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Our study provided the new insights into the molecular genetics of liver cancer under effects of
Deoxycholic acid. In addition, we proposed a novel therapeutic strategy against HCC development,
including interventions targeting senescent HSCs and SASP factors, particularly IL8 and TGFB .

This study aimed to examine the effect of DCA on hepatic stellate cells
(HSCs), a major component of nonparenchymal cells in the liver, and its subsequent indirect effect
on HCC cells. LX2 cells, a human HSC line, were treated with DCA in vitro. Then, HuH7 cells, a human

hepatoma cell line, were incubated in conditioned media of DCA-treated LX2 to investigate the

subsequent effect focusing on malignant behaviors. DCA resulted in cellular senescence in LX2 with
the decreased cell proliferation via cell cycle and the induction of senescence-associated secretory
phenotype (SASP) factors. HCC cells were treated with DCA treated LX2-conditioned media, that
promoted cell migration and invasion via induction of epithelial mesenchymal transition. These
changes were attenuated in the presence of neutralizin? antibody against IL8 or TGFb. Pathological
analysis of surgical specimens from HCC patients revealed that senescent HSCs were detected in the
stroma surrounding HCC.
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1. WFERAR G MO 5

Hepatocellular carcinoma (HCC) is the second leading cause of cancer-related deaths worldwide. Although there have been
many advances in diagnosis and treatment for HCC, prognosis of patients with HCC remains poor, with overall 5-year
survival rate of 18%. Hence, the elucidation of HCC pathogenesis remains one of critical issues.Several evidences
demonstrate the involvement of bile acids in liver tumorigenesis in human and animal models, and suggest the possibility
that DCA involves in carcinogenesis and tumor progression of HCC. However, its underlying mechanisms remain not fully
understood. Salivary microbiology may alter gut bacterial composition, thereby increasing the level of secondary bile acid
deoxycholic acid (DCA), a gut bacterial metabolite known to cause DNA damage, in enterohepatic circulation that causes
the increase of DCA in liver. The elevated of DCA stimulates senescence-associated secretory phenotypes (SASP) in hepatic

stellate cells (HSCs), which accelerate the secretion of various inflammatory and tumor promoting factors in the liver.

2. BFFEOHY

The aim of this study is to clarify that the increased level of DCA produced by periodontopathic bacteria mediated gut bacteria
alterations promote periodontitis-associated hepatocellular carcinoma and underlying molecular mechanism in vitro and in
Vivo.

3. WHED ik

a. Set up a system to induce liver cancer in mice
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Figure 1: Liver cancer inducing model in mice

b. Investigate cellular senescence in HSCs
We performed Sudan Black B staining, immunohistochemical staining SASP markers of liver cancer section.

c. Examine whether DCA has the key roles in HCC development

We performed immunohistochemistry of DCA in liver cancer section
d. Examine whether bile acids, particularly DCA treatment induces SASP in vitro

To further support and extend our murine data to human biology, we tested whether bile acids, particularly DCA
treatment can induce SASP in hepatic stellate cells.

e. Observe the signs of cellular senescence and SASP in human HCC samples

We performed Sudan Black B staining, immunohistochemical staining SASP markers of liver cancer section and analyzed

in TCGA database
4. WFFERCR
DCA suppressed cell growth with cell cycle arrest in HSCs
First, we examined the effect of DCA on the cell growth of HSCs. DCA significantly reduced the growth of LX2
cells in a dose-dependent manner compared to vehicle-treated cells. Consistently, we found that DCA-treated LX2 cells

showed a marked increase in the number of Ser139-phosphorylated histone H2AX (yH2AX) foci as an indicator of DNA



damage (DNA double-strand breaks) (Fig. 2). In addition, we examined the cell cycle distribution of LX2 cells after 7 days
of DCA treatment using propidium iodide staining. The percentage of cells in GO/G1 phase was significantly increased in
DCA-treated cells compared to the control cells. Furthermore, the expression levels of p21 and p53 were upregulated at

mRNA and protein level by the treatment of DCA (Fig. 3).
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Figure 2: DCA treatment induced an impaired Figure 3: The expression of p21 and p53 in
DNA damage response in LX2 cells LX2 under DCA treatment

DCA induced cellular senescence in HSCs

As p53/p21 pathway is involved in cellular senescence process, we stained LX2 cells with SA-B-gal, a senescence-
associated marker, and performed ELISA assay to quantify the level of SA-B-gal. The results showed a gradual increase in
positively stained cells for each DCA concentration, and the difference reached statistical significance at the concentration of
80 uM as quantified by ELISA (Fig. 4). We also found significant increases of IL1, IL6, IL8, Groa, TGFp and MMPs
transcriptions, which are well known as SASP components, in LX2 cells with DCA treatment for 7 days (Fig. 5) as well as
the increases of IL6, IL8 and TGFf secretion in concentrated condition media of LX2 with DCA treatment. The analysis of
signaling pathway demonstrated the significant increase in phosphorylated p65 in response to DCA. In contrast, the degree
of ERK phosphorylation, a major regulator of cell proliferation was decreased. Taken together, these data suggest that DCA

promotes the acquisition of senescence in HSCs, and consequent secretion of SASP components.
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Figure 4: SA-b-Gal increased in LX2 under DCA treatment Figure 5: DCA upregulated SASP
in LX2 cells




CM of senescent LX2 cells affected biological characteristics of HCC cells
To investigate the effect of SASP factors secreted by DCA-treated HSCs on

HCC cells, we performed in vitro migration and invasion assays by culturing HuH7
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cells in CM. On day 2, the migration and invasion activities of HuH7 cells cultured E-cadherin
N-cadherin

in CM from DCA-treated LX2 cells (CM-LX2-DCA) was significantly higher than Snail2

Vimentin
those in CM of vehicle-treated LX2 cells (CM-LX2), and HuH7 cells cultured in CM- m:
LX2-DCA showed more spindle-like mesenchymal morphology and lacked the m:'a

epithelial hallmarks of HCC cells. Since EMT regulates cancer invasion and Fold change

metastasis, we assessed whether EMT was induced in HCC cells cultured in CM from

LX2 cells. As expected, the gene expression of EMT markers, including N-cadherin, 5 § é 3
Snail, and Vimentin were significantly increased in HuH7, while the expression of E- i::::::: -
cadherin was reduced (Fig. 6). In addition, we also found that MMP1, MMP7, MMP9 Snail2

Fold change -
and MMP13 were upregulated in HuH7 cells cultured in CM-LX2-DCA (Fig. 6). o 1 3

Importantly, there was no direct effect of DCA on the expression of EMT markers in | Tigure 6: Heatmap of qRT-PCR

analysis of E-cadherin, N-

cadherin, and Snail2 and MMPs

HuH?7, excluding the possibility that residual DCA in CM induced EMT (Fig. 6).

These data suggest that the mediators secreted by HSCs in response DCA promotes ] )
expression in  HuH7 cells

cell invasion and migration of HCC cells via EMT and MMPs activation. cultured with or without DCA.

TGFp and IL8 are the major contributors on the malignant behaviors of HCC

Among SASP components investigated in this study, gene expressions of IL1f, IL6, IL8, GROa, and TGF3 were
significantly upregulated in LX2 cells in response to DCA. Therefore, we speculated these mediators were the major factors
that promote the migration and invasion of HCC cells. Hence, CM of LX2 cells with 80 uM of DCA treatment was utilized
for migration and invasion assay in the presence of neutralizing monoclonal antibodies against these mediators. Interestingly,
the addition of TGFB- and IL8-neutralizing antibodies significantly inhibited the migration and invasion of HuH7 cells
cultured in CM-LX2-DCA while the other mediators did not exhibit suppressive effect. In addition, TGFB- and ILS-
neutralizing antibodies remarkably attenuated gene induction of N-cadherin and Snail2 in HuH7 cultured in CM-LX2-DCA.
Conversely, there was clearly no obvious effects by the concomitant treatment of neutralizing antibody against IL6, IL1(,

and GROo..

Upregulation of SASP components and EMT markers in human HCC samples.

We analyzed an HCC cohort from the TCGA database (https://xenabrowser.net/) to determine the expression of

genes associated with SASP components. As shown in Fig. 7, the expression pattern of SASP components (IL1p, IL6, IL8,
Groa, TGFp, and MMPs) were significantly correlated with that of vimentin, which is well known as a marker of invasion
and metastasis in HCC. Interestingly, these findings were accompanied by upregulation of aSMA (ACTA2), COL1A1, LOX,
reliable markers of HSCs. We next evaluated the association between gene expression of SASP factors and patient prognosis

using Kaplan-Meier method. Based on our observations of migration and invasion assays with neutralizing antibodies (Fig.


https://xenabrowser.net/

8), we speculated that IL8 and TGFJ3 are predominantly associated poor survival. Unexpectedly, in addition to IL8 and TGFf3,
high expressions of IL1f, GROa, MMP7, and MMP9 were also correlated with poor prognosis (Fig. 8), suggesting the

possibility that these mediators promote the malignant progression of HCC with no impact on cell migration and invasion.
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Figure 7: Heat map of Figure 8: Kaplan-Meier analysis of survival in HCC patients according to SASP gene
genes associated with expression

the SASP and HSCs in
HCC patients

We next determined the presence of senescent fibroblast cells surrounding HCC by SBB staining in Fig. 9 (upper two panels).
Together with these findings, E-cadherin expression was preserved in the noncancerous cells but reduced in cancer cells,
whereas the expression of N-cadherin and vimentin was enhanced in cancer cells nearby stromal tissue (Fig. 9, lower two

panels), suggesting that EMT occurred at the invasive border where senescent HSCs are present.
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Figure 9: HE staining; IHC analysis of E-cadherin, N-cadherin and vimentin expression; and SBB
staining at the invasive border of the tumor in clinical samples of HCC. SBB, Sudan Black B.
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