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Abstract

Introduction

Background and Aims: Accumulated evidence has shown
that chronic liver inflammation is one of the main risks of
hepatocellular carcinoma (HCC), and E167K variant of the
transmembrane 6 superfamily member 2 (TM6SF2) plays
an important role in the progression of chronic liver diseases
and HCC. The aim of this study was to explore effects of the
TM6SF2 E167K variant on expression of the inflammatory
cytokines TNF-a, IL-2, IL-6 and IL-8 in the HCC cell line HEPA
1-6. Methods: HEPA 1-6 cells were infected with lentivirus
containing either the TM6SF2 E167K variant or TM6SF2 wildtype, or control plasmids. Quantitative real-time polymerase
chain reaction (qRT-PCR) and western blotting were conducted to analyze the expression of the inflammatory cytokines TNF-a, IL-2, IL-6 and IL-8. A t-test was used for
statistical analysis. Results: Compared with the control
group and TM6SF2 overexpression group, the relative expression of IL-2 and IL-6 mRNAs were significantly elevated
in the TM6SF2 E167K overexpression group (p < 0.05). The
relative mRNA expression of IL-8 in the TM6SF2 and TM6SF2
E167K overexpression groups were increased compared to
the control group (p < 0.05). No obvious differences were
observed for the expression of TNF-a in each group. The
expression of TNF-a, IL-2, IL-6 and IL-8 that was tested by
western blotting showed the same trends as the qRT-PCR
results. Conclusions: In conclusion, the E167K variant of
the TM6SF2 gene could promote the expression of inflammatory cytokines IL-2 and IL-6 in HEPA 1-6 cells, suggesting
that the TM6SF2 E167K variant may accelerate the progression of HCC.
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Hepatol 2019;7(1):27–31. doi: 10.14218/JCTH.2018.00055.

Hepatocellular carcinoma (HCC) is one of the most common
malignancies with a high rate of metastasis—the main cause
of death of the afflicted individuals—and has rates of morbidity and mortality that rank sixth and third in the world,
respectively.1–3 In China, approximately 140,000 people die
from HCC each year, accounting for about 50% of the HCC
deaths worldwide.4 Chronic liver inflammation triggered by
exposure to infectious agents (mainly by hepatitis B virus) is
regarded as the main risk factor of HCC progression (encompassing carcinogenesis, tumor growth and progression) that
may relevant to the continuous, non-specific and inefficient
activation of the immune system.5–7 The HCC inflammatory
microenvironment consists of the immune cells and inflammatory cytokines; some cytokines, such as TNF-a, IL-2,
IL-6, and IL-8, are overexpressed in liver cancer and associated with risk of HCC and poor prognosis.8–11
A single nucleotide polymorphism (SNP) is a result of
transition or transversion mutation of a single base, and is
significantly associated with various genetic diseases.12 The
transmembrane 6 superfamily member 2 (TM6SF2) is a rising
star among molecules involved in lipid metabolism and
chronic liver diseases, with increasing studies focusing on
the important role of the TM6SF2 E167K variant in chronic
liver disease and HCC.13–18 Yet, the relationship of the
TM6SF2 E167K variant and the inflammatory response in
liver remains unclear. To gain insight on this issue, we investigated the effect of the TM6SF2 E167K variant on expression
of several cytokines (TNF-a, IL-2, IL-6, and IL-8) in the HCC
cell line HEPA 1-6.
In our study, HEPA 1-6 cells were infected with lentivirus
containing either the TM6SF2 E167K variant or TM6SF2 wildtype, or control plasmids. The expression of mRNAs and
proteins (TNF-a, IL-2, IL-6, and IL-8) were tested in the
TM6SF2 or TM6SF2 E167K overexpressing HEPA 1-6 cells.
The aim of this study was to explore effects of the TM6SF2
E167K variant on the expression of the inflammatory cytokines TNF-a, IL-2, IL-6 and IL-8 in the HCC cell line HEPA 1-6.
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Methods
Cell culture
HEPA 1-6 cells and 293T cells were cultured in Dulbecco’s
modified Eagle’s medium (commonly known as DMEM) containing 100 μg/mL streptomycin (Gibco®, USA), 100 U/mL
penicillin and 10% fetal bovine serum (commonly known as
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Table 1. Sequences of the primers used in this study

Table 2. Primer amplification efficiencies

Primer

Sequence, 5’-3’

Amplicon
size, bp

P1

ACCATTTCAGGGGTCGTCAC

131

P2

GGATGGTTCAGGGAGGTGTG

P3

TGCTGATGAGACAGCAACCA

P4

GGCCTGATACGTTTTAAGTGGG

P5

CTTCGGTCCAGTTGCCTTCT

P6

TGGAATCTTCTCCTGGGGGT

P7

TGCTTCCCCTTAGCATTTTGT

P8

TGTGGAGGACACTACTGTTTGT

P9

CTCCATCCTGGCCTCGCTGT

P10

GCTGTCACCTTCACCGTTCC

117

Primer

Slope

R2

E, %

P1/P2

−3.427

0.998

95.43

P3/P4

−3.369

0.999

97.70

P5/P6

−3.381

0.998

97.24

P7/P8

−3.366

0.996

98.15

P9/P10

−3.405

0.998

96.34

168
Primer amplification efficiencies (E) were calculated from the slope values of the
standard curves according to the equation: E = 10(1/-slope)−1.

101
202

were validated by counting the percentage detected with green
fluorescent protein (commonly known as GFP).
qRT-PCR

FBS; Hyclone, USA) in 25 cm2 plastic cell culture flasks
(Corning, USA) at 37°C with 5% CO2. When the cells
reached approximately 80% confluence, the culture medium
was removed, 1 mL trypsin was added to suspend the cells
from the bottom of the flask for 1 m before 10 mL of new cell
culture medium was added. The cells in suspension were
divided into two new flasks equally and cultured for the next
generation.
Construction of lentiviral vectors
Three lentiviral expression plasmids were constructed in this
study: the blank control vector (pGC-FU-3FLAG-SV40Cherry), the TM6SF2 wild-type vector, and the TM6SF2
E167K variant vector. After 24 h of growth, the cultures in
DMEM were supplemented with 10% FBS, after which the 293
T cells were transfected with the complexes, with the solution
including the lentiviral vectors (expression plasmids and packaging plasmid) and Lipofectamine 2000 transfection reagent,
and allowed to react for 48–72 h. The culture medium was
collected and concentrated, to serve as the lentiviral solution.
The HEPA 1-6 cells were seeded into 6-well plates (2 3 105
cells/well). After 24 h incubation, the cells were infected with
lentiviral solution for 12 h. The successfully transfected cells

The effects of TM6SF2 or TM6SF2 E167K on the expression of
inflammatory cytokines (TNF-a, IL-2, IL-6, and IL-8) were
analyzed by qRT-PCR. HEPA 1-6 cells were collected after
infection with the lentiviral solution for 48 h, providing
samples for overexpressed TM6SF2, TM6SF2 E167K expression, or negative control. Total RNA was harvested from the
cells by using Trizol reagent (Invitrogen, USA). cDNAs were
synthesized with the RevertAid First Strand cDNA Synthesis
Kit (ThermoFisher, USA). The reaction was carried out at 42°C
for 50 m and inactivated at 75°C for 15 m. The cDNAs
synthesized were stored at −20°C until use. The primers P1
and P2 specific for TNF-a, P3 and P4 specific for IL-2, P5 and
P6 specific for IL-6, P7 and P8 specific for IL-8, and P9 and P10
specific for β-actin were designed using Primer Premier 5.0
program (Table 1).
The β-actin gene was chosen as the reference for internal
standardization. The amplification efficiency of each primer
pair was measured using the HEPA 1-6 cells’ cDNA serially
diluted 2-fold (Table 2). The qRT-PCR amplification was performed with a predenaturation step at 94°C for 10 s, followed
by 35 cycles of denaturation at 95°C for 10 s, annealing at
58°C for 15 s, extending at 72°C for 35 s. The expression
levels of TNF-a, IL-2, IL-6, and IL-8 relative to β-actin were
calculated by the comparative CT method (2-DDCT).9

Fig. 1. Relative expression levels of TNF-a, IL-2, IL-6 and IL-8 in HEPA 1-6 cells for the TM6SF2 overexpressed group, TM6SF2 E167K overexpressed
group, and negative control group. Data are expressed as mean ± SD from three replicates. The symbol * indicates a statistical difference (p < 0.05) compared to the
control group. The symbol # indicates a statistical difference (p < 0.05) compared to the TM6SF2 overexpressed group.
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Fig. 2. Effects of TM6SF2 or TM6SF2 E167K on the expression levels of TNF-a, IL-2, IL-6 and IL-8 in HEPA 1-6 cells. Bands were scanned and quantified using
image analysis software, and results were corrected for protein loading by normalization for GAPDH expression. Data are presented as mean ± SD from three replicates. The
symbol * indicates a statistical difference (p < 0.05) compared to the control group. The symbol # indicates a statistical difference (p < 0.05) compared to the TM6SF2
overexpressed group.

level in each lane. The western blots were analyzed using GelPro Analyzer Version 4.5 software (Media Cybernetics, USA).

Western blotting
Western blotting was used to test the effects of TM6SF2 or
TM6SF2 E167K on the protein expression of TNF-a, IL-2, IL-6,
and IL-8. HEPA 1-6 cells were collected after infection with the
lentiviral solution for 48 h, providing samples for overexpressed
TM6SF2, TM6SF2 E167K expression, or negative control. RIPA
buffer (Sigma-Aldrich, USA) was used to extract total protein
from the HEPA 1-6 cells. Protein concentrations were
determined by the Bradford method. Antibodies against
TNF-a (KG22761; Jiangsu Keygen Biotech Co., Ltd., China),
IL-2 (KG22463; Jiangsu Keygen Biotech Co., Ltd.), IL-6
(KG22468; Jiangsu Keygen Biotech Co., Ltd.), IL-8 (KG22469;
Jiangsu Keygen Biotech Co., Ltd.) and GAPDH (KGAA002;
Jiangsu Keygen Biotech Co., Ltd.) were used. The expression
levels of TNF-a, IL-2, IL-6 and IL-8 proteins were normalized
relative to the corresponding GAPDH (endogenous reference)

Statistical analysis
All the experiments were conducted at least three times. Data
were expressed as the mean ± standard deviation, and t-test
was used for the statistical analysis. All the data were analyzed
with SPSS 17.0 statistical software (SPSS Inc., USA). A p-value
<0.05 was regarded as statistically significant in this study.
Results
Overexpression of lentiviral vectors in HEPA 1-6 cells
After the HEPA 1-6 cells had been infected with the lentiviral
vectors for 48 h, the positive rate of GFP was over 95% for all,
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suggesting that TM6SF2 and TM6SF2 E167K were overexpressed in HEPA 1-6 cells successfully.
Expression profiles of TNF-a, IL-2, IL-6 and IL-8 after
overexpression of TM6SF2 or TM6SF2 E167K
The relative expression profiles of TNF-a, IL-2, IL-6 and IL-8
in each group were determined by qRT-PCR. As the results
showed, there were no significant differences in the expression of TNF-a in the TM6SF2 group or TM6SF2 E167K group
compared to control (p > 0.05) (Fig. 1A). In the TM6SF2 and
TM6SF2 E167K overexpressed groups, the expression of IL-8
was markedly increased compared to the control (both p <
0.05), but no significant difference was observed between the
TM6SF2 and TM6SF2 E167K overexpressed groups (Fig. 1B).
There were no significant differences of IL-2 and IL-6 expression between the TM6SF2 overexpressed group and control,
but in the TM6SF2 E167K overexpressed group, the expression levels of IL-2 and IL-6 were higher than in both the
TM6SF2 overexpressed group and control (Fig. 1C and 1D).
Detection of TNF-a, IL-2, IL-6 and IL-8 protein
expression by western blot
Western blot was conducted to investigate the protein expression of TNF-a, IL-2, IL-6 and IL-8 in the TM6SF2 and TM6SF2
overexpressed groups (Fig. 2A). No obvious differences of
TNF-a protein expression were observed among the three
groups (all p > 0.05). In the TM6SF2 and TM6SF2 E167K overexpressed groups, the protein expression of IL-8 was higher
than in the control (p < 0.05), but there was no significant
difference between the TM6SF2 and TM6SF2 E167K overexpressed groups (Fig. 2B). The protein expression of both IL-2
and IL-6 was markedly increased in the TM6SF2 E167K overexpressed group compared to the TM6SF2 overexpressed
group and the control group (both p < 0.05), but the expression was not higher between the TM6SF2 overexpressed group
and the control group (Fig. 2C and 2D).
Discussion
Inflammatory cytokines play an important role in regulating
the localization of inflammatory cells during the body’s
immune response. Inflammatory cytokines, which are
secreted by tumor cells, could induce the migration of
epithelial cells and immune cells in the circulation and
immune response, facilitating involvement in the processes
of angiogenesis, tumor growth, and metastasis. In addition,
the recruitment of immune cells can also produce inflammatory cytokines that will regulate the progression of a tumor.19
The role of inflammatory cytokines has been confirmed in a
variety of tumors, including those of breast cancer and cervical cancer among other tumor cells which are able to
secrete CCL2 and CCL5 to promote the change of mononuclear cells to macrophages in a specific tumor site.20,21
These tumor-associated macrophages then secrete a
variety of cytokines to regulate the formation of the local
microenvironment, and participate in the processes of
tumor cell growth, invasion, and metastasis.22
Effects of inflammatory cytokines on the progression of
HCC has been studied widely. Chew et al.23 reported that
TNF-a expression was related to the infiltration of Thl cells,
CD8 (+) T cells and natural killer cells in HCC. Furthermore,
they showed that TNF-a could promote the death of tumor
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cells and was associated with the progression and prognosis
of HCC. Shin et al.24 found that IL-6, IL-1, and IL-12 were also
prevalent inflammatory cytokines in the inflammatory microenvironment of HCC, and identified increased serum IL-6
level as a risk factor of HCC and as associated with the prognosis of HCC. The association between an elevated serum
level of IL-8 and the development of HCC has also been demonstrated by several studies.24–26 In addition, IL-2 has also
been shown as a common inflammation cytokine in the
inflammatory microenvironment of HCC.27–29
In this study, no significant difference was found for the
TNF-a expression in HEPA 1-6 cells in response to overexpression of TM6SF2 or TM6SF2 E167K, suggesting that
TM6SF2 may not regulate the TNF-a expression directly in
HEPA 1-6 cells. However, we observed that the expression of
both IL-2 and IL-6 was significantly higher in the TM6SF2 E167K
overexpressed group than in the TM6SF2 overexpressed or
control groups of HEPA 1-6 cells. Finally, no significant difference was found for the expression of IL-8 in the TM6SF2 E167K
and TM6SF2 overexpressed groups of HEPA 1-6 cells.
Conclusions
Collectively, we investigated the effect of TM6SF2 E167K on
the expression levels of TNF-a, IL-2, IL-6 and IL-8 in the HCC
cell HEPA 1-6 in this study. Our data showed that overexpression of the TM6SF2 E167K protein significantly upregulates the expression of IL-2 and IL-6, although no
significant up-regulations of TNF-a and IL-8 were observed.
Our findings suggest that the TM6SF2 E167K variant could
promote the inflammation response and aggravate cell injury
in HCC. Further studies are needed to illustrate the underlying
mechanism and signaling pathway of TM6SF2 in the development of inflammation in HCC.
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