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Abstract

Aim: We aimed to elucidate whether beta2-glycoprotein | (B2GPI) cooperation with hepatitis B surface antigen
(HBsAg) promoted hepatocellular carcinogenesis enhanced by the lipopolysaccharide (LPS) via activation of
nuclear factor kappa B (NF-xB) and expression of tumor necrosis factor-o (TNF-a), interleukin-1p (IL-1B), and
alpha fetal protein (AFP) in liver cancer cells.

Methods: Liver cancer cells (SMMC-7721) were transiently transfected with B2GPl and/or HBsAg and were
subjected to LPS treatment. TNF-q, IL-1B, and AFP expression were measured in all groups by ELISA. NF-«xB
activation was assessed by non-radioactive electrophoretic mobility shift assay (EMSA) and was quantified in all
groups.

Results: Cells transfected with B2GPI and/or HBsAg induced activation of NF-«B, with the highest activation
seen in the doubly B2GPI- and HBsAg-transfected cells treated with LPS. Non-transfected cells treated with LPS
exhibited lower activation compared to either B2GPI- or HBsAg-transfected cells with LPS treatment. In addition,
cells transfected with B2GPI and/or HBsAg induced significantly increased expression of TNF-q, IL-1B and AFP,
with the highest levels again seen in the doubly B2GPI- and HBsAg-transfected cells treated with LPS.

Conclusion: These observations suggest that the activity of NF-«xB induced by B2GPI and HBsAg was enhanced by
LPS. Expression of TNF-q, IL-18 and AFP increased in B2GPl and HBsAg cotransfected liver cancer cells.
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INTRODUCTION

Beta2-glycoprotein I (2GPI) also known as apolipoprotein H (apoH), is an abundant glycoprotein in the
plasma'. To date, most studies of B2GPI have focused on its role in anti-phospholipid antibody-thrombosis
syndrome[”], lipid metabolism, coagulation, and/or regulation of the fibrinolysis systemm. Mehdi et al."”’
found hepatitis B surface antigen (HBsAg) bound P2GPI, an interaction that has been of interest to our
research group. We previously found that there was a substantially increased level of p2GPI in hepatitis
B-related hepatocellular carcinoma (HCC) tissue'®. The combination of p2GPI and HBsAg substantially
activated nuclear factor kappa B (NF-kB)", suggesting that B2GPI played a role in the pathogenesis of

hepatitis B-related HCC.

A recent study"” showed that lipopolysaccharide (LPS) specifically interacted with B2GPI, activating NF-kB
via toll-like receptor 4 (TLR4) signaling pathway in macrophages. NF-«B is a pleiotropic transcription factor
involved in inflammation-associated tumor promotion and progression in HCC"™. Most hepatitis B-related
liver cancer patients experience dysbacteriosis, resulting in increased levels of and sensitivity to LPS. In the
present study, we further examined whether LPS enhanced the effect of f2GPI and HBsAg on activation of
NF-«B, as well as the expression of cytokine factors in the liver cancer cells.

METHODS

Experimental groups

The human hepatoma cell line SMMC-7721 maintained in our laboratory were gifts from the central
laboratory of the First Affiliated Hospital of Jilin University. The cells were incubated with Iscove’s modified
Dulbecco’s medium (IMDM) culture media purchased from Gibco, containing 10% fetal bovine serum (FBS),
and maintained at 37 °C in a 5% CO, incubator. All cells were grown to adherence and were passaged every
2-3 days. Cells in the logarithmic growth phase were selected for experimental use. SMMC-7721 cells were
divided into six experimental groups. Group A was the control group, neither transfected nor treated; group
B was co-transfected with B2GPI- and HBsAg plasmids without LPS treatment; group C was treated with
500 pL (100 ng/mL) LPS and incubated for 6 h"; group D was transiently cotransfected with p2GPI-
and HBsAg plasmids after treatment with 500 pL (100 ng/mL) LPS and incubated for 6 h; group E was
transiently p2GPI-transfected after treatment with 500 uL (100 ng/mL) LPS and incubated for 6 h; group F
was transiently HBsAg-transfected after treatment with 500 uL (100 ng/mL) LPS and incubated for 6 h.

Cell transfection

Groups B, D, E, and F were respectively transfected. The vector pcDNA3.1(-) was obtained from Invitrogen.
The pcDNA3.1(-)-beta2-GPI and pcDNA3.1(-)-HBsAg eukaryotic expression plasmids were constructed
previously in our laboratory. The recombinant plasmids, pcDNA3.1(-)-B2GPI, or pcDNA3.1(-)HBsAg at
1 ug/well, and both at 3 ug/well (1:3) were dissolved in 50 uL IMMD basal media that was mixed to become
Solution A. 2 uL FuGENE HD transfection reagent was dissolved in 50 uL IMMD basal media, mixed gently,
incubated at room temperature for 5 min, labeled as Solution B. Solution A and Solution B were mixed
gently to become Solution C, incubated at room temperature for 20 min. The cells were washed 3 times in
serum-free IMMD culture media, and Solution C was slowly added to the cells that were incubated at 37 °C
in a 5% CO, incubator. Transfection media was removed after 6-8 h and was replaced with 500 uL 10% FBS
IMDM media. Cell supernatants were collected at 24 h after transfection. A previous study' from our lab
found B2GPI protein expression was the highest 24 h after transfection.
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Enzyme-linked immunosorbent assay analysis

Enzyme-linked immunosorbent assay (ELISA) detection of targets of interest was performed according to
the manufacturers” instructions. f2GPI was measured in groups A, B, D, and E; HBsAg in groups B, D and
F; and tumor necrosis factor-o. (TNF-q), interleukin-1f (IL-1B), and alpha fetal protein (AFP) in all groups.
Once B2GPI reached the highest expression level, as determined from previous studies'®, cell supernatants
from each group were collected for ELISA analysis. Triplicates of standards, samples and blank groups were
prepared. The optical density (OD) value of each well was measured at 450 nm. Data were presented as
means + SD.

Non-radioactive NF-kB EMSA and NF-kB relative quantification

Assays were performed only with nuclear extracts according to the manufacturer’s instructions. Nuclear
extracts (5 pg) were used for each reaction with 400 fmol bio-labeled (hot) oligonucleotide NF-«B probe
(5-AGT TGA GGG GAC TTT CCC AGGC-3’) and unlabeled (cold)-NF-xB probe (5°-AGT TGA GGG
GAC TTT CCC AGGC-3’). Poly(dI-dC): poly(dI-dC) was used as a nonspecific competitor. A 25-fold
molar excess of unlabeled homologous oligonucleotide was used as a specific competitor. Non-homologous
oligonucleotide sequences were also used to validate the specificity of the binding of each transcription factor
in the competition assays. Binding reaction resolved by 6.5% acrylamide/bis (30:1 ratio) electrophoresis
in 0.25x TBE on ice. The gel was transferred to nitrocellulose membranes in 0.5x TBE. The membrane
was then UV crosslinked for 10 min, blocked with 1x blocking buffer for 30 min, and then incubated with
streptavidin-HRP in blocking buffer (1:750) at room temperature for 30 min. The membrane was washed
four times with 1x washing solution and was equilibrated with 1x equilibration solution for 5 min with
shaking. Finally, the membranes were incubated with chemiluminescence substrate buffer, and the bands
were visualized using Viagene Coollmager (Viagene Biotech Co., China). NF-kB relative quantification was
based on relative activity of the combination of NF-xB and DNA. The last result was represented by A® (gray
value). The gray values of the image were measured after film exposure by the imaging system Coollmger.
Data were presented as means + SD.

Statistical analysis

SPSS 22.0 software was used for data processing and statistical analysis. Cell assay data were presented as
means + SDs and the variance was analyzed. Comparison between groups was measured using Fisher’s least
significant difference (LSD) test. Differences were significant at P < 0.05.

RESULTS

Expression of B2GPI and HBsAg in transfected cells

We used ELISA to measure expression of f2GPI and HBsAg 24 h after transfection of recombinant plasmids
in cell supernatants. p2GPI protein expression was found in group B, D, and E, significantly different from
non-transfected, non-treated group A (P < 0.001). There were no differences in expression levels of p2GPI
in groups B, D, and E (P > 0.05) suggesting similar transfection efficiency. HBsAg protein expression was
found in groups B, D, and F. Expression was determined using a cutoff value (COV) that equal to the average
absorbance value of the negative control (0.532). The absorbance of specimen > COV indicated positive
expression of HBsAg.

Activation of NF-kB in B2GPI- and/rHBsAg-transfected cells following LPS stimulation

A representative image of non-radioactive NF-xkB EMSA in the six groups is shown in Figure 1, and NF-xB
relative quantification was represented by gray value is shown in Figure 2. Groups B, C, D, E, and F induced
differential levels of activation of NF-kB, with the highest relative activity of NF-kB observed in group D
(1404.5 + 11.28); this was significantly different compared with the other five groups (P < 0.05). The relative
activity of NF-«B in group B was 914.57 + 12.51, significantly higher than levels in groups A, C, E, and F
(P < 0.05). The levels in group E (867.76 + 6.27) and F (882.52 + 7.92) were much higher than those of group
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Figure 1. Detection of non-radioactive NF-xB by EMSA in six groups. Group A: non-transfected, non-treated cells; group B: transient
B2GPl-and HBsAg-transfection without LPS treatment; group C: non-transfected cells treated with 100 ng/mL LPS; group D: transient
B2GPI- and HBsAg-transfection and treated with 100 ng/mL LPS; group E: transient B2GPI-transfection and treated with 100 ng/mL LPS;
group F: transient HBsAg-transfection and treated with 100 ng/mL LPS. B2GPI: beta2-glycoprotein |; HBsAg: hepatitis B surface antigen;
LPS: lipopolysaccharide
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Figure 2. NF-kB relative quatification in six groups. Group A: non-transfected, non-treated cells; group B: transient B2GPI-and HBsAg-
transfection without LPS treatment; group C: non-transfected cells treated with 100 ng/mL LPS; group D: transient B2GPI- and HBsAg-
transfection and treated with 100 ng/mL LPS; group E: transient B2GPI-transfection and treated with 100 ng/mL LPS; group F: transient
HBsAg-transfection and treated with 100 ng/mL LPS. Data presented as means =+ SD; a: groups B, C, D, E, and F compared with group A,
P < 0.05. b: group B compared with groups A, C, E, and F, < 0.05, c: group D compared with other five groups, # < 0.05. B2GPI: beta2-
glycoprotein |; HBsAg: hepatitis B surface antigen; LPS: lipopolysaccharide
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Figure 3. Expression of TNF-q, IL-1B and AFP by ELISA in six groups. Group A: non-transfected, non-treated cells; group B: transient
B2GPl-and HBsAg-transfection without LPS treatment; group C: non-transfected cells treated with 100 ng/mL LPS; group D: transient
B2GPI- and HBsAg-transfection and treated with 100 ng/mL LPS; group E: transient B2GPI-transfection and treated with 100 ng/mL
LPS; group F: transient HBsAg-transfection and treated with 100 ng/mL LPS. Data presented as means + SD. a: groups B, C, D, E, and F
compared with group A, £ < 0.05; b: group B compared with groups A, C, E, and F, 2 < 0.05; c: groups E and F compared with group C, P<
0.05; d: group D compared with groups A, B, C, E, and F, # < 0.00; e: group E compared with group F, #> 0.05; f: group C compared with
groups B, E, and F, # < 0.05. B2GPI: beta2-glycoprotein I; HBsAg: hepatitis B surface antigen; LPS: lipopolysaccharide

C (590.4 * 9.49) (P < 0.05). The level of NF-kB activation in group E and F were similar (P > 0.05). Taken
together, these data suggest that LPS alone induced activation of NF-kB, which enhanced by either B2GPI- or
HBsAg-transfection. However, the highest effect was seen in doubly-transfected cells, suggesting synergism
between LPS, p2GPI and HBsAg with respect to activation of NF-xB in HCC.

LPS induced increased expression of TNF-a, IL-1, and AFP in B2GPI- and/or HBsAg-
transfected cells

Cell supernatants from the six groups were collected and levels of TNF-q, IL-1B and AFP were assayed
24 h after transfection of respective recombinant plasmids. As depicted in Figure 3, groups B, C, D, E, and
F induced expression of TNF-q, IL-18 and AFP more than did group A (P < 0.05). The highest expression
levels of all three cytokines was seen in group D (doubly transfected with B2GPI and HBsAg and treated with
LPS) (P < 0.001). The expression levels of IL-1B and AFP in group B was higher (P < 0.05) were higher than
those of groups A, C, E, and E while their expression in groups E and F were higher than those of group C
(P < 0.05). The expression of TNF-q in group C was higher than that of groups B, E, and F (P < 0.05). TNF-«
and IL-1p levels were similar in groups E and F (P > 0.05), while AFP in these groups were significantly
higher than in group A (P < 0.05).

DISCUSSION

HCC, one of the most common tumors, is currently the fifth most common malignant tumor worldwide,
with morbidity increasing every year. Hepatitis B virus (HBV) and hepatitis C virus (HCV) are major causes
of HCC™. Therapeutic options include etiological treatment, resection, percutaneous ablation, trans-arterial
chemoembolization (TACE), and targeted therapy. The overall efficacy of these therapies is poor, and five-
year survival rates for early treatment of HCC are not favorable™"', Therefore, understanding the pathogenesis
of HCC (abnormal neovascularization, genomics, proteomics and signal transduction pathways) is necessary
to understand how HCC occurs and to develop new therapeutic approaches.
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B2GPI is synthesized by liver cells and plays roles in anticoagulation, cell clearance, and lipid metabolism
under normal physiological conditions™. B2GPI is also involved in the pathogenesis of chronic viral
hepatitis, alcoholic liver disease, autoimmune liver disease, liver cirrhosis and liver cancer”. A previous
study showed that a fraction with maximal apoH (p2GPI)-binding predominantly contained full Dane
particles in HBV patients'"”. Gao et al." found there was a specific binding event between HBV and $2GPI.
Gao et al."™" provided the first evidence that a protein existed on SMMC-7721 cell membrane that could
specifically bind p2GPI. The binding protein was later identified as annexin II. A previous study from our
labm, demonstrated strong P2GPI expression in hepatitis B-related HCC tissue. In addition, the combination
of B2GPI and HBsAg was shown to significantly activate NF-kB and expression of AFP, suggesting that
B2GPI may be involved in the pathogenesis of hepatitis B-related HCC. However, it is unknown whether
P2GPI directly interacts with HBsAg or if other proteins are involved in NF-kB activation.

B2GPI is physically closed in a circular conformation, with low activity"”. B2GPI opens and adopts a J-like
conformation and becomes active when combined with antibodies or anionic phospholipids. In a study[”],
it was found that LPS opened B2GPI, exposed its binding sites in domain V, and interacted with B2GPI
to participate in physiology and pathology. The B2GPI and LPS complex relied on the TLR4 signaling
pathway to activate NF-kB in macrophages. A previous study from our lab"™ found that LPS enhanced
signal transduction in B2GPI in liver cancer cells leading to activation of NF-«B, triggering downstream
signal transduction and increasing the expression of downstream factors. This activation was related with
LPS concentration. This suggests that LPS enhancement of p2GPI signal transduction may participate in the

development of liver cancer.

LPS, a component of the cell wall of gram-negative bacteria, is an important mediator of the host
inflammatory response to infection. A study of 169 patients with chronic hepatic disease found elevated
levels of LPS in 27%, 85%, and 41% of patients with chronic hepatitis, chronic hepatitis with acute
exacerbation and cirrhosis, respectively[m]. In patients with chronic liver diseases, elevated levels of LPS
in the portal and/or systemic circulation are common because of increases in intestinal permeability and
bacterial translocation. LPS from gut microbiota contributed to HCC promotion by activating TLR4
signaling. Classically, TLR4 recognizes microbial lipids in homodimer configuration, thus activating various
intracellular signaling pathways, such as the NF-kB and MAPK pathways. TLR4 has been identified in HCC
and may play a role in progression of HCC. LPS-induced activation of TLR4 signaling promoted HCC cell
survival and proliferation associated with regulation of the activation of the NF-kB and MAPK pathways[w_"].

In the present study, we demonstrated substantial activity of NF-kB in cells transfected with both B2GPI
and HBsAg and treated with LPS. Our data suggested that the combined action of f2GPI and HBsAg were
enhanced by LPS in the progression of carcinogenesis. Constitutive expression of NF-kB is emerging as a
hallmark of cancer. In fact, constitutive NF-kB activation is generally associated with cancer proliferation,
survival, chemoresistance, and progression of HCC™.,

NF-kB is another pro-inflammatory transcription factor that triggers downstream signal transduction and
increases expression of downstream factors. In the present study, inflammatory cytokines (TNF-a,, IL-1p, and
AFP) were substantially elevated in cells transfected with both p2GPI and HBsAg and treated with LPS, more
so than by single transfections with either factor. The action of various inflammatory mediators is known
to occur in carcinogenesis. TNF-a has been postulated to have a crucial role in the pathogenesis of various
cancers. It is one of the most important pro-inflammatory cytokines involved in the growth, differentiation,
cellular function and survival of many cells. It is produced by several types of cells, including macrophages,
neutrophils, fibroblasts, keratinocytes, NK cells, T and B cells, and tumor cells", IL-1B is also known to
mediate several immune responses in HCV/HBYV infection. There is a network of TNF-o and IL-1 secretion
and interactive bio-functions in immune responses[“]
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We found that LPS enhanced the effect of B2GPI- and HBsAg in development of liver cancer by increasing
the activity NF-«xB and elevating levels of TNF-q, IL-1f, and AFP. We predict that LPS may be an initiating
agent in the pathogenesis of HCC, combining with B2GPI to activate and expose B2GPI binding sites to
HBsAg, in turn interacting with HBsAg to further modulate NF-«B. Further studies are needed to uncover
the specific mechanisms of interaction of f2GPI, HBsAg and LPS, and the role of B2GPI in liver cancer and
other hepatic diseases.
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