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1  ABSTRACT

Nucling is known as a regulator of several apoptosis pathways including NF-

kB signal. However, its physiological function is still unclear. We previously

observed the decrease of Kupffer cells (KCs), residential macrophages in the liver,

spontaneously in Nucling deficient mouse. Here we show the importance of Nucling

in the maintenance of KCs distribution. We, at first, established the method of

transplantation of KCs by intraperitoneal (i.p.) injection using PKH26 labeling cells,

EGFP expressing cells (EGFP-KCs), and normal KCs. We demonstrated that KCs

migrate to the liver following their i.p. injection. Engraftment in the liver was not

observed for peritoneal macrophages (pMP). This suggests a sorting mechanism for

KCs to migrate to the liver. In WT mice, KC injection decreased KCs in 24h and then

recovered it in 10 days to the normal level. Also, the recovery to the normal level by

K Cs injection was observed in the mouse with KCs depletion introduced by GdCls.

These results suggest the presence of a regulatory mechanism for controlling the

number of KCs. Comparing to WT mice, KCs distribution was not strictly regulated

in Nucling-KO mice after KCs transplantation. These results suggest the importance

of Nucling to maintain KCs population.



2 FE
7 v 3—Hifs (KCs, FEE~I/nT 7 —)

/077 —VRREREICBWTEEREEZR- LTS, flx
i, U RBROIEMAL & HEFE ORI, PURSCBIES NI L5 T U &
2SER, B U UEROEEAE T ACEE LTWA, Elxhic, EEE S
NV Rk V=707 7y —VOBEEAFESNS !, 7 v/ —Hile
(Kupffer Cells; KCs) I, MIBICTFET DM~/ n 77— ThHD, &
ERBENDBE L, YA NARRNRT T Y TR EORYT F b— A% IR
WER<BE2HT 5, 37205 KCs ITBRBERED S — FF—~—¢ LT
HEREEZ R LTS, KCs IZPRRD S R=RENTITIRICRA U CTHE
TCEET D, S OICEHRANEIIZIE > CTEEITE 5720, 2RIk
FRAR VRS 2 LB T& 53, KCs iIXATMIAD 5%~15%, Mk~ n7 7
—DAED 80% % ED T WD, £ KCs OFRIFIIRHR BB LNV, i<
EHEMEINEED 2 DOMBICHRT 2R 5 R/BMNREL TNDH I &
Do TWB YT, KCs 1RO L EEICRB VTS FERER ZH - T
5o KCs VA b Ay (INF-a 72E) | TRRETT V0 EMERER
I EDREMEAT f =—& —%, NADPH A F v F—ER iNOS I X o TEEL
TWAHE P, &7z KCs OMBER AL, FET v a— VRIS (NAFLD)
DRI FEETHZERMESH TS Y, UL, FFEORBFEE R

HHIR B OIFEIEEIC BT 5 KCs OZRFNZ O\ TORE I 7%

v/ a7y —UBHEE

KCs DIFifi~DRHlE & AFRm EIC L0, FoE (eSO VT o>
A, PUEERR, MERORIES 2V IIEES) 12381 D KCs DR EI DM 23 7]
BEIC72 57255 % 5 B Simone &% KCs BAHIC X 5 MIAMRIECEE TR~



OIS OTFHREMZ HE L D7, T ETIZHRE ST 5 KCs B IEM
MRS & BRESC L B2 b DO Tho ™ ™ P, MIRESHIIT~0OBEE LT
IR BEETE LN, BEICE D7 7 a—FBNETH L EDREENE
<, FEBVAFANRERIND, —FH, BIRERIC LD KCs BALIEITATE
BRERE L UFRICET 2700, BB REUR0REME & HE 5
REMES B D, AE, FAEIRET A KCs Btk & LN TS (L.p.) I
LR EHE Uz, BETMIREMNEL D bHIE RN LR, Kioi
WREEEE L 0 BESMICHFIBICEET 2 Z LB RE &Nz, T v FDOFBHE
FEERITBWT, BIRELE LTKCs @ i.p, EEH3 L. FFEEE B LB
FFOGRETRMERE E 72 L MESNL TS S, EELZOHRELZED i.p. &K
5 & iz KCs DEPIC I T 2 B RECITHili~ 0 i A 8 AR & REMNC T L e s
T, ARAFZE T, PERENICE S Shv7e KCs AN AEBEME 2 My LT E FAF
BB LEETHZ L 2MOHTHLNI LT,

X7V T

YR NF-«B HI125> F X 7 UV v/ (Nucling) X, 78 b— T AFHEIEME
BT HDFChD, BaDTRRIN—VAVTFTANRR I ) v T BEFREAE
FHETLH, XV EBTR NV ABEIEFEOBRKZIILTNDL T
EBHLNERSTND, O bar RITh6OY M7 b COMHER
WA, by ab CEIHREICEBOT, RRET R h— 2AFERKTH
% Apaf-1/procaspase-9 A EDOEMEZRET D, @PLT R b — A5 T
L7 F -3 DFEREMEITLELICED TR b= A% RET D TP, GNF-
kB DAL AICHIE LT\ 5, NF-«BIXRERT & L TEROHT A b —
VAT ORBFEFE L TWDed, ZOMHNIET R b — 3 AR OEHEAL
ZHlEEZT,



22 ) TSI TRV ESRD bivd, L LEDOAFEFH)
HWERITWE ERBAR AN, X7 ) 7BETFRE (KO) =9 AT KCs
PRERL L TWAH 7, OBER - ~ 7 v 77— U ROMIGICRE TR S
TRV, FE 72 NG & AR W T ORER L TR Y . TR R R R
PEZBND, EBICRAZ VT KO-y AT, A% 1 FoRl LE» D
FrSRERE ER0FE 7 v o — VAR PRI TE (NAFLD) . FFRE D JEAESRAS ER-3
Do THBEDHREEIRXI VU TBRIOALT T ABECEERMPE ZHE-
TN 2 EROFR LTINS,

X7 VT KO = AZBIT S KCs O DA = AL ERLNIT DT
LTk, X7 )T OABEFHMREORAI TSNS, TI T, KCs B
BERLITO 2 LT L, ZO)OME CHZN: KCs iR 1L 2 ML L
oo AWFZETIT, NEWEESNC & 250 KCs B AR % Fh LT, B R HINAR
Bk L— SRR Y I E (BGFP) T U ATV 2=y 7w U RND
M L7 KCs (EGFP-KCs) 72 &% LT, MEkERNEE Shiz KCs OBigEZ
BT, ZoFHBMIEOFREZA LML,



3 MEE TR
3.1 B LR

BFAERL (WT) ~ 7 A (CB7BL/6J ; A 3~ 5P, BAEH 3IL) &, [F
R EBBHERICEHSX 2 U 7 K0<w A (6~8 i@l R4, #
R 30 26 Lz, fasEBnT (BGFP) b7 AV x=y 7 v U A
(C57BL/6N 153%) 13, REARZEMMEIRFR L ¥ — (CARD) b5 ah
P U AITAEE GAE A Normal Chow Diet (NCD) : 54.4%CHO, 23.6% ¥
VoYL 5. 3%ERE) Lk EERMEEIC TETE, AT END 12 KR O
YA 7 N T—EOBRELRE LR, T COBERIT, HECBIRFEDE

BRI IR T A R T A4 it » CTHEM LT,

3.2 7w 8—HiRDLHE L BoAr
KCs 1%, Liver dissociation & k (MACS, K[E) & MS U T A (MACS,
KE) ZEALT, U A (7Tl OFE»OHBELL, B>
7—3 (pMP) I~ 7 A XY Avijit Ray & Bonnie N. Dittel ¢J5k ™
W CHEELZ . 1 PE0~ 7 A0 b B S 7 SHE 2 BEIEERIC L o
Ty by AEE L, &5 LoMaOYESEE~Tv 2 1L
721 6.3x10° Th-olz, BRI ITMAE A & E RV PBS 25 L7z, 10 H
%, B~ ALY KCs, pMP & [EIL UEBRIZ AWz,

3.3 ARRERLAMLEOERARR

B X HL7 KCs 38 L OV pMP . PKH26 Red Fluorescent Cell Linker Kit
(Sigma-Aldrich, KE ) @A LT, ARELHRIE L, SOURMAES
Nz EEEscLr Ty bv U A ICRE Lic, 10 &, KCs & pMP
ZENL L, BOCIEMSE (Nikon, HA) ZMAWTHEE - L7,



3.4 &/ APCR
KCs 27647/ s DNA %t U7e, #BHAE « fi Sy 77— (10 mM

Tris-HC1, 0.1 M EDTA, 0.5%SDS) ¥ XU Proteinase K (0.2mg / ml, F
Y. BA) 1T KCs ZUGMRT%, 50°C T 2~—3 WL LTz, 7=/ —NVZET
TE 4Ef#k (10mM Tris-HC1, pH7.5. 1mM EDTA) ZHix, @< 0 &EEEE
L7, 1,200Xg © 2 om0l Lz, EEEEIRLCZ nadbh/A
VT INTAa—v (24 1) BRgEERENZ, 30 5P - < U isEEn
L7r. W% 1,200Xg T2 fyMim o8t Lz, BE2EIR LT 1/10 &
3M CH,COONa (pH 6.0) K N2 fEB D= & J — /)L ERE LTz, &K%z 1,000Xg
T 10 LB L =%, BEEE TR, DALy & T0% 4 ) —/) T
Per L., g XEi-%, TEXNy 77 —CHEMLE, 1 ng®D%5 /) LDNAZ
DNA R U A 5 —+F (KODFX Neo : TOYOBO, HA) % &ie PCR SNRDT 7
— h & LT L7z, PCR G @ 94°C T 24y (Z1E) . 98°C T 10 #f. 62°C
C 30 FO. 68°C T 120 B/ kb % 35 %A Z v (PCRYA Z)V) | 68°C TT7 oy
M (HEKIE) o PCREWIT 2% T H o —AF )VESKE CREE S, W
< 7 RHBAD T T A = —EFik, 5 -TCCTCTACCTCATCTATGTGTACC-3 °

(Forward) JOt5 —~TATCICIGTGTTGCCTCCGAA-3’ (Reverse) , X7 Vv 7=
v ZHBA DT T A ~—EFE, 5 ~CCGCTGGATATAGAATGTGTGCGAGG-3

(Forward) 35 J1UV5 —CTCCGCGTATCTCTGTGTTGCCTCCGA-3"  (Reverse) )

(Eurofins, HA) .



3.5 VU7 w¥A LRT-PCR

< U AT Y =9 (6dCly . Fide, HAS: 16mg / ml)  GeHfE~
YA GTATRARK) BRE L, 24 Biflh, S BICKCs G~ v A TARR
YK) EEE U, 24 BRI ICHFIZ B U, AR 3 CREEMU, Trizol
Reagent (Sigma—Aldrich, X[E) % JAV\T total RNA Z[AY L7z, RNA DX
£ % Ol LY JASCO V-630 Bio spectrophotometer (JASCO, HAS) Z HWT
W% L7z, Prime Script RT Master Mix (##7., HA) ZEM LT, lpg
@ h—F )V RNA ZHHZESTH T LIZL Y DNA ZFRRBR LTz, VT AT A A
PCR &, 7300 RT-PCR 227 A (Applied Biosystems, *K[E) & SYBR Premix
Ex Taq II (#H 5, BA) 2R LTEM L, T3TOYr 7V, B
D 96 7 = VT L— b (FALCON, KE) T2mZFETLE, F—~vidA
Z U V7R, 95°C T 30 #HHE), fEV T 95°C T b BRI, 61°C T 31 PR%E
40 YA 2 VTHEIT LT, HEETFOFEBUL GAPDH  mRNA (2% L CIEM LS
. bt 2 AVBMERE (A ACL) ZHALTR—ATArarbr—k
s LUCEHE Lz, 77 A ~—EF% Table 11277,

Table 1

Binf4 7T A~ —Hl A

Forward 5’ ~ACCACAGTCCATGCCATCAC-3’
GAPDH

Reverse 5’ ~TCCACCACCCTGTTGCTGTA-3’

Forward 5’ ~CTGTAGCCCACGTCGTAGC-3’
TNFou

Reverse 5’ ~TTGAGTTCCATGCCGTTG-3’

Forward 5’ —TGTAATGAAAGACGGCACACC-3’
IL-1p

Reverse 5"  —TCTTCTTTGGGTATTGCTTGG-3’

Tl=6 Forward 5°  —CCACTTCACAAGTCGGAGGCTTA-3’




Reverse 5’ —CCAGTTTGGTAGCATCCATCATTTC-3’

3.6 Zu—H% A A MY—

EGFP ~ 7 A f1 30 KCs (EGFP-KC) % WT 38 L UVKO ~ 7 Al fEiede & L

72. 10 A%, liver dissociation % v b & MS# 7 L% L TKCs & 0B
L, 7a—H%A bA FU—2H (FACs) &{To7z, MildZ 4% /37 RV AT
T E R 30 43EIEE L, 400X g T 10 syl kS EL 2 &Ici sy
7 r—kEELE, LYy bE 10%FBSBER 1% 7 kT b Y 7 A

(NaNy. Y. BA) Z&Te 1001 0% PBS CHE L, T 400Xg T 1043
RE O IERE S, MBI U T, 3%BSA % & iedi F4/80 Hilf (RRIREL 10pg
/ ml. Sigma, [E) (T L T 4°C T 1 BRERG Lz, RICHEINE % 5%FBS
}3 LU0 20mM 0 NaNy &5 % PBS C 3 [MI¥aie L, Wik (300t (Alexa fluor
504) #EEBLT v b Ig6) &R (4°C, 1HFR) Uiz, 20k, WHEAT v 7
3RV LT, MiamHAREhica vk ey s (P (Q2pg /
ml) #Mx7, 70 —HA bA—%— (Guava® easyCyte™ ,Luminex, K

=) THIE LT,

3.7 SufEAERR{bS: (THC) Beta

5 PBS CHEEWR L=~ 7 ADITIEA 4% /3T RV AT VT B FT4°C T2
IR [E| 2 7% PBS U L. 10% A 7 t— AT 2 B, HW\ T 20% A7 12—
T 2 B, KIC 30% R 7 m— AT 4°C T—Hrpo-< D EIRE 9 Uiz, Wi,
#fE%E OCT =t w2872 K (Tissue-Tek®, MILES, KE) T, FTATA A
ZETe 100% X ) — )V CAHEGH L, -80°CTIRTE Lz, bum DEFETIA %
7V AAHXw b (Leica biosystem, FA ) &HAWTIER LIz, 5%FBS &

49 PBS FCER. 5 ST ny X7 Ltk T v MU~ U A F4/80 Hifk



(Sigma, KE) T37°C T30 H5MA > Fa—bhLk, ZKPELELT
Alexa fluor594 F7-13 488 #EHiHTT v b 1gC HifE (7 1w & J¥EHET 400
7R & 37°C T 30 ARG L, fERR L2 A T4 FEEAZ BZ-XTL0 #0f
BEMGE (Keyence, HA) #Z il L CHIE - HROT —FZ{bE1ToTz,

3.8 LA FVU=v.A (GdCl,) ALE

GdCl, MR (Behif=15ue/(FE () ; AT IES 7Y
15mg/kg) LIWT <=2 (n = 4) |2 KCs M4k L7z, AEFAEA (5 LE
CdCly & 45 8) %YM LTcw ¥ A (n=3) R~ U A & Ui, 24 Wik, KCs
Z[EUY L 7e,

3.9 LPS 33 X UF PMA AL81

<7 A—[Lh 6 KCs Z[AIXH%, DMEM/10% FBS #Eirf o #EfEi L, 2 4 FFfH
#%. U R%E (LPS) 2ug /7 =/v (24 well-plate, FALCON, KE) /=i
PMA  (RAR—N 12-3 Y X5 —F 13-7&FT— ) (Sigma, KE) (Sigma
Chemical) 0.4 pg /W /WAL ORHICASH L, 24 RefEsE Lic, /7 —7
T3 Eowy AERER L,

3.10 TNFo.®HlE

LPS F 71X PMA ZLFR (3. 9BMR) #BICkHEMAEREIN Lz, v~V A INFa H
Quantikine ELISA v k (7F =i, BHA) %AW T INFolRE 2 HIE L
i



3.11 HiAasEAR H

AMHE % LPS 771X PMA ALBRTE | RIPA /N 7 7 —IZ CHA# - Hilt L7z,
JaFEik, MRS > b (Sigma, KE) Z#EHAL, v 2707 b—hVU—
#— (BERTHOLD, KA ) (o CHIE Lz, BRI N—FT L3O~ T A

REH Lz,

3.12 #HEtotT

iy
g

T RCOEBRT triplicate TITV, FERIXEHE EHERETR LT,

T

RS YEIY . EEMT A T o T2 Bl AT a—T » F TRIEZ AW TIT-
77, FEE (PfE) 25, 0.06 KO BEEHFRERAY & L,
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4 R
4.1 KCs Z e 5 Sz X 7 U v 7 KO~ U AJFC R —HED KCs & Rt
KCs 23 EHER M SIS BB CX 20 E I el Lic, W ~UAD
JPlgEDS & KCs ML, i.p. BHICL W X2 V7 KO =D RS Lz, 10
A, B S~ 7 ADNFIE B KCs ZHIX LTz, B4 L7 KCs D~<—7
— L LT, X2V TEBETOX Y v E PRIEEAVWTRIE L., 7/ A
PCRIZED ., B SN/ KCs (W~ AE¥E) BX7 VU7 K0~ U ADR
KRBTSR LMo (B1A) o ZORRNPG. KCs i i.p. 5
(o & o THFIRICEERE RTRE Cdb 2 & Rbam i) 7,

4.2 FEHE KCs DEFRORRS

WIZ. i.p. BEE TR SN KCs DRFIE~DEZER LR~ T, W=
2 AN G KCs 38 L OB AR & LC pMP 27 U7z, M4 dtass
PKH26red CHEFE L. i.p. HICLV X7 VKO v U ALK LTz, 10 H
%, B S~ 7 A0 B KCs & pMP ZIUEE L, HORBAMSE Tl 2 8153
L. i oR A T, T OME, WP RGO b ARB
$oi 100 p OOMIIAMEHE 7= 0 T Lo fMiflafit Shiz, —F, BEIERICE
VTR 243, 2 ORI Shie, DF D ERE SN pP DIZ L A LR
ez & EF o T (0.004%; 243. 2 {8 vs1. 0 {8/ 1001 1; p <0.01)
WD KCs B HBER ST LI- & Z A, KCs 35 #E 0 fflED & DR 100 u
o, S 7.0 [E ORI S, REREARFERE T 59. 7 {E O
M SN (KCs OIFIEESE BRI 11. 7%; 59. 7 Mild vs 7.0 #fL/ 100 1 03
p €0.01) , ZhbORERIE, KCs ITITERED & BRI I~ E) - E& T
HEEA Mo TEY ., Tl pMP ICidaWiE ThH D VI T & ERLT

W5 (1B ) .

11



4.3 JERER . S KCs DSTFIRIC B892 = L & WT < U A THER
WT = 7 ADHERE L7 KCs (WTKCs) % i.p. EH O~ v AR
% KCs D¥k & 5Hi e MR 5 7= 01, F4/80 Hifh% i i L CHufBifdb 25
&% M Ui, TAEYD ., F4/80 BBMMINIL KCs BlE# DX 7 ) 7 KO~
ZFCHBEICEMLTWE (B2A, B) . —J., W v U AT KCs BEHRD
KCs ¥ FHITBR I NN oTe, ZORERIE., LT X 5 R REM 2 RIR
LT Mas
@ @5 SN KCs OIFE~OBENL, X7 U7 K0~ U A~DBHE
TR E ISR A L, W~ 7 A~OBHE Tl
A SPOEBIC LV EEFESLTWD,
@ KCs £ % —EHICHEF T HODOFAHA V=R LB3H Y, TOH

BRI 7V 7 K00 ATHEEINTWD,

QO FHEM EBET 572D, W~ U A~ E Sz KCs OFfg~D
BB &R L, BAEH KCs & LT EGFP-KCs % A& L7z, FACs (X 3A, B)
B & ORISR L0454 (73C) Ik - T, W w7 RiZEE NI KCs D
AP~ % R Uiz, N —KCs O34y p3EHED b IFIBIC B8 L7c & HE
F&h, LEN-T, RS SN KCs Offif~OBENINT ~ v Al
WT b b an R T, #EoT, X7 V7 K0< 7 ATIIKC SR
FOFEHEEICRERH D & WO RELERETT 5 Z &I LT

4. 4 BABERTE X UM% O~ v AT bR S iz KCs OFHMi
FEHERTHE O KCs 12 (5 Hi8EMBOEIE %, P1 %uta % JIV /o FACs
ko THRIELE (K4) , BEEL 7-HiR1 EGFP-KCs ¢ 15.3 £0.3%

% PI MMERIEAS TN, 7, BGFPY ™ MiAITAY 17%, F4 / 80"

12



IO 13% 75 o2 (R B) , %0 EGFPM s {ifa ) 70% 45 PI 51T
BHote, Lp HEicid~w A—Lhi v FH 6. 3x10° @D KCs i L
DG, HERERO7R KCs DERITHY 5. 4x1048 L #EE Sh D,

WT = ™7 A% b B L7 KCs (X, EGFP-KCs & ¥ PI Batdffifass £
o7 (32.3%%F 16, %, B 4) , ZAUTBEBHEROBEOTHEL T
BAREMENR B D, X7 V7 KO~V AR 5 KCs O PI BRI
EGFP-KCs L IFIERI LA Th o7z (K 4) o W~ A~D EGFP-KCs &
EL. RSB ESRES Uz KCs @ PLBEPERIIN 2 Fok 18% I & H 7/

(K4) , —F. X7 U¥ 7 KO~ A~DEGFP-KCs #5418, PL 1k
“RE % ek 23% MM S (K4) . X7 VT K<y ADLFHEL
7= KCs X WT-KCs & ¥ b LPS HiliEICB@7Z -7 (H6) ., &bIC, KCs
BAER 7 ) 7 KO < 0 Ah b EEEES Lz KCs 12, WI-KCs &9 % LPS
Wt LT A BN E o7 (K 6) , BEBRERWZ LI, TNFad

SEET, BA%ICEYEEE Sz KCs Tl S hTwiz (K 6B) .

4.5 T.p.#¥5 10 H 1% OHE EGFP-KCs DB R DHEE

FACs |& & BT %5 EGFP-KCs B~ 7 AT KCs D~2% % EGFP-

BEMERRAAS Hb7- (K5) . —F. EHRE (PTEM) o EGFP Brthfliaid

EGFP ~ ™7 AHISED KCs D~4%% EHd Tz (K4) , —PED~ 7 A0 D HHE

K7L KCs #BHEA~ Y ACEBE L, LER-T, EEEokE i

KCs OIEIT 4y DIERED & Tl B dh L7z & HEE STz,

13



4.6 KCs BAEIIFIEKCs DT R b—vAEFHEFH LI

BAE S KCs okt 2 X 27 ) v /BT REEROEETHRT D
Fic, Bl KU = A (GdCly) AEAEHE LIZWT BEOXZ ) 7 KO~
WX%VVEiVFVWXkLTﬁWLtoMﬂﬁLK%%ﬁ%éﬁ\MS
DEMALZHET S Z ERM b TWS, EERENT &I, Bl LT KCs O
CACLy AT~ 7 A~DOBIEERTIE, WM~ R EXTZ Y T KO~V ADM
J5CH . 24 BRI ORF KCs OB Lie (74 (1D & (2) . (6) =t
6) ) . SREIC, GAClAF~ 7 A~ KCs DBAFETIE, W vV ALR T
) 2 KO~ 7 ADWSTT KCs DIMIEF L~ LETREIELE (FT7A (4)
L o@®) ) . ST, KEMEFA PIAY (INFa, IL-18, BLVIL6)
IX. KCs BAB O R~ 7 A (GdCl R O W BLUKO w7 A) D KCs
CHRBN FR Uk, Zhud, Kos OFEMEEER T EELOND (K7 B
2) . 8) ) o YA FHAORBFHFEIL, GdCL LB~ v A TIBEIN
feinotz (7B (4) . (8) ) o —Ji. TUNEL ¥ (in situ 7 & h— 3 A#0
¥y b, BT, BE) TBHEKs DT R h— ZA&FH7z, KCs &5 10
Hi%. F4/80 BIEMIRIEX 7 U v 7 KO FFCHEM L7223, WT FFCidgm L igas
-7 (K8) , LaL, TUNEL RIS Eh & DM CHEZERR 27
(8) ., —hbDTF—&hb, BHE STz KCs B KCs TR b= A ZFHE
L. %7 KCs DIEHAGICL VBT hO KCs N5 L TNWAHZ &2 RRLT
W5, GdCl AUERIZ X o T KO = 7 AD KCs DR 03 ke (PBS/GACL,
(7) ) L7-#. KCs OBAEIZ LV (WT-KC/GdCl; (8) ) . KCs B3R 7 U ¥
7 KO~ ADIER L~yL (PBS/PBS (5) ) iclEIE L (BI74) » —7,
GdCl, T L= WT =~ 7 AT, KCs BIEIC LV X7 V7 KO~V ALY b
R KCs DEENEE LTz, DFE Y W~ ADEE KCs 5 (PBS/PBS

(1) Vb, GdCl, THLEE L7 WT ~ 7 ZADFNEEIZE < D KCs 23T THig

14



BWEANE (WT-KC/GACl; (4)) » X2 V7 KO~ v A LITRIRIIZ, KC DEL
1T GdC1, UBIZ L 5 T WT = 7 A CTh Pl L (PBS/GACLy (3) ¢
PBS/PBS (1) ) , KCs BHl#% 24 Bl CRIWI B LR 27 U 7 KO~ U ADWH
J5C KCs A3 L= (WI-KC/PBS %f PBS/PBS) (I 7A) . F/o. HRIEMEDA
kB A > (INFa. ILIB. IL- 6) OFEBFHEE GdCL, B~ 7 A ~0 KCs A
FEERCIHEESL R (M8 4) BLO 8) ) , ZORRIE, BHEIS
hizKCs LBy bDKCs EABEAERAT 5 Z LI &V KCs OFEER LT
EHAbEB &R L2 L 2R AR LTV D,
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1
a
=
=

— BT, KCs BAEEBRIIMRE I EHIRE N LTiThbhCE e, T
BRSO FIEFEEENE L . I~ OBEWEFRE/LILTED . &
EL. 2O 0OFEICITBEERARABLETH D, B2IIH2FELEL
TRCs D i.p. TEEHEIZLABWEATSL Lz, ZOH LWRAITL, IEROFIEL
D CIRBEECHD, TOFETIR, B INEMIZD 20%725 24 K
CHEICBE L, XBIT. KCs OBMEIZ Lo T, RIEMEY A FUA >
(TNFo., IL1B, BELONIL-6) DORHFHE & & bITHFIBICIT 5 KCs Fddkid
U7, BT KCs MASROMANT, GdCl, iz X B RTALEIC & - T KCs ke S Eictt
OBEER TR BN oTc, ZORRIT, BhShiz KCs 2AIu0 KCs 2
FERLTT RV RAEFE LI L EFTEL TS, JIVE TORERSE
T, GdCI,ALHC L 0 KCs 2 A48 STz~ 7 AL LTz KCs DEAR R
M35 ERWESNTNS P, FxOERTH, GCLAE LY AT
1%, KCs BHEIC L o CHFBO KCs DT IER L-WICEE Lic, ik, &
BN Ks DIFEAE (91%) BNIFIRICEBE L2 L2 BT 5, LR
T, KCs @ i.p. #H¥EIT, KCs OBMEICHERICERALELZ b5,

Fikod k912, KCs TAE 24 BEEI DW= 7 AB L OX 7 U 7 KO= Y
A CIEFFID KCs 239 Lz (K 74) . —J5. B4l 10 RO WNT = 7 AT
KCs D@ L-ULIicE#E LTz (4 28) , B 10 HEOXZ ) 7
KO~ ™ 2 Cik, ZOHEBNEHE L EDbabiamL Tz (M2B) , &
OEIMOEHIL, 272< &b 3 2OFREMRE LIS,

@D KC DA 10 B TR ITET L,

© itk 24 BT KCs 28 Lk, Lo FHED KCs A EJE

F G S iz,
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@ BEShESLE K —H3ko Kes 28 10 A TH O L7,

EGFP-KCs % i\ 7= B CIX, EGFP % b L——& LT KCs DD & Jiligi~
OB ETER L (M3) , 72721, EGFP Hifn LRIV ~v AL X7 )
v/ KO = 7 ADW S TIHEFIAEN -T2 (~2 %) o« —H. EGFP =T AND
L7 KCs 125 Fh D EGFPM e filf DA 134 16% 7227 (F28) , 2D
BAHD, BRI P —HRO B S8 L5 ety & Bbn
%. EGFP < ™7 AHED KCs 1TiE. # 12%D F4 / 80" Hifa & %9 10% D F4 /
gohish/ EGFPMe a2 Eh (B 5A) | F4 / 80" HHAED 80%7S EGFPM T
o, E7-, BGFPKCBAEL7=X 7 V> 7 KO~ A (KO / EGFP-KCinj) @
F4 / SOMSEEFNL, #921%F THM L7, Zhizxt L. xR (KO/PBS) ik
12%7- -7~ (X 5B) , KO / EGFP- KCinj TiX, F4 / 80™#/ EGFP"* fEARIIH
2% & IEEN A (5B TIX 2.01%) o ZAUE-DE Y F4 / 80MH D
16%75 EGFPMe G % = & &= LT Y, ZHUiX EGFP-KCs  80% (IX1 5B) 12
LS TIERNC 2Ry, WI/EGFP-KCing THIFIER RN G LN (T —4
FiEER) . L EOfERND, Bt 10 Bk 5 KCs Dfd, virexr
R KCs D BAFHRMIRIC L Db D TH D LTI,

¥, ip BEIWEEE< 7 0T 7 — VT, FiE~OBEBXTER
Bivedotz, Zhid, ERER TR EICEIHZMEDAD=AAKILE-T,
KCs ASEFRMICITIRICBEIT5 2 & 28T 5, 6dCl, CREINIZXT ) &
7 K0~ 7 A Tid, B &SNz KCs OBBEFRIIL B hELTIT <
AR LSS LD &1z, Zhid, KCs BITD AN = A LB
LAYV T OBEBEMEZRERLTND,
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X YT RKOw W AThHE B L KCs NER L CWAEHD 120k, 20O
BEIEERMENS LlchbEEILBND, LML, X7 VT RKOTYAT
& 6dCl, ¥ 517 X ¥ KCs & A5B{L L7218 T KCs B E1T 9 & KCs IR L
AECEIE LT Sa 5 e (B6A), 27%BE &3R50k L
W, X7 )7 K0w A TOKCs BFRFIRE & HICRETT 270, A<y
ADIFIEC OB KCs DT B b — Y ASE & P ~Tz, B S KCs D7 R
h—3 2% TUNEL 3 CF = v 2 Lz, THE@ED ., KCs &5 1 0 Ak, F4 / 80
S MEAIRE 13X 2 U o & KO FECHEAN L= 28, WT fFCidsgin L7z (X
8) . L>L. TUNEL BptEdmpasiideh & o CHEZEI R -1 (K8) .
Uik, KCs ORI IZFAER A b = X LDEE L, KCs BT E) - £/ T D
BIOEBRBECENTIND = & R LTV 5, FFEIRERE 213 OB
1. KCs DDFAE A B = A ACEEREHE RI-TARMER D, &6
1o, A R L RAERT B KCs OJSE &I 2, LPS $ 7213 PMA Z i L 7o
A b L ARG, WO KCs £V bR 2 U F KO~ U AHED KCs 1% LT
F OB TR VA RBELE (K6A) o LPSICRDHRIEMY A M
43 (INFo) FEAEL-~ULE, WALV HR 27 VT KO U ATHEREID
oot (M6B) , ZOREIE, X7 V27 K0~ ADKCs 37 h—
ABFEETHA P AR LTCEVBRTHDZ EERL TS, TN,
K7V LT RO ATECs B3b &b LD LTWBEBAD 1 -DTH L AREN
BB, £I-2NbOFERE, KCs DM ETHET 25 A W= A LOFIEE R
BLTWD, ZORHERIET 572012, KCs B~ v R LA~ U ADkF
I 31T B KCs DAAR & bl Uiz, £ OfER. KCs D43 & #ia¥is KCs B
HEWT =7 2 LSBT ~ 7 AQMCHEEZEN 2ot (M2) o —F, Ks B
WX 2 )22 KO~ 7 AO K CIEE R KO = 7 AFF & D KCs Fidn
L. 5ICKCs Biivv ARLZIMELTYH, BiEX 7 ) 7K~ AD
KCs #oiZ. BHEWT ~ 7 AFFIfO KCs L0 bARICEMLE, 202 EnbX
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7Y VKO AR, RIS B KCs EBEEOEHIE A = A LT KMEDH

HATREMED 8 D

AT i, p. B 5IEIC X D KCs OBHEI LA HESL LT, KCs 23 1. p.
R TIRCBE - BB T D2 L EMB L, KCs BITIRICBET 57200
BERIA H =X LOFIER T LT, KCs BaHIfT S box s ) w7 Iic il
F B A = X ADFENBESND, ZOFRT A b— Al
T2 L B KCs HI{HKEHE 2 fRBA+ B 720 D X BIR HIFFENE TN D,
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6 FEE

AWFRIC B0, MR, HE%Bb Y E LIERERERF R A
RARTESRIR RS, AR — BRI L DB L E T,

Tu—i A hA—Z—ERIZE LT, HBEZI B Y E LEEIEX
MR ARBEERI L DR E T,

ISR A ERICB LT, HBIER T Y £ LR
HPER R S HEO L ORI L E T,

4 ) I PCR FHERICEA LT, B

il

ZU DY E LB A Sl
WA RiEs AT ARERESH IR L b RME L ET,

5 ) APCRERICE LT, HMSEZTHbY E LEEBBRE SRS

BFSEET FREEL X T ABEREL T REM EAICLD BEHBLET

WA TE DIAMC b KRB BRI 22 0 F L @R SR RERFED T 212
D BIEHBLET,
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WIrc J Mi KO C J M2

WT:1608bp
KO:700~800bp

MPinj KCinj
AClIIIIIIIIIIlIIIIIIIIIII

liver

X1 fEhef s Sz v KR TR CHERR s

(A) W= ADLTR Lz KCs &R 27 U 7 KO~ v ACIEERE Lic, &
FEESNT-KCs i, PCREMEALTRXZ YV VT BETFERHTLHIIEICE ST
MRSz, (B) PKH26 Red MMHER SN KCs L U~rn 77—V

(pMP) % MEREH 5 L. 1 0 BA2ICHIRZ B L CHOGIRMEE CRIE LT,
KCs BERE I3, §060% (FREEGMIEDILER) MPIEENIZIZD . 911, 7%0
FERC 47 Lz (N=3) (P <0.01) , —J7, pMP BERECIHIE & A & OEHEM
Mas e Z s 5 7=, (ML : ~—#% —ExcelBand™1KB DNA ladder (SMOBTO,
L¥E) ; M2 : < —75— ExcelBand™100bp DNA ladder (SMOBIO, &%) ; WI:
BpAER (GRALEE, n=3) 5 C: MR PBSEHRXZ VT KO~ A, n=
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3 )

#) |

S T KCHEEKOw YA, n=3;K0: X7V T v T U (R

n=4) .,
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A F4/80

20 |

| |
WT-PBS KO-PBS WT-KC KO-KC

9 F4 / 80 IBMEMIAAIL, KCs BEFEMRICHEINLTC

(A) WI =7 A5 5HHE L7 KCs % i.p. T L7z WT w7 A (WI-KC, n = 3)
BIOXZ7 )7 Ko< A (K-KC) OBiE 10 A% ORI % F4 /
80 Bt () HMMaSHE & B Hvic Lic i) o BB
BEH LW w7 A (WI-PBS, n = 3) BLUXZ V7 Ko<= A (KO-
PBS. n = 3) &%~ AL LTHELE, (B) REHBRAIZIET S
F4 / 80 iRk B 7 > b Lz, KO-PBS X, WI-PBS &LV b7
F4 / 80 Bittkia% Rk Lz, &5i2, X7 2 KO FFCHEWI-KC D L~

NEBTHEM LT (% p €0.05, *x p <0.01) ,
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3 B ST KCs (XIERED DTS BT 5

(A) EGFP-KCs % i.p. B 10 HO W <A (WI-KC, n = 3) ROX7)
L7 KO = A (KOKC, n = 3) OfflEiTo> BGFP FEBUMIAMHERS S 4172,
HEPRA K & P L7 WT (WI-PBS, n = 3) BIUOXZ Y7 K0 (KO-
PBS. n = 3) v U AEHRMAE LCHE L, EGFP BiEMAnOHI& B
B (WI-KC. KO-KC) THEICEM-T, (B) WI-PBS, WI-KC, KO-PBS, i
J OVKO-KC [ > EGFP Btk oA (n = 3, 3MIDHER) (x p
€0.05. #** p <0.01) o (C) WRBITXZ V7 KO~< T ADFRIZET
%4/ 80 BSMEMIEE GR) 35 L UVEGRP IBMEAINL (%) Ai (Sufgiilis
Yufa) | REMRBEERRE, EXEER @ @) —e () ) THELTY

B Adr—esi—; 100pM,
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« EGFP-KCs EGFP-KCs
i

i -

E 8_

A - =
s € o

g of

O =

[=)

= &

3 (=
10

1p°

10

. 3.9%
o¢ 10t 107 10°  10'  10°

WT/KCinj
~116.7% i 1.3%

Pl

KO-KCs KOIKCinj
: 22.2%

1
g
—

10

o 1814% - |09% al761% 1.0%
A0 107 10 100 10° 0% 10' 102 10° 10" 10°

A A2 v /< — IR0 F T

L7 KCs OO FuE 2 HER T B 7o i, BB O P IGIEMIAL Ot 3 & fgak L

o RBWARE Ry PRy 2 &2 2R LTS, BGFP & PIRAT
BE L. 4 oOZEBOMEOEEE KPR Y (%) o EGFP-KCs, EGFP ~
P 2B 3L L7 KCs, WI-KCs : BFAERI< 7 AD KCs (PBS & # 54&EIN) |
WT / KCinj : A%< 7 2D KCs (EGFP-KC Z &5 [EIL) | KO-KCs : X7
Yy 7 KO v 7 ADKCs (PBS Z4R 54 AN | KO / KCinj @ X2 U7 KO

< A M KCs (EGFP-KC %% 5% M)
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EGFP-KC

count
= Q. ! 2|q |.4juu .6||:.'|.E|U.

(=]
[=]

F4/80

16.33%

12.12%
81.22% . 6.66%
409 10t 10° 10° 10" 10°
EGFP (? K e oo
102 10° 10"
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B
KO-KC KO/KCinj
%11.92% . ; 0.41% 1 19.06% 2.01%
] o <]
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‘al
!
=1
i
o lsr.0m% ¢ 0.60% | 78.20% 0.63%
0% 10' 10° 10° 10 10° 409 10t 10° 10° 10 10°

EGFP

EGFP

5 [E|IY L7 KCs \2d31F % EGFP 35 JLUVF4 / 80 FEBLOR At

BRI FHE Ui KCs 2HET B 7ol EGFP Btk & F4 / 80 Bt 2R &

LT, REMA Ry b ry b2 ZIORY, EGFP (Bf#h) & F4 / 80

(fthl) . 4 ODBBOKIE (%) ZRHICRT, EGFP-KCs : EGFP ¥ ¥

2P EFR ST KCs . KOKC: X7V 7 KO~V AD KCs (PBS Z#&5-#%

E) , KO / KCinj : X7 U7 KO~ ADKCs (EGFP-KC % 4% 5-#% A

1)
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enrichment factor
o

WT Ko  KOKC  WT KO KOKC
LPS PMA

*%
50 l

TNFa (pg/ml)
= =] 3

[
=)

<

WT KC KO-KC WT KO KO-KC

LPS PMA

6 MR FLARKTAW vV ABIORXZ Y 7 KO~ A KCs DL
LI
WT. X2 V27 Ko (KO) . #BLOWI-KCs Z2HEH LIeX 2 YT KO~ U A
(KO-KC) 775458 L7 2 » S—HllJC LPS ¥ /2% PMA % & {ohE3eTH C 24 By
BB L=, (A) MIMEEOREY, £/ X LAY —bBLUA YIRS
LAV — AOER (enrichment factor) & LTRLTWS, (B) #HHipd
TNFoD i, A b LR RS PEO RS & L CHE R o> TNFodi 2 HE L7z,
LPS I & L CIL WT, KO, KO-KC I CHEZENRD bz, —77, PMALEE

CHEWVZR b T-, (et p <0.01)
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WT Nucling-KO
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=2 -l x 3 ¥
1 ] > E i e
I N
() @ @) ) T ® ) ®
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H 3 L
< 101 <
z i 22
: 5 } E : i i
§ oM. = 1] % 0 _. -
e 0] @ @ ) e (6) 0] " ®)
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EE WT IL-1p 2 KO, IL-1p
g 251 3 15| T
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2 05 i 205
£ 08 ] | . |
g {1) @ 3 @ £ ) ®) Q] 0]
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= Z 4
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2 2 — £ e 2 21 —
g - N w1 B, mm B
e 1] 2) (3) {4) £ (5) E] [ )
PBS WT-KC PBS WT-KC PBS WT-KC PBS WT-KC
PBS Gdci3 PBS GdcI3

7 GdCl; BB D KCs A~ DR
KCs DIAt DB Z fpatd 2 1ok KU =0 L (GdCly) 182 KCs
FBOFHEERE LW <=7 ARV 7 V7 K0~y AZAE L
(GdCl,. 15mg / kg n = 3) o ZAUH KCs 38~ U R WT = 7 AHED KCs
(WI-KCs) %4558 L7, %tHR& LT PBS RifAHE~ v A6 L UVPBS i~ U A %
AElLE, Q) Ww=yx@BLIOR2 Y7 K0~T A (NuclingK0) ~
GdCL, BALER/ WI-KCs i.p. #5144 24 B COFKCs, (B) HA A A
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(TNFa, TL-1pB L ONIL-6) DORHF = v 7 (E&EIRT-PCR), TNFas L TF
TL-6 OFIHIT, KCs FEFHT LV W B LK w7 ATHEIWC LA L7, IL-1p
FEHICE -T2 VY F KO Y ADHTHERIC LR L, £OBUGH GdCl,

BLE Yo Tl S U7z, (k p €0.05; %k p <0.01; sk p <0.001)
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F4/80 TUNEL Merge

WT-PBS
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KO-PBS
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8 8

w
o

count (/mm?)

WT-PBS  WT-KC KO-PBS KO-KC WT-PBS  WT-KC KO-PBS KO-KC

8 KCs BIEMTICRIT DT R h— ADOKGE

KCs #2510 HEDO W <= A (WI-KC, n = 3) X7 YT KO~TA
(KO-KC. n = 3) OfFIgzE1T5 F4 / 80 e (k) 38 KU TUNEL Bk
GR: ADRUY) MDA &5, PBS ZEHR LW <v 2 (WT-

PBS. n = 3) BLURXZ V7 Ko<= A (KO-PBS, n = 3) ZxffE L,

A Ls3—; 100pM,  (B) T —# > F4 / 80 Bl & U TUNEL

EpEfIa A > b Lis, F4 / 80 BMEMRA4id KO-PBS FFICd8\ T WI-PBS

L0 b BEICDRDoTe, XHIT, F4 / 80 (BMHEMARIE, il e i LT
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BTN L (%, p <0.05) , —7F7, TUNEL Btk oid & D7 n—

T TCHLAEBEII R T,

32



(2]

[3]

(6l

27 SCHR

Elhelu MA. The role of macrophages in immunology. ] Natl Med Assoc 1983; 75:314-7.
Gao B, Jeong W I1, Tian Z. Liver: An organ with predominant innate immunity. Hepatology
2008; 47:729-36. https://doi.org/10.1002/hep.22034.

Sato K, Hall C, Glaser S, Francis H, Meng F, Alpini G. Pathogenesis of Kupffer Cells in
Cholestatic Liver Injury. Am J Pathol 2016; 186:2238-47.
https://doi.org/10.1016/j.ajpath.2016.06.003.

Crofton RW, Diesselhoff-Den Dulk MMC, Van Furth R. The origin, kinetics, and
characteristics of the kupffer cells in the normal steady state. J Exp Med 1978; 148:1-17.
https://doi.org/10.1084/jem.148.1.1.

Hume DA. The mononuclear phagocyte system. Curr Opin Immunol 2006.
https://doi.org/10.1016/j.c0i.2005.11.008.

Klein 1, Cornejo JC, Polakos NK, John B, Wuensch SA, Topham DI, et al. Kupffer cell
heterogeneity: Functional properties of bone marrow-derived and sessile hepatic macrophages.
Blood 2007; 110:4077-85. https://doi.org/10.1182/blood-2007-02-073841.

Merlin S, Bhargava KK, Ranaldo G, Zanolini D, Palestro CJ, Santambrogio L, et al. Kupffer
cell transplantation in mice for elucidating monocyte/macrophage biology and for potential in
cell or gene therapy. Am J Pathol 2016; 186:539-51.

https://doi.org/10.1016/j.ajpath.2015.11.002.

33



(8]

(9]

[10]

[11]

[13]

DECKER K. Biologically active products of stimulated liver macrophages (Kupffer cells). Eur

J Biochem 1990; 192:245-61. https:/doi.org/10.1111/§.1432-1033.1990.tb19222.x.

Neyrinck A, Gomez C, Delzenne N. Precision-cut liver slices in culture as a tool to assess the

physiological involvement of Kupffer cells in hepatic metabolism. Comp Hepatol 2004;3: 545.

https://doi.org/10.1186/1476-5926-2-51-545.

Yang SQ, Lin HZ, Lane MD, Clemens M, Diehl AM. Obesity increases sensitivity to

endotoxin liver injury: Implications for the pathogenesis of steatohepatitis. Proc Natl Acad Sci

U S A 1997; 94:2557-62. https://doi.org/10.1073/pnas.94.6.2557.

Anna Diehl MAE. Nonalcoholic steatosis and steatohepatitis 1V. Nonalcoholic fatty liver

disease abnormalities in macrophage function and cytokines. Am J Physiol - Gastrointest Liver

Physiol 2002; 282:1-5.

Neyrinck AM, Cani PD, Dewulf EM, De Backer F, Bindels LB, Delzenne NM. Critical role of

Kupffer cells in the management of diet-induced diabetes and obesity. Biochem Biophys Res

Commun 2009; 385:351-6. https://doi.org/10.1016/j.bbrc.2009.05.070.

Tkarashi M, Nakashima H, Kinoshita M, Sato A, Nakashima M, Miyazaki H, et al. Distinct

development and functions of resident and recruited liver Kupffer cells/macrophages. J Leukoc

Biol 2013; 94:1325-36. https://doi.org/10.1189/j1b.0313144.

34



[14]

[15]

[16]

[17]

[18]

[19]

[20]

Yang C-Y, Chen J-B, Tsai T-F, Tsai Y-C, Tsai C-Y, Liang P-H, et al. CLECA4F Is an Inducible

C-Type Lectin in F4/80-Positive Cells and Is Involved in Alpha-Galactosylceramide

Presentation in Liver. PLoS One 2013;8: e65070.

Meng D, Qin Y, Lu N, Fang K, Hu Y, Tian Z, et al. Kupffer cells promote the differentiation of

adult liver hematopoietic stem and progenitor cells into lymphocytes via ICAM-1 and LFA-1

interaction. Stem Cells Int 2019;2019. https://doi.org/10.1155/2019/4848279.

Chen GS, Qi HZ. Effect of Kupffer cells on immune tolerance in liver transplantation. Asian

Pac J Trop Med 2012; 5:970-2. https://doi.org/10.1016/S1995-7645(12)60184-9.

Sakai T, Liu L, Teng X, Mukai-Sakai R, Shimada H, Kaji R, et al. Nucling recruits Apaf-1/pro-

caspase-9 complex for the induction of stress-induced apoptosis. J Biol Chem 2004;

279:41131-40. https://doi.org/10.1074/jbe.M402902200.

Liu L, Sakai T, Sano N, Fukui K. Nucling mediates apoptosis by inhibiting expression of

galectin-3 through interference with nuclear factor kB signalling. Biochem J 2004; 380:31-41.

https://doi.org/10.1042/BJ2003 1300.

Teng X, Sakai T, Liu L, Sakai R, Kaji R, Fukui K. Attenuation of MPTP-induced neurotoxicity

and locomotor dysfunction in Nucling-deficient mice via suppression of the apoptosome

pathway. J Neurochem 2006; 97:1126-35. https://doi.org/10.1111/j.1471-4159.2006.03833.x.

Ray A, Dittel BN. Isolation of mouse peritoneal cavity cells. J Vis Exp 2010:9-11.

https://doi.org/10.3791/1488.

35



[21]

Zeng TS, Liu FM, Zhou J, Pan SX, Xia WF, Chen LL. Depletion of Kupffer cells attenuates
systemic insulin resistance, inflammation and improves liver autophagy in high-fat diet fed

mice. Endocr J 2015; 62:615-26. https://doi.org/10.1507/endoctj. EJ15-0046.

36



Biochemistry and Biophysics Reports 27 (2021) 101103

Contents lists available at ScienceDirect
Biochemistry and Biophysics Reports

journal homepage: www.elsevier.com/locate/bbrep

Reports

Functional kupffer cells migrate to the liver from the intraperitoneal cavity

Wen-Ling Lin, Mizuki Mizobuchi, Mina Kawahigashi, Otoki Nakahashi, Yuuki Maekawa,

Takashi Sakai

Institute for Health Sciences, Tokushima Bunri University, 180 Nishihama-bouji, Yamashiro-cho, Tokushima, 770-8514, Japan

ARTICLE INFO ABSTRACT

Keywords:

We established a method of KC transplantation by intraperitoneal (i.p.) injection using EGFP-expressing cells

EGHP (EGFP-KCs) and normal KCs. The novel method is easier and less invasive than conventional methods so that it is

Liver macrophage
Intraperitoneal injection
Kupffer cells
Transplantation

not only technically advantageous but also ethically preferable for experiments using animals. We demonstrated
that KCs migrated to the liver following i.p. Injection. Engraftment in the liver was not observed for peritoneal
macrophages (pMPs). This suggests that KCs migrate to the liver via a sorting mechanism. KC injection decreased

the KC number at 24 h and then recovered the KCs at 10 days to a normal level. Additionally, recovery to the
normal level by KC injection was observed in mice with KC depletion induced by GdCls. These results suggest
that a regulatory mechanism exists for controlling the number of KCs.

1. Introduction

Kupffer cells (KCs) are resident macrophages in the liver. They
localize mainly in the hepatic sinusoids and can move around in the
liver. They have a high phagocytic capability, allowing them to take out
foreign substances, such as viruses and bacteria, apoptotic cells, and
cellular debris. Thus, KCs have an important role as gatekeepers in the
innate immune response [1]. KCs represent 5%-15% of liver cells and
constitute 80% of resident macrophages in the body. However, the
origin of KCs has been complicated because KCs consist of heteroge-
neous lineages coming from at least two tissues, bone marrow and yolk
sac [2-5]. KCs play a major role in immunity and tissue injury and
repair. KCs produce various inflammatory mediators, including cyto-
kines (TNF-o), prostaglandins, and reactive oxygen species, namely,
through NADPH oxidase or inducible NO synthase (iNOS) activities [6,
7]. KC dysfunction contributes to the pathogenesis of the nonalcoholic
fatty liver disease (NAFLD) [8,5]. However, the role of KCs in the
regulation of liver metabolism and the occurrence of the metabolic
disease remains enigmatic [10]. Therefore, if KCs were transplanted
successfully in the liver with engraftment and survival over the long
term, major issues could be addressed regarding their roles in microbial
clearance, antigen presentation, and tissue inflammation or repair [3,4,
11]. Several studies have shown that KC transplantation is useful.
Simone et al. showed that KC transplantation has potential in cell or

gene therapy [5]. They reported that KCs could be transplanted by
intravenous injection [12]. Portal vein and intravenous injection are
usually used for KC transplantation [5,12,1 3]. Using the portal vein is
reliable, but it is highly invasive, and the skill level is difficult. Then,
following intravenous injection, KCs must pass through the blood cir-
culation to the liver.

KCs will meet with antigens and experience some stress in the blood
vessel before arriving in the liver. It has been reported that inflammatory
macrophages can migrate from the peritoneum to lymph nodes [14]. Itis
supposed to be a mechanism for the fate of the inflammatory macro-
phages during the resolution of inflammation. Besides, the report clearly
shows the existence of the route from the peritoneum to the circulation
system. Thus, we speculate if the residential macrophages have the
potency to migrate to the proper place, the KCs might migrate to the
liver by intraperitoneal (i.p.) injection through the circulation system.
Therefore, we considered injection as an alternative method for the KCs
transplantation into the liver. A previous study reported that i.p. Injec-
tion of KCs in rats reduced liver injury and raised immune tolerance
against liver transplantation [15]. However, whether KCs can engraft in
the liver is still unclear. In this report, we showed that i.p. Injection was
useful for KC transplantation and that KCs maintained their functions in
mice.

We introduced KC transplantation experiments. It was important to
establish a simple and useful method for the transplantation of KCs.

Abbreviations: KCs, Kupffer cells; pMP, peritoneal macrophages; i.p., intraperitoneal.
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Here, we show an available method using intraperitoneal injection. We
investigated the dynamics of exogenous KCs using several materials,
including phagocytic cell labeling tracers and KCs prepared from green
fluorescent protein (EGFP) transgenic mice.

2. Materials and methods
2.1, Animals and diets

Wild-type (WT) and Nucling-Knockout (KO) male mice (6-8 weeks of
age) (ref. for KO mice.) were prepared. The background of the Nucling-
KO (control, n = 4; transplantation, n = 3) and WT' (control, n = 3-5)
mice was C57BL/6J. Enhanced green fluorescent gene transgenic mice
(EGFP mice with a C57BL/6 N background) were provided by the Center
for Animal Resources and Development (CARD) at Kumamoto Univer-
sity, Japan. Mice were fed a normal chew diet (54.4% CHO, 23.6%
protein, 5.3% fat; NCD) and water ad libitum. The animals were kept
under constant environmental conditions with a 12-h light-dark cycle.
All animals received humane care in compliance with the institutional
guidelines. Mice were sacrificed after all the tests were finished. All
animal experiments comply with the National Institutes of Health guide
for the care and use of laboratory animals (NIH Publications No. 8023,
revised 1978).

2.2, Cell isolation and transplantation

Kupffer cells (KCs) were isolated from mouse (7 weeks old) livers
using a liver dissociation kit and MS columns (MACS, USA) for trans-
plantation. Peritoneal macrophages (pPMPs) were isolated using the
method of Avijit Ray and Bonnie N. Dittel [16]. Whole cells isolated
from one mouse were transplanted into a recipient mouse by i.p. In-
jection. The average number of transplanted cells was 6.3x10°/mouse.
After 10 days, the transplanted cells were collected for further experi-
ments. (See the supplementary data for the characterization of isolated
cells from control and transplanted mice.)

2.3. Phagocytotic fluorescence test

Tsolated KCs and pMPs were dyed using the PKH26 Red Fluorescent
Cell Linker Kit (Sigma-Aldrich, USA) according to the manufacturer’s
protocol. The labeled cells were immediately injected intraperitoneally
into recipient mice. Ten days after injection, KCs and pMPs were
collected and analyzed using a fluorescence microscope (Nikon, J apan).

2.4. Real-time quantitative PCR

Mice were killed 24 h after KC or saline injection following single
GdCl; or saline administration. The liver was carefully dissected and
immersed in liquid nitrogen and stored at —80°C. Total RNA was
extracted using TRI reagent (Sigma-Aldrich, USA). cDNA was prepared
by reverse transcription of 1 pg total RNA using Prime Script RT Master
Mix (Perfect Real Time) (Takara, Japan). Real-time PCR was performed
using a 7300 RT-PCR System (Applied Biosystems, USA) with SYBR
Premix Ex Taq 1l (Takara, Japan). GAPDH RNA was chosen as a
housekeeping gene. All samples were run in duplicate in a single 96-well
reaction plate, Thermal cycling conditions were 30 s at 95°C followed by
40 cycles at 95°C for 5 s and 61°C for 31 s. The expression of each gene
was normalized to GAPDH mRNA and calculated relative to the baseline
control using the comparative cycle threshold method (AACH). Primers
for GAPDH (control) were 5-ACCACAGTCCATGCCATCAC-3’ (Forward)
and 5'-TCCACCACCCTGTTGCTGTA-3' (Reverse). Primers for TNFa
were 5-CTGTAGCCCACGTCGTAGC-3' (Forward) and 5'-TTGAGTTC-
CATGCCGTTG-3' (Reverse). Primers for IL-1p were 5'-TGTAATGAAA-
GACGGCACACC-3' (Forward) and 5'-TCTTCTTTGGGTATTGCTTGG-3'
(Reverse). Primers for IL-6 were 5' -CCACTTCACAAGTCGGAGGCTTA-3’
(Forward) and 5'-CCAGTTTGGTAGCATCCAT CATTTC-3’ (Reverse).
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2.5. Flow cytomeiry

EGFP KCs were injected into WT and Nucling-KO mice. Ten days
after injection, KCs were isolated using a MACS kit and MS columns
followed by flow cytometric analysis. The cells were fixed for 30 min
with 4% paraformaldehyde and centrifuged at 400 g for 10 min to
remove the buffer. Cells were diluted in 100 pl cold PBS with 10% FBS
and 1% sodium azide (NaN3) spun at 400 g for 10 min and, where
necessary, incubated with F4/80 antibody with 3% BSA (final con. 10
jg/ml, Sigma, USA) for 1 h at 4°C. Cells were washed with cold PBS with
5% FBS and 20 mM NaNj 3 times. Fluorescently labeled (Alexa Fluor
594) goat anti-rat IgG was added to the samples for 1 h at 4°C in the
dark, and the wash step was repeated 3 times. Propidium iodide (PI) (2
pg/ml) was used as a viability marker for FACS. EGFP- and F4/80-
positive cells were measured by Guava® easyCyte™(Luminex, USA).

2.6. Immunohistochemistry

The perfused livers of mice were fixed in 4% paraformaldehyde at
4°C for 2 h, washed in PBS, and suspended in a 10% sucrose gradient for
2 h followed by 20% sucrose for 2 h and then 30% sucrose at 4°C
overnight. Tissue was then flash-frozen in Tissue-Tek®0CT embedding
compound in 100% ethanol with dry ice and stored at —80°C. Five-
micrometer-thick sections were cut using a cryostat (Leica Biosystems,
Germany). Following blocking with PBS containing 5% FBS at RT for 45
min, sections were incubated with rat anti-mouse F4/80 antibody
(Sigma, USA) at 37°C for 30 min and then incubated with Alexa Fluor
594 or 488 goat anti-rat IgG antibody (Invitrogen), 1:400, diluted in
blocking solution for 37°C for 30 min. The images were viewed by using
a BZ-X710 fluorescence microscope (Keyence, Japan).

2.7. Gadolinium chloride (GdCly) treatment

To confirm the effect of the Nucling-KO background on the pheno-
type of transplanted KCs, we alternatively transplanted KCs into WT
mice (n = 4) with or without gadolinium chloride (GdCls, Wako, Japan;
n = 3) (15 mg/ml in PBS) treatment. Saline-injected (PBS, n = 3) mice
were prepared as control mice. After 24 h, KCs were collected for further
experiments.

2.8. TUNEL (terminal deoxynucleotidyl transferase-mediated dUTPnick-
end labeling) assay

The TUNEL assay was performed on frozen sections (5 pm thick)
using the in situ Apoptosis Detection Kit (Takara, Japan).

2.9. PCR assay

Genomic DNA was extracted from KCs using extraction buffer (10
mM Tris-HCL, 0.1 M EDTA, 0.5% SDS) and Proteinase K (20 mg/ml) to
digest the cells at 50°C for 2-3 h. TE buffer with phenol was added and
mixed slowly before centrifugation at 1200g for 2 min. The supernatant
was then collected and supplemented with chloroform/isoamyl alcohol
(24:1) and mixed slowly for 30 min. The solution was centrifuged at
1200 g for 2 min, Then, the supernatant was collected and supplemented
with a 1/10 volume of 3 M CH3COONa and two volumes of ethanol and
mixed. The solution was centrifuged at 1000 g for 10 min, and the su-
pernatant was discarded. The resulting DNA pellet was rinsed with 70%
ethanol and dried. DNA was then dissolved with TE buffer. One nano-
gram of genomic DNA was used as a template for PCR using DNA po-
lymerase KOD FX Neo (TOYOBO, Japan) with 35 cycles at 94°C for 2
min, 98°C for 10 s, 62°C for 30 s, 68°C for 120 s/kb, and final elongation
at 68°C for 7 min. PCR products were resolved in 2% agarose gels.
Primers for WT mice were 5-TCCTCTACCTCATCTATGTGTACC-3
(Forward) and 5-TATCTCTGTGTTGCCTCCGAA-3' (Reverse). Primers
for  Nucling were 5.CCGGTGGATATAGAATGTGTGCGAGG-3'
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(Forward) and 5-CTCCGCGTATCTCTGTGTTGCCTCCGA-3' (Reverse)
(Eurofins, Japan).

2.10. Reagent
Proteinase K and NaN; were obtained from Wako, Japan. Tissue-

Tek® OCT compound was from MILES, USA. Ethidium bromide (EtBr)
was obtained from Sigma, USA.

2.11. Statistical analysis

Data were expressed as means =+ SE. Differences were analyzed by
Student’s t-test. P values < 0.05 were considered significant.

3. Result
Lp. Injected donor KCs were confirmed in the livers of the recipient

mice.
We checked whether KCs could migrate to the liver following i.p.

A
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Injection, We prepared KCs from the livers of EGPF mice (EGFP-KCs) and
then transplanted them into WT mice by i.p. Injection. After 10 days, we
collected KCs from the livers of treated mice. Flow cytometric analysis
(FACS) revealed that EGFP-positive cells accounted for ~2.3 % of KCs in
EGFP-KC-transplanted mouse livers (Fig. 1A). The number of EGFP-
positive cells was significantly different between PBS- and KCs-
injection groups (Fig. 1B). In addition, immunohistochemical analysis
revealed the migration of the injected KGs into the liver of WT mice
(Fig. 1C). Moreover, we prepared KCs from the livers of WT mice and
then transplanted them into Nucling-KO WT mice by i.p. Injection
because the Nucling gene can be a marker for transplanted KCs in KO
mice. After 10 days, we collected KCs from the livers of treated mice.
PCR using the genomic DNA of the KCs revealed that the transplanted
KCs successfully migrated to the liver (Fig. 1D). Thus, we concluded that
i.p. Injection is available for KCs to transplant into the liver.

FACS revealed that EGFP-positive cells accounted for 16.3 % of the
transplanted cells and F4/80-positive cells accounted for 12.1 %
(Fig. 2A). On the other hand, EGFP-positive cells accounted for 2.3 % of
KGs in the transplanted mouse livers (Fig. 1A). The total number of KGCs

Fig. 1. Exogenous KCs migrate into the liver
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(A) Representative EGFP expression in KCs
prepared from the liver 10 days after EGFP-
KCs i.p. Injection into WT (WT-KC, n = 3)
mice. Saline-injected WT (WT-PBS, n = 3)
mice were prepared as controls. The per-
centage of EGFP-positive cells was higher in
the transplantation groups (WT-KC). (B) The
frequency of EGFP (+) cells among WT-PBS
and WT-KC (n = 3, 3 experiments)
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tive cells are shown with magnified images
an (a')-b (b)) as representatives. Scale bar;
100 pm. (D) KCs prepared from WT mice
were transplanted intraperitoneally into
Nucling-KO mice. The transplanted KCs
were confirmed by detecting the Nucling
gene using PCR. (M1, ExcelBand™1KB DNA
Jadder (SMOBIO, Taiwan); M2, ExcelBand™
100bp DNA ladder (SMOBIO, Taiwan); WT,
wild type (untreated, n = 3); C, control (PBS
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treated), n = 4). Arrows, specific bands for
WT or Nucling-KO genome. . (For interpre-
tation of the references to colour in this
figure legend, the reader is referred to the
Web version of this article.)
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was not changed by the transplantation (Fig. 2B-C). Thus we concluded
that the engraftment ratio of KCs in the liver was approximately 14%
(=2.3/16.3). Most of the migrated KCs are conceivable as maintaining
physiological functions. We investigated the engraftment rate of trans-
planted KCs with retention of macrophage functions in the liver by the i.
p. method. We prepared KCs and pMP from WT mice. The cells were
labeled with the fluorescent dye PKH26 red using phagocytotic activity
and transplanted by i.p. Injection. After 10 days, we collected KCs and

(IHC) was performed to clarify the dis-
tribution of F4/80-positive (red) cells in
the liver 10 days after i.p. Injection into
WT (WT-KC, n = 3) mice, Saline-
injected WT (WT-PBS, n = 3) mice
were prepared as control mice. (C) The
number of F4/80-positive cells was
counted in IHC images. F4/80-positive

10° 108 10t 10° cells were not different between PBS
and WT-KC, Scale bar; 100 pm. (D) We
F4/80 used the PKH26 Red Pluorescent Cell

Linker Kit to dye isolated KCs and

macrophages (MPs), and cells were

collected and observed by fluorescence
G microscopy. On KC injection, approxi-
mately 60% (ratio of red fluorescent
cells) remained in the abdominal cavity.
The results showed that most KCs
remained in the abdominal cavity in the
MP group (n = 3), and approximately
11.7% migrated to the liver in the KC
group (n = 3) (p<0.01). . (For inter-
pretation of the references to colour in
this figure legend, the reader is referred
to the Web version of this article.)

PBS KC

pMPs from the recipient mice, observed the cells by fluorescence mi-
croscopy, and counted the number of labeled cells. The results showed
that only 1 cell was detected by fluorescence microscopy in a 100 pl cell
solution when we calculated the KC number from the livers of the MP
injection group. Most of the injected pMPs stayed in the abdominal
cavity (0.004%; 243 cells vs. 1 cell/100 pl; p<0.01). However, a few
cells (mean 7 cells) were detected in the 100 pl cell preparation of KCs
from the livers of the KC injection group. 60 cells were detected in the



W.-L. Lin et al.

MP solution. The KC engraftment ratio was approximately 11.7% in the
liver (60 cells vs., 7 cells/100 pl; p<0.01) (Fig. 2D). The estimation ratio
was almost the same as that using the data of EGFP-KCs transplantation.
Thus we concluded that most of the migrated KCs were retaining
phagocytotic functions.

Transplanted KCs induced KC depletion, and the activation of KCs
was correlated with endogenous KCs.

To confirm the effect of the phenotype of transplanted KCs, we
alternatively transplanted WT-KCs into mice with or without gadolin-
jum chloride (GdCls) treatment. GdCls is known to deplete KCs and
inhibit KC activation. Interestingly, simple transplantation of WT-KCs
decreased the number of KCs in the control (PBS-injected) mice ( (1)
vs (2), in Fig. 3A) at 24 h. In contrast, transplantation of KCs into GdCls-
treated mice recovered the number of KCs in the liver ( (4) in Fig. 3A). In
addition, inflammatory cytokines (INFa, IL-14, and IL-6) were upregu-
lated in the KCs of control mice after KC transplantation ( (2) in Fig. 3B),
which indicates the activation of KCs. Such upregulation of cytokines
was not observed in the GdCls-treated mice ( (4) in Fig. 3B). These data
suggest that exogenous KCs induced KC depletion and that the activation
of KCs was correlated with endogenous KCs. We concluded that KC
transplantation led to inflammatory reactions by interacting exogenous
KCs with endogenous cells.

To confirm the effect of transplanted KCs, we transplanted KCs into
WT mice (WT-KC, n = 4) with or without gadolinium chloride (GdCl3,
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15 mg/kg, n = 3) treatment, Vehicle (PBS)-injected (n = 3) mice were
prepared as a control. (A) The number of KCs was counted to clarify the
distribution of KCs in the liver 24 h after WT KCs and GdClj i.p. Injection
into WT. (B) Quantitative RT-PCR was performed to check the expres-
sion of cytokines (TNFa, IL-1f, and IL-6), TNFa and I1-6 expression was
significantly upregulated in WT mice by KC injection. (*p<0.05;
**p<0.01)

Next, to confirm the effect of apoptosis of transplantation KCs.
TUNEL assay was performed to assess apoptosis following KC (WT-KC)
injection. TUNEL-positive cell numbers were not different among them
(Fig. 4). This may suggest that the regulatory mechanism of the KC
population consists of earlier stages, including stages before migration
into the parenchymal area of the liver.

IHC was performed to clarify the distribution of F4/80-positive
(green) and apoptotic TUNEL-positive (red, white arrowhead) cells in
the liver 10 days after ip. Injection into WT (WT-KC, n = 3) mice.
Vehicle-injected WT (WT-PBS, n = 3) mice were prepared as a control.
Scale bar; 100 pm. (B) F4/80-pasitive cells and TUNEL-positive cells
were counted in IHC images. F4/80-positive cells were increased after
transplantation compared to the control (¥, p<0.05). On the other hand,
there was no significant difference in the number of TUNEL-positive
cells among any groups.
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Fig. 3. Number and functionality of KCs isolated from WT KC-injected mice pretreated with or without GdCla.
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Fig. 4. Apoptosis in the liver of KC-transplanted mice.

4. Discussion

In general, KC transplantation is performed through the portal vein
or tail vein because conventional methods are reliable and achieve a
high migration rate to the liver [5]. However, these methods require
highly sophisticated skills. Here, we performed i.p. Injection to trans-
plant KCs in the liver. This novel method is easier and less invasive than
conventional methods. Hoppo et al. reported that liver cells could be
transplanted by i.p. Injection. They developed hepatized lymph nodes
with liver function in the abdominal cavity to improve the lethal hepatic
failure, but the expression of KC has not been found in these lymph
nodes [17].

Little is known about the life span of KCs. Several reports mention the
life span of KCs as several days, several weeks, or up to one year [18]. 1t
is becoming a consensus that macrophages consist of heterogenic pop-
ulations from monocytes, residential progenitors, or self-renewal cells
[19]. However, the renewal mechanisms of KCs are unrevealed. Thus it
is difficult to identify the renewal span of KCs, meaning that it is difficult
to calculate the migration rate of exogenous KCs. So we use the word
“engraftment ratio” instead of the word “migration rate.” In the exper-
iment, we prepared KCs from EGFP-mice, which contain 16.3% EGFPMEh
cells. All the KCs prepared from one mouse were 1.p. Injected into one
recipient mouse. Then the KCs were collected from the recipient, and the
EGFpUEh population was investigated. Average 2.3% of the KCs were
EGFPM8", So we concluded that the engraftment ratio of the exogenous
KCs was 14% (=2.3/16.3) in ten days. We also checked the migration of
KCs in 24h after i.p. Injection of EGFP-KCs into mice. We observed no

migration of the exogenous KCs in the liver. On the other hand, we
observed 30%-66% of the injected KCs remaining in the peritoneal
cavity in 24h (data not shown). The ratio was almost the same level as
the ratio at ten days (Fig. 2D), suggesting that approximately half of the
transplanted KCs start migrating from the peritoneal cavity in 24h. we
speculate that the KCs might migrate to the liver by i.p. Injection
through the circulation system. However, we have not confirmed the
migration of KCs to lymph nodes by i.p. Injection yet. Further studies are
necessary to reveal the migration mechanism of KCs.

The total number of KCs was reduced by transplantation along with
the upregulation of inflammatory eytokines (TNFa, IL1, and IL-6). Such
a reduction was suppressed by pretreatment with GdCls i.p. Injection.
These results suggest that exogenous KCs induced an apoptotic decrease
in endogenous KCs. Some studies have indicated that GdCls can increase
the KC engraftment rate by depleting KCs before transplantation [5,20].
In fact, in WT mice treated with GdCls, the number of KCs increased than
normal levels after transplantation. This means that most of the exoge-
nous cells migrated to the liver. Thus, the method using i.p. Injection is
very useful for the transplantation of KCs.

As mentioned, KC transplantation led to a decrease in endogenous
KCs in WT mice (Fig. 3A) at 24 h. On the other hand, the KC population
was higher than control in WT mice at 10 days (Fig. 1B). The increase in
KCs at 10 days can be explained by at least three reasons. 1, KC
migration gradually progressed in 10 days. 2, Following the decrease in
KGs in 24 h, native KCs were spontaneously supplied. 3, The migrated
exogenous KCs proliferated in 10 days. In the experiment using KCs
prepared from EGFP mice (EGFP-KCs), we confirmed the migration of
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EGFP-KCs into the liver (Fig. 1). However, the population of EGFP"sh
cells was very low (~2.3%). On the other hand, transplanted KCs pre-
pared from EGFP mice contain approximately 16% of the EGFpMEh
population (Fig. 2). From that point of view, it seems to be difficult to
explain the proliferation of the transplanted cells. The preparation of
KCs from EGFP mice contained approximately 12% F4/80M" cells and
approximately 10% F4/80M8"/EGFPMEN cells (Fig. 2), indicating that
80% of the F4/80"%" cells were EGFP"8", Thus, we concluded that the
increase in KCs in 10 days comes from the spontaneous supply of native
KCs. We also observed that exogenous peritoneal macrophages had
difficulty migrating to the liver, This means that KCs are moved to the
liver by some unique mechanism using specific attractants. We checked
the apoptotic response during KC transplantation. A TUNEL assay was
performed to assess apoptosis following KC (WT-KC) injection. How-
ever, TUNEL-positive cell numbers were not different among them
(Fig. 4). This may suggest that the regulatory mechanism of the KC
population consists of earlier stages, including stages before migration
into the parenchymal area of the liver. The liver sinusoidal area or its
endothelial cells (LSECs) may play an important role.

These results suggest the existence of a mechanism for regulating the
number of KCs. To confirm this hypothesis, we compared the distribu-
tion of KCs in the liver between KC-transplanted mice and control (PBS-
injected) mice. IHC revealed that KC distribution and cell numbers were
not different between KG-transplanted mice and control mice (Fig. 2).

To confirm the KC migration into the liver by genetic approach, we
used Nucling-KO mice. On the other hand, we are interested in the KO
mice to reveal the importance of KCs to develop inflammatory diseases,
including metabolic syndrome, We previously reported that Nucling
deficiency led to a decrease of KCs in the liver. Nucling is expressed in
both parenchymal cells and nonparenchymal cells including KCs in the
liver of mice [21]. In addition, Nucling-KO mice have shown a tendency
to suffer from nonalcoholic fatty liver diseases (NAFLD) (unpublished
data), which may lead to metabolic syndrome. However, the physio-
logical function of Nucling in the liver is still unclear. We are planning to
experiment using Nucling-KO mice to reveal the importance of KCs in
developing inflammatory liver diseases.

Here we showed that i.p. Injection is very useful for the trans-
plantation of KCs and that native KCs can be spontaneously supplied
through external stimulation. However, the mechanism still needs to be
elucidated.
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