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Molecular mechanism of activation of myofibroblasts and cancer associated
fibroblasts in fibrotic liver

Nishio, Takahiro
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This stud% focused on the function of cancer-associated fibroblasts (CAFs)
in the tumor microenvironment of hepatocellular carcinoma (HCC) by spatial transcriptome (Visium)
analysis using an experimental animal model and human HCC specimens. First, we established an
experimental animal model of CAF-induced hepatocarcinogenesis. Visium analysis of mouse liver
sections showed that the tumors were composed of heterogeneous cell populations, and that there were
characteristic differences in gene expression depending on the different causes of liver injury.
We next validated the gene expression profile of CAFs by Visium analysis on tissue sections of
human HCC. CAFs co-expressing Collal and Acta2 were clustered by localization and gene expression in
tumor tissue. It was suggested that CAFs were potentially originate from the myofibroblasts in the
background liver, and were associated with the regulation of not only tumor proliferation, but also
immune response and immune evasion.
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Term Count % PValue Genes List Total Pop Hits Pop Total Fold EnriclBonferronBenjamini FDR
GO:0006805~xenobictic metabolic process 17 6.967213 9.12E-13 CBR1, ABCB1, UGT 237 116 19256 11.90717 1.34E-09 1.34E-09 1.32E-09
GO:0008202~steroid metabolic process 9 3.688525 1.12E-07 UGT1A1l, CYP3A4: 237 48 19256 15.23418 1.64E-04 B8.21E-05 8.09E-05
». G0:0042572~retinol metabolic process 9 3.688525 2.89E-07 ADH4, ADH1B, AD 237 54 19256 13.54149 4.25E-04 1.42E-04 1.40E-04
GO:0006699~bile acid biosynthetic process 7 2.868852 9.56E-07 AMACR, ACOX2, A 237 28 19256 20.31224 0.001403 3.27E-04 3.22E-04
G0:0006629~lipid metabolic process 5 6.147541 1.11E-06 UGT2B10, ACSM1 237 232 19256 5.253165 0.001635 3.27E-04 3.22E-04
G0O:0044281~small molecule metabalic process 5 2.04918 4.36E-06 ADH4, ALDHILI, / 237 10 19256 40.62447 0.006383 0.001067 0.001051
GO:0006631~fatty acid metabolic process 9 3.688525 2.20E-05 ALDH3A2, ACOX2, 237 95 19256 7.697268 0.031754 0.00461 0.004541
G0:0042632~cholesterol homeostasis 9 3.688525 4.86E-05 ACSM1, MTTP, AP 237 106 19256 6.898495 0.068854 0.008917 0.008784
G0:0006069~ethancl oxidation 4 1.639344 1.45E-04 ADH4, ADH1B, AD 237 9 19256 36.11064 0.191366 0.023599 0.023246
G0:0038183~bile acid signaling pathway 4 1.639344 2.05E-04 SLC10A1, ABCB11, 237 10 19256 32.49958 0.259704 0.030067 0.029617
G0:0042573~retinoic acid metabolic process 5 2.04918 2.27E-04 UGT1Al, ADH1B,. 237 25 19256 16.24979 0.283844 0.030347 0.029893
G0O:0006081~cellular aldehyde metabolic process 4 1.639344 2.79E-04 ALDH3A2, ALDH3, 237 11 19256 29.54507 0.336182 0.034141 0.03363
G0:0009636~response to toxic substance 7 2.868852 3.91E-04 CPS1, EPHX1, PON 237 78 19256 7.291572 0.43723 0.044213 0.043551
G0:0015721~bile acid and bile salt transport 5 2.04918 4.69E-04 SLC10A1L, SLCO1B: 237 30 19256 13.54149 0.498145 0.049234 0.048497
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Term Coumt % PVale  Genes ListTotal Pop HitsPop Total Fold EnriclBonferron Benjamini FOR
. N N 600006805 xenobiotic metabolic process 17 6367213 912E-13 CBRLABCBLUGT 237 116 19256 1190717 134E-09 134609 132609

metabol 1sm k CAF k D E’g@ 75) 3@ G0:0008202~steroid metabolic process 9 3688525 112E-07 UGTIAL CYP3A4Z 237 48 19256 1523418 164E-04 B.216-05 $.096-05
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G0:0038183~bile acid signaling pathway 4 1639344 2,05E-04 SLC10AL, ABCB1L 237 10 19256 32.49958 0.259704 0.030067 0.029617
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Term Count % PValue  Genes

List Total Pop Hits
75 307377 2B4E-16 ADHILL, 1 1546

Pop Total Fold Enricl Bonferron Benjamini FOR
8662 2.562277

8.66E-14 7.39€-14 6.85E-14

%Xz,

hsa01100:Metabolic pathways

hsa04976:Bile secretion 17 6.967213 6.36E-12 UGT2B10, 164 89 8662 10.08865 165E-09 B8.26E-10 7.66E-10
hsa00980:Metabalism of xenabiotics by cytochrome P450 15 6147541 1.44E-10 UGT2810, 164 78 8662 1015713 3.74E-08 1.25E-08 1.16E-08
hsa00982:Drug metabolism - cytochrome PAS0 13 5327869 7.61E-09 UGT2B10, 164 72 8662 9.536416 198E-06 4.94E-07 4.58E-07
hsa05204:Chemical carcinogenesis - DNA adducts 12 4518033 6.20E-08 UGT2810, 164 70 8662 9.054355 161E-05 3.23E-06 2.99€-06
hsa00140:Steroid hormone biosynthesis 11 4508197 1.96E-07 UGT2B10, 164 62 8662 9.370771 5.096-05 B.48E-06 7.86E-06
hsa00350:Tyresine metabolism 9 3.688525 2.56E-07 ALDH3AL, 164 36 8662 13.20427 6.6SE-05 0.51E-06 B.81E-06
hsa00120:Primary bile acid biosynthesis 7 2.868852 4.22E-07 AMACR, A 164 17 8662 2174821 110E-04 1.37E-05 127E-05
B hsac0s30:Retinol metabolism 11 4508197 4.80E-07 UGT2810, 164 68 8662 B.543938 1256-04 1.39E-05 1.29€-05
hs300983:Drug metabolism - other enzymes 10 4098361 1.75E-05 UGT2810, 164 80 8662 6.602134 0.004599 4.56E-04 4.23E-04
hsa03320:PPAR signaling pathway 9 3.688525 7.66E-05 ACOX2, 5C 164 75 8662 6.338049 0.019714 0.00181 0.001678
hsa00071:Fatty acid degradation 7 2.868852 1.39E-04 ALDH3A2, 164 43 8662 8598128 0.035428 0.003006 0.002786
hsa04610:Complement and coagulatien cascades 9 3.688525 2.02E-04 CPB2, CFH 164 86 8662 5527368 0.051213 0.004044 0.003748
hsa01230:Biosynthesis of amino acids 8 3.278689 4.98E-04 PKLR, CPS 164 75 8662 5633821 0121493 0.00925 0.008574
hsa04146:Peroxisome. 8 3.278689 9.19E-04 NUDT?, Al 164 83 8662 5090802 0.212624 0.015929 0.014765
hsa00010:Glycolysis / Gluconeogenesis 7 2.868852 0.001566 ALDH3A2, 164 67 8662 5518202 0.334752 0.025455 0.023595
hsalD620:Pyruvate metabolism 6 2.459016 0.001798 ALDH3A2, 164 47 8662 6742605 03737  0.0275 0.025491
hsa01240:Biosynthesis of cofactars 10 4.098361 0.002344 ALDH3A2, 164 153 8662 3.452096 0456739 0.033858 0.031384
hsa0D360:Phenylalanine metabolism 4 1639384 0.003059 ALDH3AL, 164 16 8662 1320427 0.549165 0.04156 0.038523
hsa05208:Chemical carcinogenesis - reactive oxygen species 12 4918033 0.003197 CBR1, NOL 164 223 8662 2.842174 0.565052 0.04156 0038523
hsa1212:Fatty acid metabolism 6 2450016 0.004222 ACAAZ, 5C 164 57 8662 5.559692 0.667165 0.052275 0.048455
and i 5 204918 0.004453 UGT2810, 164 36 8662 7.335705 0.686668 0.052632 0.048786

E26. KEGG pathway#Z /- b | EFHBZEE O CAF T @ Enrichmentf##4T



10 5 0 0

Kimura Yusuke Koyama Yukinori Taura Kojiro Kudoh Aoi Echizen Kanae Nakamura Daichi Li 77

Xuefeng Nam Nguyen Hai Uemoto Yusuke Nishio Takahiro Yamamoto Gen Seo Satoru lwaisako

Keiko Watanabe Akira Hatano Etsuro

Characterization and role of collagen gene expressing hepatic cells following partial 2022

hepatectomy in mice

Hepatology 443 455
DOl

10.1002/hep.32586

Uemoto Yusuke Taura Kojiro Nakamura Daichi Xuefeng Li Nam Nguyen Hai Kimura Yusuke 28

Yoshino Kenji Fuji Hiroaki Yoh Tomoaki Nishio Takahiro Yamamoto Gen Koyama Yukinori Seo

Satoru Tsuruyama Tatsuaki Iwaisako Keiko Uemoto Shinji Tabata Yasuhiko Hatano Etsuro

Bile Duct Regeneration with an Artificial Bile Duct Made of Gelatin Hydrogel Nonwoven Fabrics 2022

Tissue Engineering Part A 737 748
DOl

10.1089/ten.TEA.2021.0209

Yoh Tomoaki Ishii Takamichi Nishio Takahiro Koyama Yukinori Ogiso Satoshi Fukumitsu Ken a7

Uchida Yoichiro Ito Takashi Seo Satoru Hata Koichiro Hatano Etsuro

A Conceptual Classification of Resectability for Hepatocellular Carcinoma 2022

World Journal of Surgery 740 748
DOl

10.1007/s00268-022-06803-7

Nishio Takahiro Koyama Yukinori Fuji Hiroaki Ishizuka Kei Iwaisako Keiko Taura Kojiro 11

Hatano Etsuro Brenner David A. Kisseleva Tatiana

The Role of Mesothelin in Activation of Portal Fibroblasts in Cholestatic Liver Injury 2022

Biology 1589 1589
DOl

10.3390/biology11111589




Uemoto Yusuke Taura Kojiro Kimura Yusuke Yoh Tomoaki Nishio Takahiro Koyama Yukinori Seo
Satoru Okazaki Kazuyuki Nagao Miki lgarashi Koji Hatano Etsuro

Online ahead of print.

Utility of serum autotaxin levels for predicting post hepatectomy liver failure in 2022

hepatocel lular carcinoma

Journal of Hepato-Biliary-Pancreatic Sciences 0
DOl

10.1002/jhbp.1278

Nishio Takahiro Koyama Yukinori Liu Xiao Rosenthal Sara B. Yamamoto Gen Fuji Hiroaki 118

Baglieri Jacopo Li Na Brenner Laura N. Iwaisako Keiko Taura Kojiro Hagood James S.

LaRusso Nicholas F. Bera Tapan K. Pastan Ira Brenner David A. Kisseleva Tatiana

Immunotherapy-based targeting of MSLN+ activated portal fibroblasts is a strategy for treatment 2021

of cholestatic liver fibrosis

Proceedings of the National Academy of Sciences -
DOl

10.1073/pnas.2101270118

Rady Brian Nishio Takahiro Dhar Debanjan Liu Xiao Erion Mark Kisseleva Tatiana Brenner 16

David A. Pocai Alessandro

PNPLA3 downregulation exacerbates the fibrotic response in human hepatic stellate cells 2021

PLOS ONE -
DOl

10.1371/journal .pone.0260721

Baglieri Jacopo Zhang Cuili Liang Shuang Liu Xiao Nishio Takahiro Rosenthal Sara B. Dhar 191

Debanjan Su Hua Cong Min Jia Jidong Hosseini Mojgan Karin Michael Kisseleva Tatiana

Brenner David A.

Nondegradable Collagen Increases Liver Fibrosis but Not Hepatocellular Carcinoma in Mice 2021

The American Journal of Pathology 1564 1579

DOl
10.1016/j .ajpath.2021.05.019




Hai Nam N Taura K Koyama Y Nishio T Yamamoto G Uemoto Y Kimura Y Xuefeng L Nakamura D 28

Yoshino K Ogawa E Okamoto T Yoshizawa A Seo S IlIwaisako K Yoh T Hata K Masui T Okajima

H Haga H Uemoto S Hatano E

Increased Expressions of Programmed Death Ligand 1 and Galectin 9 in Transplant Recipients Who 2021

Achieved Tolerance After Immunosuppression Withdrawal

Liver Transplantation 647 658
DOl

10.1002/1t.26336

Fuji Hiroaki Miller Grant Nishio Takahiro Koyama Yukinori Lam Kevin Zhang Vivian Loomba 8

Rohit Brenner David Kisseleva Tatiana

The role of Mesothelin signaling in Portal Fibroblasts in the pathogenesis of cholestatic liver 2021

fibrosis

Frontiers in Molecular Biosciences

DOl
10.3389/fmolb.2021.790032

11 0 0

ALBI

77

2022

58

2022




Lenvatinib Atezolizumab + Bevacizumab

26

2022

34

Effectiveness of lenvatinib therapy for patients with unresectable hepatocellular carcinoma: A prospect for conversion
surgery in combination with systemic therapy

34

2022

58

2022

B C metabolic dysfunction-associated fatty liver disease

JDDW 2022

2022




B C NASH

40

2022

lenvatinib

121

2021

76

2021

57

2021




conversion therapy

24

2021




