-21]. A circu-
lating non-coding RNA panel, including miR-485-5p, was
reported to act as an early detection predictor of non-small
cell lung cancer [22]. Down-regulation of miR-485-5p was
also found in GC tissues and involved in predicting prog-
nosis in GC patients [23, 24]. However, the molecular
mechanism that miR-485-5p regulate tumorigenesis in GC
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remains largely unspecified. Bioinformatics tools showed
that NUDT1 might be a target of miR-485-5p. Hence,
this study was carried out to investigate the actual role of
miR-485-5p and its relationship with the ROS scavenger
NUDTT1 in the oncogenesis of GC.

Methods

Human tissues and clinical cohorts

Fresh GC tissues and paired adjacent noncancerous tis-
sues were obtained from patients undergoing a radical
surgery at the Tianjin Medical University Cancer Institute
and Hospital. Tissue fragments were immediately frozen
in liquid nitrogen at the time of surgery. Formalin-fixed,
paraffin-embedded (FFPE) sections of GC specimens and
paired adjacent noncancerous specimens were derived
from 40 GC patients with complete clinicopathological
and follow-up information who underwent radical sur-
gery from October 2009 to December 2009 at the Tianjin
Medical University Cancer Institute and Hospital. Tumor
tissues were histopathologically verified adenocarcinoma
and noncancerous tissues were confirmed negative. All
aspects of the study were approved by the Ethics Com-
mittee of Tianjin Medical University Cancer Institute
and Hospital and informed consent was obtained before
surgery.

A total of 407 GC patients with mRNA expression
profiling and 491 GC patients with miRNA expression
profiling were included from The Cancer Genome Atlas
(TCGA) database.

Cell lines and culture

Human gastric cancer cell line SGC7901 and MGC803,
normal gastric cell line GES-1 and embryo kidney epi-
thelial cell line HEK-293T were cultured following
instructions.

The miRNA target prediction

The miRNA target prediction and analysis were per-
formed with the algorithms from TargetScan (http://
www.targetscan.org/), PicTar (http://pictar.mdc-berlin.
de/) and miRanda (http://www.microrna.org/).

Luciferase reporter assay

Part of the wild and mutated 3'UTR of NUDT1 mRNA
which contained the predicted miR-485-5p targeting
regions were synthesized and inserted into the pMIR-
REPORT plasmid. The [B-galactosidase expression vec-
tor was used as a transfection control. For the luciferase
reporter assays, 2 mg of firefly luciferase reporter plas-
mid, 2 mg of B-galactosidase vector, and equal doses
(200 pmol) of mimics, inhibitors, or scrambled negative
control RNA were transfected into the prepared cells.
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At 24 h after transfection, cells were analyzed using the
Luciferase Assay Kit.

Cell transfection

GC cells were seeded in plates and performed transfec-
tion using Lipofectamine 2000 (Invitrogen, Life Technol-
ogies) according to the manufacturer’s instructions. The
NUDT1 overexpressing plasmid and the control plasmid
were generous gifts from Dr. Wang at the Tianjin Medi-
cal University Cancer Institute and Hospital. MiR-485-5p
mimics and inhibitors, the siRNAs targeting NUDT1
along with control RNA were bought from Ribobio.
Lentivirus to knockdown miR-485-5p was bought from
shanghai Genechem Co., LTD. Equivalent doses (2 pug) of
plasmids, or equal amounts (100 pmol) of miRNA mim-
ics/inhibitors or siRNAs were transfected into each well.
The cells were harvested at 24 h after transfection for
RNA detection and at 48 h for protein analysis.

RNA isolation and quantitative RT-PCR

Total RNA was extracted using TRIzol Reagent follow-
ing the manufacturer’s protocol. The expression level of
miR-485-5p was analyzed by TagMan miRNA probes.
U6 snRNA was used as an internal control for miRNA,
and the mRNA levels of NUDT1 were normalized to
GAPDH. After the PCRs were accomplished, the cycle
threshold (CT) data were calculated using fixed threshold
settings, and the mean CT value was determined from
triplicate PCR reactions. A comparative CT method was
used and the relative levels of target genes normalized
to control were calculated with the equation 274CT in
which ACT = CT CT

gene control*

Protein extraction and western blotting

Cells were lysed in RIPA buffer. The total proteins were
separated on SDS-PAGE gels and transferred to PVDF
membrane. The membrane was blocked within 5% fat-
free dried milk for 1 h and then incubated overnight
at 4 °C with primary anti-NUDT1 (1:2000, Abcam,
ab197028), or anti-GAPDH (1:5000, Santa Cruz,
sc-293335), respectively. After incubation with secondary
antibodies, the protein bands were visualized.

Cell proliferation assay

The proliferative ability of GC cells was determined by
EdU proliferation assay, CCK8 assay and colony for-
mation assay. For EdU proliferation assay, at 24 h after
transfection, cells were incubated in 50 pM EdU for 5 h,
and then fixed within 4% paraformaldehyde for 30 min.
After treatment with 0.5% Triton X-100 for 10 min, cells
were incubated in darkness with Apollo staining solution
for 30 min, and nuclei were then stained with DAPI for
another 30 min. For CCK8 assay, GC cells were collected
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at 12, 24, 36 and 48 h post-transfection, and 10 pL of
CCK8 was added and incubated for 4 h. Absorbance was
measured at a wavelength of 450 nm. For colony for-
mation assay, transfected cells (500 cells per well) were
seeded into 12-well plate, then fixed and stained after
7-10 days.

Cell migration assay

Wound healing assay and transwell migration assay were
used to evaluate the motility of GC cells after transfec-
tion. When the cells attached, a wound healing assay was
performed. Each well was scraped with a 10 pL pipette
tip to create a linear region devoid of cells. The remain-
ing cells were cultured in the medium with 1% serum.
The wound closure was monitored at 0, 6, 12, 18, and
24 h after scraping. For transwell migration assay, 24-well
chambers with 8-pm pore size polycarbonate membrane
were used. Transfected cells (10° cells per well) were
seeded into the upper chamber with 200 uL serum-free
medium, and 600 pL complete medium containing 10%
serum was added to the lower chamber as a chemo-
attractant. After 24 h of incubation, nonmigratory cells
on the upper chamber were removed slightly by cotton
swabs, and the membranes were fixed with methanol and
subsequently stained.

Immunofluorescence

At 48 h after transfection, cells were fixed within 4%
paraformaldehyde for 30 min. After treatment with 0.5%
Triton X-100 for 10 min, cells were incubated overnight
at 4 °C with primary anti-8-oxo-dG (1:600, Abcam,
ab62623). After incubation with appropriate secondary
antibodies, nuclei were stained with DAPL.

Immunohistochemistry assays

All sections were deparaffinized twice with xylene and
rehydrated in a graded series of ethanol. The sections
were performed heat mediated antigen retrieval with
Tris/EDTA buffer, and incubated overnight at 4 °C with
anti-NUDT1 antibody (1:100, Abcam, ab197028). The
next day, the slides were incubated with second antibod-
ies for 40 min at 37 °C and stained with the DAB system,
then counterstained with hematoxylin, dehydrated, and
coverslipped. Based on the degree of cell staining and
the percentage of positive cells, the expression status of
NUDT1 was quantified. The specimen was scored as 0, 1,
2 or 3 for no staining, light yellow staining, brown yellow
staining or dark brown staining, respectively. According
to the percentage of positive cells, < 10, 11-25, 26-50
or > 51% was recorded as the score of 0, 1, 2 or 3, respec-
tively. Then the two scores multiplied to be the immu-
nohistochemical staining index. The index of less than 4
was represented of the negative expression of NUDT1.
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Conversely, it was considered as the positive expression
of NUDT1.

Statistical analyses

All statistical analyses were performed using IBM SPSS
Statistics, Version 20.0. And all data were representative
of at least three independent experiments. The Student’s ¢
test was used for two-group comparisons. Clinicopatho-
logical categorical variables were compared using the x>
test or Fisher’s exact test. Survival curves according to
NUDT1 expression were estimated with the Kaplan—
Meier method and compared using the log-rank test.
Differences were considered statistically significant for
P <0.05.

Results

NUDT1 is overexpressed in GC tissues and is related to the
prognosis of GC patients

NUDT1 is generally known to act as a nucleotide pool
sanitizing enzyme, however, its expression pattern in
GC has not been detailedly described yet. In this study,
the mRNA and protein levels of NUDT1 in five human
GC tissues and paired noncancerous tissues were firstly
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evaluated. Compared with the adjacent noncancer-
ous tissues, both the NUDT1 protein and mRNA levels
were dramatically upregulated in GC tissues (Fig. la—c).
To further investigate the expression pattern of NUDT1
in GC, a total of 407 GC patients with mRNA expres-
sion profiling were included from TCGA. As showed
in Fig. 1d, the level of NUDT1 mRNA showed a clear
increase in GC in accordance with our results.

Another cohort consisted of 40 gastric carcinoma
patients from the Tianjin Medical University Can-
cer Institute and Hospital was then used to explore the
expression level of NUDT1 and its relationship with
clinicopathological characteristics by using IHC assays.
The baseline characteristics of this cohort were listed in
Table 1. NUDT1 was found to be mainly expressed in the
cell cytoplasm and nucleus (Fig. 1e). Based on the stain-
ing index of each specimen, patients were divided into
NUDT1-positive group and NUDT1-negative group.
The expression of NUDT1 was significantly increased
in the GC specimens (31/40, 77.5%), compared to the
noncancerous specimens (10/40, 25.0%; x> = 22.064,
P = 0.000). And NUDT1-positive tumors might have
later T stages (P = 0.004). Furthermore, survival curves
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Fig. 1 Inverse correlation between NUDT1 and MiR-485-5p in human GC tissues. a Western blot analysis of NUDT1 expression in GC tissues and
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Table 1 The baseline characteristics of gastric carcinoma
patients (n = 40)

NUDT1-positive NUDT1-negative P value
(n=31) (n=9)
No. of patients (%) No. of patients (%)
Gender 1.000
Male 22 (71. 7(77.8)
Female 9(29.0) 2(222)
Age 1.000
<65 26 (83.9) 7(77.8)
> 65 5(16.1) 2(222)
Borrmann 1.000
Typell 1(3.2) 0(0.0)
Typell 17 (54.9) 5(55.6)
Type Il 12 (38.7) 4 (44.4)
Type IV 1(3.2) 0(0.0)
Differentiation 0.643
Well/moder- 8(25.8) 1(11.1)
ately
Poorly 23(74.2) 8(88.9)
T stage 0.004
T1a/T1b 0(0.0) 2(22.2)
T2 1(3.2) 2(222)
T3 13.2) R
T4a 29 (93.6) 4(44.5)
N stage 0.157
NO 12 (38.7) 2(22.2)
N1 2(6.5) 3(333)
N2 8(25.8) 3(333)
N3a/N3b 9(29.0) 1(11.2)

were constructed with the Kaplan—Meier method. The
median follow-up time of this cohort was 48.9 months
(range 8.3-65.5 months). The 1-, 3-, and 5-year overall
survival rates were 92.5, 70.0, and 55.0% for all patients,
respectively. The disease-free survival and overall sur-
vival of patients according to NUDT1 status displayed
significant difference (P = 0.019, P = 0.029, respectively),
and NUDT1-negative tumors tended to have favorable
survival (Fig. 1f). These results showed that NUDT1 was
significantly upregulated in GC, and had intense correla-
tion with the poor prognosis of patients.

Identification of miR-485-5p as a potential upstream
regulator of NUDT1

Through specific degradation or translational repression
of target mRNA, miRNAs play critical roles in regulat-
ing the expression of oncogenes and tumor suppressors.
Whether miRNAs can induce the dys-regulation of
NUDT1 in GC has not been investigated yet. In the pre-
sent study, TargetScan, PicTar and miRanda were used to
predict the probable upstream regulator of NUDT1. The
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results displayed that miR-485-5p could directly bind to
the 3’'UTR of NUDT1 mRNA by complementary base
pairing of two target regions, as showed in Fig. 2a, the
binding sites were highly conserved.

It was reported that miR-485-5p was downregulated
in various cancers, including GC. The expression pattern
of miR-485-5p in the five pairs of GC tissues and corre-
sponding noncancerous tissues was then evaluated. As
expected, the expression level of miR-485-5p was sig-
nificantly decreased in all the GC tissues (Fig. 1g). Simi-
larly, miR-485-5p was found to be down-regulated in the
TCGA cohort (Fig. 1h). The levels of miR-485-5p and
NUDT1 showed inverse correlation both in our cohort
and TCGA cohort, thus miR-485-5p was speculated to be
a potential regulator of NUDT1 in GC.

Validation of NUDT1 as a direct target of miR-485-5p in GC
cells

Luciferase assays were performed in HEK-293T cells to
verify the direct interaction between miR-485-5p and
NUDT1. As showed in Fig. 2b, ¢, the luciferase signal was
significantly decreased by nearly 50% when miR-485-5p
mimics were co-transfected with the wild-type luciferase
reporters, however, the inhibition was lost when the
binding sites in 3’UTR were mutated instead. The relative
luciferase activity showed obvious increase when miR-
485-5p inhibitors were co-transfected. And the results of
the two predicted targets were consistent.

Then, the regulatory effects of miR-485-5p on NUDT1
expression were evaluated in GC cells. The expression
levels of miR-485-5p in GC cell lines were reported to
be downregulated compared to the normal gastric cell
line (GES-1). SGC7901 cell line and MGC803 cell line
were selected for further experiments in this study. MiR-
485-5p mimics or inhibitors were utilized to achieve the
up-regulation or down-regulation of miR-485-5p (Fig. 2d,
e), respectively. Overexpression of miR-485-5p led to a
sharp reduction of NUDT1 mRNA and protein, whereas
the inhibition of miR-485-5p clearly enhanced the
expression of NUDT1 (Fig. 2f-h). To further validate the
role of miR-485-5p, lentivirus to knockdown its expres-
sion was used. As Additional file 1: Figure S1 showed,
knockdown of miR-485-5p lead to the overexpression
of NUDT1 at both protein and mRNA levels. The above
results indicated that miR-485-5p could directly target
NUDT1 mRNA and induce its degradation.

Suppressive role of miR-485-5p in GC cells

We further assessed cell growth and cell motility in GC
cells transfected with miR-485-5p mimics/inhibitors. The
EdU proliferation assay, CCK8 assay and colony forma-
tion assay were used to investigate the proliferation of
GC cells. As expected, the overexpression of miR-485-5p
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resulted in a sharp decrease of cell proliferation, whereas
knock-down of miR-485-5p led to increasing cell prolif-
eration significantly (Fig. 3a—f). Effects of miR-485-5p
on cell migration were evaluated by transwell assay
(Fig. 3g) and wound healing assay (Fig. 3h). Both the two
approaches demonstrated that GC cells transfected with
miR-485-5p inhibitors showed a higher ratio in migra-
tion, whereas cell migration was strongly inhibited when
cells are transfected with miR-485-5p mimics. These
results suggest that miR-485-5p acts as a tumor suppres-
sor in GC and its dramatic down-regulation contributes
to a faster rate of proliferation and increased migration in
cancer cells.

NUDT1 promotes cell proliferation and migration in GC
cells

To give a better understanding of NUDT1-involved path-
way in GC, plasmid or siRNAs were used to overexpress
or knock-down NUDT1 in GC cells, respectively. The
silencing and overexpression efficiency was assessed by

RT-qPCR and western blotting. Both the mRNA and
protein levels of NUDT1 were augmented by the overex-
pression plasmid (Additional file 2: Figure S2A-C) and
were markedly inhibited by siRNAs (Additional file 2:
Figure S2D-F). The function of NUDT1 on cell growth
and migration was measured subsequently. The prolif-
eration assay (Fig. 4a—e) indicated that the proliferation
rate of GC cells overexpressing NUDT1 was significantly
higher than that of control cells, whereas siRNAs target-
ing NUDT1 could inhibit cell proliferation dramatically.
Furthermore, cells with upregulated NUDT1 showed
stronger ability to migrate, while knock-down of NUDT1
could inhibit cell migration significantly (Fig. 4f-i).
Therefore, as an oncogene of GC, NUDT1 promotes cell
proliferation and migration obviously.

The impacts of miR-485-5p/NUDT1 axis on eradicating
8-ox0-dG in GC cells

NUDT1 was known as an 8-oxo-dGTPase, hence
its role in eradicating 8-oxo-dG was investigated.
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Immunofluorescence was used to detect the cellular level
of 8-0x0-dG in the nucleotide pools of GC cells after
transfection. As showed in Fig. 5, when NUDT1 was
up-regulated by plasmid or miR-485-5p inhibitors, the
8-0x0-dG in nucleus and cytoplasm decreased; whereas
the level of 8-oxo-dG increased after the knockdown of
NUDT]1. The miR-485-5p/NUDT1 axis could lead to the
changes of 8-oxo-dG, thus contributing to malignant
phenotypes.

The effects of miR-485-5p/NUDT1 axis on GES-1 cells

The results above showed that siRNA-mediated NUDT1
down-regulation could simulate the effects of miR-
485-5p mimics on phenotypes of GC cells, while plas-
mid-mediated NUDT1 overexpression had the identical
effects with miR-485-5p inhibitors. To further validate
the role of miR-485-5p/NUDT1 axis in GC, normal gas-
tric cell line (GES-1) was used as a control. Although
miR-485-5p mimics lead to a sharp decrease of NUDT1
in GES-1 cells (Fig. 6a—c), it had no effect on the prolif-
eration and migration of GES-1 cells (Fig. 6d—f), which
demonstrated that the growth of normal cells is not
dependent on the protection of NUDT1. However, the
overexpression of NUDT1 could partially accelerate the

proliferation and migration in GES-1 cells (Fig. 6d—f),
suggesting the oncogenic role of NUDT1.

Discussion

In our present study, miR-485-5p and NUDT1 levels
showed opposite trends in 5 pairs of gastric carcinoma
and noncancerous tissues. The overexpression of NUDT1
was related to later T stage and indicated poorer sur-
vival in GC patients. MiR-485-5p was verified to be an
upstream regulator of NUDT1, and the dramatic knock-
down of miR-485-5p in GC leads to upregulation of
NUDT]1, thus contributing to accelerated proliferation
and increased migration of cancer cells.

NUDT]1, acts as a nucleotide pool sanitizing enzyme,
plays an indispensable part in surviving the oxidative
stress in cancer cells. However, several researchers found
distinct roles of NUDT1 [25, 26], in which NUDT1 defi-
ciency in certain cancer cell lines achieved by small RNA
interference or genome editing does not result in any det-
rimental effects on these cells, indicating that NUDT1
may not be always indispensable for cancer cell survival
under oxidative conditions. Hence, the authentic role
of NUDT1 in oncogenesis needs more investigation. In
accordance with the results of most previous studies, we
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Fig. 4 Idenmﬁcauon of NUD’H as an oncogene in GC a-e EdU assays (a b) CCK8 assays (c) and colony formation assays (d, @) demonstrate that
up-regulation of NUDT1 promotes cell proliferation of GC cells. f-i Transwell assays (f, g) and wound healing assays (h, i) show that overexpression
of NUDT1 enhances cell migration of GC cells strongly. PCDNA NUDT1 refers to overexpression plasmid, and PCONA NC refers to control plasmid.

found that the expression of NUDT1 was up-regulated at
both mRNA and protein levels in GC. The oncogenic role
of NUDT1 which we verified in the GC cells and GES-1
cells can provide another proof for the therapy targeting
NUDT]1. By far, some NUDT1 inhibitors have been dis-
covered and have showed some favorable effects in vitro
and in vivo [16, 27-29].

Although miR-485-5p has been found to be down-
regulated in both GC tissues and cell lines [23, 24], its
specific mechanism in the process of tumorigenesis
remains unclear. We identified that miR-485-5p could
directly bind to the 3’'UTR of NUDT1 mRNA, then lead
to its clearance in GC. MiRNA-mediated repression or
degradation of mRNA transcripts is one of the essential
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modes of post-transcriptional regulation. It has been length of 3'UTR [30] or the A/U-rich 3'UTRs [31] were
under investigated how the miRNA-mRNA interac- positively associated with the degradation of mRNA. The
tion decides whether to degrade the mRNA or repress 3’UTR of NUDT1 mRNA is short, and it may be one rea-
its translation. Researchers concluded that the short son why miR-485-5p can lead to the clearance of NUDT1
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mRNA. The miRNA-NUDT1 pathway has been investi-
gated previously in lung cancer [32]. It was pointed out
that miR-145 could inhibit cell proliferation and was in
the negative regulation of NUDT1 expressions at both
mRNA and protein levels [32]. Since one miRNA can tar-
get multiple genes and one gene can be regulated by sev-
eral miRNAs, identification of the complete miRNA-gene
pathway is necessary and can provide more insights into
the exploration of new therapeutic targets. The inhibitory
effects of miR-485-5p on GC cells can clue to the treat-
ment based on miR-485-5p.

It is the first time to detailedly describe the expres-
sion pattern and biological role of NUDT1 in GC. And
the correlation between NUDT1 expression and survival
of GC patients has not been identified previously. The
miR-485-5p/NUDTT1 axis is verified to be involved in the
carcinogenesis of GC, however, additional cohorts and
in vivo experiments are needed.

Conclusions

To conclude, experimental evidence in our study proves
that miR-485-5p possesses a tumor-suppressive func-
tion in GC and the down-regulated miR-485-5p lead to
the increased expression of NUDT]1, thus contributing to
cancer progression. MiR-485-5p/NUDT1 axis is involved
in the processes of cell growth and cell motility and plays
key roles in the tumorigenesis of GC. Our findings pro-
vide evidence for the function of miR-485-5p in GC and
can clue to the treatment by targeting NUDT1 in cancer.

Additional files

Additional file 1: Figure S1. The role of miR-485-5p knockdown
lentivirus. A. Quantitative RT-PCR analysis of miR-485-5p levels in GC cells.
B. Relative NUDTT mRNA levels. C. The regulation of NUDT1 expression
by miR-485-5p knockdown lentivirus. D. Quantitative analysis of C. **
indicates P < 0.01.

Additional file 2: Figure S2. Overexpression and knock-down of NUDT1
in GC cells. A, B and C. Up-regulation of NUDT1 expression by plasmid. GC
cells were transfected with NUDT1 plasmid, and the protein levels (A and
B) and mRNA levels (C) were detected respectively. D, E and F. Silencing of
NUDT1 expression by siRNAs. GC cells were transfected with NUDT1 siR-
NAs, and the protein levels (D and E) and mRNA levels (F) were detected
respectively. PCONA NUDT1 refers to overexpression plasmid, and PCONA
NC refers to control plasmid. ** indicates P < 0.01; *** indicated P < 0.001.
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