YR EME (Archaea), MIE (Bacteria) , K UTEAMA
¥ (Bukaryota) @ 3 RICHEINTwE, HEFETIEE
MEGHMEO—EE BRI nGwh (EE, HUiidzo
I IEMEOMTLBB SN T, MEE1EEE
BISL LTz (FE0) EMHETH D, TOMEDEVE
FRICANT, MEE, EECTOERR X770 7) &
LZewia, BMEME & FE 5. tERGEE 10 E4F
L, AW TH o 2 RIEHIRIRE T 5 2 DALE RS
PEAICAECEYOREIL DR o7 EL LD,
F—o 4o [BOEE] 2 ITHLE, ShboRUSE
Yooz LEE 3 o 0 AEY RO R@BEHE AV 72 IS
b, ZDIHAHLEYIZ LUCA [the Last Universal Common
Ancestor, @ % X LUA (Last Universal Ancestor)] D%
MA5 2 6N Tw5 9, LUCA OB 35 EM O
BTV TRTHLEHEESINTNES 5,

3. J0OE VEETFOREKERE

BT TSRO/ 0 Y OFERRE S TWAE,
ZOAFIERIES LAEEON BVELY RWT 5
BOTHNEAIHAESNTE, ZD2D, ZOEH
DEERET L CEYFeF e REL T—RWICHERT 5
RETHE, 2T, COFLEEL T Vinogradov 5
PIRET &l (k) it ¢, HRRicBI A7
O Y ORMEEEICHET 2B MBIL T, ¥4 b
EUOBRICET AEBO—F L Lz,

ZUE VI, globin fold 72 2 b bE—F AL ¥
o ¥ ¥ [Single Domain globin (SDgb)] & globin fold EA
IO F AL b DF AT 708 VIZKIEN5,
Hb #{E-> T\ 5 q-globin & f-globin, Mb, Cygb, B
Fza2—wm 7wy (Neuroglobin [Ngbl) 7 &t
NORIE IS D, MIEICEOFEFMON TS
7 I HRNEZOE Y (FHb) FEBRILETEBETH H FDA
T AT ERAERALA VA DX A7/ ThH
o METHLFHb X 720 FF Y VELEZEHO
FAD/NAD- fi& F A v b 7ney FA4 v O@EER
T, BEBEREELBIBREEOVTI R T,
EHME S EHMEICEOFESNONTWARE LY
H—EEL B0/ 1 ¥ [Globin-Coupled Sensor (GCS) |
bF¥F AT 70 ThHb, GCS BIREEEMT 571
ErThh)Ihillo oo Y IREREFMALAY
BT/ T HENMEL. 5F D N FKIGENE Mb N 2
AU THYZONLEN L THRELEER®RS, C XKk

6 (602)

PHIMBEOFEL Ty — D F AL v Th ) BFTK

FHOMBNY 7Y v IS L TwhA D, H—F2
A7 TEDHEPEO—EERL PHEIANES
T ¥~ (truncated hemoglobin) " 252 % o

HED 7Y 7H33/3 fold TH D DR LT, SRR
1& 2-over-2 « - helical fold (2/2 fold) TH 5, 26 FEOTHHM
B, 45 HOEWME, RUCOBEOEHEHDO T A
WKOWTREERSIBT 2 T a ey (hhwidrol
V) BETFEANOFER FHEC LY, HHE
EEMMBEOZNENB L Z25% L 65% /R vk
FoTBY, BEBAYIILRL EZDOEEE 0% I
Ls9,

BAFEY OEETFIERP H LUCA 15 » T isEETF
B EEd 51003, MR EEEREO S/ 270
7T A LADFEMEF, BT AR LA
BUEZLND, COZODEYHEOL >y 3y
DEDILREATHHOPDEMD, LUCA LEOBAD L
E 2 WTHERDSHE T, Vinogradov b IX# 0 & 9 BB &H
LIfFEABEALTWA Y, b/ yaA—/3—-77
V=% M-, S-, RUT-773Y—-D32ZRHLT
FORMEHE TV D, M-7 73—l 34 raLy
OOy Thy, S-77 3 —0&HIEZDT 7 3
) =2 L3R GCS 255 TN TW 5 DT D sensor |2 FH
RLTWVD, ZNE 2L 3/3-globin i 2 0, T-7 7
3 —id k3R D truncated globin T 2/2-globin f3& % 0.
M-77 3V X3 GIZFHD & SDgb DH T 7 7 31) —

WK Enb, 8-7 7 3 Y —Id GCS, single domain Pgb
(protoglobin), % U* SSDgb (Sensor Single Domain globin)
DIDOYT T 7 I —%EFHATV S, Protoglobin (7
ohrovy)d, HHEEEEEEICFEL, BEA
PadEI I Twivweo T, FulrofHEEEFTCIX
GWhEEZ LN THHZEN IO E Y THE, T-7 7
X 1) —iX TrHbls, TrHb2s, XU TrHb3s D 3 2DH 7 7 7
I =T 5, EEE & RET 5 & EE
INLDruvrym) b, Pgh, GCS, KU TiHbis d 3
DT EFES>TVBEZ LB TH L,
BEEMERCAS S0 Y EBEFICNAT, FHb 71
EVEETF R TBY, DY 3BOTIYY T 7 3
J—DEEFE2ETE> T AME—DEYENTH L 2
&, EB1Z2/2-Hb & GESHD ik FHb IZHFE M % Fro At
2/2-Hb & GCSHb M2 13 4B\ Z & 25, FHb £ SDHb
PHEEZSO Yy OEATIEHLZWHEDEZPREINT
V50, Z 05 Hb 28EIBT S 71T 2/2-Hb & sensor-like

Jit 1
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Ho 4L, 262, INLICC-FmFAAL B3NS
LT FHb & GCS-Hb 28I L - W RN H 5 L DE 2
THbo ZDWEEEISLIZERSR, ZORKEEED
BN ED L) iz b TLUCA LB LR, 5
OFRDFERVEEEI NS,

4. 7K EBETE

BXE 46 BEMOMIKIEARE, HPTO 10EFOMH,
HEKEREE CRAS L OMRE) \EmEILIT L AP o
FelERBNTWA, HEOHEBEKAAOERFRER
20.8% TH B4, LMPEELALLEZENLBLE40
BEFMOFTRDERFTREDIRICERTH A%, BR
DREIT10°% ThHo7- b HEEENTWAE 0, Z0O4,
VEBDORBET X, KERDED, B EPOFOMDE
hEEATWERbNE, EMfEELF OBIEKTO
BEOSET, T LTEMUCE AKRDOGHIZE T
Wiz, =7, Aaid, bl L7228 38 {EEATEIZEEIS
HELTWREEZZONTWA W, 30EES S 28 B4
B, BT ANVF - EOEFIANF— L LTH
HAT AR TELREMEME S EFHIRL Tz,
LaL, ShoOMEIIBREYHEL 2 VWIEEHRME
(anoxygenic photosynthetic bacteria) TY5T % b ¥ — % Fj
BALTE/BCEBTHTNADH 2 &K L, RERETF
EEROERRRBETHE L LCKTRR L, @2 5
EAFRTFIAT LA NF-RBREEZSE TN,

BLZ 2R BEMIIAREEICRELEMIREI 572,
MERBEFRERORMEETHEL L OKEFAT HM
BOMEHTH L, COME (7 /73271 7) ke
RS O—3E L CKREMRL CRELFEET L%
BB LI2DTHE, TORBIIEHARDOE ) HE B
2z 2HE o7z & HFEOD anoxygenic photosynthetic
bacteria, X:bH KEIEFMEME, RZHM L CERE
B RUBTZEUARICREZEEL, BEREN
A HAE (oxygenic photosynthetic bacteria) TdH 5T 7/
N F)FOHBIZORP o EZEZLbNRTWE W, ¥
TRy T TIZEERERARD "BREN CKERE
BE LI EZAOND, BEOHBEIINEFAL
PNF — B BT B AN (R MR
ZNF TOBETFBRI R THAFFRIIFEREE (7)1
T— A% EDANFY = A) K720 O ATP ERFEN 18 4
bEwZ &b, BECEEBRTRTENLERS
SR ERL A~ DL E T HEC L7z,
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JUREVEIBEREAEATHLNL, HEBREICEE
GFNH > THOTEDEREE BT Lh ks L&
Zbhb, EFOEEDB LF 40 BEH, KENEE
DBEZECHIIK OB L F30EBETHB, =
O I0EEDHE, EWEEENITEALEVREOHT
IOV YEHRARTAENEIESL, BESTEAE
LCw/ieZ bl b, ZOBRIEIMNEOKGHTET
TH VRS OBRETHoEEILNE, DY, FO
BREZEYHFES L TR WHESBESTFEAET S 2
EMTANEEEFEL LTAMTH -2 b 2l
SRD, RRCBEIVWERELTS, For»8E
KN LTEBCEAEZ > Twb0T, BE0AYER
EERBCEET A EPOBELFA L CERTE
Erzohbd, 0L BEZZ, BLEIOBELIF
FELapo K OBKBRE T/ O v ER P HoTw
T2 S S5 WITHEP R b A Th o7 8D
BEEEEN TS,

5. ¥4 FJOECOHER

R ENIZE) AAERBEZOL RO TEH R ED
CFEORBERETH Y, ZODIILERYERH®
B, MRAERCIRIFRER 2 EORBBEERZE LS
Vi, F7z, WD AAREROEE LY AV AKL T &8
B LT 5 LR SEEL S, Fh5[&&ERD
PR 0 5 — 7 R HEASIR B ICHE RS L (AL L B
bis), DWTIHFEERITMREELEET S, 20
B LR FEL L OBRICEMRAEE T4, oMk
FIEFRETHY Y Iy ARFEMIEE LT, mFRhF
M SIZBITAEY I VADRALT A Y ACHE
HEBZ LTwb, ZOREBOEMBEITEEEMED S
VTEREE M GEEMCEMR) LiENns, FFEE
EVEEALT 2 &L COBMBRSEERL, a5 -5 A
Bz EHEE Y, Lo FmicEL = 22k B,
COEMELEMRIEIY Y I v AL IEL L, A
DI ARIC e B T/, WTEREL UHET B, 2
OBREPEMBEOEEALTH ) ZOHMAIZEL TEL
DWFFEH e SNTRz, BIZE, TWE(LRERF 7
by I FEHBCEELZ S 2BYTHL, INb%
Sy bR Y ALEZ LI LIZE o TEMBOEELE
ERWICEFET 5T kA, T, IEEFE,OE
IFEMBEZEYOE LTy y— L TERETLE, BHEITR
CaHoTwiewds, EIEMREIKREICEEL Sz R

(603) 7



RICE T2 MbnTBY, EHbodaazH
NREODOETNVELTL{fEbILTW5,

1995 4ELH, FA72 B IXFFEMRE OB Lo R4 % F-
5720 DK e BME Lize Mk, 7073 — LT
B EMENAF L\ g vy B RS BS S Wl
FTHOB TR S ED Tz, bt oz
o CEMBOBEBELESRE & vy BEBOEILOH
POHRRLZ LI Lze FRLAEFETT v MAINED
RERET CEMEZEEL S, Zoias%E
BEEL L, ThenoffT (RREEREE) ¢
BIEEMBEZNRES LT, SALOMISREL T
HEM Y WITERIKE SV ICRENICRE L, EE
i, FNFhoEHARY FETHILT 56729, Fh
HomZEs<y—79Y % 7 )— (CBB) T4fh L
720 SOHFETE, ¥ 7 VHOEAD - OOEAE (4
FELEED PETCOEAKOVWTRELR > TR
HAYIZIE 1 DD CBB- ARy M T HAOEHICHIE LT
WBZ LIl D, FNFNOEREMCHILROEN
MO 4 DEF D5 IV ETO CBB- AHF v b DS/
¥ =2 (Fu 74 0) ZEEEIC R LR LI T
CETEIC BIL T b (CBB Tha B #eE -
TWb) ARy VeBA, TOBAIEARY FOhb
TOOEBRENTHBLTVAEARY b2 LI A
AT, ZOAFy b EBMEANEELT 5 85E ORI
THENMET§2&EE L A LTER LD OMHRE L
720 INBARY PEBERSTHRCHENLTCZOERY
B L7ze DO OFER, 271 BOEEFFHE SN 9,

ING27TBOERIZ 1 HERWTHOMZEEIZL -
TREShTHUTEES 2o Twiz, 1HORMEH
BEZLHEGR LT HMEENHZ LHET L CFOE
H% "EMAESELBEESRE" (Stellate Cell Activation-
Associated Protein [STAP]) & ZFHTC, TOEHENE
BRICEAOFEEALICE o TWwa I L 2 KT EBEIT
Zolz, EEERT, HRED, STAP " EMEENE
ML TWwAE I LERTIDTHo/n, 5
WCDEHEIBREFREREFTAINLEATHL I L,
BRILKEZEZSHT HBREE (-4 F 57— ¥
M) 2R EPFCHBA L, COMEREIC Lo
T, REEZ0C VY EOEICHEVELERF L) ko
Too O YEREFBMBOERIZED LD i/
L THb o TWEOhE V) SRR ARTRHEEE L
TEEL

FEDC DEREEFEFR L2RE (2002), Z00WfFES

8 (604)

W—TPEVIR L CEA4DT O YRR L5
HLI 1D FA VDTNV —TTholz 9, 2O
ATV —TOFERL, Fu b VEROTERETH 72,
DFY, [YavYawnNnoravy BT
REHE SO Ve ADBETEARINTWAE
EFESNOFPLFERTCERVd] LOEMIZEZ 272
DOWRMETH o720 MWD 1DET A HDTN—T
THholzh, TOFEDEBEETH Y, BAOBEHEBY
Hb D70y FAAL EFNM B % FodEm i
v ERTAOBETLOHBELLTHIRTH-7/29, =
DFHLVTOE I LTCEAY LT AT I OREE
BENFRY A FFOEY (Cygh) RUL A M ZDEY
(HGb) &pfLize MLEHICHLTZ200RL L%
BIPA2Z LiC B0%, FOBOBIZET Cygh 57D
7o EROUE Y FRHRICIELCER LTS
Z i Y, Cygb DA IEFHE L TESE L.
FEE SO EUBIZES S TEA L, FEMBOEE
WAEMRATIZ D 5 Cygb DERIIE o720 Z OWFFEHEA
PO yOBREND THVEST I LI X o TEB
WLk, AYHRFOEFICYEOBRE LTELET
TR0y OEYSEE AR Fo&ECE LT, X
SITIZAEORBERA P L ARG E LTEERNICRES L
HIAELBRIC BT AHRHEFNEECEL T, HlLwnE
AFERETELOTCH L LMFL LR R%
BEs3dTwns,

X ®

1) Kawada N, Kristensen DB, Asahina K, Nakatani K, Minamiyama Y,
Seki S, Yoshizato K. J Biol Chem, 2001;276:25318-23.

2)  Woese CR, Fox GE. Proc Natl Acad Sei U § A, 1977,74:5088-90.

3)  Darwin, C. The origin of specics by means of natural selection.
1859; John Murray: p. 490

4)  Theobald DL. Nature. 2010;465:219-22.

5) Mém.nige RY, Brooks CL, Shakhnovich EI. PLoS Comput Biol.

2012;8:21002839.

6)  Vinogradov SN, Hoogewijs D, Vanfleteren JR, ef al. BMC Evol
Biol. 2006;6:31.

7)  Hou§, Freitas T, Alam M, ef al. Proc Natl Acad Sci U S A. 2001;98
(16) :9353-8.

8)  Vinogradov SN, Tinajero-Trejo M,Hoogewijs D, ef al. Biochim
Biophys Acta. 2013;1834:1789-300.

9)  Vinogradov SN, Hoogewijs D, Vanfleteren JR, et al. Gene. 2007
Aug 15;398 (1-2) :132-42.

10)  Lane Nick: Oxford University Press: 2002

11)  Mojesis 83, Arthenius G, Friend CR, ef al. Nature. 1996;384:55-9.

12)  De Marais DJ. Evolution. Science. 2000, 8;289:1703-5.

13) Dismukes GC, Klimoy VV, Tyryshkiir A, er al. Proc Natl Acad Sci
U SA.2001;98 (5) :2170-5.

14) Kristensen DB, Kawada N, Yoshizato K, et al. Hepatology.
2000;32:268-77.

15) Burmester T, Ebner B, Hankeln T, et al. Mol Biol Evol.
2002;19:416-21.

16) Trent JT 3rd, Hargrove MS. J Biol Chem, 2002;277:19538-45.

@ B 45 (13). 2013



BHEZ - 3l HUOREEEED ABC 4 (BIR)

FFBEZE  oeET5R 2 bk
F2E WH - RREEE

w K

moE Al X



it
=

FHEZE L, BEIR CEIFF%.Y 4 W ARY: (IBYV, HCV) 7ha— &8k, HOMERE
Fge, EFUIRHEFELELZ L, TXTOBBTEROWEERETH L. HEENICIZTE
AEIC T 5 — 7 THIR S A M BRE 12 B0 F 7= TS50 (5/838) 298 3 h-tk
T, BRI, UEMEREEE L IREMEIFEED 2 DIckELS T ONRSE. 72,
D BIXMEFE S ~ 8% THPADELH720, FFARERBE UCHEZE 23R 5

CLAEETHS.

PG O/NEIC T, T, Vi a5 — 7 V& Bk L 5 2 M~
MUy 2 APEAER L 0D, MRHEFERMING, MR R
TR E N, MHEERRBE CITRAERINSL Z LR HTH L. I
M OEMINE Td 5 FMEEOELICEVITIaRE L BEL, &>
N7 AR RS R S, BRWICTFAR2ICRS. 72, ITE
WIC BT 2 PURFCSREL ORI & 0 MR TR S h, ES
THLE CHIREI B S Wb,

1. FSHED A H =X L (B1)
B4 4 v ADRGeRe 7 v a— )b, J&ikaE 7 & TN ASEEE L

; CHET 2L, RSN RIMAAT, mRERE 7 4 7 Vi

DB RE IO EE LB . RTINS ML

L TEAAY, VI VAT H— 3V IHEET B (TGER), MK

HREMET (PDGF) REDAF 4 L— & —DHEENE, b

CICEES LT, R O LFERER, MFREk, U U Bk, wouTv -

REBAvy—ustFxr-1 IL-1), IL-6, IL-8, IL-10, IL-18,

o EREERTF o (TNFa) < b v 7 RAA5ursa577—¥




:

B 1 FFEE CARBRL b UHRMIENYEL 8 X H - XL 2R TEXE

BEEE BROBFEASRE

(MMP) 7% EOAIGEEWE 2 EELDD, RIERFTICERTA, &
AT, FERICTAE T 2 2, FMNE MRS Kupffer AHALANE T
LT, —BEORIISELHIES 5.

BRI AERARI T 3 RICMICERZ WL, €¥ I VAR
3 A IFALBR R LAY pericyte (BIREMINE) LB R 574, RERFITIE
a-TPBHT 7 F VIR EENDGFI—A—2RBTLL91%D,
eIl (MEFB) $koMifa~tWEE%E 2, TGFS DELELE
PlbE AL TR, VBl s—7 Vs, A B ie 35 K1
(VEGF) oEA, Asuryuy7—EHlfii e s — (TIMP) @
SWETI. TRICLD, KERFTICEEFEFREZEEL, ik
BAEDOLEEMEY, LEFEZEVZESHBBEEZIT). Ih,
BURHED L ) RES—BUTRELILHED VT U TH S,

L LAadS, FEY A NV ABRRELIRIERAD X 5 249845181




LTl TS &, activator protein 1 (AP-1) ® c-Jun N-terminal
kinase (JNK) % E‘G)ﬁiglﬂ%@ﬁ%ﬁﬁ{b & & B ITEMIE b FREE
b L, MFB #ofilz & U< TGFp @4 - b 2z 17 5
TIMP-1 @B RELEDPAEL, TIMP-1& MMPs & DMK T > 285 >~
ANPELT, MBIC I My —F P EETL LR s. T,
MFB & nuclear factor «xB (NF-«B) % phosphoinositide 3-kinase-
Akt FEEEOIHTELIZ X O MRS E 2 0, FEME OREEZ bk
T B A PR RE 2 AR L OB 2 479 . 742, MEFB {LL7:
FLfBS L, monocyte chemotactic protein (MCP), macrophage in-
flammatory protein (MIP), CC % CXC R o Eh A VL, B
IR, Toll #Z#A M 4 (TLR4) % CD14 D3 HEMH o/ v F b
FUYANOERBEENLT, 07, —EBILER (NO) & Lok
MMzl s, RfEe RS E5. 612, BMRUAOM
MRt MFB, fpciisko> MEB, #HEMIE, 58k O 5 235
HEPERBEERERG 2N B, SN HDSRIBEEST U CRBRREEE 251 L, A
PYHEL T L.
2. FRIEILICED CPIRETEED A A= X L

Lo X912, MHEELRISO A U &, FHi O Disse HER MIRFK
# (terminal portal venule) I8 a5 —4 & EF LT 50
T MYy s AYEDPEET D, MFB I o BRI 7 7 F ¥ &5 S
T, PN 28 L 2 SR MIRERBEMICER T 5. T,
AEPRPIRICT T, FRPAEHIIEE “5A50W" THhb sieve plate #
FroTHBY, 100 nm BEOWHE L BB CIARAA~ L & 8¢
BS, WAL L S &, ZOABEEALT BB 2.
D &) BBV UC, IR PRI B IS b5 50,
F72, MFB ZmE@EEWETHr 2 Py »-1 (ET-1) &#F
DEZEWER, TrIF TV (ANGI) L ZDRBFMEEET L
EVHION TS, Ty Fe) XE 21 07 3 VBTHER SR, &
FRIZ2BOY AN T 4 FEEEAT L. BRIBEEFICLoTa—
FE#fLs ET-1, ET-2, ET-3 &9 3FEDONTF FEUAEIGTE
T4, TVt YEFEMEICIE, ETa & ETs @ 2 FESFET 5.
WAL EMIES MFB 23 LCTET-1% 4L, ETa ZAMKE 5
5. ET-1EMEN Ca*" iREL bR SE, 347 VEHH0oY VB




bz, 77F vr2BEAFIETHRZIMESEA. ET-1 3EME
CEBMICHIIUG 2 FET S, £72, ET-1 OMRNIREN AT
B EMIRESEZ ERT 5. —F, BROBRRAME? LW SN
HVZVOERIZ L - T, WP ENET Y IVF T /) =7
Y5 ANGI AMESNR, ThABET Y47y v EREER (ACE)
B2 X o TANGIIZEREN S (Asp- Arg-Val-Tyr-Ile-His-
Pro-Phe-OH). ANGIZ#&RIZ ATL & AT2 @ 220°% ), ANG
T OKRESE AT RS L CHBENIC Ca" A S LS
X0, MEFEFEHMRZIUESE, IWEE EREE5. FRicBnT
Ry, LA MFB 2X ANGIL & AT1#%H L TBY,
BEECPRARZIGE S5 Z L ICES 57, —JF, HERNEMR
IEREYE THH NO 2 NO GRliER (NOSI) #4rLCL-7
WEZUPOERT A, NO EWE%s 7 = VERD 79— (sGO)
RS, Ml GMP RELX BiIFCTilllaz ik 2 ¥ 5. T4
bh, NO Xy EMlE, ARNRECTEEL WA, LirLy
26, FERMNEMBAEMIELLT 2 L NO BESKTT 2720, 2
HRa % MFB OUGHEMEAERT 5. I B2 OO0 FHES T 575,
ET-1& ANGI OfERITL#ED—J7C, NO GO T 234 U7z R,
FE P PRI R RGR T A2 2 b, PIRETLEICES T4 (K2).

R CiZ 5 SERO 9 BIZ5 ~ 30 % TIFRAVIRET 5 L g s
NTWAD, IHEDEFI T, EPEABEEDS T A I =L A
PEITL TS, Iz, CEFEYA VA (HCV) Bz
PSS A AL AT IR PRI BIC R S, BN X D SR 2
25, R, OIZEERT ~ 8% THVWADWRET L, LT,
HCV 2HBrd ILIFSARAEDS PR TE 2 Z LM TH Y, Kk
HES7T~T5% KT EEIBLMESINTVE. LrLiedFs, BY
D 25~ 43% TIE HCV ZHEREL72IZH 20b 6 THENFAT HbIT
THh (Wbwd, HEEY 4V AEHEL  SVR, 4A), HCV
DHRRIZT TREPFADEBRMELZERIZT LI LI TER V., EER
WRICE B &, FFEY A VARGSEICINA T, 2, HBV & HCV®
R, T a—VEE, B, AFERY vy Yy Fa—A0EH,



2 EEELSVICAEZICS T 2 ERMRORERE £ T TEXR

a— b —EREEFIERD, FEPACHETTLH.

VLAR, BRI & v ) /N BERIEDIF R ANDB G55 H S hCw
L., FNSIZIZEEA= P v 2 A2 E B4 vF ) Y TR0l
B, ML RN & FFEA E M O v Z OV RE, BEREO B,
filadt< MY v 7 AT ET B EREF OB, NK MBI X5
B OBk, 2EPEENE (®3).

Z40813 hepatocyte growth factor, IL-6 % Wnt ¥ 7 F V% 4
L, IFfiloEhEic 2@ k&t fRand 5. MFB b FikiZ, PDGF
R TGFB REFER B = X 2T & o T AAL L 72 A o B £ 2 e
BT A, T, WHALEMALIE, anglopoietin 1 ZEATAH I L



Paraineloop

Myofibrol

TG IC VB2 MR EZFET L. —F, BEE,DO hedge-
hog ¥ 7 WiE, MFB OFEHALRMAMEILOMFRHICEE CTh L. £/,
EMlE (DFA) SHIIEICH LT “niche” & LCHREYT B2 L AR
BINTHY, ZONRT 20 v pFONREOBNIRI-NbEZ AT
HBHY, LIATEESLE, ¥4 brneryrw) BAFRELFHD
FREVE VNI ETy VEMBEPSRWE L Zoruvyy s
287 1% 3 RICALAERE O A SO E R EOBEIL, 131F3
FruvreEETHLE. A MO BB bEREE LTV
F Y —BEEPEB LR O EAEZ IR T A LTE L. £55
EEDRE Y AZHCTMITICEY, ¥4 Fray 2 R0z
BABRIZESHET 22L& RWIELE. Thbbh, ¥4 Moy
VIRIBICE Y, BB EPAMR BT A0, O XD T
BRIET B0, HTEEDTVEEIATHEY,

AR, EREMCTROMENEN L ENE L)oo 20w, #
OFREFE LT, FERRE R AT AR O SR L 17 B <0 S0 BUIS % FLBL
THREDPN TR, HEPALDHEBET LI EPFHREINTE. #l
Z43E, Masuzaki & (ZFFREERIZE (LSM) #° 10 kPa LLFO# L LSM



25kPa \EDOBTHRET B &, HFHRBANTF— FHI 455

(95%CI 1 975 ~ 2123, P<0001) 2% b MELTWAY, EEBN
(2, B3 T =7y ETRRS IR e T ek L,
BT A HCIERE AL b, VAR EVAY 7 2 ) LT
IRV ETHEBESRD LHMAMEL, ZRE Fak, Erk,
Pkb / Akt, Stat3 fEEAHGT 5 EPMESNTWEY, 72, B
WM % MFB 0L MEOHMECH® SN D = L2 s, BEMI
DIEHEAL L MET R R B MRS D 5. 0L, FEET
AT T B EAENAR T B VS LY F Y AR E
NTETBY, KRR,

—J5, IR OBREICILE T A Yy 2 A, RER
TERZOSTFERLMENIS, EDIE, WELTBY, RIIST
THRRERTERHENrGMERL T T ILGFE LTHESETY
2. bEhE, ZOX)RMBAT Y v 2 2L BEERT W
B ORFgEE, BAEFMEEET (FCF) 1iBWTEREATA
7278, FGF &0 T TGF, &EEks 237 (BMP), Wnt 4 v ¥
— 04 F ELAROBEHLRT. OO AOHRET, MMPs it
FELREERT. Tbb, MMP AHERT 28~ 1) v
TAPOLWEEEETY)H Y FE LTE»EZ—FC, MMP IR ER
FERARE ZOTTF T — VIHHEC X 0 AR A 5 S, $il
ERERTRBHCS S¢TLES . —4, TCPS AL T
ELTEETHIH, Mlast~ b v 7 20 “REE 2hCni
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Cytoglobin is expressed in hepatic stellate cells, but not
in myofibroblasts, in normal and fibrotic human liver

Hiroyuki Motoyama', Tohru Komiya?, Le Thi Thanh Thuy', Akihiro Tamori', Masaru Enomoto', Hiroyasu Morikawa',
Shuji Iwai', Sawako Uchida-Kobayashi', Hideki Fujii', Atsushi Hagihara', Etsushi Kawamura', Yoshiki Murakami',
Katsutoshi Yoshizato'® and Norifumi Kawada'

Cytoglobin (CYGB) is ubiquitously expressed in the cytoplasm of fibroblastic cells in many organs, including hepatic
stellate cells. As yet, there is no specific marker with which to distinguish stellate cells from myofibroblasts in the human
liver. To investigate whether CYGB can be utilized to distinguish hepatic stellate cells from myofibroblasts in normal and
fibrotic human liver, human liver tissues damaged by infection with hepatitis C virus (HCV) and at different stages of
fibrosis were obtained by liver biopsy. Immunohistochemistry was performed on histological sections of liver tissues
using antibodies against CYGB, cellular retinol-binding protein-1 (CRBP-1}), a-smooth muscle actin {(¢-SMA), thymocyte
differentiation antigen 1 (Thy-1), and fibulin-2 (FBLN2). CYGB- and CRBP-1-paositive cells were counted around fibrotic
portal tracts in histological sections of the samples. The expression of several of the proteins listed above was examined
in cultured mouse stellate cells. Quiescent stellate cells, but not portal myofibroblasts, expressed both CYGB and CRBP-1
in normal livers. In fibrotic and cirrhotic livers, stellate cells expressed both CYGB and «-SMA, whereas myofibroblasts
around the portal vein expressed «-SMA, Thy-1, and FBLN2, but not CYGB. Development of the fibrotic stage was
positively correlated with increases in Sirius red-stained, a-SMA-positive, and Thy-1-positive areas, whereas the number of
CYGB- and CRBP-1-positive cells decreased with fibrosis development. Primary cultured mouse stellate cells expressed
cytoplasmic CYGB at day 1, whereas they began to express «-SMA at the cellular margins at day 4. Thy-1 was
undetectable throughout the culture period. In human liver tissues, quiescent stellate cells are CYGB positive.

When activated, they also become «-SMA positive; however, they are negative for Thy-1 and FBLN2. Thus, CYGB is

a useful marker with which to distinguish stellate cells from portal myofibroblasts in the damaged human liver.
Laboratory Investigation (2014) 94, 192-207; doi:10.1038/labinvest.2013.135; published online 2 December 2013

KEYWORDS: «-smooth muscle actin; cellular retino! binding protein-1; chronic hepatitis; cytoglobin; fibulin-2; Thy-1

Stellate cell activation-associated protein was originally
discovered by proteomic analysis (in 2001)! in cultured
rat hepatic stellate cells that have vitamin A storage ability
when quiescent and function as liver-specific pericytes.
Histoglobin? and Cytoglobin (CYGB)® were reported by
Trent and Hargrove? and by Burmester et al,® respectively, in
2002. These proteins, in addition to stellate cell activation-
associated protein, were classified as human, mouse, and rat
homologs of a hexacoordinate globin that differs from the
traditional pentacoordinate globins, such as myoglobin and
hemoglobin.* CYGB consists of 190 amino acids with a
calculated molecular mass of 21kDa, and its amino acid

sequence is highly conserved among species.> Human CYGB
has ~25% amino acid identity with vertebrate myoglobin
and hemoglobin and 16% identity with human neuroglobin,
which is another type of globin that is present specifically in
the nervous system. CYGB is thus recognized as the fourth
globin of mammals.®> The CYGB gene is located on human
chromosome 17q25.3 and mouse chromosome 11E2.
Although myoglobin, hemoglobin, and neuroglobin are
tissue restricted to cardiomyocytes and skeletal myofibers,
erythrocytes, and the nervous system, respectively, CYGB
is ubiquitously expressed in the cytoplasm of mesenchymal
fibroblastic cells of many organs,’ and CYGB was reported to
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be present in the nucleus of human hepatocytes.” In
particular, CYGB is present in stellate cells in the liver and
pancreas, reticulocytes in the spleen, mesenchymal cells in
the submucosal layer of the gut, and mesangium cells and
stromal cells in the rat kidney. Therefore, one interesting
aspect of CYGB expression is its presence in visceral cells that
have the ability to store vitamin A. CYGB has also been
observed in some neuronal subpopulations of the central and
peripheral nervous systems in humans.

Hepatic stellate cells have conventionally been recognized
as hepatic fibroblastic cells (myofibroblasts are also catego-
rized as this cell type) that preferentially localize to the portal
region. Considering that quiescent stellate cells are trans-
formed into activated stellate cells, the liver contains at least
three types of fibroblastic cells: stellate cells, activated stellate
cells, and portal myofibroblasts.®? Stellate cells are desmin
positive in rodents!® and, when activated, they express
a-smooth muscle actin (¢-SMA). In addition, these cells
express cellular retinol-binding protein-1 (CRBP-1) and
participate in the metabolism of retinol and retinyl esters.!!
In contrast, thymocyte differentiation antigen 1 (Thy-1 or
CD90)!2714 and fibulin-2 (FBLN2)15-17 have been utilized
as markers of liver myofibroblasts. These cell type-specific
markers of liver fibroblastic cells have been largely utilized
in studies with rodents. However, a specific marker to
distinguish stellate cells from myofibroblasts in the human
liver has not yet been identified.

The aims of our present work were to investigate whether
CYGB is a reliable marker of stellate cells in the normal
human liver and to study the expression of CYGB, CRBP-1,
Thy-1, FBLN2, and «-SMA in fibrotic and cirrhotic human
liver.

MATERIALS AND METHODS

Human Liver Tissues

Human liver tissues damaged by hepatitis C virus (HCV)
infection at various fibrosis stages (from F1 to F4, 10 samples
each) and one tissue sample damaged by nonalcoholic stea-
tohepatitis (NASH) at fibrosis stage F2 (58-year-old woman
with serum alanine aminotransferase (ALT) 110IU/1) were
obtained by liver biopsy at Osaka City University Medical
School Hospital (Osaka, Japan) from August 2006 to
September 2011. Intact human liver tissues were obtained
from patients who had metastatic liver tumors or cholangio-
carcinoma treated by surgical resection. The procedures for
this study were in accordance with the Helsinki Declaration
of 1975 (2000 revision). Liver biopsy was performed after
informed consent had been granted.

Clinical Data

The age, sex, and primary clinical data for each patient were
obtained on consultation or admission to our university
hospital. ALT levels, albumin levels, platelet counts, and anti-
HCV antibody levels were measured at the Central Clinical
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Table 1 Characteristics of the HCV-infected patients enrolled
in this study

Stage Age® {years) ALT® (U/)  Albumin®  Platelet®  Grade
(g7dly (x10%  (AO/AY/

mm®)  A2/A3)

F1 555+13.7 635 (25.0-89.0) 4.1+03 178+54  3/7/0/0
F2 556+87 602 (405-740) 39103 150+54  0/5/5/0
F3 63.8+8.1 751 (482-1035) 3.8+03 126+32 0/2/5/3
F4 63.0+£68 824 (447-1152) 36+03 120t41 0/4/6/0

ALT, alanine aminotransferase.

The stage of liver fibrosis and grade of necroinflammation were assessed
based on the new Inuyama classification.!®

Mean + s.d.

Median (interquartile range).

Laboratory of Osaka City University Medical School Hospital
(Table 1).

Histopathological Diagnosis
Liver biopsy was performed in all 41 patients using a
15-gauge Tru-Cut needle (Hakko, Tokyo, Japan) under
ultrasound guidance. The tissue samples fulfilled the size
requirements suggested by Janiec et al'® adequate liver
biopsy samples were defined as having a length >1.0 cm and/
or the presence of at least 10 portal tracts. The liver tissues
were fixed in 10% formaldehyde, embedded in paraffin,
and cut into 4-pm-thick sections. Deparaffinized sections
were stained with hematoxylin-eosin and Azan-Mallory,
dehydrated in 100% ethanol, cleared by xylene, mounted
with NEW M:.X (Matsunami Glass Industries, Osaka,
Japan), and then examined by microscopy. The degree of
liver fibrosis was assessed based on the new Inuyama classi-
fication!® as follows: FO, no fibrosis; F1, expansion of the
portal tracts without linkage; F2, portal expansion with
portal-to-portal linkage; F3, extensive portal-to-portal and
focal portal-to-central linkage; and F4, cirrhosis (Table 1).
The sections were also stained with 0.1% (w/v) Sirius red
(Direct Red 80; Aldrich, Milwaukee, WI, USA) in a saturated
aqueous picric acid solution for 1h at room temperature to
visualize collagen fibers. After staining, the sections were
washed in two changes of 0.01N HCl and mounted as
described above.?

Immunostaining of Human Liver Tissues )

For immunohistochemistry, paraffin sections were dewaxed
in xylene and rehydrated in decreasing concentrations of
ethanol (xylene: 3 X 3min; 100% ethanol: 2 x 3 min; 95%
ethanol: 3min; 70% ethanol: 3min). Primary antibodies
and immunohistochemistry conditions are listed in Table 2.
In brief, the sections were deparaffinized and treated with
a solution of 3% H,0, in 100% methanol for 10min at
room temperature to block endogenous peroxidase activity.
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Table 2 Primary antibodies used in this study

Antibody Species Source Dilution
Anti-human cytoglobin Rb poly Our laboratory 17100
Anti-human cytoglobin Mo mono Our laboratory 171000
Anti-rat cytoglobin Rb poly Qur lahoratary 1/100
Anti-human cellular retinol-binding protein-1 Rb poly Santa Cruz 1/100
Anti-human a-smooth muscle actin Mo mono Dako 17100
Anti-human thymocyte differentiation antigen 1 (Thy-1) Rb poly Abcam 1/100
Anti-mouse thymocyte differentiation antigen 1 (Thy-1) Mo mono Abcam 17100
Anti-human fibulin-2 (FBLN2) Rb poly Sigma 1/200
Anti-human lymphatic vessel endothelial hyaluronan receptor-1 (LYVE-1) Rb poly Abcam 1/200

Mo mono, mouse monoclonal antibody; Rb poly, rabbit polyclonal antibody.

The sections were then preincubated with serum-free protein
block (Dako, Glostrup, Denmark) for 10 min at room tem-
perature and subsequently incubated with primary anti-
bodies in a dilution of 1:100 for 1h at room temperature.
Negative controls with no primary antibody were used to
assess nonspecific staining. The secondary antibodies used
included horseradish peroxidase-conjugated goat anti-rabbit
IgG (1:200; Dako), rabbit anti-goat IgG (1:200; Dako), and
rabbit anti-mouse IgG (1:200; Dako). The chromogen used
was 3,3'-diaminobenzidine (Dako). The resultant sections
were stained and analyzed using a BZ-8000 microscope
(Keyence, Osaka, Japan).

Subsequently, double immunofiuorescence staining was
perlormed. Alter the paaflin seclions were dewaxed, the
sections were incubated with a mixture of antibodies against
CYGB and «-SMA as described previously.?! After rinsing
in PBS, the sections were incubated with a mixture of
fluorochrome-conjugated secondary antibodies: AlexaFluor
488 goat anti-rabbit IgG (Molecular Probes, Eugene, OR,
USA) and AlexaFluor 594 goat anti-mouse IgG (Molecular
Probes). The sections were briefly washed and mounted with
ProLong Gold Antifade Reagent (Molecular Probes). The
resulting sections were stained and analyzed using a BZ-8000
microscope (Keyence).

Morphometry for Hepatic Fibrosis

For morphometric image analysis of hepatic fibrosis in
immunostaining, the areas of the liver sections that were
positive for Sirius red (red), a-SMA (brown), or Thy-1
(brown) were captured separately using a charge-coupled
device (CCD) camera connected to a macro digital filing
system (DP70 - BX-51; Olympus Corporation, Tokyo, Japan).
Images representing the whole biopsy section were acquired
at x 200 magnification and digitalized. These separately
captured and digitalized images were consolidated to create
one large image using e-Tiling (Mitani Corporation, Tokyo,
Japan). Collagen- or a-SMA-positive areas were measured

194

using Lumina Vision 2.4 (Mitani Corporation) and were
calculated automatically. The hepatic fibrotic area (%) was
calculated as the area stained with the selected color divided
by the whole tissue area at X 100 magnification.?

In fibrotic livers, the number of CYGB- and CRBP-1-
positive stellate cells in each field was counted around fibrotic
portal tracts (I'l to I'4 samples). The analysis was performed
on each 10-sample group of F1-F4 tissues nsing an average nf
five fields per zone (1.4mm?) (100 X objective). We counted
the cell bodies that stained positively and contained a
nucleus.

Cell Lines

The human IISC line LX-2 was donated by Dr Scott L
Friedman at the Mount Sinai School of Medicine (New York,
NY, USA).?? LX-2 cells were cultured on plastic dishes or glass
chamber slides in Dulbecco’s modified Eagle’s medium
(DMEM; Sigma Chemical, St Louis, MO, USA) supple-
mented with 10% fetal bovine serum (FBS; Invitrogen,
Carlsbad, CA, USA), 100U/ml penicillin, and 100 ug/ml
streptomycin. Huh7 cells (JCRB0403), which were obtained
from the Japanese Collection of Research Bioresources (JCRB)
Cell Bank (Osaka, Japan), were maintained on plastic culture
plates in DMEM supplemented with 10% FBS. In some
experiments, LX-2 cells were transfected with the pEGFP-
cytoglobin vector (Clontech, Mountain View, CA, USA) using
FuGENE HD (Roche, Applied Science, Indianapolis, IN,
USA). The cells were collected at 24 h after transfection.

Preparation of Primary Cultured Mouse Hepatic Stellate
Celis

Primary mouse stellate cells were isolated from 12- to
16-week-old male C57BL/6N mice (Japan SLC, Shizuoka,
Japan) by pronase—collagenase digestion and subsequent
purification with a single-step Nycodenz gradient, as
previously described.?* All animals received humane care.
The experimental protocol was approved by the Committee
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of Laboratory Animals, Osaka City University Medical
School, and was performed according to institutional guide-
lines. Isolated stellate cells were cultured on plastic dishes or
glass chamber slides in DMEM (Sigma Chemical) supple-
mented with 10% FBS (Invitrogen), 100 U/m! penicillin,
and 100 pg/ml streptomycin. The purity of the cultures was
determined based on observation of the characteristic stellate
cell shape using phase-contrast microscopy.

Quantitative Real-Time PCR

Total RNA was extracted from stellate cells using the RNeasy
Mini Kit (Qiagen, Valencia, CA, USA). cDNA was synthesized
as previously described.?* Gene expression was measured by
quantitative real-time PCR using ¢cDNA, THUNDERBIRD
SYBR qPCR Mix Reagents (Toyobo, Osaka, Japan), and a set
of gene-specific oligonucleotide primers. The reactions were
performed in an Applied Biosystems Prism 7500 Sequence
Detection System (Applied Biosystems, Foster City,
CA, USA). The expression of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was also measured as an internal
control.

Immunoblotting

Protein samples (30 ug) were subjected to 5-20% gradient
SDS-polyacrylamide gel electrophoresis (ATTO, Tokyo,
Japan) and transferred to Immobilon P membranes
(Millipore Corporation, Bedford, MA, USA). After blocking,
the membranes were probed with a primary antibody against
CYGB (1:1000; our laboratory), a-SMA (1:2000; Dako),
Thy-1 (1:1000; Abcam, Cambridge, UK), or GAPDH (1:2000;
Santa Cruz Biotechnology, Santa Cruz, CA, USA). The
membranes were then labeled with horseradish peroxidase-
conjugated secondary antibodies. Immunoreactive bands
were visualized using the ECL detection reagent (GE
Healthcare, Buckinghamshire, UK) and documented with an
LAS 1000 device (Fuji Photo Film, Kanagawa, Japan).

Data Analysis

The data are presented as bar graphs representing the
mean * s.d. in all experiments. Statistical analyses were per-
formed using Student’s t-test. P<0.05 indicated statistical
significance.

RESULTS

Specificity of the Anti-CYGB Antibody

We previously generated rabbit polyclonal anti-rat CYGB
antibodies that stain stellate cells in intact and fibrotic
rat liver and other visceral organs.!?® In the present study,
we newly generated rabbit polyclonal and mouse mono-
clonal antibodies against human CYGB in our laboratory.
Immunoblot analysis revealed that the rabbit polyclonal
antibodies detected purified recombinant human CYGB,?S
which was provided by RIKEN (Harima, Hyogo, Japan), at
21kDa and EGFP-binding recombinant human CYGB
(generated in our laboratory) at 48kDa; however, the
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antibodies did not detect human albumin. LX-2 and Huh 7
cells expressed negligible levels of CYGB (Figure 1a). The
monoclonal antibody produced almost identical results (data
not shown).

Immunohistochemical Characterization of Intact Human
Liver

Intact human liver tissues were obtained by surgical resection
from patients with metastatic liver tumors or cholangio-
carcinoma, and the expression levels of CYGB, a-SMA,
Thy-1, and FBLN2 were determined (Figure 1). As shown
in Figure 1bA and B, the obtained tissue samples showed
negligible inflammatory cell infiltration and negligible
expansion of fibrotic areas. Immunostaining using the
polyclonal antibodies against human CYGB revealed positive
cells along the sinusoids throughout the lobule (Figure 1bC
and D). Similar results were obtained with the mono-
clonal antibody (Figure 1bE and F). The hepatocytes and
the cells in the portal areas were CYGB negative. CYGB-
positive cells were present in the serial sections, and
we identified these cells as stellate cells because an enlarged
view revealed that they were located between the hepatocytes
and the lumen of the sinusoids. In addition, these cells
contained lipid droplets in their cytoplasm, and their
cytoplasmic processes expanded along the sinusoids
(Figure 1bD and F).

Immunohistochemistry was further performed on intact
human liver samples using antibodies against CRBP-1,
o-SMA, FBLN2, and Thy-1. In the liver parenchyma, strong
expression of CRBP-1 was observed along the sinusoids
(Figure 2a). An enlarged view showed that CRBP-1-positive
cells contained lipid droplets, indicating that they were
hepatic stellate cells. There were no CRBP-1-positive cells
around the portal area. Instead, «-SMA-positive cells
predominated; these cells also existed in the walls of the
vessels, but not along the hepatic sinusoids (Figure 2b).
In addition, the regions adjacent to the portal vein contained
limited numbers of cells that stained for FBLN2 or Thy-1
(Figure 2c and d), which are also biomarkers of myo-
fibroblasts. )

Taken together, these findings indicate that CYGB and
CRBP-1 are uniquely expressed in hepatic stellate cells in the
intact human liver, whereas myofibroblast markers such as
o-SMA, FBLN2, and Thy-1 are locally present in cells around
the portal tract.

Immunochistochemistry of CD68, LYVE-1, and CRBP-1

in Relation to CYGB

CD68 is a glycoprotein that binds to low-density lipoprotein
and is expressed by monocytes and macrophages. Kupffer
cells are positive for CD68.27 We found that spindle-shaped
CD68-positive cells were present in the sinusoids in the
intact human liver, indicating that these cells were Kupffer
cells. These cells were predominantly located along the
sinusoids (Figure 3a). Double immunofluorescence staining
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showed that CD68 did not colocalize with CYGB (Figure and immobilized hyaluronan. Sinusoidal endothelial cells are
3b-d). LYVE-1, also known as extracellular link domain- LYVE-1 positive.?® We observed LYVE-1 positivity along the
containing 1 (XLKD1), acts as a receptor for both soluble  hepatic sinusoid in the sinusoidal walls, indicating that

Figure 2 Immunohistochemistry for CRBP-1, c-SMA, FBLN2, and Thy-1 in intact human liver. (a) Immunohistochemistry for CRBP-1. In the liver
parenchyma, strong expression of CRBP-1 was observed along the sinusoids (arrows). A magnified view of the enclosed area shows that a CRBP-1-
positive cell contained lipid droplets, indicating that it was a hepatic stellate cell. CRBP-1 was not observed around the portal area. Bar, 100 um. p,
portal vein. (b) Immunohistochemistry for a-SMA. o-SMA-positive cells were present predominantly in the portal area and in the walls of the vessels,
but not along the hepatic sinusoids. Bar, 100 gm. (¢) Immunohistochemistry for FBLN2. FBLN2 was localized in the vessels of the portal spaces. Positive
staining for FBLN2 was not visible along the sinusoids. Bar, 100 um. {d) Immunohistochemistry for Thy-1. Thy-1-positive cells were located within the
portal tracts adjacent to the wall of the portal vein. Bar, 100 um.

<
Figure 1 Characterization of newly generated rabbit polyclonal antibodies against human CYGB. (a) Newly generated rabbit polyclonal antibodies
against human CYGB detected purified recombinant human CYGB (21 kDa) (lane 1) and EGFP-labeled recombinant human Cygb (48kDa) (lane 4) but
not human albumin (lane 2). LX-2 cells and Huh 7 cells did not express CYGB (lanes 3 and 5, respectively). (1) Recombinant human CYGB (10 ug); (2)
human albumin (20 ug); (3) lysate of LX-2 cells (20 ug); (4) lysate of LX-2 cells overexpressing EGFP-CYGB (20 ug); (5) lysate of Huh-7 cells (20 xg). b)
Immunohistochemistry of normal human liver tissues. (A) Hematoxylin-eosin staining. No hepatocyte death or inflammation was observed. Bar, 100 zm.
¢, central vein; p, portal vein. (B) Sirius red staining. Limited collagen deposition was observed around the portal and central vein areas. No fibrosis
occurred in the liver parenchyma. Bar, 100 um. (C} Immunohistochemistry for CYGB using newly generated polyclonal antibodies. CYGB-positive cells
were localized in the liver parenchyma along hepatic sinusoids {arrows). Bar, 100 um. (D) Magnified view of the enclosed area in (C). CYGB-positive cells
were present in the perisinusoidal space and contained lipid droplets in the cytoplasm, suggesting that they were stellate cells {arrowheads). Bar,

20 um. (E) tmmunohistochemistry for CYGB using the monoclonal antibody. CYGB-positive cells were localized in the liver parenchyma along the
hepatic sinusoids (arrows). Bar, 100 um. (F) Magnified view of the enclosed area in (E). CYGB-positive cells were present in the perisinusoidal space

and contained lipid droplets in the cytoplasm, suggesting that they were stellate cells (arrowheads). Bar, 20 pm.
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Figure 3 Immunohistochemistry for CD68, LYVE-1, and CRBP-1 in the intact human liver. (a-d) Immunohistochemistry for CD68 and CYGB. CD68-
positive cells (arrows) were located inside the sinusoidal lumen (a). Double immunofluorescence showed that CYGB (b) and CD68 (c) did not colocalize
as shown in panel d. p, portal vein. Bar, 100 um. (e~h) Immunohistochemistry for LYVE-1 and CYGB. LYVE-1-positive cells (arrows) were localized along
the hepatic sinusoids (). Double immunofiuorescence showed that LYVE-1 (f) and CYGB (g, arrowhead) did not colocalize, as shown in (h). Bar, 100 am.
(i~} tmmunohistochemistry for CRBP-1 and CYGB. CRBP-1-positive cells (arrows) were localized in the perisinuscidal space (i). Double
immunofluorescence showed that CRBP-1 (j) and CYGB (k, arrowheads) were entirely colocalized, as shown in (). Bar, 100 um.

LYVE-1-positive cells are sinusoidal endothelial cells in the
intact human liver (Figure 3e). Double immunofluorescence
staining showed that LYVE-1 did not colocalize with
CYGB (Figure 3f-h). Therefore, CYGB was not expressed
in hepatocytes, Kupffer cells, or sinusoidal endothelial
cells. Double immunostaining for CRBP-1 (Figure 2a and
Figure 3i) and CYGB (Figure 3j-1) supported the notion that
normal liver tissues contain CYGB- and CRBP-1-double-
positive quiescent stellate cells.

CYGB Expression in Fibrotic and Cirrhotic Human Livers
Liver tissues were isolated from patients at different
HCV-induced fibrosis stages (from F1 to F4) and subjected
to histochemical and immunohistological examination
(Figure 4). The extent of collagen deposition at each fibrosis
stage was estimated by Sirius red staining, which is shown in
Figure 4aA (for F1), E (F2), I (F3), and M (F4). In the liver
parenchyma, cells that were positive for CYGB (Figure 4 B, E,
J, and N) or CRBP-1 (PFigure 4C, G, K, and O) were present
along the hepatic sinusoids, indicating that they were stellate
cells. -SMA was expressed in cells around the periportal
area, and its expression extended along the expansion of
collagen deposition, as shown by Sirius red staining, and
along the hepatic sinusoids (Figure 4 D, H, L, and P).
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Notably, CYGB- and CRBP-I-positive cells (stellate cells)
were present inside the hepatic nodules; however, they were
scarce in the fibrotic septum of cirrhotic (F4) livers
(Figure 4N for CYGB and Figure 40 for CRBP-1), in contrast
with the abundance of a-SMA-positive cells in the fibrotic
septum (Figure 4P). We further studied the expression of
CYGB, CRBP-1, and ¢-SMA in human NASH tissue (fibrosis
stage F2). The results were similar to those obtained in
HCV-induced fibrotic tissue: CYGB- and CRBP-1-positive
cells were present along the hepatic sinusoids in the liver
parenchyma, and «-SMA was expressed by cells around the
portal area, with its expression extending along the deposited
collagen (Figure 4Q, R, and S).

To quantify the immunochistochemistry results, we per-
formed immunoblot analysis using rabbit polyclonal anti-
human CYGB antibodies, which specifically react with
human CYGB but not mouse CYGB, in human liver samples
and fibrotic mouse livers. We detected a band at the position
of purified recombinant human CYGB (21kDa) in HCV-
infected human fibrotic liver tissues at the F2 stage; however,
this band was not detected in normal human liver samples.
In addition, no CYGB band was observed in fibrotic liver
tissues from mice treated with a choline-deficient amino
acid-defined diet (for 32 weeks) or N,N-diethylnitrosamine
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Figure 4 (a) Histological analyses of human liver fibrosis at different stages (F1 to F4) according to the new Inuyama classification. (A, E, |, M) Sirius red
staining. Bar, 50 um. (B, F, J, N, Q) Immunohistochemistry for CYGB. Bar, 50 um. Inserts show high-magnification views of CYGB-positive cells in the liver
parenchyma. (C, G, K, O, R) Immunohistochemistry for CRBP-1. Bar, 50 um. Inserts show high-magnification views of CRBP-1-positive cells in the liver
parenchyma. (D, H, L, P, S) Immunohistochemistry for «-SMA. Bar, 50 zm. p, portal vein. {(b) Immunoblot analysis using rabbit polyclonal anti-human
CYGB antibodies that specifically react with human CYGB but not mouse CYGB, with hurnan liver samples and fibrotic mouse livers. (1) Recombinant
human CYGB (10 ug); (2} normal human liver (25 ug); (3) hepatitis C virus-infected human liver (25 ug); (4) fibrotic liver from a mouse treated with a
choline-deficient amino acid-defined diet (25 ug); and (5) fibrotic liver from a mouse treated with N,N-diethylnitrosamine (25 pg). Note that this analysis
also revealed the induction of CYGB in fibrotic human livers.
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