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Abstract. A previous study reported the decreased 
expression of long non-coding RNA mortal obligate RNA 
transcript (lncRNA MORT) in 16 types of cancer, while the 
functionality of lncRNA MORT in cancer biology remains 
unknown. Therefore, the present study was conducted to 
characterize the functionality of lncRNA MORT in pros-
tate carcinoma, a common cancer type worldwide. lncRNA 
MORT expression level was downregulated in tumor 
tissues compared with that in the adjacent healthy tissues 
of patients with prostate carcinoma. Expression of lncRNA 
MORT in tumor tissues was influenced by tumor size, 
but not by tumor metastasis. Overexpression of lncRNA 
MORT inhibited glucose uptake and glucose transporter 1 
(GLUT-1) expression in prostate carcinoma cell lines; 
GLUT-1 overexpression upregulated glucose uptake and 
attenuated the effects of lncRNA MORT overexpression 

on glucose uptake, but did not significantly affect the 
expression of lncRNA MORT. Overexpression of lncRNA 
MORT inhibited, while GLUT-1 overexpression promoted 
the proliferation of prostate carcinoma cells. In addition, 
GLUT-1 overexpression attenuated the effects of lncRNA 
MORT on cell proliferation. Therefore, lncRNA MORT 
may inhibit cancer cell proliferation in prostate carcinoma 
by preventing glucose uptake.

Introduction

As a type of cancer that originates from the prostate, a gland 
of the male reproductive system, prostate carcinoma is one 
of the most frequently diagnosed and leading causes of 
cancer associated-mortality in males (1). The early stages of 
prostate carcinoma development lack classic cancer symp-
toms, leading to a high prevalence of tumor metastasis by 
the time of diagnosis (2). However, patients in the advanced 
stages of disease exhibit difficulty in urinating, pain in the 
pelvis and back when urinating, in addition to blood in 
the urine (3). In spite of efforts to improve treatment of the 
disease, the mortality rate of prostate carcinoma remains 
high (4,5).

Due to the abnormally accelerated proliferation of cancer 
cells, which requires increased energy input, glucose metabo-
lism is considered to be a promising therapeutic target for 
cancer therapy (6,7). In mammalian cells, glucose transporter 1 
(GLUT-1) mediates the transport of glucose across the plasma 
membrane (8). GLUT-1 is reportedly overexpressed in the 
majority of, if not all human cancers (including prostate carci-
noma) and the iinhibition of GLUT-1 resulted in the inhibited 
growth of cancer cells (9). A growing body of literature has 
revealed that GLUT-1 may participate in the development and 
progression of cancer by interacting with long non-coding 
RNAs (lncRNAs) (10), a group of non-coding RNA transcripts 
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>200 nucleotides, associated with cancer biology (11). Despite 
a recent report of the reduced expression of lncRNA MORT 
in 16 types of cancer (12), the functionality of lncRNA MORT 
in cancer remains unknown. The present study aimed to 
investigate the involvement of lncRNA MORT in prostate 
carcinoma, and its potential interaction with glucose uptake 
pathways.

Materials and methods

Human specimens and cell lines. Tumor and adjacent healthy 
tissue specimens were obtained from 60 male patients with 
prostate carcinoma who were admitted to the People's Hospital 
of Xinjiang Uyghur Autonomous Region (Urumqi, China) 
between February 2016 and March 2018. The inclusion criteria 
were as follows: i) Patients were diagnosed by pathological 
biopsy; ii) patients had complete medical records; and 
iii) patients were willing to cooperate with researchers, and 
gave written informed consent. Exclusion criteria: i) Patients 
with other diseases; ii) patients who could not understand the 
experimental protocol; and iii) patients had received treat-
ment within 3 months of admission. The patient age range 
was between 34-70 years (mean, 49.3±6.1 years). There were 
10 cases of stage I, 12 cases of stage II, 18 cases of stage III and 
20 cases of stage IV cancer. Tumor sizes were determined using 
magnetic resonance imaging (GE Signa HDxt 1.5T, GE, USA). 
The present study was approved by the Ethics committee of the 
People's Hospital of Xinjiang Uyghur Autonomous Region, and 
all participants gave written informed consent to participate.

Cells of the human prostate carcinoma cell line 22Rv1 
were purchased from the American Type Culture Collection 
(ATCC, Manassas, VA, USA), and cultured in Dulbecco's 
Modified Eagle's medium supplemented with 10% fetal bovine 
serum (cat. no. 30‑2020; ATCC) at 37˚C, 5% CO2.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). TRIzol® reagent (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) was used to extract total RNA from 
the tissue specimens and cells. Tissues retrieved from liquid 
nitrogen were ground up prior to the addition of TRIzol  reagent, 
whilst 22Rv1 cells were directly mixed with the reagent to 
extract total RNA. Following reverse transcription using the 
High-Capacity cDNA Reverse Transcription kit (Applied 
Biosystems™; Thermo Fisher Scientific, Inc.), PCR reactions 
were prepared using the SYBR® Green Quantitative RT-qPCR 
kit (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). 
CFX96 Touch Real-Time PCR Detection system (Bio-Rad 
Laboratories, Inc.) was used to perform all qPCR reactions. 
Three replicates were set for each reaction. RT and PCR steps 
were conducted according to the manufacturer's protocol. 
Primers for lncRNA MORT and β-actin were designed and 
synthesized by Sangon Biotech Co., Ltd. (Shanghai, China). 
The primer sequences were as follows: lncRNA MORT 
forward, 5'-GTT GTA GCA TGC ATC AGA AC-3', and reverse, 
5'-CAG GAC ACC CAA CAG CCC AA-3'; GLUT-1 forward, 
5'-CAG TTC GGC TAT AAC ACT GGT-3', and reverse, 5'-GCC 
CCC GAC AGA GAA GAT-3'; β-actin forward, 5'-GAC CTC 
TAT GCC AAC ACA GT-3', and reverse, 5'-AGT ACT TGC GCT 
CAG GAG GA-3'. Thermocycling conditions were as follows: 
95˚C for 1 min, and then 40 cycles of 95˚C for 10 sec, 55˚C for 

30 sec and 72˚C for 30 sec. The expression level of lncRNA 
MORT was normalized to that of the endogenous β-actin 
control using the 2-ΔΔCq method (13).

Transfection. The pSF-MinCMV-KrYFP vector expressing 
lncRNA MORT or GLUT-1, and the empty control vector 
were designed and synthesized by Sangon Biotech Co., 
Ltd. The 22Rv1 cell line was cultivated overnight to reach 
70‑80% confluence. Lipofectamine 2000® (cat. no. 11668-019, 
Invitrogen; Thermo Fisher Scientific, Inc.) was used to trans-
fect 10 nM vector into 5x105 cells/sample. Negative control 
cells were transfected with empty vector, and control cells 
were treated with Lipofectamine 2000 only. In cases of 
co-transfection, 10 nM MORT and 10 nM GLUT-1 vectors 
were transfected at the same time. Following experiments 
were performed at 24 h post-transfection.

Glucose uptake assay. Cell glucose uptake was assessed only 
in cases in which the overexpression rate of lncRNA MORT 
reached 200% (determined using RT‑qPCR). Briefly, to initiate 
glucose uptake, 22Rv1 cells (3x105 cells harvested at 24 h 
post-transfection) were washed with PBS, and incubated 
with 10 ml Krebs-Ringer-HEPES (KRH) buffer (120 mM 
NaCl, 1.2 mM MgSO4, 25 mM HEPES pH 7.4, 1.3 mM 
CaCl2, 1.3 mM KH2PO4 and 5 mM KCl) containing 1 µCi of 
[3H]‑2‑deoxyglucose at 37˚C for 30 min. Cells were subse-
quently washed with ice-cold KRH buffer to terminate glucose 
uptake, and lysed (10 mM Tris‑HCl, pH 8.0, 0.2% SDS) prior 
to the measurement of radioactivity using liquid scintillation 
spectrometry using 1220 QUANTULUS Ultra Low Level 
Liquid Scintillation Spectrometer (PerkinElmer, Inc.). Glucose 
uptake was presented as disintegrations per minute (DPM).

Cell proliferation assay. Cell proliferation was detected only 
in cases in which the overexpression rate of lncRNA MORT 
reached 200%, 24 h post‑transfection. Briefly, cells were 
collected 24 h post-transfection, and single 0.1 ml cell suspen-
sions per well (4x104 cells/ml) were transferred to a 96-well 
plate. Cells were cultured at 37˚C and 10 µl Cell Counting 
Kit-8 solution (Sigma-Aldrich; Merck KGaA) was added 
at 24, 48, 72 and 96 h. Cells were cultured for an additional 

Figure 1. lncRNA MORT is downregulated in tumor tissues compared with 
the adjacent healthy tissues of patients with prostate carcinoma. Reverse 
transcription-quantitative polymerase chain reaction determined that, 
compared with adjacent healthy tissues, the expression levels of lncRNA 
MORT were significantly downregulated in tumor tissues. *P<0.05. lncRNA 
MORT, long non-coding RNA mortal obligate RNA transcript.
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4 h at 37˚C. Dimethyl sulfoxide (10 µl) was added to each 
well and optical density values were obtained at 450 nm using 
CLARIOstar Plus Plate Reader (BMG Labtech, Ltd.).

Western blot analysis. Following a 24-h transfection period, 
radioimmunoassay buffer (Thermo Fisher Scientific, Inc.) 
was used to extract the total protein from in vitro cultured 
cells. Protein concentrations were determined using a bicin-
choninic acid assay. Proteins were denatured and separated 
using 12% SDS‑PAGE with 30 µg/lane. Following protein 
transfer to PVDF membranes, the membranes were blocked 
using 5% non‑fat milk for 1 h at room temperature, followed 
by incubation with the following primary antibodies: Rabbit 
anti-human GLUT-1 (1:1,200; cat. no. ab32551, Abcam, 
Cambridge, UK) and GAPDH (1:1,000; ab8245, Abcam) 
at 4˚C for 18 h. The membranes were washed and subsequently 
incubated with goat anti-rabbit immunoglobulin G-horseradish 
peroxidase- conjugated secondary antibody (1:1,000, 
MBS435036, MyBioSource, Inc., San Diego, CA, USA) 
at 24˚C for 2 h. Signals were developed using an enhanced 
chemiluminescence detection reagent (Sigma-Aldrich; Merck 
KGaA), and the data were normalized using ImageJ v1.8.0 
software (National Institutes of Health, Bethesda, MD, USA).

Statistical analysis. All experiments were performed in 
triplicate, and the data are presented as the mean ± standard 
deviation. All statistical analyses were performed using SPSS 
software (version 19.0; IBM Corp., Armonk, NY, USA). For 
lncRNA MORT and GLUT-1 expression, data were normal-
ized to the sample with the lowest value, which was set 
to 1. For cell proliferation, the data were normalized to the 
control group, which was set to 100. Comparisons between 
lncRNA MORT expression levels in tumor tissues and adja-
cent healthy tissues were determined using a paired Student's 
t-test. Comparisons among three groups were performed 
using one-way analysis of variance followed by a Tukey's test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

lncRNA MORT is downregulated in tumor tissues, compared 
with the adjacent healthy tissues of patients with prostate 

carcinoma. The expression levels of lncRNA MORT in 
the tumor tissues of patients with prostate carcinoma were 
detected using RT-qPCR. Compared with adjacent healthy 
tissues, expression levels of lncRNA MORT were signifi-
cantly downregulated in tumor tissues (Fig. 1). In addition, 
no significant differences in lncRNA MORT expression were 
observed between patients at different cancer stages (data not 
shown).

Expression of lncRNA MORT in tumor tissues is influenced by 
tumor size, but not tumor metastasis. Among the 60 patients 
with prostate carcinoma, there were 28 cases of metastatic 
prostate carcinoma (MPC) and 32 cases of non-metastatic 
prostate carcinoma (NMPC). No significant differences in 
the expression level of lncRNA MORT in tumor tissues were 
revealed between the MPC and NMPC groups (Fig. 2A). There 
were 18 patients with a primary tumor of 0-2 cm, 20 cases 
between 2-4 cm and 22 cases >4 cm. A decrease in the level of 
lncRNA MORT expression was associated with an increase in 
tumor size (Fig. 2B; P<0.05).

Overexpression of lncRNA MORT inhibits glucose uptake 
and GLUT‑1 expression in the prostate carcinoma cell 
line 22Rv1. The overexpression rate of lncRNA MORT and 
GLUT‑1 reached 200 and 300% 24 h post‑transfection, 
respectively (Fig. S1). Compared with the control and negative 
control groups, lncRNA MORT overexpression resulted in 
significantly reduced glucose uptake (Fig. 3A) and inhibited 
GLUT-1 expression (Fig. 3B) (P<0.05). Furthermore, GLUT-1 
overexpression promoted glucose uptake, and attenuated the 
effects of lncRNA MORT overexpression on glucose uptake 
(Fig. 3A; P<0.05). However, GLUT-1 overexpression did 
not significantly effect lncRNA MORT expression (Fig. 3C; 
P>0.05). Glucose uptake levels were consistent with GLUT-1 
protein levels (Fig. 3D).

Overexpression of lncRNA MORT inhibits cell proliferation by 
suppressing GLUT‑1. Compared with the control and negative 
control groups, overexpression of lncRNA MORT significantly 
inhibited, whilst GLUT-1 overexpression promoted the prolif-
eration of 22Rv1 cells (Fig. 4; P<0.05). In addition, GLUT-1 
overexpression attenuated the effects of lncRNA MORT on 
cell proliferation (P<0.05).

Figure 2. Expression of lncRNA MORT in tumor tissues is affected by tumor size, but not tumor metastasis. (A) No differences in the expression levels of 
lncRNA MORT in tumor tissues were observed between the MPC and NMPC groups, while (B) decreased lncRNA MORT expression was associated with 
an increase in tumor size. *P<0.05. lncRNA MORT, long non-coding RNA mortal obligate RNA transcript; MPC, metastatic prostate carcinoma; NMPC, 
non-metastatic prostate carcinoma.
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Discussion

Glucose metabolism is critical for the development and 
progression of all types of cancers. The present study indicated 
that lncRNA MORT, a recently identified lncRNA which is 
silenced in 16 types of cancer (12), is downregulated in prostate 

carcinoma. In addition, lncRNA MORT may inhibit the prolif-
eration of prostate carcinoma cells by inhibiting glucose uptake.

The development and progression of prostate carcinoma 
influences the expression of a large set of lncRNAs, a number 
of which have reported diagnostic or prognostic value (14,15). In 
the present study, downregulated expression levels of lncRNA 
MORT were observed in prostate carcinoma tissues compared 
with adjacent healthy tissues. This supported preliminary micro-
array data revealing that lncRNA MORT was downregulated in 
prostate carcinoma tissues (data not shown). Notably, it was also 
revealed that the expression level of lncRNA MORT was effected 
by tumor size, but not tumor metastasis, indicating the potential 
involvement of lncRNA MORT in prostate tumor growth. This 
was further confirmed by the in vitro proliferation assay.

GLUT-1-mediated glucose uptake is associated with the 
abnormally accelerated proliferation of cancer cells (16,17). 
Consistently, the present study revealed increased glucose 
uptake and prostate carcinoma cell proliferation following 
GLUT-1 overexpression. It is frequently been observed 
that glucose metabolism in human cancers is regulated by 
lncRNAs (18,19). We reported significantly reduced glucose 
uptake and inhibited GLUT-1 expression in prostate carcinoma 
cells following lncRNA MORT overexpression. However, 
GLUT-1 overexpression failed to regulate lncRNA MORT. 
Therefore, lncRNA MORT may serve as a tumor suppressor 
in prostate carcinoma by inhibiting glucose uptake through 

Figure 4. Overexpression of lncRNA MORT inhibits cell proliferation by 
retarding GLUT-1. Cell proliferation assays revealed that overexpression 
of lncRNA MORT significantly inhibited, while GLUT‑1 overexpression 
promoted the proliferation 22Rv1 cells. In addition, GLUT-1 overexpres-
sion attenuated the effects of lncRNA MORT on cell proliferation. *P<0.05. 
lncRNA MORT, long non-coding RNA mortal obligate RNA transcript; 
GLUT-1, glucose transporter 1.

Figure 3. Overexpression of lncRNA MORT inhibits glucose uptake and GLUT-1 expression in the prostate carcinoma cell line 22Rv1. Glucose uptake assay 
and western blot analysis demonstrated that lncRNA MORT overexpression resulted in (A) significantly reduced glucose uptake and (B) and GLUT‑1 expres-
sion. GLUT-1 overexpression promoted glucose uptake, and attenuated the effects of lncRNA MORT overexpression on glucose uptake. However, (C) GLUT-1 
overexpression did not significantly affect lncRNA MORT expression, as revealed using reverse transcription‑quantitative polymerase chain reaction. In addition, 
(D) western blot analysis illustrated that GLUT-1 mRNA and protein expression were promoted following GLUT-1 uptake, which was associated with glucose 
uptake. *P<0.05. lncRNA MORT, long non-coding RNA mortal obligate RNA transcript; GLUT-1, glucose transporter 1; C, control; NC, negative control.
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the downregulation of GLUT-1. However, GLUT-1 mRNA 
levels were not significantly altered following lncRNA MORT 
overexpression (data not shown), suggesting that lncRNAs 
MORT may affect the level of GLUT-1 by regulating protein 
accumulation, rather than gene transcription.

It is worth noting that lncRNA MORT overexpression 
has not been reported to significantly affect any of the other 
GLUTs. Therefore, lncRNA MORT may specifically regulate 
GLUT-1 in prostate carcinoma. Due to limited resources, 
the present study only included one prostate cancer cell line. 
Future studies aim to include more cell lines to further support 
the conclusions drawn. The present study was also limited by 
a small sample population size. Future studies with a larger 
patient cohort are required to further verify the conclusions. 
Future studies will also focus on the diagnostic, prognostic and 
therapeutic value of lncRNA MORT in prostate carcinoma, 
which requires long-term follow-up studies in addition to an 
increased sample population.

In conclusion, lncRNA MORT was determined to be 
downregulated in prostate carcinoma and may inhibit tumor 
cell proliferation by suppressing glucose uptake. Therefore, 
lncRNA MORT may serve as a potential therapeutic target for 
prostate carcinoma.
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