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Abstract: Obj ective. Accumulating reports reveal that 
serving as an oncogenic factor LAMTOR5 is involved in 
the  progression of many specific cancers. Glucose trans-
porter 1 (GLUT1) is frequently identified in many cancers. 
However, it remains unexplored whether GLUT1 plays a 
role in LAMTOR5-enhanced liver cancer. Here, we aim to 
decipher the function of LAMTOR5 in the regulation of 
GLUT1 in liver cancer. Methods. The effect of LAMTOR5 on 
GLUT1 was analyzed using Western blotting and RT-PCR 
assay. Dose-increased over-expression or silencing of 
LAMTOR5 was performed through transient transfec-
tion. LAMTOR5-activated GLUT1 promoter was revealed 
by luciferase reporter assay. The regulation of GLUT1 by 
LAMTOR5/NF-κB was examined via Western blotting 
and luciferase reporter assays. Results. The data showed 
that in liver cancer cells under the administration with 
dose-increased LAMTOR5, the level of mRNA and protein 
of GLUT1 was obviously raised. Our data revealed that the 
activities of GLUT1 promoter were induced by LAMTOR5. 
Then, we found that the elevation of GLUT 1 mediated by 
LAMTOR5 slowed when the inhibitor or siRNAs of NF-κB 
was introduced into the liver cancer cells. Conclusion. 
LAMTOR5 is responsible for the activation of GLUT1 via 
transcription factor NF-κB in liver cancer.  
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1  Introduction
Liver cancer is one of major causes of cancer-associated 
death throughout the world [1-3]. The incidence of liver 
cancer has been increasing in European and American 
countries [4]. LAMTOR5 (also known as hepatitis B X-in-
teracting protein, HBXIP) is firstly identified because of 
its interaction with HBX protein [5], and its constitutive 
expression is revealed in a great number of tissues. A 
report reveals that as one memberof a regulator complex 
consisting of p18, MP1, p14, LAMTOR5 and C7orf59, 
LAMTOR5 plays a significant role in amino acids-induced 
mTORC1 activation [6]. During the development of various 
cancers including lung cancer, breast cancer, gastric 
cancer, bladder cancer, ovarian cancer, or liver cancer, 
LAMTOR5 can function as an oncogenic factor [7-16]. 
Over-expressed LAMTOR5 is capable of enhancing the 
proliferation, migration or abnormal glucose metabolism 
of cancer cells [17-19]. Yet, investigation is still required for 
the detailed mechanism by which LAMTOR5 is involved in 
cancer progression. 

Abnormal glucose metabolism, such as Warburg 
effect, is one crucial part of the hallmarks of cancer [20]. 
It has been revealed that the elevated aerobic glycolysis 
is closely associated with the progression of liver cancer 
[21]. Aerobic metabolism includes many features, such as 
ROS [22]. Glucose transporter 1 (GLUT1) functions in the 
glucose transport across the cellular plasma membranes 
[23]. Compared with normal tissues, elevated GLUT1 is 
frequently found in great numbers of caners [24, 25]. It 
has been reported that GLUT1 augmentation is positively 
correlated with the malignant progression of liver cancer 
[26, 27]. It is still unclear whether LAMTOR5 affects liver 
cancer progression through modulating the expression of 
GLUT1. 

In our present study, we aim to decipher the function 
and mechanism involved in LAMTOR5-induced GLUT1 in 
liver cancer. Notably, we disc lose that LAMTOR5 is able to 
upregulate the expression of GLUT1 in liver cancer cells, in 
which NF-κB as a famous transcription factor is responsi-
ble for the activation of GLUT1 induced by LAMTOR5. Our 
findings could potentially provide a more detailed mecha-
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nism of LAMTOR5-regulated GLUT1 and more therapeutic 
targets for liver cancer.  

2  Materials and methods 

2.1  Cell culture 

Followed by the protocol of ATCC, human hepatoma cell 
line, HepG2 grew in DMEM medium with 10% fetal bovine 
serum. 

2.2  Plasmids and reagents

According to the report30 we cloned the promoter region 
of GLUT1 into the KpnI/HindⅢ site within the pGL3-basic 
vector (Promega, USA). pGL3-Basic activities were normal-
ized by pRL-TK. RiboBio (Guangzhou, China) is respon-
sible for the synthesis of siRNAs targeting LAMTOR5 or 
NF-κB.

2.3  Reverse transcription-polymerase chain 
reaction (RT-PCR)

From liver cancer cells total RNA was acquired by using 
TRIzol Reagent (Invitrogen, USA). ImPro-II Reverse Tran-
scriptase (Promega, USA) was applied in reverse tran-
scription reaction. GAPDH was used as loading control. 

2.4  Western blotting

Liver cancer HepG2 cells were lysed by RIPA buffer and 
the total protein was then extracted. Post electrophoresis 
total protein was transferred from SDS-PAGE gel to PVDF 
membranes (ThermoFisher Scientific, USA). Anti-GLUT1 
(Abcam, USA) or anti-β-actin (Abcam, USA) was used as 
the primary antibodies in this study. 

2.5  Luciferase reporter analysis

HepG2 cells were plated into 24-well plates. The cells were 
co-transfected with reporter gene plasmids and pRL-TK 
plasmid (Promega, USA) and corresponding vectors, 
siRNAs, or inhibitors. The cells were collected after 48 

hours and the luciferase activity was quantified according 
to the manufacturer’s instructions provided by Promega. 
Each experiment was repeated at least three times.

2.6  Patient samples

Twenty-one HCC tissues were provided by the General 
Hospital of Tianjin Medical University (Tianjin, China) 
from HCC patients by the surgical department (Supple-
mentary Table S1). Written consents approving the tissue 
use in study were gained from patients. Study protocol 
has been approved by the Research Ethics Board at the 
General Hospital of Tianjin Medical University (Tianjin, 
China). 

2.7  Statistical analysis

The results were expressed as means ± standard error of 
the mean (SEM). Statistical differences between the two 
groups were analyzed by Student’s t-test. Non-significant 
difference was marked with ns. Criterions for statisti-
cally significant differences were considered as followed: 
**P<0.01; ***P<0.001. The correlation between GLUT1 and 
LAMTOR5 in human HCC samples was evaluated by Pear-
son’s correlation coefficient.

3  Results

3.1  Oncogenic LAMTOR5 is able to upregu-
late the expression of GLUT1 in hepatoma 
cells

Accumulating evidence has revealed that some tumor-as-
sociated proteins are involved in LAMTOR5-promoted 
cancers [28, 29]. As a glucose transporter, GLUT1 is overex-
pressed in numerous cancers and closely associated with 
the development of many cancers. Here, we are interested 
in the role of GLUT1 in LAMTOR5-related liver cancer. 
When LAMTOR5 was introduced into liver cancer HepG2 
cells, we tested the alteration of GLUT1 expression by using 
reverse transcription-polymerase chain reaction (RT-PCR) 
and Western blotting. Our data demonstrated that the 
level of mRNA and protein of GLUT1 was increased in liver 
cancer cells under different doses of LAMTOR5 transfec-
tion (Fig. 1A, B). Thus, we indicate that in liver cancer, 
oncogenic LAMTOR5 can induce GLUT1 expression.
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3.2  LAMTOR5 is capable of activating the 
transcription of GLUT1

To clarify how LAMTOR5 upregulates GLUT1, we cloned 
the full-length promoter of GLUT1 (-1306/+197) according 
to previous reports [30] and determined its activities in 
liver cancer cells. After over-expression of LAMTOR5 was 
performed, the activities of the GLUT1 promoter in HepG2 
cells were analyzed by luciferase reporter assay. We 
observed that elevated dose of LAMTOR5 could enhance 
the activities of GLUT1 promoter (Fig. 2A). At the same 
time, RNA interference (RNAi) targeting GLUT1 mRNA was 
able to dose-dependently inhibit the activities of GLUT1 
promoter (Fig. 2B). So, our data shows that GLUT1 pro-

moter can be stimulated by oncogenic LAMTOR5 in liver 
cancer cells.

3.3  LAMTOR5 upregulates NF-κB to promote 
the transcription of GLUT1 in liver cancer 

Based on the findings that binding sites of transcription 
factor might exist, NF-κB within the promoter region 
of GLUT1 and LAMTOR5 is able to upregulate NF-κB in 
cancer cells [9, 30, 31], we next tried to investigate whether 
NF-κB is responsible for LAMTOR5-induced GLUT1 tran-
scription in the cells. We found that LAMTOR5 could obvi-
ously promote the activities of the GLUT1 promoter, but 

Figure 1: Oncogenic LAMTOR5 is able to upregulate the expression of GLUT1 in hepatoma cells. (A, B) Level of mRNA and protein of GLUT1 in 
hepatoma HepG2 cells after LAMTOR5 was overexpressed was analyzed through RT-PCR and Western blotting. ImageQuant 5.2 software (GE 
Healthcare, UK) was used to quantify the bands of GLUT1 and LAMTOR5 relative to β-actin.

Figure 2: LAMTOR5 is capable of activating the transcription of GLUT1. (A, B) The effect of LAMTOR5 on GLUT1 promoter was determined 
using luciferase reporter assay in HepG2 cells transiently transfected with LAMTOR5 vector or siRNAs. **P < 0.01, ***P < 0.001. 
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it lost the effect on the mutant GLUT1 promoter in which 
the binding sites of NF-κB was mutated. At the same time, 
LAMTOR5-increased activities of GLUT1 promoter could 
be retarded under the treatment with the inhibitor of 
NF-κB, PDTC (Fig. 3A). Furthermore, we synthesized small 
interference RNA (siRNA) targeting NF-κB and transfected 
it into liver cancer cells. The data revealed that over-ex-
pressed LAMTOR5 was capable of inducing the expres-
sion of NF-κB and thereafter its downstream target gene, 
GLUT1 using an immunoblotting assay. After LAMTOR5 
was knockdown by siRNAs, the augmentation of NF-κB 
and GLUT1 ceased in the liver cancer cells (Fig. 3B). Alto-
gether, our data imply that NF-κB is required for LAM-
TOR5-activated GLUT1 in liver cancer. 

3.4  Overexpressed GLUT1 is associated 
with high level of LAMTOR5 in clinical HCC 
tissues.

Finally, we used twenty-one cases of clinical HCC tissues 
and paired noncancerous tissues to evaluate the corre-
lation between GLUT1 and LAMTOR5. We observed that 
GLUT1 was positively correlated with LAMTOR5 in clinical 
HCC samples (R2=0.8311, p < 0.01) (Fig. 4). Our data imply 
that GLUT1 is positively correlated to with LAMTOR5 in 
clinical HCC tissues.

4  Discussion
Liver cancer remains one of main causes of tumor-asso-
ciated death around the world [1-3]. Among the European 
and American countries, the incidence of liver cancer has 
been increasing [4]. LAMTOR5 is firstly identified because 
of its interaction with HBX protein [5], and its constitutive 
expression is revealed in a great number of tissues. As one 
member of a regulator complex consisting of p18, MP1, 
p14, LAMTOR5 and C7orf59, LAMTOR5 can take great part 
in amino acids-induced mTORC1 activation [6]. During the 
development of many cancers, LAMTOR5 can function as 
an oncogenic factor [7-16]. Over-expressed LAMTOR5 can 
affect cell proliferation, migration or abnormal glucose 
metabolism in cancers [17-19]. Here, we are interested in 
the role of GLUT1 in LAMTOR5-mediated liver cancer. 

Abnormal glucose metabolism, such as Warburg 
effect, is one hallmark of cancer [20]. The elevated aerobic 
glycolysis is closely associated with the progression of 
liver cancer [21]. GLUT1 can transport the glucose across 
the cellular plasma membranes [23]. Highly expressed 
GLUT1 is frequently revealed in many types of cancers [24, 
25]. Its augmentation is closely related to the malignant 
progression of liver cancer [26, 27]. 

To decipher the role of GLUT1 in LAMTOR5-related 
liver cancer, we transfected the vector containing full-
length LAMTOR5 into liver cancer HepG2 cells. Then, we 
tested the level of GLUT1 in the cells using Western blot-
ting and RT-PCR analysis. Our results manifested that not 
only the mRNA level, but also the protein level for GLUT1 

Figure 3: LAMTOR5 upregulates NF-κB to promote the transcription of GLUT1 in liver cancer. (A) The effect of LAMTOR5 and/or NF-κB inhibi-
tor (PDTC) on wild type (wt) and mutant (mut) GLUT1 promoter was evaluated. (B) The level of NF-κB and GLUT1 in liver cancer cells under the 
administration of LAMTOR5 overexpression and/or NF-κB/p65 siRNAs was evaluated through Western blotting. ImageQuant 5.2 software (GE 
Healthcare, UK) was used to quantify the bands of GLUT1, NF-κB or LAMTOR5 relative to β-actin. ***P < 0.001.
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was enhanced by oncogenic LAMTOR5 in liver cancer 
cells. It indicates that LAMTOR5 involves the regulation 
of GLUT1 in liver cancer. To further determine whether 
LAMTOR5 could regulate the promoter activity of GLUT1, 
we cloned this promoter region into pGL3-basic vector. 
Our data showed that the luciferase activity critically 
increased along with the elevated dose of LAMTOR5 in 
HepG2 cell line.  Furthermore, the luciferase activity obvi-
ously declined when LAMTOR5 was silenced by siRNAs. 
In the further investigation, we focus on the dissecting 
the mechanism by which LAMTOR5 activates the tran-
scription of GLUT1 in liver cancer. Previous reports have 
found that binding sites of transcription factor, NF-κB , 
may exist within the promoter region of GLUT1. Thereby, 
LAMTOR5 is able to upregulate NF-κB in cancer cells [9, 
30, 31]. Thus, we next cloned the mutant GLUT1 promoter 
containing mutated binding site of NF-κB. We found that 
LAMTOR5 inability to induce GLUT1 activation when the 
binding site of NF-κB within GLUT1 promoter region was 
mutated. An inhibitor of NF-κB, PDTC was able to abro-
gate enhancement of the promoter activities of GLUT1 by 
LAMTOR5. Meanwhile, after the administration of NF-κB 
siRNAs the promotion of GLUT1 by LAMTOR5 was retarded 
in liver cancer cells. We finally confirmed the positive cor-
relation between GLUT1 with LAMTOR5 in clinical liver 
cancer tissues.

5  Conclusion
For our current study, we uncovered that oncogenic 
LAMTOR5 is able to induce the expression of GLUT1 
through increasing transcription factor NF-κB during the 
development of liver cancer. Our study will shed light on 
the function of GLUT1 in LAMTOR5-related liver cancer.
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Supplementary Table 1.  
Clinical characteristics of liver cancer samples

No. Sex Age Pathology diagnosis

1 M 42 liver cancer

2 M 61 liver cancer

3 M 52 liver cancer

4 M 50 liver cancer

5 M 47 liver cancer

6 M 54 liver cancer

7 M 56 liver cancer

8 M 49 liver cancer

9 M 63 liver cancer

10 M 59 liver cancer

11 M 70 liver cancer

12 M 55 liver cancer

13 M 46 liver cancer

14 M 67 liver cancer

15 M 52 liver cancer

16 M 65 liver cancer

17 M 46 liver cancer

18 M 52 liver cancer

19 M 59 liver cancer

20 M 64 liver cancer
21 M 51 liver cancer
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