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Abstract. A previous study revealed that MANCR (mitoti-
cally associated long non‑coding RNA) is implicated in breast 
cancer. The present study investigated the potential role of 
MANCR in gastric cancer (GC) and revealed that MANCR 
was upregulated in GC tissues compared with non‑cancerous 
tissues. MANCR expression was not affected by clinical stages 
and a high MANCR expression level was associated with 
poor survival time. MicroRNA (miR)‑101 was downregulated 
in cancer tissues compared with non‑cancerous tissues and 
was inversely associated with MANCR expression. MANCR 
overexpression in GC cell lines in vitro resulted in miR‑101 
downregulation; however, miR‑101 overexpression did not alter 
MANCR expression. Furthermore, MANCR overexpression 
promoted, while miR‑101 overexpression inhibited GC cell 
proliferation. In addition, miR‑101 overexpression decreased 
the effect of MANCR overexpression. The results obtained 
in the present study revealed that MANCR expression was 
associated with the survival of patients with GC, and MANCR 
overexpression in vitro may promote GC by downregulating 
miR‑101 and increasing the proliferation of GC cells. 

Introduction

With advances in cancer treatment and prevention, the survival 
of patients with gastric cancer (GC) has significantly improved 
during the past decades (1). However, GC remains a common 
type of malignancy worldwide and is a major cause of mortality 
among patients due to its aggressive nature (2). In effect, GC 
has been the leading cause of cancer‑associated mortalities 
in China for the past 3 decades  (3). A major challenge in 
the treatment of GC is the high prevalence of metastasis by 
the time of initial diagnosis (4). It has been reported that a 

considerable number of tumor suppressors and oncogenes that 
are involved in the pathogenesis of GC, and these genes may 
serve as potential therapeutic targets for GC (5). However, the 
tumor suppressors and oncogenes identified so far may not be 
sufficient to explain the complex mechanism underlying the 
pathogenesis of GC. 

Long non‑coding RNAs (lncRNAs) are transcripts >200 
nucleotides in length that have been identified to serve impor-
tant roles in cancer biology (6,7). lncRNAs participate in the 
development and progression of cancer through the regulation 
of gene expression at different levels (8,9). Therefore, it is 
possible to target lncRNAs to indirectly regulate the expres-
sion of specific genes involved in human diseases, thereby 
assisting disease treatment (10). However, the function of the 
majority of lncRNAs in cancer remains unknown. Therefore, 
future studies investigating the roles of lncRNAs in different 
aspects of cancer biology are required. A previous study 
reported that mitotically associated long non coding RNA 
(MANCR) affects cell division and genomic stability in breast 
cancer  (11). In breast cancer, MANCR is upregulated and 
expression levels of MANCR are closely associated with cell 
cycle progression (11). LncRNA may interact with different 
downstream protein‑coding genes or other non‑coding RNAs, 
including microRNAs (miRNAs/miRs) (10). miR‑101 is 
downregulated in GC and inhibits cancer cell invasion and 
migration in vitro (12). miR‑101 and MANCR were inversely 
associated in GC (revealed by deep sequencing data, data not 
shown). The present study was therefore carried out to inves-
tigate the interaction between miR‑101 and MANCR in GC.

Materials and methods

Patients. A total of 102 pateints were diagnosed and treated for 
GC in The Third Affiliated Hospital of Nanchang University 
between July 2011 and July 2013. The present study selected 
69 cases (39 males and 30 females; age range, 35‑67 years; 
mean age, 49.9±7.1 years) based on the following inclusion 
criteria: i) Patients who had not received any therapy prior to 
admission, ii) patients who were diagnosed for the first time, 
iii) patients with no previous history of maligancy and iv) patients 
willing to participate in a five‑year follow‑up. The exclusion 
criteira were as follows: i) Patients with other medical disor-
ders and ii) patients who were transferred from other hospitals. 
Accoring to the American Joint Committee on Cancer staging 
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criteria (13), there were 12, 18, 20 and 19 patients with stage I, 
II, III and IV GC, respectively. The Ethics Committee of The 
Third Affiliated Hospital of Nanchang University approved the 
study prior to patient enrolment and written informed consent 
was obtained from all patients.

Tissue specimens and cell lines. Patients underwent a gastric 
biopsy to collect GC and adjacent (2 cm) non‑cancerous tissues 
prior to receiving therapy. All tissue specimens were analyzed 
by five experienced histopathologists. Tissue specimens were 
stored in liquid nitrogen prior to use. 

The human GC cell lines HGC‑27 (Sigma‑Aldirch; Merck 
KGaA), and SNU‑1 (American Type Culture Collection) were 
used for in vitro experiments. Cells were cultured in Eagle's 
Minimum Essential Medium (EMEM) containing 2  mM 
glutamine, 1% non‑essential amino acids and 10% fetal bovine 
serum supplemented with 100 IU/ml penicillin‑streptomycin. 
All medium and cell culture reagents were from Sigma‑Aldrich 
(Merck KGaA). Cell culture conditions were at 37˚C, 5% CO2 
and 95% humidity, and were collected once they reached 
~80% confluency. 

Follow‑up. All patients were monitored for five years. 
Follow‑up was performed through either outpatient visits 
or telephone calls. Patients who were lost to follow‑up or 
succumbed to accidents or unrelated clinical disorders were 
not included in the present study.

Reverse‑transcription quantitative polymerase chain reaction 
(RT‑qPCR). TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) was used to extract total RNA from GC and 
adjacent non‑cancerous tissues and HGC‑27 and SNU‑1 cell 
lines. For MANCR RT‑qPCR, AMV Reverse Transcriptase 
(Promega Corporation) was used to perform reverse transcrip-
tion through following conditions: 50˚C for 20 min and 80˚C 
for 10 min. All operations were performed according to the 
manufacturer's protocols. qPCR was subsequently performed 
using SYBR® Green Master Mix (Thermo Fisher Scientific, 
Inc.), according to the manufacturer's protocols. 18S rRNA 
was used as an endogenous control. miRNA extraction was 
performed using the mirPremier™ microRNA Isolation kit 
(Sigma‑Aldrich; Merck KGaA). TaqMan MicroRNA Reverse 

Transcription kit (Thermo Fisher Scientific, Inc.) was used to 
perform reverse transcription and qPCR was subsequently 
performed using TaqMan Real‑Time PCR Master Mix (Thermo 
Fisher Scientific, Inc.). miR‑101 expression was normalized to 
the U6 endogenous control. Primer sequences were as follows: 
5'‑CTA​ATC​CTG​TCA​GGC​AGC​CT‑3' (forward) and 5'‑ATT​
CTC​AGG​CTT​TCT​TTG​CC‑3' (reverse) for MANCR; 5'‑CTA​
CCA​CAT​CCA​AGG​AAG​C3' (forward) and 5'‑TTT​CGT​CAC​
TAC​CTC​CCC​G‑3' (reverse) for human 18S rRNA. miR‑101 
forward primer was: 5'‑CAG​TTA​TCA​CAG​TGC​TGA​TG‑3'. 
miR‑101 reverse primer and U6 primers were included in the 
kit. The thermocycling conditions were as follows: 95˚C for 
50 sec, followed by 40 cycles of 95˚C for 20 sec and 60˚C for 
45 sec. All qPCR reactions were performed in triplicate and 
data were analyzed using the 2‑ΔΔCq method (14). 

Transient cell transfections. Full length MANCR cDNA was 
inserted into a pcDNA3.1 vector (Invitrogen; Thermo Fisher 
Scientific, Inc.) to establish a MANCR overexpression vector. 
The vector was constructed by Sangon Biotech Co., Ltd. 
Negative control (NC) miRNA (5'‑CAG​GUT​UAC​CUA​UGC​
CCU​UUG​CU‑3') and an miR‑101 (5'‑CAG​UUA​UCA​CAG​UGC​
UGA​UGC​U‑3') mimic were purchased from Sigma‑Aldrich, 

Figure 1. MANCR was upregulated in patients with GC but not affected by clinical stages. (A) Analysis of MANCR expression data using the paired t‑test 
revealed that MANCR was significantly upregulated in GC tissues compared with adjacent non‑cancerous tissues. (B) The one‑way ANOVA and Tukey post 
hoc test revealed no significant differences in the expression level of MANCR in GC tissues in patients with different clinical stages. *P<0.05. MANCR, 
mitotically associated long non‑coding RNA; GC, gastric cancer. 

Figure 2. Patients with a high MANCR expression level exhibited a poor 
prognosis. Survival curve analysis revealed that patients with high MANCR 
expression had a significantly worse overall survival rate compared 
with patients with low expression. MANCR, mitotically associated long 
non‑coding RNA. 
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Merck KGaA. MANCR small interfering (si) RNA (5'‑GAG​
AAC​UGC​CGG​GAC​CUC​CAG‑3') and NC siRNA 5'‑(UUG​
GAC​CCU​UUC​GCU​GUA​CUC‑3') were purchased from 
Shanghai GenePharma Co., Ltd. HGC‑27 and SNU‑1 cells 
were cultured overnight in aforementioned medium under 
aforementioned conditions in a 6‑well cell culture medium 
(1x106 cells/well) overnight to reach 70‑80% confluency. All 
cell transfections were performed using Lipofectamine® 2000 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according 
to the manufacturer's protocols. The vector was transfected at 
a concentration of 10 nM and the miRNAs and siRNAs were 
transfected at a concentration of 35 nM. A control (C) group 
consisting of untransfected cells and a NC group consisting 
of cells transfected with NC miRNA, NC siRNA or an empty 
vector were included. Subsequent experiments were performed 
24 h following transfection.

Cell Counting Kit‑8 (CCK‑8) assay. HGC‑27 and SNU‑1 cells 
were harvested 24 h following transfection and single cell 
suspensions using EMEM were prepared. The cell density was 
adjusted to 4x104 cells/ml. Cells were subsequently cultured 
under aforementioned conditions in a 96‑well plate (0.1 ml per 
well). A total of 10 µl CCK‑8 solution (Sigma‑Aldrich; Merck 
KGaA) was added to each well every 24 h over a four‑day 
period. Cells were subsequently incubated under aforemen-
tioned conditions for an additional 4 h. The optical density 
values were measured at a wavelength of 450 nM. 

Statistical analysis. All experiments in the current study were 
performed in triplicate. Data were expressed as mean ± standard 
deviation. Differences among different clinical stages or 
among different cell transfection groups were analyzed by 
the one‑way ANOVA followed by the Tukey post hoc test. 
Differences between GC and adjacent non‑cancerous tissues 
were analyzed using the paired t‑test. Linear regression was 
used to analyze the association between the expression levels 
of MANCR and miR‑101. Patients were divided into high and 
low MANCR expression level groups according to Youden's 
index, with 32 and 37 patients in each group, respectively. 
Survival curves were plotted using the Kaplan‑Meier method 
and compared using the log‑rank test. Univariate regression 
was performed to analyze the effects of patient clinical data 
on MANCR expression. P<0.05 was considered to indicate a 
statistically significant difference.

Results

MANCR is upregulated in patients with GC and is not affected 
by clinical stages. Expression of MANCR in GC and adjacent 
non‑cancerous tissues was analyzed by RT‑qPCR. MANCR 
expression was significantly upregulated in GC tissues 
compared with adjacent non‑cancerous tissues (Fig.  1A; 
P<0.05). No significant differences in MANCR expression 
levels were observed among patients with different clinical 
stages of GC (Fig. 1B). In addition, univariate regression was 

Figure 3. miR‑101 expression was inversely associated with MANCR expression. (A) Analysis of reverse‑transcription quantitative polymerase chain reaction 
data revealed that miR‑101 was significantly downregulated in GC tissues compared with adjacent non‑cancerous tissues in GC patients. Linear regression 
revealed that miR‑101 was significantly and inversely associated with MANCR (B) in GC tissues but (C) not in healthy non‑cancerous tissues. *P<0.05. miR, 
microRNA; MANCR, mitotically associated long non‑coding RNA; GC, gastric cancer. 
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Figure 4. miR‑101 expression was regulated by MANCR in GC cells. The one‑way ANOVA and Tukey post hoc test revealed that expression levels 
of (A) MANCR and (B) miR‑101 were significantly increased 24 h following transfection compared with the C and NC groups. (C) MANCR overexpression 
resulted in miR‑101 downregulation in GC cells compared with the C and NC groups. (D) miR‑101 overexpression did not alter MANCR expression compared 
with the C and NC groups. (E) MANCR siRNA mediated the upregulation of miR‑101 compared with the C and NC groups. *P<0.05. miR, microRNA; 
MANCR, mitotically associated long‑non coding RNA; GC, gastric cancer; C, control; NC, negative control; si, small interfering. 

Figure 5. MANCR regulates GC cell proliferation through miR‑101. Analysis of the Cell Counting Kit‑8 data by the one‑way ANOVA and Tukey post hoc 
test revealed that, compared with the C and NC groups, MANCR overexpression promoted, while miR‑101 overexpression inhibited GC cell proliferation. 
Additionally, miR‑101 overexpression decreased the effect of MANCR overexpression on cell proliferation. *P<0.05. MANCR, mitotically associated long 
non‑coding RNA; GC, gastric cancer; miR, microRNA; C, control; NC, negative control. 
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performed to analyze the effects of patient clinical data on 
MANCR expression. Patient age, sex, smoking and drinking 
habits BMI and history of gastric diseases did not have signifi-
cant effects on MANCR expression (data not shown; P<0.05).

Patients with high MANCR expression levels exhibit worse 
survival compared with patients with low expression. Patients 
were divided into high and low MANCR expression level 
groups based on Youden's index, with 32 and 37 cases in 
each group, respectively. Survival curves were plotted using 
the Kaplan‑Meier method and compared by the log‑rank 
test. Patients in the high MANCR expression level group 
had a significantly worse overall survival rate compared with 
patients in the low expression group (Fig. 2; P<0.05).

miR‑101 is inversely associated with MANCR. Expression of 
miR‑101 in tissues was analyzed by RT‑qPCR. miR‑101 was 
significantly downregulated in GC tissues compared with 
adjacent non‑cancerous tissues (Fig.  3A; P<0.05). Linear 
regression was used to analyze the association between expres-
sion levels of MANCR and miR‑101. The expression level of 
miR‑101 was significantly and inversely associated with the 
MANCR expression level in GC tissues (Fig. 3B; P<0.05), but 
not in adjacent non‑cancerous tissues (Fig. 3C).

miR‑101 expression is regulated by MANCR in GC cells. 
The MANCR expression vector, MANCR siRNA and 
miR‑101 mimic were transfected into HGC‑27 and SNU‑1 cell 
lines. The expression levels of MANCR (Fig. 4A) and miR‑101 
(Fig. 4B) were significantly increased 24 h following transfec-
tion compared with the C and NC groups (P<0.05), indicating 
successful transfection. MANCR overexpression resulted in 
miR‑101 downregulation in the HGC‑27 and SNU‑1 cells 
compared with the C and NC groups (Fig. 4C; P<0.05), while 
miR‑101 overexpression did not alter MANCR expression 
compared with the C and NC groups (Fig. 4D. Furthermore, 
MANCR siRNA resulted in miR‑101 upregulation compared 
with the C and NC groups (Fig. 4E; P<0.05).

MANCR regulates GC cell proliferation through miR‑101. 
The CCK‑8 assay revealed that, compared with the C and NC 
groups, MANCR overexpression promoted, while miR‑101 
overexpression inhibited GC cell proliferation (Fig. 5; P<0.05). 
In addition, miR‑101 overexpression decreased the effect of 
MANCR overexpression on cell proliferation (Fig. 5; P<0.05). 

Discussion

To the best of our knowledge, the function of MANCR has 
only been characterized in breast cancer (11). The present study 
analyzed the expression pattern of MANCR in GC and explored 
its effects on cancer cell behavior. MANCR may serve an onco-
genic role in gastric cancer by downregulating miR‑101, which 
has been identified as a tumor suppressive miRNA in GC (12).

Despite improvements in treatment, the overall survival 
rate for patients with GC remains poor (15,16). Furthermore, 
the mortality rate in developing countries, such as China, 
is higher than that in Western countries, such as the United 
States of America (16). The present study focused on the prog-
nostic value of MANCR in GC. MANCR was upregulated in 

GC tissues compared with adjacent non‑cancerous tissues but 
was not affected by clinical stages, suggesting that MANCR 
upregulation may be implicated in the development of GC. 
Analysis of survival data revealed that patients with high 
MANCR expression levels in GC tissues had a significantly 
decreased overall survival rate compared with patients with 
low MANCR expression. Therefore, MANCR may serve as a 
prognosis indicator in GC. 

lncRNAs participate in cancer biology by regulating 
downstream regulatory molecules, including miRNAs (17,18). 
The present study revealed that MANCR is a likely upstream 
inhibitor of miR‑101 in GC cells. A previous study demon-
strated that overexpression of miR‑101 inhibits GC cell 
migration and invasion in vitro (12). The present study revealed 
that miR‑101 overexpression inhibited the proliferation of GC 
cells. The results obtained in the present study are consistent 
with the role of MANCR in breast cancer, where it mediates 
cancer cell division (11). lncRNAs may serve as an miRNA 
sponge (19); however, a binding site for miR‑101 was not found 
on MACNR. Further investigation is required to elucidate the 
interactions between MANCR and miR‑101. 

The present study investigated the role of MACNR in regu-
lating cancer cell proliferation. Further studies are required to 
investigate the roles of this lncRNA in regulating other cancer 
cell behaviors, including cell cycle progression and apoptosis.

In conclusion, the results obtained in the present study 
revealed that MANCR was upregulated in GC tissues and 
promoted GC cell proliferation in vitro by downregulating 
miR‑101.
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