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Abstract. Long non-coding RNA GATA6 antisense RNA 1 
(lncRNA GATA6‑AS) is a recently identified lncRNA that is 
involved in endothelial‑mesenchymal transition. The present 
study aimed to investigate the involvement of GATA6‑AS 
in the progression of mantle cell lymphoma (MCL). It was 
found that plasma lncRNA GATA6‑AS expression level was 
downregulated in patients with MCL, compared with that in 
healthy controls. Downregulation of lncRNA GATA6‑AS has 
potential diagnostic value in early stage MCL. Overexpression 
of lncRNA GATA6‑AS resulted in inhibited glucose uptake in 
the human cell lines JVM‑2 and Z‑138 MCL. Inhibited expres-
sion of glucose transporter 1 (GLUT1) was observed in MCL 
cells following lncRNA GATA6‑AS overexpression, whilst 
GLUT1 overexpression did not alter the expression of lncRNA 
GATA6‑AS. Additionally, lncRNA GATA6‑AS overexpres-
sion inhibited, whilst GLUT1 overexpression promoted the 
proliferation of JVM‑2 and Z‑138 MCL cells; GLUT1 over-
expression partially reversed the inhibitory effects of lncRNA 
GATA6‑AS overexpression. It was therefore concluded that 
lncRNA GATA6‑AS may inhibit cancer cell proliferation in 
MCL by downregulating GLUT1.

Introduction

Tumor growth is the basis for all aspects of cancer develop-
ment (1); therefore, the inhibition of tumor cell proliferation is 
considered to be a promising therapeutic strategy for cancer 
treatment (2). Mantle cell lymphoma (MCL), as a rare subtype 
of non‑Hodgkin lymphoma is associated with poor patient 

prognosis even after active treatment (3). Following great 
efforts to improve the treatment of MCL, a series of novel drugs 
have been developed, the uses of which have resulted in mark-
edly improved patient outcomes (4,5). However, the median 
survival time of patients with MCL remains at 10 years, thus 
further improvements are required (6).

The reprogramming of glucose metabolism is frequently 
observed in cancer cells (7), and accelerated glucose metabo-
lism is able to distinguish cancer cells from normal cells (8). 
The initiation of glucose metabolism requires the uptake of 
glucose into cells, in which glucose transporter 1 (GLUT1) 
facilitates the transport of glucose across the mammalian 
plasma membrane (9). Overexpression of GLUT1 is believed 
to contribute to the proliferation of cancer cells (10,11). The 
recently identified long non‑coding RNA GATA6 antisense 
RNA 1 (lncRNA GATA6‑AS) plays a pivotal role in endo-
thelial‑mesenchymal transition (12). Preliminary microarray 
data, prior to the present study, identified downregulation of 
lncRNA GATA6‑AS in patients with MCL. In the present 
study it was revealed that lncRNA GATA6‑AS may inhibit 
cancer cell proliferation in MCL by downregulating GLUT1.

Materials and methods

Human samples and cell lines. Plasma samples were derived 
from the blood of 47 patients with MCL (patient group) and 
42 healthy volunteers (control group), who were admitted 
to the Jilin Central Hospital (Jilin, China) between January 
2015 and May 2018. All healthy volunteers possessed normal 
physiological conditions, as determined by systemic physi-
ological examination. The inclusion criteria for patients were 
as follows: i) Patients with MCL at stage I or II, confirmed 
by histopathological testing; and ii) patients fully understood 
the experimental protocol and signed informed content. 
Exclusion criteria: i) Patients with MCL in addition to another 
disease/s; and ii) patients who had received treatment up to 
3 months before admission. The patient group was composed 
of 25 males and 22 females, aged between 26 and 67 years 
(mean age, 46.8±4.8 years). The control group was composed 
of 22 females and 20 males, and aged between 25 and 66 years, 
(mean age, 45.9±4.4 years). Both groups possessed a similar 
age and gender distribution. The present study was approved 
by the Ethics committee of Jilin Central Hospital, and all 
participants gave written informed consent to participate.
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JVM‑2 and Z‑138 human MCL cell lines were provided 
by the American Type Culture Collection (ATCC). 
ATCC‑formulated RPMI‑1640 medium (ATCC; cat. 
no. 30‑2001) supplemented with 10% fetal bovine serum 
(ATCC; cat. no. 30‑2020) was used to culture cells under 
normal conditions (37˚C; 5% CO2).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). The Monarch® Total RNA Miniprep kit (New 
England BioLabs, Inc.) was used to extract total RNA from 
cells and patient samples, and the High‑Capacity cDNA RT 
kit (Thermo Fisher Scientific, Inc.) was used to synthesize 
cDNA (both according to the manufacturer's protocol) using 
following conditions: 25˚C for 5 min, 55˚C for 20 min and 80˚C 
for 5 min. The SuperScript III Platinum One‑Step RT‑qPCR 
kit (Thermo Fisher Scientific, Inc.) was used to prepare all 
PCR reactions. The primer sequences were as follows: lncRNA 
GATA6‑AS forward, 5'‑ATG CGC TTT TTG CCC TGA AG‑3', 
and reverse, 5'‑AGG TCA GCT GGG GAA TGT TG‑3'; β-actin 
forward, 5'‑GAC CTC TAT GCC AAC ACA GT‑3', and reverse, 
5'‑AGT ACT TGC GCT CAG GAG GA‑3'. Thermocylcing condi-
tions: 95˚C for 2 min, followed by 40 cycles of 95˚C for 15 sec 
and 56˚C for 30 sec. RNA expression levels were quantified 
using the 2-ΔΔCq method (13), and normalized to β‑actin.

Cell transfection. lncRNA GATA6‑AS and GLUT1 expres-
sion vectors were designed and synthesized by Shanghai 
GenePharma Co., Ltd. Cells were cultured to 80‑90% conflu-
ence and Lipofectamine® 2000 reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) was used to transfect cancer cells with 
the appropriate vectors (15 nM). Cells transfected with empty 
vector were used as the negative control (NC), and untrans-
fected cells were used as the control (C). lncRNA GATA6‑AS 
and GLUT1 expression was detected 12 h post‑transfection. 
The overexpression rates of lncRNA GATA6‑AS and GLUT1 
reached 180% (180‑200%) prior to subsequent experimentation.

Glucose uptake assay. Following transfection, cells were 
harvested and counted. Subsequently, 3x105 cells were washed 
with PBS and resuspended in 2 ml Krebs‑Ringer‑HEPES 
(KRH) buffer, which was composed of 25 mM HEPES 
(pH 7.4), 120 mM NaCl, 1.3 mM CaCl2, 1.2 mM MgSO4, 
1.3 mM KH2PO4 and 5 mM KCl. To initiate glucose uptake, 
1 µCi of [3H]‑2‑deoxyglucose (PerkinElmer, Inc.) was added 
and cells were cultured at 37˚C for 30 min. Cells were then 
washed in ice‑cold KRH buffer to terminate glucose uptake. 
Liquid scintillation spectrometry was used to measure radio-
activity, and the [3H]‑2‑deoxyglucose content of the cells was 
expressed as disintegrations per minute.

In vitro cell proliferation assay. Following transfection, the Cell 
Counting Kit‑8 (CCK‑8; Sigma‑Aldrich; Merck KGaA) assay 
was used to assess cell proliferation ability. Briefly, cells were 
harvested to prepare a single cell suspension (3x104 cells/ml), 
which was transferred to a 96‑well plate (100 µl/well). Cells 
were incubated at 37˚C, 5% CO2, and CCK‑8 solution was 
added at 24, 48, 72 and 96‑h time points. Optical density 
values were determined using the Fisherbrand™ accuSkan™ 
GO UV/Vis Microplate Spectrophotometer (Thermo Fisher 
Scientific, Inc.) at 450 nm. 

Western blot analysis. Western blotting was performed using 
conventional methods. RIPA solution (Sangon Biotech Co., 
Ltd.,) was used to extract the total protein from cells, and the 
protein concentrations were determined using a bicinchoninic 
acid assay kit (Sangon Biotech Co., Ltd.). Electrophoresis was 
performed using 10% SDS‑PAGE gels with 35 µg protein per 
lane. Following gel transfer to PVDF membranes, blocking 
was performed using PBS containing 5% non‑fat milk at room 
temperature for 2 h. Primary, rabbit anti‑human antibodies 
for GLUT1 (1:1,200; cat. no. ab15309) and GAPDH (1:2,000; 
cat. no. ab8245) were purchased from Abcam, and incubated 
with the membranes at 4˚C for 12 h. A secondary, goat 
anti‑rabbit IgG‑HRP antibody (1:1,000; cat. no. MBS435036) 
was purchased from MyBioSource, Inc., and incubation was 
performed at room temperature for 2 h. Signal develop-
ment was performed using ECL™ Select Western Blotting 
Detection Reagent (Sigma‑Aldrich; Merck KGaA) and ImageJ 
v1.46 software (National Institutes of Health) was used to 
capture gel images.

Statistical analysis. The data were processed using GraphPad 
prism 6 (GraphPad Software, Inc.). All experiments were 
performed in triplicate and the data are presented as the 
mean ± standard deviation. Student's t‑test was used for 
comparisons between two groups, and one‑way ANOVA 
followed by Tukey's test was used for comparisons among 
multiple groups. Receiver operating characteristic (ROC) 
curve analysis was performed to evaluate the diagnostic value 
of plasma lncRNA GATA6‑AS in MCL, with MCL patients 
as true positive cases, and healthy volunteers as true nega-
tive cases. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Downregulation of lncRNA GATA6‑AS distinguishes MCL 
patients from healthy controls. RT‑qPCR was performed to 
detect the expression of lncRNA GATA6‑AS in the plasma 
of patients with MCL and healthy controls. Compared with 
the healthy controls, plasma expression levels of lncRNA 
GATA6‑AS were significantly reduced in patients with MCL 
(P<0.05; Fig. 1A). ROC curve analysis was performed to 
evaluate the diagnostic value of plasma lncRNA GATA6‑AS 
in MCL. As revealed in Fig. 2B, the area under the curve was 
0.9195, with a standard error of 0.02916 and 95% confidence 
interval of 0.8623‑0.9767.

lncRNA GATA6‑AS overexpression inhibits glucose uptake 
in JVM‑2 and Z‑138 human MCL cells. Glucose uptake in 
JVM‑2 and Z‑138 human MCL cells was detected using a 
glucose uptake assay. Compared with the control and nega-
tive control groups, glucose uptake was significantly reduced 
in JVM‑2 (Fig. 2A) and Z‑138 (Fig. 2B) human MCL cells 
following lncRNA GATA6‑AS overexpression (P<0.05).

lncRNA GATA6‑AS regulates GLUT1 expression in JVM‑2 
and Z‑138 human MCL cells. GLUT1 is a one of the principal 
components of glucose uptake. Therefore, the expression 
of GLUT1 was detected in JVM‑2 and Z‑138 human MCL 
cell lines following lncRNA GATA6‑AS overexpression. 
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Compared with control and negative control groups, expres-
sion of GLUT1 was significantly reduced in both cell lines 
following lncRNA GATA6‑AS overexpression (P<0.05; 
Fig. 3A). By contrast, no significant differences in the expres-
sion levels of lncRNA GATA6‑AS were observed following 
GLUT1 overexpression (P<0.05; Fig. 3B).

lncRNA GATA6‑AS regulates GLUT1 involvement in the 
proliferation of JVM‑2 and Z‑138 human MCL cells. Following 
transfection with lncRNA GATA6‑AS and GLUT1 expression 
vectors, the proliferation of JVM‑2 and Z‑138 human MCL 
cells was detected using a CCK‑8 assay. Compared with control 
and negative control groups, GATA6‑AS overexpression signif-
icantly inhibited, while GLUT1 overexpression significantly 
promoted the proliferation of JVM‑2 (Fig. 4A) and Z‑138 
(Fig. 4B) human MCL cells. Compared with cells transfected 
with GATA6‑AS expression vectors alone, cells transfected 
with both GATA6‑AS and GLUT1 expression vectors showed 
significantly increased proliferation rates (P<0.05).

Discussion

lncRNA GATA6‑AS has recently been identified as a key 
component in endothelial‑mesenchymal transition, while its 
involvement in other physiological or pathological processes 
is unknown. In the present study, a novel function of lncRNA 
GATA6‑AS was reported in MCL. This is the first report to 
indicate the involvement of lncRNA GATA6‑AS in cancer cell 
proliferation, which is likely to be as a result of its interaction 
with GLUT1.

As a primary component of glucose uptake, GLUT1 
is involved in the regulation of cancer cell proliferation in 
different types of human malignancies, including prostate 
cancer (10) and triple‑negative breast cancer (11). The involve-
ment of GLUT1 in MCL still hasn't been well studied. In the 
present study, GLUT1 overexpression resulted in significant 
promotion of MCL cell proliferation. Therefore, GLUT1 may 
also serve an oncogenic role in MCL by promoting cancer cell 
proliferation.

Figure 2. lncRNA GATA6‑AS overexpression inhibits glucose uptake in JVM‑2 and Z‑138 human MCL cells. lncRNA GATA6‑AS overexpression resulted 
in significantly inhibited glucose uptake in (A) JVM‑2 and (B) Z‑138 human MCL cell lines. *P<0.05. lncRNA GATA6‑AS, long non‑coding RNA GATA6 
antisense RNA 1; MCL, mantle cell lymphoma; C, control; NC, negative control; DPM, disintegrations per minute.

Figure 1. Downregulation of lncRNA GATA6‑AS distinguishes patients with MCL from healthy controls. (A) Compared with healthy controls, plasma expres-
sion levels of lncRNA GATA6‑AS were significantly reduced in patients with MCL. (B) Downregulation of lncRNA GATA6‑AS distinguished patients with 
MCL from healthy controls. *P<0.05. lncRNA GATA6‑AS, long non‑coding RNA GATA6 antisense RNA 1; MCL, mantle cell lymphoma.
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It has been reported that the development of MCL is 
accompanied by changes in the expression pattern of a 
large set of lncRNAs (14). However, the number of studies 
addressing the functions of these lncRNAs in MCL is 
limited (15). The findings of the present study indicate that the 
inhibition of lncRNA GATA6‑AS expression may serve as a 
potential therapeutic target for the treatment of MCL. It was 
also observed that lncRNA GATA6‑AS was downregulated in 
MCL, and that lncRNA GATA6‑AS overexpression inhibited 
the proliferation of MCL cell lines. This suggests that in MCL, 
GATA6‑AS is likely to be a tumor suppressor lncRNA, and 
that its overexpression may be used therapeutically.

Early diagnosis is the key to successful post‑treatment 
survival in patients with cancer (16). The present study 
only included patients in the early cancer stages of MCL 
(stage I and II). ROC curve analysis revealed that downregula-
tion of lncRNA GATA6‑AS effectively distinguished between 
patients and healthy controls. Therefore, lncRNA GATA6‑AS 
may have potential in the early diagnosis of MCL.

GLUT1 is involved in cancer development and progres-
sion through its interaction with different signaling molecules, 
including lncRNAs (17,18). The present study revealed that this 
involvement is likely to be downstream of lncRNA GATA6‑AS in 
the regulation of MCL cell proliferation. However, as GLUT1 

Figure 4. lncRNA GATA6‑AS regulates GLUT1 in the proliferation of JVM‑2 and Z‑138 human MCL cells. GATA6‑AS overexpression significantly inhibited, 
whilst GLUT1 overexpression significantly promoted the proliferation of cells of (A) JVM‑2 and (B) Z‑138 human MCL cell lines. GLUT1 overexpression 
partially reversed the inhibitory effects of GATA6‑AS overexpression on cell proliferation. *P<0.05. long non‑coding RNA GATA6 antisense RNA 1; GLUT1, 
glucose transporter 1; MCL, mantle cell lymphoma; C, control; NC, negative control.

Figure 3. lncRNA GATA6‑AS regulates GLUT1 expression in JVM‑2 and Z‑138 human MCL cells. (A) lncRNA GATA6‑AS overexpression led to signifi-
cantly inhibited expression of GLUT1 in JVM‑2 and Z‑138 human MCL cell lines, while (B) GLUT1 overexpression had no significant effects on lncRNA 
GATA6‑AS expression in either cell line. *P<0.05. long non‑coding RNA GATA6 antisense RNA 1; GLUT1, glucose transporter 1; MCL, mantle cell 
lymphoma; C, control; NC, negative control.
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overexpression only attenuated, not reversed the inhibitory 
effects of GATA6‑AS overexpression on cell proliferation, 
lncRNA GATA6‑AS may interact with multiple signaling 
molecules. Future studies will focus on the identification of 
other downstream effectors of lncRNA GATA6‑AS.

Notably, GLUT 2‑4 (class 1 GLUT), GLUT5 (class 2 
GLUT) and GLUT6 (class 3 GLUT) failed to respond to 
lncRNA GATA6‑AS overexpression (preliminary data not 
shown), indicating a specific interaction between GLUT1 
and lncRNA GATA6‑AS. In addition, no potential targeting 
site of lncRNA GATA6 was identified on GLUT1; therefore, 
it was hypothesized that the interactions between lncRNA 
GATA6 and GLUT1 were mediated by other means, including 
pathological factors. Future studies aim to detect the levels of 
glycolytic intermediates to confirm the involvement of GLUT1 
in MLC. Furthermore, the interaction between GATA6AS 
with GATA6S in MCL is also a topic for future investigation.

In conclusion, lncRNA GATA6‑AS was downregulated in 
MCL. Its overexpression may serve as a potential therapeutic 
strategy for the treatment of MCL, by inhibiting cancer cell 
proliferation through the downregulation of GLUT1.
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