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Abstract
[Backgrounds/Aim]

Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related deaths in the world.
Hepatitis viruses, such as HBV and HCV, have been considered the main causes of liver cancer.
Because the development of anti-viral treatment against HCV has been dramatically successful,
HCV eradication can be attained in more than 95% of patients who undergo treatment with novel
direct anti-viral agents (DAAs). If such DAAs become more accessible to patients, the disease
burden of chronic HCV infection and HCV-induced HCC should decline in the near future.
However, the proportions of HCC caused by non-viral etiologies, including alcoholism,
steatohepatitis or diabetes, has been increasing worldwide. In HCV infection, the annual incidence
of HCC increases according to the progression of liver fibrosis, which occurs in approximately 3-5%
of cirrhotic patients. Even in patients who have been cleared of HCV, the risk of liver cancer
continues to be high in those with moderate/advanced liver fibrosis or with metabolic disorders,
such as steatosis or diabetics. Why HCC frequently occurs, regardless of etiology, in the fibrotic or
cirrhotic liver remains largely unknown.

HCC is mostly hyper-vascular nature, the pathogenesis of which is determined by angiogenesis.
We reported previously that monocytes that express TIE-2, or a receptor of ANG-2, are increased
in the liver of HCC patients. We showed that such TIE-2-expressing monocytes (TEMs) are
correlated with the degree of angiogenesis in the liver and could serve as a biomarker of HCC
(Matsubara T, Kanto T, et al. Hepatology 2013). It is possible that angiogenesis may be involved in
the occurrence of HCC even in the liver of HCV clearance.

In this research project, we firstly sought to explore the mechanisms of HCC development in
SVR patients, by focusing on epigenomic gene modification or angiogenesis. Next, we intended to
estimate the feasibility of potential biomarkers for the detection of fibrosis or HCC in such

patients, potentially in future collaboration with regional core centers for liver disease in Japan.

[Results]

Identification of genes regulating cancer-associated fibroblasts in the liver.

Liver fibrosis is a continuous phenomenon accompanied by inflammation and tissue remodeling.
Hepatic stellate cells (HSCs) play essential roles in the process of fibrogenesis; they turn to be
activated myofibroblasts on exposure to various stimuli. Cancer-associated fibroblasts (CAFs) are
regarded as activated fibroblasts localized intra-tumor or in tumor-surrounding niches. CAF's
exert supportive roles in the development and dissemination of cancer by producing cytokines or

growth factors or by interacting with other cells in the stroma. The high incidence of HCC in
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advanced fibrosis patients implies that fibroblasts have a promoting effect on HCC development.
We aimed to explore the key regulators of phenotypes and function of CAF's in the liver.

We enrolled 14 patients who underwent HCC resection and two who had liver transplants. We
established primary fibroblasts recovered from HCC (CAFs) and/or non-cancerous liver tissues
(NFs). We compared phenotypes, capacity of cytokine/chemokine production and gene expression
profiles between CAFs and NFs from the same donors. The functional relevance of focused genes
in fibroblasts was confirmed by gene transfer, addition of recombinant protein or
shRNA-knockdown. The CAF's exhibited aSMA-positive and were more senescent with lesser
proliferative capacity than the NFs. The CAFs produced larger amounts of IL-6, IL-8 and CCL2
than the NFs, which led to invasiveness of HuH7, mobilized monocytes and polarized M2
macrophages. We found that Gene-X and senescence-related genes are up-regulated in CAF's
compared to NFs. The CAF phenotype, senescence and function were gained by Gene-X
over-expression or recombinant Gene-X given to fibroblasts, all of which decreased with Gene-X
knockdown. In liver tissues obtained from the patients, Gene-X-positive cells are mainly observed
in encapsulated lesions of HCC. Conclusion: Gene-Xis one of the regulatory genes of CAF's in the
liver, affects cellular senescence and plays a supportive role in the development of liver cancer

(Figure 1). Exploration of epigenomic modification mechanisms of Gene-X is underway.

Exploration of angiogenesis-related factors and its validation as a biomarker of recurrence or
prognosis of HCC patients.

TIE-2-expressing monocytes and macrophages (TEMs) have been recently described as a
subpopulation of peripheral or tumor-infiltrating myeloid cells with pro-angiogenic activity. We
have reported that TEMs increase in patients with HCC, and that the level of TEMs in the blood
or tumors is positively correlated with the degree of angiogenesis. TEMs dramatically decrease
after successful HCC ablation or resection, but increase with HCC recurrence. These data suggest
that TEMs accelerate tumor angiogenesis and thus may serve as a diagnostic biomarker of HCC.
We found that the levels of HGF, Osteopontin, M-CSF and Folistatin were higher in patients with
the TEMuigh group compared to those with the TEMiow. In vitro, addition of M-CSF to monocytes,
but not others, enhanced the expression of TIE-2, suggesting that M-CSF is one of inducing factors
of TEMs. We next tried to clarify the possibility of using TEMs to predict the effect of
sorafenib-treated patients with advanced HCC.

Sorafenib, a multi-kinase inhibitor, inhibits tumor angiogenesis and is the first-line systemic
therapy for patients with advanced HCC. However, due to its limited effects and frequent
occurrence of side effects, biomarkers are needed to predict the effects of sorafenib. We analyzed 25
advanced HCC patients and prospectively evaluated TEMs before (Pre TEMs) and at 1 month
after initial therapy (T1m TEMs). The radiologic response was evaluated by modified Response
Evaluation Criteria in Solid Tumors (mRECIST). Median survival time (MST) was significantly
longer in the partial response / stable disease (PR / SD) group (21.8 months) than in the PD group
(8.7 months). /ITEMs (changes of T1m TEMs compared to Pre TEMs) were significantly lower in
the PR/ SD group than in the PD group. MST of the //TEMs low group (14.2 months) was
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significantly longer than that of the high group (8.7 months). Univariate and multivariate Cox
regression analyses showed that /TEMs (hazard ratio [HR] = 8.53, 95% confidence interval [CI]
=1.51 - 48.16, P =0.015) and Child-Pugh class (HR = 5.59, 95% CI = 1.06 — 29.63, P = 0.043) were
independently associated with overall survival. Conclusion: Our results suggest that /TEMs
could serve as a biomarker for predicting radiologic response and overall survival in

sorafenib-treated patients with advanced HCC (Figure 2).

Development of non-invasive biomarkers for liver fibrosis and liver cancer.

Non-alcoholic fatty liver disease (NAFLD) is one of the most common causes of chronic liver
disease, with a 15-30% prevalence rate worldwide. NAFLD is a progressive liver disease, evolving
from simple steatosis, non-alcoholic steatohepatitis (NASH), liver cirrhosis to HCC. The degree of
fibrosis is one of the critical features that indicates the prognosis of patients with NAFLD, and
thus evaluating the fibrosis stage is crucial for the management of patients with NAFLD.
Furthermore, steatosis is one of the risk factors for the development of HCC in patients with SVR.
To this end, several clinical biomarkers, non-invasive indices, and ultrasound-based imaging
techniques have been developed.

Activation of macrophages and hepatic stellate cells is a critical step that promotes liver
fibrosis. We explored the feasibility of interleukin-34 (IL-34), a key regulator of macrophages, as a
fibrosis marker in patients with NAFLD. We enrolled 197 biopsy-proven NAFLD patients. We
evaluated the serum levels of IL-34, M-CSF, soluble CD163 (sCD163), 40 cytokines, hyaluronic
acid, type IV collagen 7s, and clinically-approved fibrosis scores. IL-34 increased with the
progression of fibrosis and was an independent marker for liver fibrosis. Immunostaining
experiments revealed that IL-34 was mainly expressed on liver fibroblasts. I1.-34 based fibrosis
score (0.0387*IL-34 (pg/ml) + 0.3623*type IV collagen 7s (ng/ml) + 0.0184*age (year) — 1.1850) was
a practical predictive model of liver fibrosis. Using ROC analyses, the AUC, sensitivity, and
specificity of IL.-34 based fibrosis score were superior or comparable to the other fibrosis
biomarkers and scores. Conclusion: The IL-34 based fibrosis score, including serum IL-34, type IV
collagen 7s and age, is a feasible diagnostic marker of liver fibrosis in NAFLD patients (Figure 3).

YKL-40, chitinase-like protein expressed in multiple tissues including liver, is involved in cell
proliferation, inflammation and remodeling of the extracellular matrix. Serum YKL-40 levels were
quantified in 111 NAFLD patients and 23 HCC patients with NAFLD. Serum YKL-40 levels in
NAFLD patients increased in accordance with the progression of liver fibrosis. Multivariate
analysis revealed that YKL-40 was one of the independent factors significantly associated with
severe fibrosis (F3-4). We established a new predictive model for fibrosis of NAFLD, using logistic
regression analysis: YKL-40 based fibrosis score = -0.0545+ type IV collagen 7s * 0.3456 + YKL-40
* 0.0024. Serum YKL-40 levels of HCC patients with non-cirrhotic NAFLD were significantly
higher than those without HCC. Immunofluorescence staining showed that YKL-40 was expressed
by macrophages in liver tissue of NAFLD patients. Conclusion: Macrophage-derived YKL-40 is a
feasible biomarker of liver fibrosis in NAFLD patients (Figure 4).
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Activated fibroblasts recovered from the
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cancer-associated fibroblasts in
hepatocellular carcinoma.

Mano Y, Yoshio
S, Shoji H,
Sugiyama M,
Osawa 'Y,
Kimura K,
Shirabe K,
Maehara Y,
Mizokami M and
Kanto T.

EASL The International
Liver Congress 2016.
Barcelona

Spain

2016.04.14-
19.

Activated fibroblasts recovered from cancer
tissue and cirrhotic liver are primed to exert
malignancy prone functions.

Mano Y, Yoshio
S, Shoji H,
Sugiyama M,
Doi H, Osawa Y,
Kimura K,
Yoshizumi T,
Shirabe K,
Maehara Y,
Mizokami M,
Kanto T.

JSH 23th Single Topic
Conference.

Kanazawa,
Japan

2016.09.22-
23.




MERR B UFHFRFHREICOLT

Pro-angiogenic Tie2-expressing
monocytes/TEMs as a biomarker of the
response to sorafenib in patients with
advanced hepatocellular carcinoma.

Shoji H, Yoshio
S, Mano Y,
Kumagai E, Doi
H, Sugiyama M,
Osawa Y,
Kimura K, Arai
T, ltokawa N,
Atsukawa M,
Fukai M,
Taketomi A,
Mizokami M and
Kanto T.

Japan Society of

Hepatology, Single Topic

Conference,

Hepatocellular carcinoa.

Kanazawa,
Japan

2016.09.22-
23.

Human BDCA3+DCs utilize IFN-A for
inducing intrahepatic anti-viral ISGs and
stimulating bystander Immune cells in HCV
Infection.

Yoshio S,
Sugiyama M,
Fukuhara T,
Matsuura Y,
Mizokami M,
Kanto T.

23rd International

Symposium on Hepatitis
C virus and Related

Viruses.

Kyoto, Japan

20164104

Critical roles of bone morphogenetic protein
4 in cirrhotic and cancer-associated
fibroblasts that regulates cellar senescence
and cancer-supportive phenotype in the
human liver.

Mano Y, Yoshio
S, Shoji H,
Sugiyama M,
Doi H, Okamoto
T, Osawa Y,
Kimura K,
Yoshizumi T,
Shirabe K,
Maehara Y,
Mizokami M,
Kanto T.

AASLD The Liver
Meeting 2016.

Boston, USA

2016.11.11-
15.

Serum YKL-40 as a marker of liver fibrosis
and hepatocellular carcinoma in patients with
non-alcoholic fatty liver disease.

ManoY,
Kumagai E,
Yoshio S, Shoji
H, Sugiyama M,
Korenaga M,
Arai T, ltokawa
N, Atsukawa M,
Hyogo H,
Chayama K,
Ohash Ti, Ito K,
Yoneda M,
Kawaguchi T,
Torimura T,
Nozaki Y,
Mizokami M,
and Kanto T.

AASLD The Liver
Meeting 2017.

Boston, USA

2016.11.11-
15.

Linkage of sequential chemokine activation
to HBV eradication after primary exposure:
comprehensive analysis from the window
period to the clearance in the blood donor,
patients and chimpanzees.

Yoshio S,
Sugiyama M,
Shoji H, Mano Y,
Doi H, Eiji M,
Keiko K, Hoshi
Y, Uchida S,
Mizokami M,
Tanaka J, Kanto
T.

AASLD The Liver
Meeting 2018.

Boston, USA

2016.11.11-15




MERR B UFHFRFHREICOLT

Enhanced expression of activation-induced
cytidine deaminase in memory B cells
provokes skewed immunoglobulin profile in
advanced cirrhosis.

Doi H, Kaplan
DE, Morikawa K,
Eguchi J, Ito T,
Kanto T,
Yoshida H.

AASLD The Liver
Meeting 2019.

Boston, USA

2016.11.11-15

Interleukin-34 as a fibroblast-derived marker
of liver fibrosis in patients with non-alcoholic
fatty liver disease.

Shoji H, Yoshio
S, Mano Y,
Kumagai E, Doi
H, Sugiyama M,
Korenaga M,
Arai T, ltokawa
N, Atsukawa M,
Aikata H, Hyogo
H, Chayama K,
Ohashi T, Ito K,
Yoneda M,
Nozaki Y,
Kawaguchi T,
Torimura T, Abe
M, Hiasa Y,
Fukai M,
Kamiyama T,
Taketomi A,
Mizokami M and
Kanto T.

AASLD The Liver
Meeting 2020.

Boston, USA

2016.11.11-15

Cancer-associated or cirrhosis fibroblasts
recovered from hepatocellular carcinoma

promote macrophages and cancer cells to
progressive phenotype.

Mano Y, Kanto
T, Shoji H,
Yoshio S,
Sugiyama M,
Osawa Y,
Kimura K,
Shirabe K,
Maehara Y,
Mizokami M.

Annual Meeting of
American Association of
Cancer Research
(AACR),

Philadelphia,
USA

4/19-22, 2015
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