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Abstract: Objective: To explore the expressions of long intragenic non-coding RNA-p21 (lincRNA-p21) and glucose
transporter 1 (Glut-1) in primary hepatocellular carcinoma (HCC) and their clinical values. Methods: Data for a retrospective study was collected from 264 HCC patients; the relative expressions of lincRNA-p21 and Glut-1 mRNA in
the HCC and adjacent normal tissues were measured, and a qualitative analysis was made for Glut-1. Results: The
relative expression of lincRNA-p21 in the HCC tissues was lower than it was in the adjacent normal tissues, but the
positive rate of Glut-1 and the relative expression of Glut-1 miRNA were higher (all P<0.001). With an increase in
the size of the HCC tumors, the alpha fetoprotein (AFP) values became higher, the T stages got higher, the distant
metastasis and differentiation of the lymph nodes got poorer, the relative expression of Glut-1 mRNA increased, but
the relative expression of RNA-p21 decreased (all P<0.05). The median survival time in the Glut-1 negative patients
was longer than in the Glut-1 positive patients (29 months, 95% CI: 27.659-30.341 vs 25 months, 95% CI: 24.13325.867), and they were significantly different (χ2=30.950, P<0.001); the relative expression of lincRNA-p21 was
lower in the Glut-1 positive patients than in the Glut-1 negative ones, and the differences were significant (P<0.05).
The relative expression of lincRNA-p21 was negatively correlated to Glut-1 miRNA (r=-0.256, P=0.017). Conclusion:
LincRNA-p21 and Glut-1 play crucial roles in the occurrence and development of HCC. Decreased lincRNA-p21 but
elevated Glut-1 suggests a poor prognosis, and they can be used as biomarkers for judging the malignancy and
prognosis of HCC.
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Introduction
Hepatocellular carcinoma (HCC) is a common
cancer, ranking fifth in morbidity and second in
mortality among all cancers [1]. Every year,
there are more than 700,000 newly diagnosed HCC patients and approximately 500,0001,000,000 new deaths in the world, and over
half of the deaths are in China [2]. In the past
two decades, the annual morbidity and mortality of HCC have increased remarkably, and one
study demonstrated that HCC is more prevalent
in Asia and Africa [3]. The etiology of HCC is
complicated and closely associated with environmental and genetic factors [4].
Long intragenic non-coding RNA (lnc-RNA) exists extensively in eukaryotes. The interactions
between lnc-RNA and proteins can regulate the

activity and location of proteins as it mediates
gene transcription and activates gene expression by recruiting transcription factors into its
target gene promoters, which is closely related to tumorigenesis and progression [5]. Long
intragenic non-coding RNA-p21 (lincRNA-p21),
a P53-dependent transcriptional target gene
and potential diagnostic marker, is involved in
the proliferation, cell cycle, metabolism and
reprogramming of tumor cells [6]. Published
studies indicate that lincRNA-p21 plays a crucial role in the regulation of glucose metabolism as decreased lincRNA-p21 expression can
inhibit P53-mediated glucose metabolism in
HCC patients. The p53 signaling pathway is a
negative regulator of glycolysis, and it has the
effect of limiting glucose uptake by inhibiting
glucose transporter 1 (Glut-1) [7, 8].

The expressions and clinical implications of lincRNA-p21 and Glut-1
Glut-1 is an important member of the glucose
transporter family. It is barely expressed in normal and tumor-adjacent epithelial cells [9, 10].
Studies have shown that Glut-1 is a key factor
limiting the rate of glucose transport in cancer
cells, and it is overexpressed in various tumors
[11-14]. Previous studies have demonstrated
that Glut-1 mediation in cancer cells results in
increased glucose uptake, and Glut-1 plays a
crucial role in tumor formation and metastasis
[15-17]. In addition, it also acts decisively in the
presence and development of tumors, as tumor
growth and proliferation depends on the survival response to glycolysis [18, 19]. Glut-1
overexpression in cancer tissues provides a
great deal of energy for the growth and development of tumors, and it also contributes a lot
to the invasion and metastasis of tumors [17,
20]. Therefore, Glut-1 has become an important target for cancer intervention. The inhibition of Glut-1 expression in osteosarcoma cells
reduces glucose uptake by the tumor cells. A
decrease in glucose supply makes the tumor
cells unable to obtain enough energy; as a
result, the tumor cells remain at the stage of
less oxygen consumption or directly have programmed apoptosis. Moreover, it also reduces
the capacities of invasion and metastasis of
the cancer cells while it lessens their energy
supply [21, 22]. We hypothesized that lincRNAp21 could induce the abnormal expression of
Glut-1 by acting on the p53 signaling pathway,
thereby affecting the growth and proliferation
of HCC cells. The present study was based on
the correlation between the detection of lincRNA-p21 in serum and Glut-1 expression in
hepatocellular carcinoma tissues and clinicopathology, and we conducted long-term followups to provide basic information for the clinical
prevention and treatment of HCC. Here we
report as follows.
Materials and methods
General information
A total of 264 HCC patients were admitted to
the Oncology Department of Affiliated Tumor
Hospital of Guangxi Medical University from
March 2014 to July 2015, and they were studied retrospectively. The enrolled patients included 219 males and 45 females, and they
ranged in age from 26 to 70 years old (mean,
49.1±10.0 years). They all signed and provided
an informed consent. This study was approved
by the Hospital Ethics Committee.
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Inclusion and exclusion criteria
Inclusion criteria: Patients who met all the following conditions were eligible for enrollment in
this study: the HCC diagnosis and tumor-node-metastasis (TNM) classification were performed with reference to the Standards for
Diagnosis and Treatment of Primary Hepatocellular Carcinoma (2017 Edition); the patients
were between 18 and 75 years old; the patients
were operated on for HCC in our hospital to collect HCC tissues and tumor-adjacent tissues,
and all the collected tissue specimens were
stored at -80°C in a refrigerator [23].
Exclusion criteria: Patients were ineligible for
enrollment in the study if they met any of the
following conditions: incomplete available clinical data, severe heart disease, liver or kidney
disease, mental illness, cerebrovascular disease, inability to cooperate with the study; difficulty or inconvenience for the follow-up, other
concomitant cancer or non-primary HCC.
Methods
Qualitative assay of Glut-1 in the HCC and adjacent normal tissues: The HCC Specimens and
the matched adjacent normal tissues were
fixed with a formaldehyde solution, dehydrated,
and made to be transparent by the combined
action of ethanol and xylene, and then embedded in paraffin. The embedded specimens were
sliced into 2-3-μm-thick sections. The mouse
anti-human Glut-1 polyclonal antibodies and
kits used in the present study were purchased
from Beijing Zhongshan Golden Bridge Biotechnology Co. Ltd., China (Beijing, China). Streptavidin-peroxidase (SP) immunohistochemistry was applied to determine the expression
of the Glut-1 protein. The specific procedures
were as follows: first, the tissue specimens
were hydrated with a gradient ethanol solution (Guangzhou Dingguo Biotechnology, China),
and 0.01 mol/L of phosphate buffer saline
(PBS) (pH 7.4) (Guangzhou Dingguo Biotechnology, China) was added dropwise to the
sections until the sections were covered completely. The sections were placed on a glass
slide and washed in 0.01 mol/L of PBS (pH 7.4).
Subsequently, they were subjected to heatmediated antigen retrieval at high temperature
and pressure. After the addition of goat serum, primary (1:200 dilution) and secondary (1:1,500 dilution) antibodies (Guangzhou
Dingguo Biotechnology, China) were added
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dropwise to the sections. Twelve hours later,
the DAB technique was utilized for the chromogenic reaction (Guangzhou Rainbow Biotechnology, China). Subsequently, the sections
were washed with clean water, dehydrated in
a gradient ethanol solution, and ultimately
mounted on the slides with xylene. Glut-1 positive was defined as the percentage of positive
cells observed under a microscope with five
random high-power lenses, as judged by the
product of the percentage of positive cells and
staining intensity. The percentage of positive
cells was rated as follows: 0 points, ≤1%; 1
point, 2-10%; 2 points, 11-50%; 3 points,
51-80%; and 4 points, 81-100%. The staining
intensity was graded as 0 points (negative), 1
point (weakly positive), 2 points (positive) and 3
points (strongly positive). The products of the
percentage of positive cells and staining intensity were rated as 0 points (negative), 1-4 points
(weakly positive), 5-7 points (positive) and 8-12
points (strongly positive). Hence, the positive
rate = (weakly positive + positive + strongly
positive)/total number of cases [24].
The relative expressions of lincRNA-p21 and
Glut-1 mRNA in HCC and the adjacent normal
tissues: The HCC and adjacent normal tissues
with the 2-3 mm2 confirmed pathological sections were removed from a refrigerator at
-80°C. Trizol kits (Molecular Research Center,
USA) were used for this study, and the design of
the forward and reverse primers was provided
by Guangzhou Rainbow Biotechnology (Guangzhou, China) [25]. A reverse transcription-polymerase chain reaction (RT-PCR) was performed
to reversely transcribe the miRNA to produce
cDNA with the use of a reverse transcription kit
(Fernentas, Canada). cDNA was used as a template to amplify the DNA. Finally, the expression
levels of lincRNA-p21 and Glut-1mRNA in the
HCC tissue samples were measured using
quantitative PCR with fluorescent probes. The
specific procedures are shown below: first, the
HCC and adjacent normal tissues were fully
mixed after melting. A total of 300 μL of the
sample was taken out. After 1 mL of Trizol was
added to the sample, the sample was placed at
rest at room temperature for 5 min to realize a
full pyrolysis. Trichloromethane was added at a
rate of 200 μL (trichloromethane)/mL (Trizol),
and a mixture thereof was shaken vigorously by
hand for 15 sec and then placed at rest at room
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temperature for 15 min. The mixture was then
centrifuged at 12,000 rpm for 15 min at 4°C.
The resulting solution was divided into three
layers. RNA was dissolved in the water phase,
and the upper water phase was extracted and
transferred to another centrifugal tube. The
75% ethanol was added at a rate of 1 mL of
75% ethanol/mL of Trizol into the centrifugal
tube. Subsequently, the centrifugal tube was
mildly oscillated, and the precipitation was suspended. The resulting mixture was then centrifuged at 7,500 rpm for 5 min at 4°C, followed
by discarding the supernatant as much as possible. The mixture was dried at room temperature for 5-10 min, then 40 μL of DEPC-treated
water was added to dissolve the precipitate.
After the extraction of total RNA from the tissue
cells with a Trizol kit, the concentration and
purity of lincRNA-p21 and Glut-1 mRNA were
tested with a ultraviolet spectrophotometer
(Sigma Corporation, USA), followed by the
reverse transcription of miRNA to produce
cDNA using a reverse transcription kit (Fernentas, Canada). The sequences of the forward
and reverse primers for lincRNA-p21 were as
follows: 5’-CCCGGGCTTGTCTTTTGTT-3’ (lincRNA-p21) and 5’-GAGTGGGTGGCTCACTCTTCTG-3’ (lincRNA-p21); the sequences of the forward primers for Glut-1 mRNA were 5’-AACTCTTCAGCCAGGGTCCAC-3’ and 5’-CACAGTGAAGATGATGAAGAC-3’. The cycling system (25
μL) included SYBR premix (2×, 12.5 μL), target
gene-generated forward and reverse primers
(0.5 μL, respectively), cDNA template (2.0 μL),
and ddH2O (9.5 μL). The PCR was performed
under the following conditions: pre-denaturation at 94°C for 4 min, at 95°C for 40 sec,
60°C for 30 sec, and 72°C for 30 sec, for a
total of 35 cycles, followed by an extension at
72°C for 1 min. Agarose gel electrophoresis
was performed to determine the products generated in the PCR amplification. The relative
expression level was normalized to that of the
internal control U6 snRNA and analyzed using
the 2-ΔΔC(T) method. Western blot was used to
measure the expression of the Glut-1 protein.
Finally, the relative expression levels of lincRNA-p21 and Glut-1 mRNA were measured.
Survival assessment of the patients
Overall survival (OS) was defined as the time
from the beginning of chemotherapy to the
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Results

Table 1. General and baseline information
Number of
patients (n/%)
Age (year)
≥60
42 (15.90)
<60
222 (84.10)
Gender
Male
219 (82.95)
Female
45 (17.05)
Tumor size (cm)
≤2
22 (8.33)
2.1-4.9
115 (43.56)
≥5.0
127 (48.11)
AFP level
<40
66 (25.00)
40-399
100 (37.88)
≥400
98 (37.12)
T-staging
T1
80 (30.30)
T2
47 (17.80)
T3
114 (43.18)
T4
23 (8.71)
T-staging
N0
248 (93.94)
N1
16 (6.06)
T-staging
M0
235 (89.02)
M1
29 (10.98)
Degree of tumor differentiation Poor differentiated
70 (26.52)
Intermediate differentiated 152 (57.58)
High differentiated
42 (15.90)
Project

death of the patient or the observation time
points included in this study.
Statistical analysis
The data were analyzed using SPSS statistical
software, version 17.0. Continuous variables
were expressed as the means ± standard deviations ( _x ± sd). For pairwise comparisons, continuous variables conformed to a normal distribution and the homogeneity of variance were
compared between the two groups using a t
test, and denoted as t; those without a normal
distribution and homogeneity of variance were
tested using a rank sum test and represented
as Z. For multiple comparisons, a one-way
ANOVA test was used to determine the differences across the groups; if there were differences, the Tukey method was utilized for the
pairwise comparisons. The count data were
represented as rates/percentages (n/%) and
measured using Pearson’s chi-squared test
and Fisher’s exact probability test, and expressed as chi-squared. The survival analysis
was performed using the Kaplan-Meier method
and a log-rank test. P values less than 0.05
were considered statistically significant.
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General and baseline information

A total of 264 HCC patients
were enrolled in the current
study. Among them, 42 patients were over 65 years
old, 222 patients were under
65 years old; 219 patients
were male, and 45 patients
were female. A total of 22
patients reported tumors ≤2
cm in diameter; 115 patients
reported tumors of 2.1-4.9
cm in diameter, and 127
patients reported tumors ≥5
cm in diameter. A total of 60
patients had an alpha fetoprotein (AFP) level <40 μg/L,
100 patients had an AFP
level of 40-399 μg/L, and
90 patients had an AFP level of ≥400 μg/L. For the
T-staging, the patients with
T1-T4 HCC were 80, 47, 114
and 23 patients, respectively; for the N-staging, the patients with no affected lymph nodes (N0) were 248, and those with
one affected lymph node (N1) were 16; for the
M-staging, the patients with M0 and M1 were
235 and 29 patients, respectively. Regarding
the degree of tumor differentiation, 70 patients
had low differentiation, 152 patients had intermediate differentiation, and 42 patients had
high differentiation (Table 1).
Comparison of Glut-1 expression between the
HCC and adjacent normal tissues
The relative expression of lincRNA-p21 in the
HCC tissues was lower than it was in the adjacent normal tissues, but the positive rate of
Glut-1 and the relative expression levels of
Glut-1 miRNA were higher, and the differences
were statistically significant (P<0.001; Table 2;
Figure 1).
Comparison of the Glut-1 expression in the
HCC tissues of patients with different ages
and genders
There were no significant differences in the relative expression levels of lincRNA-p21, the posInt J Clin Exp Med 2020;13(2):836-846
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Table 2. Comparison of the Glut-1 expressions between the HCC and adjacent normal tissues
Group
HCC tissues
adjacent normal tissues
F/t
P

Number of
patients
264
264
-

Relative expression
of lincRNA-p21
0.41±0.29
1.00±0.22
-15.025
<0.001

Glut-1 (-)
Glut-1 (+)
patients
patients
38 (14.39)
226 (85.61)
223 (84.47)
41 (15.53)
528.000
<0.001

Glut-1
miRNA
1.93±0.20
0.51±0.21
79.569
<0.001

diameter, but the positive rate
of Glut-1 expression and the
relative expression levels of
Glut-1 miRNA were higher, and
they were significantly different (P<0.01), as shown in Table
5.
Comparison of Glut-1 expressions among patients with
varying AFP levels
The relative expression of lincRNA-p21 in the HCC tissues
of patients with AFP values
≥400 μg/L was lower than it
was in the HCC tissues of
patients with AFP values of
40-399 μg/L and <40 μg/L,
but the positive rate of Glut-1
and the relative expression of
Glut-1 miRNA were higher, and
Figure 1. A comparison of the Glut-1 expression between the HCC and adjacent normal tissues. A: The negative rate of Glut-1 in the adjacent normal
the differences were statistitissues; B: The negative rate of Glut-1 in HCC; C: The positive rate of Glut-1
cally significant (P<0.05); the
in the adjacent normal tissues; D: The positive rate of Glut-1 in HCC (scale
relative expression of lincRNAbar =50 nm).
p21 in the HCC tissues of patients with AFP levels of 40itive rate of Glut-1, and the relative expression
399 μg/L was lower than it was in the HCC tislevels of Glut-1 miRNA in the HCC tissues of
sues of patients with AFP levels <40 μg/L, but
patients with different ages and genders (P>
the positive rate of Glut-1 and the relative
0.05; Tables 3 and 4).
expression of Glut-1 miRNA were higher, and
there were statistically significant differences
Comparison of Glut-1 expression in tumors of
(P<0.05; Table 6).
different sizes
Comparison of the Glut-1 expressions in paThe relative expression of lincRNA-p21 in the
tients at different TNM stages
HCC tissues of patients with tumors ≥5 cm in
diameter was lower than it was in the HCC tisThe relative expression of lincRNA-p21 in the
sues of patients with tumors of 2.1-4.9 cm and
T4 patients was significantly lower than it was
≤2 cm in diameter, but the positive rate of Glutin patients with other T-stages (P<0.001). Pa1 expression and the relative expression levels
irwise comparisons showed no statistical difof Glut-1 miRNA were higher, and there weferences among the T1-T3 patients (P>0.05).
re statistically significant differences (all P<
The positive rate of Glut-1 and the relative
0.001). The relative expression of lincRNA-p21
expression of Glut-1 miRNA increased with the
in the HCC tissues of patients with tumors 2.1rise in T stages, and there were statistical dif4.9 cm in diameter was lower than it was in the
ferences (P<0.001). The comparisons among
HCC tissues of patients with tumors ≤2 cm in
patients at different N and M stages demon840
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Table 3. Comparison of the Glut-1 expressions in the HCC tissues of patients at different ages
Group
≥60 ages
<60 ages
F/t
P

Number of
patients
42
222
-

Relative expression
of lincRNA-p21
0.42±0.17
0.41±0.32
0.123
0.876

Glut-1 (-)
patients
7 (16.67)
31 (13.96)

Glut-1 (+)
patients
35 (83.33)
191 (86.04)
0.209
0.647

Glut-1 miRNA
1.93±0.16
1.93±0.21
0.099
0.921

Table 4. Comparison of the Glut-1 expressions in the HCC tissues of patients of different genders
Group
Male
Female
F/t
P

Number of
patients
219
45
-

Relative expression
of lincRNA-p21
0.41±0.32
0.40±0.34
0.283
0.804

Glut-1 (-)
patients
30 (13.70)
8 (17.78)

Glut-1 (+)
patients
189 (86.30)
37 (82.22)
0.504
0.478

Glut-1 miRNA
1.93±0.20
1.93±0.18
0.087
0.931

Table 5. Comparison of the Glut-1 expressions in tumors of different sizes
Group
≤2 cm
2.1-4.9 cm
≥5.0 m
F/t
P

Number of
patients
22
115
127
-

relative expression
of lincRNA-p21
0.76±0.18
0.66±0.11**
0.25±0.20***,###
63.053
<0.001

Glut-1 (-)
Glut-1 (+)
Glut-1 miRNA
patients
patients
12 (54.55)
10 (45.45)
1.74±0.09
20 (17.39)
95 (82.61)***
1.86±0.13**
6 (4.72)
121 (95.28)***,### 2.03±0.22***,###
528.000
43.030
<0.001
<0.001

Note: **P<0.01, ***P<0.001, compared with ≤2 cm; ###P<0.001, compared with 2.1-4.9 cm.

Table 6. Comparison of the Glut-1 expressions among patients with varying AFP levels
Group
<40
40-399
≥400
F/t
P

Number of
patients
66
100
98
-

relative expression
of lincRNA-p21
0.71±0.20
0.62±0.13
0.22±0.20***,###
65.232
<0.001

Glut-1 (+)
patients
20 (30.30)
46 (69.70)
14 (14.00)
86 (86.00)*
4 (4.08)
94 (95.92)***,#
528.000
<0.001

Glut-1 (-) patients

Glut-1 miRNA
1.81±0.12
1.86±0.13*
2.08±0.20***,###
43.030
<0.001

Note: *P<0.05, ***P<0.001, compared with <40; #P<0.05, ###P<0.001, compared with 40-399.

strated that the relative expression levels of
lincRNA-p21 in patients at the N1 and M1 stages were lower than those at the N0 and M0
stages, but the relative expression levels of
Glut-1 miRNA were higher, and they were significantly different (P<0.001; Tables 7-9).
Comparison of the Glut-1 expressions in HCC
with the varying degrees of differentiation
The relative expressions of lincRNA-p21 in the
poorly-differentiated HCC tissues was lower
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than it was in the moderately-differentiated
and well-differentiated HCC tissues, but the
positive rate of Glut-1 and the relative expression of Glut-1 miRNA were higher, and there
were significant differences (all P<0.05). The
relative expression of lincRNA-p21 in the moderately-differentiated HCC tissues was lower
than it was in the well-differentiated HCC tissues, but the positive rate of Glut-1 and the
relative expression of Glut-1 miRNA were higher, and they were significantly different (P<0.05;
Table 10).
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Table 7. Comparison of the Glut-1 expressions among patients at different T stages
Group
T1
T2
T3
T4
F/t
P

Number of
patients
80
47
114
23
-

relative expression
of lincRNA-p21
0.44±0.29
0.47±0.27
0.43±0.28
0.07±0.05***,###,@@@
6.055
0.001

Glut-1 (-)
patients
19 (23.75)
9 (19.15)
10 (8.77)
0 (0.00)

Glut-1 (+)
patients
61 (76.25)
38 (80.85)
104 (91.23)**
23 (100.00)***,#
13.337
0.004

Glut-1 miRNA
1.79±0.11
1.88±0.12***
1.98±0.16***,###
2.20±2.0***,###,@@@
<0.001

Note: **P<0.01, ***P<0.001, compared with T1; #P<0.05, ###P<0.001, compared with T2; @@@P<0.001, compared with T3.

Table 8. Comparison of the Glut-1 expressions in patients at different N
stages

Discussion

Previous studies have
demonstrated that lincRNA-p21 expression is
N0
down-regulated in the
N1
lung cancer tissues of
F/t
patients, and there is
P
a correlation between
lincRNA-p21 expression and prognosis. LincTable 9. Comparison of the Glut-1 expressions in patients at different M
RNA-p21 may be a marstages
ker of prognosis for HCC
Number of relative expression Glut-1 (-)
Glut-1 (+)
Glut-1
patients [26]. The exGroup
patients
of lincRNA-p21
patients
patients
miRNA
pression of lincRNA-p21
in diffuse large B-cell lyM0
235
0.44±0.28
37 (15.72) 198 (84.28) 1.90±0.17
mphoma tissues is sigM1
29
0.13±0.16
1 (3.45)
28 (96.55) 2.22±0.21
nificantly down-regulatF/t
4.661
3.168
9.650
ed compared to the exP
0.001
0.075
<0.001
pression in normal tissues [27]. In prostate
Survival of the Glut-1 positive and negative
cancer, lincRNA-p21 expression is down-regulated, and a lower expression of lincRNA-p21 is
patients
associated with lower survival rates [28].
The median survival time (29 months; 95% CI:
Evidence shows that lincRNA-p21 inhibits the
27.659-30.341) of the Glut-1 negative patients
growth and invasion of HCC cells, and decreawas higher than the survival time (25 months;
sed lincRNA-p21 expression is associated with
higher stages, grades and the vascular inva95% CI: 24.133-25.867) of the Glut-1 positive
sion of HCC [29]. The expression of lincRNApatients (χ2=30.950, P<0.001; Figure 2).
p21 in colorectal cancer tissues is significantly
Correlation between relative expression of
decreased, and it is negatively correlated to the
lincRNA-p21 and Glut-1
stages and vascular invasion of colorectal cancer [30]. The above studies indicate that the
The relative expressions of lincRNA-p21 in the
expression of lincRNA-p21 is down-regulated in
Glut-1 positive patients were lower than they
tumor tissues. Likewise, in the present study,
were in Glut-1 negative patients, and the differwe also found that the relative expression of
ences were statistically significant (P<0.05;
lincRNA-p21 in HCC tissues was lower than it
Table 11). Results from the correlation analysis
was in adjacent normal tissues. As the tumor
revealed that r=-0.256, and P=0.017. The relasize became larger, the AFP level increased, the
tive expression of lincRNA-p21 was negatively
T stages were higher, the distant metastasis
correlated to Glut-1 miRNA.
and differentiation of the lymph nodes were
Group
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Number of
patients
248
16
-

relative expression Glut-1 (-)
Glut-1 (+)
Glut-1
of lincRNA-p21
patients
patients
miRNA
0.44±0.29
37 (14.92) 211 (85.08) 1.90±0.17
0.23±0.22
1 (6.25)
15 (93.75) 2.35±0.18
2.662
0.917
10.285
0.009
0.338
<0.001
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Table 10. Comparison of the Glut-1 expressions in HCC with varying degrees of differentiation
Number of relative expression Glut-1 (-)
Glut-1 (+) patients
Glut-1 miRNA
patients
of lincRNA-p21
patients
Poorly differentiated
70
0.73±0.21
4 (5.71)
66 (94.29)
2.14±0.19
***
Intermediately differentiated
152
0.61±0.15
19 (12.50)
133 (87.50)
1.89±0.14***
***,###
***,###
Highly differentiated
42
0.25±0.19
15 (35.71) 27 (64.29)
1.73±0.08***,###
F/t
72.382
20.216
43.030
P
<0.001
<0.001
<0.001
Group

Note: ***P<0.001, ###P<0.001, compared with poorly differentiated; ###P<0.001, compared with intermediately differentiated.

sion was higher in endometrial carcinoma than in atypical
hyperplasia tissues [32]. A
prior study involving the roles
of Glut-1 in the metastasis and
invasion of colorectal cancer
showed that Glut-1 was elevated in the cells of stages II and
III colorectal cancer compared
with the stage I cells, suggesting that Glut-1 may be an
important marker for colorectal cancer staging [33]. Another study of colorectal cancer
found that the level of Glut-1
was associated with age, tumor stages, and lymphatic
metastasis in patients with
colorectal cancer [34]. This
Figure 2. The survival of Glut-1 positive and negative patients.
means that even in a hypoxic
environment with an elevated
Glut-1
expression,
the proliferation and metasTable 11. Different expressions of Glut-1 and
tasis
of
tumors
and
the invasion of surrounding
the relative expressions of lincRNA-p21
tissues
is
also
induced
[35]. In the present
Number of Relative expression of
Group
study,
we
found
that
the
larger
the size of the
patients
lincRNA-p21
tumors
was,
the
higher
the
AFP
value
was. Also,
Glut-1(-)
38
0.48±0.31
the higher the T stage was, and the poorer the
Glut-1(+)
226
0.31±0.21
distant metastasis and differentiation of the
F/t
2.123
lymph nodes were, the higher the expression of
P
0.014
Glut-1 was, indicating that elevated Glut-1 expression is correlated with a stronger tumor
invasive capacity, which is consistent with the
poorer, and the relative expression of lincRNAabove findings.
p21 decreased, which is consistent with the
findings from the above studies.

A study of Glut-1 from abroad indicates that
elevated Glut-1 in oral epithelial dysplasia indicates an increased risk for oral cancer [31]. In a
study of endometrial carcinoma, no Glut-1
expression was found in the endometria of
healthy women; however, Glut-1 expression
was elevated in endometrial carcinoma and
atypical hyperplasia tissues, and Glut-1 expres-

843

In a prior study investigating the effect of Glut-1
on the prognosis of patients with tumors, 269
lung cancer patients were enrolled as subjects.
The positive rate of Glut-1 in phosphorous cell
carcinoma of the lungs was 99%, higher than
the rate (50%) in lung adenocarcinoma, and
they were significantly different. Further multivariate regression analysis revealed that elevated Glut-1 was negatively correlated with sur-
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vival in patients with lung adenocarcinoma
[36]. In a study of pancreatic cancer, elevated
Glut-1 was found to be associated with decreased overall survival after the resection of
pancreatic carcinoma [37]. In another study of
gastrointestinal stromal tumors, the elevation
of Glut-1 and CD63 led to decreases in overall
survival [38]. A meta-analysis on the effect of
Glut-1 on tumors indicated elevated Glut-1 was
associated with tumor stages, differentiation
degree, and tumor size, and reversely correlated with the rates of disease-free survival and
overall survival in patients [39]. In the current
study, we also found that the survival of Glut-1
positive patients was significantly shorter than
the survival of the Glut-1 negative ones, suggesting that elevated Glut-1 increases the invasive capacity of tumors and leads to shorter
survival in patients prone to metastasis. The
findings conformed to those of the above
studies.
In the current study, our research showed that
the relative expressions of lincRNA-p21 in Glut1 positive patients were lower than they were in
Glut-1 negative ones. The relative expressions
of lincRNA-p21 were negatively correlated with
Glut-1 expression. LincRNA-p21 activates the
activity of the zinc finger E-box-binding protein,
thereby inhibiting glucose uptake [40]. The upregulation of Glut-1 activates the mTOR signaling pathway to promote glycolysis [41]. Multiple
studies indicate that expressions of various
lncRNAs affect Glut-1 expression, and in turn it
has an effect on glucose uptake by tumor cells
[42, 43]. The low expression of lincRNA-p21
inhibits P53-mediated glucose metabolism and
plays a crucial role in regulating glucose metabolism in the HCC patients. The p53 signaling
pathway, a negative regulator of glycolysis, realizes its limitation to glucose uptake by inhibiting the generation of Glut-1 [7, 8]. In the present study, we found that the relative expression
of lincRNA-p21 was negatively correlated with
Glut-1 expression, which may be correlated to
the above mechanisms. The sample size was
small in the present study, so we should further
expand the sample size to conduct a multi-center study exploring the mechanisms of lincRNAp21 in HCC.
In conclusion, lincRNA-p21 and Glut-1 play important roles in the presence and progression
of HCC. Decreased lincRNA-p21 and elevated
Glut-1 suggest a poor prognosis, and they can
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be used as biomarkers for judging the malignancy and prognosis of HCC.
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