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Abstract
Long non-coding RNA LINC01106 is an lncRNA aberrantly expressed in gastric cancer (GC). However, the accurate function 
remains unclear. The objective of this investigation is to explore detailed regulatory mechanism of lncRNA LINC01106 in 
GC. The expression of lncRNA LINC01106, MYCN, and miR-34a-5p was determined by quantitative real-time polymerase 
chain reaction (qRT-PCR). Cell viability was examined using MTT assay. Migratory and invasive abilities of GC cells were 
evaluated by transwell assay. The targeting relation among lncRNA LINC01106, MYCN, and miR-34a-5p was tested by dual-
luciferase reporter (DLR) assay. Relative protein expression of MYCN was assessed via western blot. Besides, a xenograft 
mouse model was established to assess the role of LINC01106 in GC in vivo. LncRNA LINC01106 and MYCN expression 
were boosted and miR-34a-5p expression was reduced in GC cells and tissues compared to their controls. Functionally, 
decreased lncRNA LINC01106 or increased miR-34a-5p restrained GC cells in viability, invasion, and migration in vitro. 
LINC01106 down-regulation suppressed tumor growth of mice in vivo. In terms of mechanism, lncRNA LINC01106 directly 
targeted miR-34a-5p and was inversely correlated with miR-34a-5p. MYCN was targeted by miR-34a-5p and was inversely 
correlated with miR-34a-5p. There was a positive correlation between LINC01106 and MYCN. LINC01106 knockdown led 
to the suppression of cell invasion, migration, and viability, whereas these effects caused by LINC01106 knockdown were 
reversed by miR-34a-5p down-regulation or MYCN up-regulation in GC cells. Silencing of lncRNA LINC01106 attenuated 
cell viability, invasion, and migration by sponging miR-34a-5p to target MYCN in GC.
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Introduction

Gastric cancer (GC) refers to a common tumor of the diges-
tive tract, and lifestyle and environmental factors are main 
contributors to GC etiology [1]. It is considered as the fifth 
most common cancer with high mortality worldwide [2]. 

According to statistics, over 1,000,000 new cases of GC are 
diagnosed globally, causing about 783,000 deaths in 2018 
[3]. At present, surgery, radiation, and chemotherapy are 
major strategies for GC treatment [4]. Although great pro-
gress has been achieved in GC treatment, the therapeutic 
effect is far from satisfaction [5]. Hence, there is an urgent 
need to discover new options to improve GC therapy.

Long non-coding RNAs (lncRNAs) are catalogued as 
RNA molecules longer than 200 nucleotides, which are 
incapable of encoding proteins [6, 7]. Abundant reports 
have documented the critical roles of lncRNAs in the 
control of GC progression [8–10]. Huang et  al. have 
proved that silencing of lncRNA AK023391 represses 
cell invasion and migration of GC cells and suppresses 
tumor growth in mice [8]. Luo et al. have revealed that 
down-regulation of lncRNA LINC00483 attenuates the 
viability, invasion, and migration of GC cells and restrains 
tumor growth in mice [9]. Pan et al. have uncovered that 
silencing of lncRNA LIFR-AS1 restrains GC cells from 
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proliferating, invading, and migrating in vitro [10]. Among 
multiple lncRNAs, lncRNA LINC01106 has drawn our 
attention due to its association with GC [11, 12]. For 
instance, the expression of lncRNA LINC01106 is ele-
vated in GC tissues in comparison with adjacent normal 
tissues [11]. LncRNA LINC01106 is identified as key 
prognostic factor in GC based on data of survival analyses 
[12]. However, the specific role and potential mechanisms 
of lncRNA LINC01106 in GC have not been elaborated.

It is well known that lncRNAs fulfill their functions 
via sponging microRNAs (miRNAs) [13]. MiRNAs, non-
coding RNAs with 20–24 nucleotides, are reported to par-
ticipate in post-transcriptional modulation of genes [14]. 
Ample evidence has revealed that miRNAs participate in 
regulating the pathological process of GC [15–17]. For 
example, miR-93-5p up-regulation accelerates GC cells 
to migrate, invade, and proliferate [15]. MiR-339-5p over-
expression suppresses migration and proliferation of GC 
cells [16]. MiR-532 up-regulation enhances migratory and 
invasive abilities of GC cells [17]. MiR-34a-5p, belonging 
to the has-miR-34 family, has also shown potential as a 
biomarker and a regulator in GC [18, 19]. One study from 
Hu et al. has reported that miR-34a expression in GC tis-
sues is lower than that in adjacent non-cancer tissues [18]. 
Another study from Wei et al. has indicated that miR-34a 
represses the proliferation and invasion of GC cells [19]. 
On the other hand, the regulatory interplay between miR-
34a-5p and lncRNA HOTAIR/lncRNA DANCR/lncRNA 
XIST has been unveiled in varied cancers [20–22]. Nev-
ertheless, the regulatory mechanism between lncRNA 
LINC01106 and miR-34a-5p in GC remains unclear.

To our knowledge, a common feature of miRNAs is that 
they can exert extensive roles by binding to their target 
genes [23]. Previously, miR-34a-5p is unveiled to directly 
target programmed cell death 1 ligand 1 (PD-L1) [24], the 
transcription factor YY1 [25], and sphingosine-1-phos-
phate phosphatase 1 (SGPP1) [26] in diverse cancers. 
MYCN, a member of the MYC family of proto-oncogenes, 
is usually expressed in the migrating neural crest [27]. 
It is uncovered to implicate in several cancers [28, 29]. 
Liu et al. have reported that MYCN contributes to cell 
proliferation in non-small cell lung cancer (NSCLC) cells 
[28]. Yasukawa et al. have indicated that down-regulation 
of MYCN shows the anti-cancer potential by repressing 
invasion and growth of hepatic cancer cells (HCC) [29]. 
However, whether lncRNA LINC01106 is involved in GC 
progression by targeting miR-34a-5p/MYCN axis has not 
been explored.

In this investigation, we explored the biological role 
and underlying mechanism of lncRNA LINC01106 in GC 
cells and then validated the role of lncRNA LINC01106 
in xenograft mice.

Methods

Collection of clinical samples

From June 2019 to March 2020, 52 pairs of GC tissues and 
adjacent non-cancer tissues were obtained from patients of 
our hospital. These patients were diagnosed with GC accord-
ing to histopathological evaluation and none of these patients 
received any surgery operation, chemical, or radiation treat-
ment. The current study was conducted with approval of the 
ethics committee of our hospital and conformed to the Dec-
laration of Helsinki. Written informed consent was obtained 
from all patients.

Cell Culture

GC cell lines (MKN45, MGC803, and AGS) and a normal 
gastric cell line (GES1) were bought from the American 
Type Culture Collection (ATCC, Manassas, VA, USA). 
All cells were cultured in Roswell Park Memorial Institute 
(RPMI)-1640 medium (Thermo Fisher Scientific, Waltham, 
MA, USA) supplemented with 10% fetal bovine serum 
(FBS; Gibco, Rockville, MD, USA) and 2.5% streptomycin 
and penicillin. These cells were incubated at 37 °C under a 
humidified atmosphere with 5% CO2.

Quantitative Real‑Time Polymerase Chain Reaction 
(qRT‑PCR)

Total RNAs were extracted via TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA) and were purified through DNase I 
treatment. Then purified RNAs were reversely transcribed 
into complementary DNAs (cDNAs) using PrimeScript 
RT Reagent (TaKaRa, Dalian, China). Next, cDNAs were 
used for performing qRT-PCR according to the instruc-
tions of SYBR® Premix Ex Taq™ (TaKaRa). The ampli-
fication procedures were as follows: 95 °C for 2 min, 40 
cycles of 95 °C for 15 s, 60 °C for 30 s, and 70 °C for 15 s. 
Primer sequences are shown in Table 1. Expression levels 
of lncRNA LINC01106, miR-34a-5p, and MYCN were 
calculated based on 2−ΔΔCt method and were normalized to 
GAPDH or U6.

Cell Transfection

The short hairpin (sh)-negative control (NC, 5′-CCGG 
ACA​TAG​ATA​TAA​TAA​AGA​AAG​CTC​GAG​CTT​TCT​TTA​
TTA​TAT​CTA​TGT​TTT​TTG​-3′), shRNA against lncRNA 
LINC01106 (sh-LINC01106-1, 5′-CCG​GAC​TGT​ATA​AAA​
ATA​AAG​AGA​ACT​CGA​GTT​CTC​TTT​ATT​TTT​ATA​CAG​
TTT​TTG-3′ and sh-LINC01106-2, 5′-CCGG TCT​ATT​TTG​
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GCT​TGT​ATT​GAC​CTC​GAG​GTC​AAT​ACA​AGC​CAA​AAT​
AGA​TTT​TTG​-3′), inhibitor NC (5′-CAG​UAC​UUU​UGU​
GUA​GUA​CAA-3′), miR-34a-5p inhibitor (5′-CUA​CCU​
GCA​CCA​ACA​GCA​CUU-3′), mimics NC (5′-UUC​UCC​
GAA​CGU​GUC​ACG​UTT-3′), miR-34a-5p mimics (5′-GAU​
GGA​CGU​GCU​UGU​CGU​GAAAC-3′), pcDNA3.1-NC, and 
pcDNA3.1-MYCN were bought from RiboBio Company 
(Beijing, China). All above plasmids were constructed into 
the pLKO.1 vector, followed by lentiviral particle prepara-
tion as previously described. Then, lentiviral particles con-
taining above plasmids were transfected into MKN45 and 
AGS cells using Lipofectamine 3000 (Invitrogen) for 48 h. 
Finally, stably transfected cells were screened out via 2 μg/
ml of puromycin treatment for additional 48 h. The stably 
transfected cells were collected to implement further assays.

3‑(4, 5‑Dimethyl‑2‑Thiazolyl)‑2, 
5‑Diphenyl‑2‑H‑Tetrazolium Bromide (MTT) Assay

The transfected cells were plated into 96-well plates (5 × 103 
cells/well). After incubation for 24, 48, and 72 h, 20 μL 
MTT (Sigma-Aldrich, St. Louis, MO, USA) was pipet-
ted into each well to incubate at 37 °C for 4 h. To dissolve 
formazan crystals, each well was filled with 150 μL dimethyl 
sulfoxide (Sigma-Aldrich). Finally, a SpectraMax 360 pc 
microplate reader (Molecular Devices, LLC, Sunnyvale, CA, 
USA) was employed to measure the optical density (OD) at 
490 nm.

Transwell Assays

To assess cell migration, the 24-well transwell chamber with 
8 µm pore size (Corning Costar, Cambridge, MA, USA) 
was used. Cells (1 × 105) re-suspended in FBS-free medium 
(200 μL) were plated into the upper chamber. Meantime, 
the lower chamber was supplemented with medium (600 
μL) containing 10% FBS. Following 48 h of incubation, the 
cells migrated to the lower chamber were fixed by 4% for-
maldehyde and then stained with crystal violet. Stained cells 
were counted under an inverted light microscope (Olympus, 
Tokyo, Japan). To examine cell invasion, the same operation 
was conducted with the 24-well transwell chamber coated 
with Matrigel (BD Biosciences, Sparks, MD, USA).

Dual‑Luciferase Reporter (DLR) Assay

The 3′-UTR fragment of lncRNA LINC01106 or MYCN 
holding the predicted binding sites for miR-34a-5p was 
inserted into a pmiRGLO vector (Promega, Madison, WI, 
USA), named as LINC01106 wide type (wt) or MYCN wt. 
Analogously, the 3′-UTR fragment of LINC01106 or MYCN 
holding the mutated sites for miR-34a-5p was introduced 
into a pmiRGLO vector (Promega), named as LINC01106 
mutant type (mut) or MYCN mut. After that, above reporter 
vectors along with mimics NC/miR-34a-5p mimics were 
transfected into MKN45 and AGS cells via Lipofectamine 
3000 (Invitrogen). Following 48 h of transfection, firefly 
luciferase and renilla luciferase were examined separately 
with the DLR System (Promega) and their ratio indicated 
relative luciferase activity.

Western Blot Analysis

Total proteins were extracted from the GC cells and tissues 
via RIPA lysis buffer (Beyotime, Shanghai, China), followed 
by separation with 10% sodium dodecyl sulfate–polyacryla-
mide gel electrophoresis (SDS-PAGE). Then protein sam-
ples were transferred to polyvinylidene fluoride (PVDF) 
membranes. After the membranes were blocked with 5% 
non-fat milk for 1 h, they were incubated with primary anti-
bodies anti-MYCN (1:1000; ab227822, Abcam, MA, USA) 
and anti-GAPDH (1:10,000; ab181602, Abcam) overnight 
at 4 °C. Subsequently, tris-buffered saline tween-20 was 
applied to wash the membranes and the anti-rabbit secondary 
antibody (1:5000; ab205718, Abcam) was added to incubate 
at 37 °C for 1 h. Finally, an electrochemiluminescence kit 
(Pierce Biotechnology, Rockford, IL, USA) was employed 
to visualize protein bands. Relative protein expression of 
MYCN over the GAPDH was quantified through the Alpha 
Innotech imaging software (San Leandro, CA, USA).

Establishment of a Xenograft Tumor Model

Animal experiments were conducted according to the insti-
tutional guide for the care and use of laboratory animals 
(National Institutes of Health, USA). The BALB/c nude mice 
(female, 20–28 g, 4–5 weeks of age) were obtained from 
Eusebio (Shanghai, China). All mice were housed under a 

Table 1   Primers for qRT-PCR 
in this study

Gene Forward Reverse

LINC01106 5′-GTC​AAC​CTG-CAA​CCT​CCTGA-3′ 5′-GCT​CCT​TAT​AGA​GAA​GCT​CGGA-3′
miR-34a-5p 5′-AGG​GGG​TGG​CAG​TGT​CTT​AG-3′ 5′-GTG​CGT​GTC​GTG​GAG​TCG​-3′
MYCN 5′-GGC​TGT​CAC​CAC​ATT​ACC​-3′ 5′-GAC​GCC​TCG​CTC​TTT​TCT​-3′
U6 5′-CTC​GCT​TCG​GCA​GCA​CAT​A-3′ 5′-AAC​GAT​TCA​CGA​ATT​TGC​GTC-3′
GAPDH 5′-CTC​GCC​TA-GAG​TGA​GCTCC-3′ 5′-AAC​TGC​T-GCG​TTG​ACG​GGT​ATG-3′
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controlled environment (12-h light/dark cycle, 23–26 °C, 
and 40–60% humidity) and had free access to water and 
food. Lentiviral particles containing sh-LINC01106 (Lv-
sh-LINC01106) or sh-NC (Lv-sh-NC) were bought from 
Sigma-Aldrich. Mice were assigned into two groups: the 
Lv-sh-NC group (n = 5) and the LV-sh-LINC01106 group 
(n = 5). MKN45 cells (5 × 106) carrying Lv-sh-NC or Lv-sh-
LINC01106 were subcutaneously injected into right flanks 
of mice [30]. After injection, the tumor volume was moni-
tored every 5 days and calculated via the following formula: 
(length × width2)/2 [31]. On the 25th day after injection, 
pentobarbital sodium (50 mg/kg) was used to anesthetize 
mice and then mice were sacrificed by cervical dislocation. 
The tumors in mice were isolated and weighed.

Statistical Analysis

Statistical analysis was carried out with SPSS 21.0 software 
(IBM Corp. Armonk, NY, USA). The data from three inde-
pendent assays were displayed as the mean ± standard devia-
tion. The comparisons of two groups were analyzed using 
Student’s t test. Following comparisons among multiple 
groups with one-way ANOVA, Tukey’s post hoc test was 
utilized for pairwise comparisons. P < 0.05 signified statisti-
cally significant.

Results

Silencing of lncRNA LINC01106 Represses 
the Viability, Migration, and Invasion of MKN45 
and AGS Cells

Firstly, we determined relative expression of lncRNA 
LINC01106 in GC cells. Compared to GES1 cells, an evident 
up-regulation of lncRNA LINC01106 was found in MKN45 
(P < 0.001), MGC803 (P < 0.01), and AGS cells (P < 0.001), 
especially in MKN45 and AGS cells (Fig.  1A). Thus, 
MKN45 and AGS cells were utilized for the further assays. 
In order to investigate the role of lncRNA LINC01106 in GC 
cells, lncRNA LINC01106 was silenced. The expression of 
LINC01106 was significantly repressed after transfection of 
sh-LINC01106-1/-2, suggesting that both sh-LINC01106-1 
and sh-LINC01106-2 were transfected into GC cells suc-
cessfully (all P < 0.01, Fig. 1B). Then, sh-LINC01106-1 was 
selected for following functional assays due to the relatively 
high transfection efficiency. MTT assay demonstrated that 
silencing of lncRNA LINC01106 caused the marked reduc-
tion of cell viability in MKN45 and AGS cells (all P < 0.01, 
Fig. 1C). Additionally, transwell assay displayed that relative 
migration and invasion were also restrained when lncRNA 
LINC01106 was silenced (all P < 0.01, Fig. 1D, E).

LncRNA LINC01106 Directly Targets miR‑34a‑5p

To probe how lncRNA LINC01106 affected GC cells, 
bioinformatics analysis was conducted with starbase. As 
displayed in Fig. 2A, there was complementary sequence 
between LINC01106 and miR-34a-5p. To verify this coop-
eration, DLR assay was implemented. It turned out that 
transfection of miR-34a-5p mimics remarkably reduced 
relative luciferase activity of LINC01106 wt (P < 0.01) 
rather than LINC01106 mut in MKN45 and AGS cells, 
which implied that miR-34a-5p is a target of lncRNA 
LINC01106 (Fig. 2B). Then we explored whether miR-
34a-5p was modulated by lncRNA LINC01106 and discov-
ered that miR-34a-5p expression was markedly boosted by 
addition of sh-LINC01106-1 in MKN45 and AGS cells (all 
P < 0.01, Fig. 2C). The lower expression of miR-34a-5p 
was also observed in MGC803, MKN45, and AGS cells 
than that in GES1 cells (all P < 0.001, Fig. 2D).

Up‑regulation of miR‑34a‑5p Attenuates Cell 
Viability and Impedes Invasion and Migration of GC 
Cells

To further probe miR-34a-5p function in MKN45 and AGS 
cells, miR-34a-5p expression was altered by transfection 
of miR-34a-5p inhibitor and miR-34a-5p mimics. As 
showed in Fig. 3A, miR-34a-5p expression was decreased 
by miR-34a-5p inhibitor (all P < 0.01) and elevated by 
miR-34a-5p mimics (all P < 0.001) in MKN45 and AGS 
cells. Accordingly, the impacts of miR-34a-5p on MKN45 
and AGS cells were assessed. It was proved that addi-
tion of miR-34a-5p mimics weakened cell viability and 
impaired relative invasion and migration of MKN45 and 
AGS cells compared with addition of mimics NC (all 
P < 0.01, Fig. 3B-3D).

MiR‑34a‑5p Directly Targets MYCN

For illuminating the potential mechanism of miR-34a-5p 
in GC cells, we sought for target genes of miR-34a-5p 
via starbase. As exhibited in Fig. 4A, there were binding 
sites between miR-34a-5p and MYCN. Then DLR assay 
showed an obvious decline in relative luciferase activity 
of MKN45 and AGS cells after co-transfection of miR-
34a-5p mimics and MYCN wt (P < 0.01), confirming 
the targeting relation between miR-34a-5p and MYCN 
(Fig. 4B). Likewise, we discovered that MYCN was nega-
tively modulated by miR-34a-5p in MKN45 and AGS cells 
(all P < 0.01, Fig. 4C). MYCN expression was boosted in 
MKN45, MGC803, and AGS cells compared to GES1 
cells (all P < 0.01, Fig. 4D).
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LncRNA LINC01106 Knockdown Represses Cell 
Viability, Migration, and Invasion by Sponging 
miR‑34a‑5p to target MYCN

Next, to verify whether miR-34a-5p and MYCN were 
involved in LINC01106-mediated inhibition of GC pro-
gression in vitro, the following assays were conducted. 
It was found that relative expression of MYCN was aug-
mented by transfection of pcDNA3.1-MYCN in MKN45 
cells (P < 0.001, Fig. 5A). MYCN expression was reduced 
by sh-LINC01106-1 (P < 0.001) and was elevated by 

co-transfection of sh-LINC01106-1 and miR-34a-5p 
inhibitor in MKN45 cells (P < 0.01, Fig. 5B). Importantly, 
rescue experiments indicated that LINC01106 knockdown 
resulted in evident reduction in viability (P < 0.001), 
migration (P < 0.01), and invasion (P < 0.01) of MKN45 
cells, whereas the suppressive effects of LINC01106 
knockdown on cell viability (P < 0.01), migration 
(P < 0.05), and invasion (P < 0.05) were partially elimi-
nated by miR-34a-5p suppression and MYCN overexpres-
sion in MKN45 cells (Fig. 5C–E).

Fig. 1   Silencing of lncRNA LINC01106 represses the viabil-
ity, migration, and invasion of MKN45 and AGS cells. A Relative 
expression of LINC01106 in GES1, MKN45, MGC803, and AGS 
cells was determined by quantitative real-time polymerase chain reac-
tion (qRT-PCR). **P < 0.01, ***P < 0.001, vs. GES1. B Relative 
expression of LINC01106 in MKN45 and AGS cells was determined 
by qRT-PCR after transfection of short hairpin (sh)-LINC01106-1 

and sh-LINC01106-2. **P < 0.01, vs. sh-negative control (NC). C 
After transfection of sh-LINC01106-1 and sh-NC, the viability of 
MKN45 and AGS cells was detected by MTT assay. **P < 0.01, vs. 
sh-NC. (D–E) After transfection of sh-LINC01106-1 and sh-NC, rela-
tive migration and invasion of MKN45 and AGS cells were assessed 
by transwell assay. **P < 0.01, vs. sh-NC
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Silencing of lncRNA LINC01106 Suppresses 
Tumorigenesis in Mice

Then we validated the influence of lncRNA LINC01106 
on tumorigenesis in xenograft mice. Following 25 days 
after injection, we observed evident decreases of the tumor 
volume (P < 0.001) and weight (P < 0.01) in the Lv-sh-
LINC01106 group relative to the Lv-sh-NC group (Fig. 6A 
and B). Subsequently, we determined LINC01106 expres-
sion and verified the regulatory relation between lncRNA 
LINC01106 and miR-34a-5p/MYCN in tumor tissues of 
mice. We observed that lncRNA LINC01106 was down-reg-
ulated after Lv-sh-LINC01106 injection (P < 0.01, Fig. 6C). 
LncRNA LINC01106 inversely regulated miR-34a-5p and 
positively regulated MYCN in tumor tissues of mice (all 
P < 0.01, Fig. 6D and E).

LncRNA LINC01106 and MYCN are Highly Expressed 
and miR‑34a‑5p is Lowly Expressed in GC Tissues

Finally, we validated relative expression of lncRNA 
LINC01106, miR-34a-5p, and MYCN and assessed their 
correlation in GC tissues. In line with the results of GC cells, 
we also found the up-regulation of lncRNA LINC01106 and 
MYCN as well as the down-regulation of miR-34a-5p in 
GC tissues compared to adjacent non-cancer tissues (all 

P < 0.001, Fig. 7A–C). There was an inverse correlation 
between miR-34a-5p and lncRNA LINC01106 (P = 0.0092) 
and between MYCN and miR-34a-5p (P = 0.0045) in 
GC tissues, and there was a positive correlation between 
lncRNA LINC01106 and MYCN (P = 0.0030) in GC tis-
sues (Fig. 7D–F). Moreover, we analyzed the association 
between LINC01106 expression and pathological features 
of GC patients. As displayed in Table 2, LINC01106 expres-
sion was associated with lymph node metastasis, tumor 
node metastasis (TNM) stage, and distant metastasis of GC 
patients rather than tumor size, gender, and age.

Discussion

For past few years, the incidence of GC has been on the 
rise, which seriously threatens human health and life [32]. 
Therefore, developing potential targets for GC treatment is 
imperative. Previously, available reports have revealed the 
up-regulation of lncRNA LINC01106 in colorectal can-
cer (CRC) tissues [33], endometrial cancer tissues [34], 
and GC tissues [11]. In this study, the higher expression 
of lncRNA LINC01106 was also observed in GC cells and 
tissues than their controls, which was consistent with the 
expression trend of above reports. We deduced that lncRNA 
LINC01106 was implicated in GC occurrence. Additionally, 

Fig. 2   LncRNA LINC01106 acts as a sponge for miR-34a-5p. A 
The binding sequence between LINC01106 and miR-34a-5p was 
predicted by starbase (http://​starb​ase.​sysu.​edu.​cn/​agoCl​ipRNA.​
php?). The dotted lines indicate the non-complementary bases and 
the solid lines indicate the complementary bases. B The interaction 
between LINC01106 and miR-34a-5p was tested by dual-luciferase 
reporter (DLR) assay in MKN45 and AGS cells. **P < 0.01, vs. mim-

ics negative control (NC). C After transfection of short hairpin (sh)-
LINC01106-1 and sh-NC, relative expression of miR-34a-5p was 
detected by quantitative real-time polymerase chain reaction (qRT-
PCR) in MKN45 and AGS cells. **P < 0.01, vs. sh-NC. D Relative 
expression of miR-34a-5p in GES1, MKN45, MGC803, and AGS 
cells was detected by qRT-PCR. ***P < 0.001, vs. GES1

http://starbase.sysu.edu.cn/agoClipRNA.php
http://starbase.sysu.edu.cn/agoClipRNA.php
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substantial evidence has suggested that LINC01106 expres-
sion is linked with the prognosis of several cancers [12, 35]. 
For example, up-regulation of lncRNA LINC01106 is nega-
tively associated with the overall survival of colon adenocar-
cinoma (COAD) patients [35]. LncRNA LINC01106 is iden-
tified as a prognostic factor in GC according to data from 
survival analyses [12]. Here, we discovered that LINC01106 
expression was associated with lymph node metastasis, 
TNM stage, and distant metastasis in GC patients, implying 
that lncRNA LINC01106 may serve as a prognostic bio-
marker of GC. Functionally, mounting studies have dem-
onstrated that silencing of lncRNA LINC01106 exhibits an 
anti-tumor role in GC [33, 36]. Gu et al. have unveiled that 
silencing of lncRNA LINC01106 impedes the proliferation 
of CRC cells and restrains tumor growth of xenograft mice 
[33]. Meng et al. have uncovered that silencing of lncRNA 
LINC01106 reduces proliferative, invasive, and migratory 
abilities of bladder cancer (BC) cells [36]. Similar to prior 
studies, we also found that silencing of lncRNA LINC01106 
repressed migration, invasion, and viability of GC cells as 

well as tumor growth of xenograft mice, which showed the 
anti-cancer potential in GC. Based on these findings, we 
inferred that knockdown of lncRNA LINC01106 may be a 
novel prognostic marker and therapeutic target in GC.

As we all known, lncRNAs commonly play their roles 
by targeting miRNAs [37]. As a well-explored miRNA, 
miR-34a-5p has been revealed to be the downstream target 
of lncRNA NEAT1 in prostate cancer [38], lncARSR in 
CRC [39], and lncRNA XIST in pancreatic cancer [22]. 
Similarly, miR-34a-5p was identified as the downstream 
target of lncRNA LINC01106 in this study. As previously 
reported, miR-34a-5p is lowly expressed in liver can-
cer [25] and pancreatic cancer [22] and miR-34a is also 
down-regulated in GC [18]. Here, the down-regulation of 
miR-34a-5p was also observed in GC tissues and cells, 
which suggested that miR-34a-5p was closely linked to 
GC progression. More importantly, copious papers have 
demonstrated the importance of miR-34a/miR-34a-5p in 
cancers by serving as a tumor suppressor [25, 40]. For 
instance, increased miR-34a-5p suppresses migration, 

Fig. 3   Up-regulation of miR-34a-5p attenuates cell viability and 
impedes migration and invasion of GC cells. A Relative expression 
of miR-34a-5p in MKN45 and AGS cells was detected by quantitative 
real-time polymerase chain reaction (qRT-PCR). ***P < 0.001, vs. 
mimics negative control (NC). ##P < 0.01, vs. inhibitor NC. B After 

transfection of mimics NC and miR-34a-5p mimics, the viability of 
MKN45 and AGS cells was detected by MTT assay. **P < 0.01, vs. 
mimics NC. (C–D) After transfection of mimics NC and miR-34a-5p 
mimics, relative migration and invasion of MKN45 and AGS cells 
were assessed by transwell assay. **P < 0.01, vs. mimics NC
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proliferation, and invasion of liver cancer cells [25]. Over-
expressed miR-34a-5p attenuates proliferative, invasive, 
and migratory capacities of prostate cancer cells [40]. In 
particular, increased miR-34a attenuates proliferative and 
invasive abilities of GC cells [19]. In the current study, 
we discovered that up-regulation of miR-34a-5p made 
inhibitory effects on cell viability, migration and invasion 
of GC cells. These findings strongly suggested that miR-
34a-5p may be a tumor suppressor in GC and miR-34a-5p 
inhibitors may be promising agents for GC therapy. Con-
currently, we discovered that miR-34a-5p was inversely 
modulated by lncRNA LINC01106 in GC cells and was 
inversely correlated with lncRNA LINC01106 in GC tis-
sues. The inhibitory impacts of LINC01106 knockdown on 
migration, invasion, and viability of GC cells were abol-
ished by miR-34a-5p down-regulation. Taken together, 
we speculated that LINC01106 knockdown exerted an 
anti-tumor role through interacting with miR-34a-5p in 
GC cells. Additionally, LINC01106 has been reported to 
interact with many signaling pathways in human cancers, 
such as LINC01106-STAT3 pathway [33] or -Hedgehog 
pathway [35] in CRC and LINC01106-ELK pathway [36] 
in BC. We speculated that LINC01106 may be involved 
in the progression of GC by regulating these signaling 
pathways. Further researches on the regulatory relations 

of LINC01106 with these signaling pathways are urgently 
needed.

It is generally accepted that miRNAs possess multiple 
functions by targeting diverse genes [41]. In previous study, 
proto-oncogene MYCN is demonstrated to be targeted by 
several miRNAs in cancers, such as miR-493-5p in hepatic 
cancer [29] and miR-34a in lung cancer [42]. In the cur-
rent study, MYCN was targeted by miR-34a-5p. Increased 
expression of MYCN has been unveiled in NSCLC and 
HCC [28, 29]. Consistent with the above researches, we 
also observed the higher expression of MYCN in GC tissues 
and cells than that of their controls, indicating the intercon-
nection between GC and MYCN. Likewise, the pivotal role 
of MYCN has been revealed in several cancers [28, 29]. 
Liu et al. have reported that MYCN contributes to NSCLC 
development via promoting cell proliferation [28]. Yasukawa 
et al. have indicated that down-regulation of MYCN displays 
the anti-cancer potential by repressing invasion and growth 
of HCC cells [29]. According to these results, we specu-
lated that MYCN acted as an oncogene in GC and targeting 
MYCN down-regulation may provide beneficial effects for 
the clinical therapy of GC. Simultaneously, we discovered 
that MYCN was negatively regulated by miR-34a-5p in GC 
cells and inversely correlated with miR-34a-5p in GC tis-
sues. We deduced that miR-34a-5p restrained malignant 

Fig. 4   MiR-34a-5p directly targets MYCN. A The binding sequence 
between MYCN and miR-34a-5p was predicted by starbase (http://​
starb​ase.​sysu.​edu.​cn/​agoCl​ipRNA.​php?). The dotted lines indicate 
the non-complementary bases and the solid lines indicate the com-
plementary bases. B The interaction between MYCN and miR-34a-5p 
was tested by dual-luciferase reporter (DLR) assay in MKN45 and 
AGS cells. **P < 0.01, vs. mimics negative control (NC). C After 

transfection of mimics NC and miR-34a-5p mimics, relative protein 
expression of MYCN was detected by western blot in MKN45 and 
AGS cells. **P < 0.01, vs. mimics NC. D Relative expression of 
MYCN in GES1, MKN45, MGC803, and AGS cells was detected 
by quantitative real-time polymerase chain reaction (qRT-PCR). 
**P < 0.01, vs. GES1

http://starbase.sysu.edu.cn/agoClipRNA.php
http://starbase.sysu.edu.cn/agoClipRNA.php
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behaviors of GC cells by targeting MYCN. Considering the 
existence of the lncRNAs-miRNAs-mRNAs network [43, 
44], we made an assumption that lncRNA LINC01106 par-
ticipated in the regulation of malignant behaviors in GC cells 
by binding to miR-34a-5p to regulate MYCN. Specifically, 
we found a positive regulation and a positive correlation 
between MYCN and lncRNA LINC01106 in GC cells and in 
GC tissues. Meanwhile, we discovered that the suppressive 
effects of LINC01106 knockdown on cell viability, migra-
tion, and invasion were reversed by MYCN overexpres-
sion in GC cells. Collectively, we concluded that silencing 
of lncRNA LINC01106 directly bound to miR-34a-5p to 
regulate MYCN, thereby retarding GC progression in vitro. 
Our conclusion indicated that targeting the LINC01106/

miR-34a-5p/MYCN axis may be a promising approach for 
GC treatment.

There are also some other limitations of this study. First, 
exploring the effects of miR-34a-5p overexpression or 
MYCN silencing on tumor size in vivo may be more rig-
orous for this study. Second, the roles of some important 
downstream genes of miR-34a-5p such as c-Myc have been 
confirmed in several human cancers and the interaction 
between miR-34a-5p and c-Myc in GC should be further 
explored.

In a word, the present study demonstrated that relative 
expression of lncRNA LINC01106 was boosted in GC 
tissues and cells compared to their controls. Silencing of 
lncRNA LINC01106 repressed the viability, migratory, and 

Fig. 5   Knockdown of lncRNA LINC01106 represses cell viability, 
migration, and invasion by sponging miR-34a-5p to target MYCN. 
A Relative expression of MYCN in MKN45 cells was determined 
by quantitative real-time polymerase chain reaction (qRT-PCR). 
***P < 0.001, vs. pcDNA3.1-negative control (NC). B Relative 
expression of MYCN in MKN45 cells was determined by qRT-

PCR. ***P < 0.001, vs. short hairpin (sh)-NC. ##P < 0.01, vs. sh-
LINC01106-1. C The viability of MKN45 cells was detected by MTT 
assay. ***P < 0.001, vs. sh-NC. ##P < 0.01, vs. sh-LINC01106-1. 
D–E Relative migration and invasion of MKN45 cells were 
assessed by transwell assay. **P < 0.01, vs. sh-NC. #P < 0.05, vs. sh-
LINC01106-1
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Fig. 6   Silencing of lncRNA LINC01106 suppresses tumorigenesis 
in mice. A Tumor volume was gauged in mice. ***P < 0.001, vs. 
Lv-short hairpin (sh)-negative control (NC). B Tumor weight was 
assessed in mice. **P < 0.01, vs. Lv-sh-NC. C Relative expression of 
LINC01106 in tumor tissues of mice was determined by quantitative 

real-time polymerase chain reaction (qRT-PCR). **P < 0.01, vs. Lv-
sh-NC. D Relative expression of miR-34a-5p in tumor tissues of mice 
was determined by qRT-PCR. **P < 0.01, vs. Lv-sh-NC. E Relative 
protein expression of MYCN in tumor tissues of mice was determined 
by western blot. **P < 0.01, vs. Lv-sh-NC

Fig. 7   LncRNA LINC01106 and MYCN are highly expressed and 
miR-34a-5p is lowly expressed in GC tissues. A Relative expres-
sion of LINC01106 in tumor tissues of GC patients was determined 
by quantitative real-time polymerase chain reaction (qRT-PCR). 
***P < 0.001, vs. adjacent normal tissues. B Relative expression of 
miR-34a-5p in tumor tissues of GC patients was determined by qRT-
PCR. ***P < 0.001, vs. adjacent normal tissues. C Relative expres-
sion of MYCN in tumor tissues of GC patients was determined by 

qRT-PCR. ***P < 0.001, vs. adjacent normal tissues. D The corre-
lation between LINC01106 and miR-34a-5p in GC tissues was ana-
lyzed by Pearson's correlation analysis. P = 0.0092. r =  − 0.3579. E 
The correlation between LINC01106 and MYCN in GC tissues was 
analyzed by Pearson's correlation analysis. P = 0.0030. r = 0.4041. F 
The correlation between MYCN and miR-34a-5p in GC tissues was 
analyzed by Pearson's correlation analysis. P = 0.0045. r = − 0.388
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invasive abilities of GC cells as well as the tumor growth of 
xenograft mice. On the mechanism, knockdown of lncRNA 
LINC01106 was identified as a sponge of miR-34a-5p to 
target MYCN in GC cells, leading to the repression of GC 
progression. Our findings strongly supported that lncRNA 
LINC01106 was a valuable target for prognosis and treat-
ment of GC.
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