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1) BEARHR Yy N U — 7 OWHFEIC K D NASH D53 1818 D

MFREARER BDIL, B~ 7 A OFIRICERE L7z A ER I3 HEE K10 VCAM-1 % 41 L CHFEEIR PN B
Rl 2 2 &, — BAFIGEE ISR U7 B RIS fAa & st U COIFEEMAa o Notch <27
NEN U THERBIRE ZFET 5 226 L7, ML EORFSER ST, Tl F2E M & Mg
RO AR AR 2 A1) & U 72 BEIRIE O LB OBIFIZ D72 3 2 ATREMEAY S 5 (Cell Rep. 18:
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2766-2779,2017), —J7. EWIMO GBI EARIZE Y NASH Zi%E 32 MEMEET V] L MEFEEIC
fifesr L7z TEHET V] ZAEDE T, OB MRE - B oS L 725 hCLS kT 2
~ 7 a7y —YOEEEENT L, hCLS IEACCHIBHRAE LI IZ & 0 A 245k CCR2 (R FHIIZIZH
TH~v/u 7 y—U TR HEEE~ a7 7y —UREETHZ L LN LT,

MHEFZE 8% (RHKE) bo7v—78 L Hic, Bk CREEFMIZIERLT 5 P0-Cre vV AH 5
WA —< 215,95 FoxD1-Cre v AL Cre KM E R O~ A% TV CHII R 7k 4 B R L
72, PO-Cre 7 ZClJ Desmin F5 Al e (2 -+ BE 2R m) 0 20% & —H8 0D PN B2 M e < 52 2 Ml i
DMEFR ST, FoxD1-Cre = ATl Vimentin BPERIFE DK 5% ARSI T-, ZHDO~T AR LA
PR AR AR DAL ARG L7203 | AR LTI X BRI AR bR o T,

FE 28R (EESESERT) D07 v—7 & L $1Z, DREADD EIZ X 0 BUR Tz THREE
D=a—vrEEHEEL, 2V RZ - BAFA = BIEHRES D VIEEEREERIC LV FES
5 I B TGRS SE Td D ALT & AST O I i B 23 BE N & ATlsARAE L D T 2 FLH U 7=,
VALY | IO RIE & BME b oD AR AR A 23 R S 47z,

2) NASH DA F=—A— LAY — 5 v MER DT DOBRE

FFERARARZEE DI, MEIZBAFE L7z NASH = 7 2 & W T, R MRlifRAEIE DIRIEE TH 5 EL
7 == UGN S 2 2L SETICRIEFT L L ML 2 F L <Ml 2 2 & 2 ifigo
R SE 2 I KA ATRetE 2B S c L7z, LRIk Y BEFERTHHENL 7 == K D NASH 15
B L U C OB R O ATREME S RIB & 472 (Sci. Rep. 7: 44754, 2017), —J5. NASH ~ 7 Z DT
g OHBE L 7o~ 7 v 7 7 — V% DT ERRERIMTIC L D . hCLS Z#ERkd % CDllc Pitk~2or r >
7 — VRERBNCIH BN G 2 WX 2 BIs 7 A2 L, S aikic T i b OK 123 hCLS
FRRWNCRILT 2 2 L 2R Uiz, HEEK T OBEB T XKIE~ T AOEANET LTEY, MC4R-KO
~ T ACKT D EHBAEIZ L D NASH OJRREZRICB T 2 BERE MG LOOH 5,

B —REER (TERSF) LD —7L L HI2, RNA-seq % & ATAC-seq 1EIZ &V IEfH~ 7 A2
Elb~ o AN bOF R R~Y v Ty —v BEIFBHR kR~ e 77— ik~ 27 7—
CORNTUAI YT h—=AEZ S LB LTz, BB, MRS SIS RS ) A
OFHEZ L U BRE o 7 F G ONSA A 2T < T 4 7 AFMT 54T > 1=, g2 38T APDP
FPMIZOWT, Ze—H% A M A M) —ICK DT 21T o7, BLEICE D NASH OFIEHMED
RN 31T 2 IFlEAE AR O A X 7 A AT DO BB DS R 7z,

3) NAF~—H—LAIEF Ty MEfLTTOBRENESR - BKNEROKRIE

AL DOIEFRBE L LTHERA SN TS 7 4 7o Ax v oA EHANS MR =T AN T 7 4
—IZ XY hCLS & IFldfiA b OB 2 Mt 25 7= DI BE 218E LTz, MGRE IR Z b3
20 WD 80 mEE TE L, MAEMRE AT L@ MEFRERED 5 B, NAFLD100 JEf], xife LT
U A NVAERFSE, TV 3 — U ERRIAYERT A 100 SEBZ BAE & L7-, NAFLD B XBEIC B AR OSE G4k
IZEEL TR | RG> & I ZE &g AV MER] 2 INEE U7z, s HRIER] 238 E L7253 5. NAFLD
iE 51 DR SEIRRAT & BRIR T — & O LR 2D T\ 5,
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1) Molecular pathogenesis of NASH through the dysregulation of metabolic organ network

We demonstrated that liver sinusoidal endothelial cells play an important role in hepatic myeloid cell
accumulation via VLA-4-dependent cell-cell adhesion and that myeloid cells, when infiltrated, activates Notch
signaling and gluconeogenesis in cultured hepatocytes through cell-cell contact. Our data suggest a
mechanism by which physical cell-cell interaction among parenchymal and stromal cells regulates hepatic
glucose metabolism, thereby offering potential strategies to treat or prevent obesity-associated diabetes (Cell
Rep. 18: 2766-2779, 2017). On the other hand, in combination with the original model of human NASH and
newly-developed inducible NASH model using MC4R-KO mice, we examined the macrophage dynamics
during the progression of NASH. We provided evidence that resident macrophages rather than macrophages
infiltrated into the NASH liver in a CCR2-depenedent manner play a major role in hCLS formation and liver
fibrosis.

In collaboration with Prof. Motoko Yanagita (Kyoto University), using PO-Cre and FoxD1-Cre mice that
lineage label resident fibroblasts in the kidney and stromal cells in many tissues, respectively, we performed
lineage tracing analysis in the liver. We found that PO-Cre lineage labeled 20% of Desmin-positive cells
(stellate cells and portal fibroblasts), some endothelial cells, and hepatocytes, whereas FoxD1-Cre lineage
labeled only 5% of Desmin-positive cells. The efficiency of lineage label was almost the same even in the
liver with CCl4-induced fibrosis.

In collaboration with Prof. Yasuhiko Minokoshi (Kyoto University), we examined the effect of specific
activation of a subset of hypothalamic neurons by DREADD technology on hepatic inflammation and fibrosis.
Initially, we presented high fructose and fat diet to mice and stimulated a subset of hypothalamic neurons by
DREADD technology. Our data demonstrated that activation of the hypothalamic neurons elevates plasma
ALT and AST concentrations and aggravates hepatic inflammation and fibrosis, thus suggesting central
regulation of hepatic inflammation and fibrosis.

2) Screening of biomarker and drug target candidates for NASH

Using melanocortin 4 receptor-deficient (MC4R-KO) mice as a mouse model with human NASH-like
phenotypes, we demonstrated that pirfenidone (PFD), an antifibrotic drug used clinically for the treatment of
idiopathic pulmonary fibrosis, markedly attenuates liver fibrosis without affecting metabolic profiles or
steatosis. This study also highlights hepatocyte apoptosis as a potential therapeutic target, and suggest that
PFD can be repositioned as an antifibrotic drug for human NASH (Sci. Rep. 7: e44754, 2017). On the other
hand, through comprehensive microarray analysis, we have selected the genes upregulated in the
CD11c-positive macrophages isolated from NASH liver. Immunohistochemical analysis also revealed they are
specifically expressed in hCLS macrophages. We have already introduced gene-knockout mice deficient in
some of the genes, so that we can examine their pathophysiologic role during the development of NASH.

In collaboration with Prof. Ichiro Manabe’s group (Chiba University), we performed RNA-seg-based
transcriptome analysis of the cells isolated from the liver. We performed RNA-seg-based transcriptome and
ATAC-seqg-based epigenome analysis of monocytes and macrophages isolated from bone marrow, adipose
tissue, liver, heart, and other tissues of lean, obese, and aged mice. We found marked differences in epigenome
profiles among different tissues, obesity, and aging, and identified candidate signaling and transcriptional
pathways that induce the epigenetic differences. These observations suggest the importance of omics analysis
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to understand the cellular mechanism of NASH.

3) Functional and clinical validation of biomarker and drug target candidates for NASH

To assess the relationship between hCLS and liver fibrosis in human NASH by means of FibroScan and MR
elastgraphy, we have recruited 20~80-year-old male and female patients with chronic liver diseases. The target
numbers of patients with NAFLD and those with chronic viral hepatitis or alcoholic hepatitis as control are
both 100. We have already recruited 100 patients with NAFLD, ranging from fatty liver to liver cirrhosis. We
will examine the correlation between the clinical and histological data obtained from NAFLD and control
patients.
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