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HOSsB L, A S O/ B Skt T 2 RIRMED 2 WIT IR SOGIZ £ Y
MR 72 B A 2 T DA T, B ) v~ B OREERnMER M, BRER L 0%
Hr )7~ b—7 R (SLE) #F LT, ZNETHOCREMKEET LV R L
LT (NZB X NZW) F1. BXSB 35 X ONMRL RfE7R &A%, BEHZ. VU o/ iR, MER
FOCRERIRE 470 &, A R ORE I RN 2ROV O TE 2, &
D OFFREFZ A BT 2 K7 I3EHAFAE L, S/ 7 & SRBENEMEICEE LTnWb iz
. HRRESIO R R TAFEIZIEF ICHEETH D, 72 2 E, HROBRBET L~ 2%
FNT SLE DSz Fs L OMEPUPEIR 1 2 sk LI2FFEIC L 5 & SLE OfRigid . H
CHUAD LF- . SEEAEROHBL, SRERIKBRIIE, U o HilER, MER L OULE &
2 i, EDREKFILE 8 BRUOMELRAKREZ R R TOREGHE RITHAEL .,
Bxs1—6, Slel-6, Lbwi—7, Sbwl-2, Nbal-3 & %5\ Lprmi-5 73 ¥ DR OEEFIEIC
JRAET 5 Z E A SN TUVWS (Santiago—Raber et al., 2004), £7-. bEikOEF L
~ U AT A ORISR RO REMATICIER A Cd 5 03, K e $k oo ¥ FE BIHA 1 % {2
ALTWD D, K4 DJRRKFFOffr 2 NE R b L LTWD, $7bb, JRKRRKEF
ZEBNCHRGEL CWLS 72DIZiZ /) v /T U R~ UA RT VAV 2=y I T AHDHN
Fa Y=y v RE W B ETH 5,

ko< | BHOREMSREREBRITA CREEBO—HIT, £& LTRFZMHET
DGR A RPN BN O RERIRICIEE T 5 2 L TRIEL, BEO TR E LA T D EE
BECTH D, AREAEBEROBEHRIERITIZE, MR, BARD D WVITEMER EEx TH D
Py, BRI PR R 2 & L RIS IEFAEME OiER CTh D 7o BHIRNTER L OVEREN

RARTH D, FHZ SLEITAREREER OL—T2AER) 20T HEAL B ORER



BTHY, BlE, ENICIX 3 HTAZBITBENFHET S (Japan Intractable Disease
Information Center. http://www. nanbyou. or. jp/top. html),

UTHE, SNP % FHUNCLEE L 7= genome wide linkage scanning 52X > Tk hEF 1
YRR v A T REIR O SR & SLE J84E O BEMEA 5202 ST D (Cantor et
al., 2004; Chen et al., 2006; Wu et al., 2007), b L% 1 Yo iRERT 10 A 7
I8 12 1% . C-reactive protein pentraxin-related (CRP: 1q21-23) . Interferon
gamma—inducible protein 16 (/F/16: 1q22). Fas ligand (FASLG: 1q23) & A X Fe
gamma receptor family (FCGR: 1q23) 7¢ &, T/ BB R NENL L TV 5D,
—J. v AOE 1 kT o A T FOMERE ST =—RH 0 ko
ERHRE T EHFAOBEBTFZ20UE LTS, SHICHBENZ L2, BRET VYD
Az HWTWFFEIZIBNT, v T ADF 1 Ytk v A 7k, Brs3, Slel 5>
X Mpa2 72 EEE O B CHRENRRKBRITRER FREOFMENPBRESNLTND
(Santiago—Raber et al., 2004), ZDO KL DT, v RAH 1 Yok v A 7 HHBILH O
FEMRREBRBIEORRK BT 20 ET 2Ry ARy b TH LA, LiloRIVY
MAETR—OBEBETITER L THWD0EEIAHATH Y | JRRBE T OREICIZE ST
W, EREE, v T ADE 1 QAR T v A T EKICE T D A SR BRI KRN
BASF ORIEL ARED R EriLI L ORHRIBFRIEDRE DT ORI RIR AT v T
Thb,

Z ZCARBHE T, B CREMRERIRE R OJRRBE TN SEHE S TWD v Y
A 1Yk T v AT REIBICE B U AIEOR BRI 72 b N JRRR FRE A FE E L
7o 1 ETE, REN2E CRERBET L THD MRL ~ 7 AHROHE 1 YetalfkT 1
AT RS & ARH 72 CBTBL/6 ~ U AHRDOBInFHEREAT L a0 V2= /v T A

ZAEH L, B OAREMERRAERET L~ AL LCORHMEZRBER LT, 5 2 B TIL,



SHITRWEBE FEAFRAEAE T o3 Y=y 7w U R 2/EH L B ERY B X
O T A ERIFENT 21T B SRR RIF KB R FIS OV TREMR MR 21T -
Too RET IV~ T ZADREKEEROFREITIIMEZEDGRD 7o, 5 3 B CITMEMRHE
2 B SR MR BRI R ORRIC G X 5B SV TGRHI 21T, B S5 PR BRI

BROWEZAIZOWTIRIT LT, 4 ETIIARET A~ T 22 HWT, B OREMRERIK

I8
<%

R DI REHE I T2 DWW THEFERIARNT 21TV Al IR D BB S B SV TR L
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BHMETY T~ b—F A (SLE) 1ZARMREHMER CARERETH Y | B Y
U~ FEROBEI R, B D WVIXSHE OALBEE R 2, U o HilER, B, &
~ 7 a7 Y U MAER IO AEE DNA (dsDNA) (Zxtd 2 B OBk Efx OFiE%
7T, B O ERE ICHEBLT 2 B ORI REE S RO ARICSIN L, B KK
RIZIEET D Z L TA—T ABR LTINS B CREMERERIEB R 25 &7, AC
IR R ILE FBXORBETLVEMICE VT BEDO TR ELAAT DR HIE
A 72RRETH S (Klinman and Steinberg, 1995), H CfEMRERIAB K & HIRRIET
HEF N~ AL LT, (NZBXNZW) F1 (NZB/WF1), BXSB & %\ % MRL-Fas™ (MRL-/pr)
KRB EPMONTEY, KIEOHEBELMT T L27-OICA<HNLERTE
(Santiago—Raber et al., 2004; Henry and Mohan, 2005), Zh 5DEF /L~ 7 XL
dsDNA JLiR 2035 & 45 i B SRR EE O 53 X OBBEM 2 o A IR R BRI
REZFEIET D (Santiago—Raber et al., 2004), —J7. EBREIRREREBRETT L L L
TITHEBLRSC Heymann BRET AR ENMLATEY , & LTT v MIEBORERK
Ry HPUR & LTS 5 2 & T PURERIR SRR IETIR D EA 3 KON H AL A 1 5 8
FEMEARERIRIRZ 72 & & b D Goodpasture JEMEREEDIER AR Z L3 HE SN TN D
(Reynolds et al., 2006),

MRL/MpJ <~ 7 Zi, LG/J =7 % (75.0%) . AKR/J <=7 % (12.6%) . C3H/HeDi ~ 7 A
(12.1%) F LTV CBTBL/6] ~ 7 % (0.3%) DEARFIIEREZA L. &mWAEIGERE ) &
BUNEE A A i RSN T R h— L 2RO B Y a=— s REBAEA LT
W% (Kon et al., 1999; Kon and Endoh, 2000; Leferovich et al., 2001; Masinde et

al., 2001), MMz T. MRL-/pr~ 7 A% Fas FUFBE T OREE R X, REWRE. U



oNENERR, RE, BAFIZ., MAFRIB IOEED B CREMRERIEE A St hO SLE &
YL L 7= &~ 7 (Andrews et al., 1978; Watanabe—Fukunaga et al., 1992), L
LA S BRRNZ L2208 9 ks LOEEEIL Ipr 7 LV TliEZe < MRL
~ U ADBIRTFHIE RACEHEICEE LT\, T72b 6, MRL-Ipr ~ U R34 5 » A
CTHEEREKIEB R ZFIET 528 (Cohen and Eisenberg, 1991), C57BL/6 ¥ A& %
WME C3H/He] = 7 ADBIRFEMY 52 FFD Ipr DREHAIRTIZ 14 HD\V0NX 16 » Al
T BB PRI LI TR E TH D (Kelley and Roths, 1985),

T, P T AV 2=y /< ABLIRary Y=y 7 <0 AT H OREMERERAE
ROFFREAEBEZMNTT 212 DIZIEIL AV BT\ 5, BIFE, I8 OB TR BET
IV T 2 ORI EEAR RIS K OV B O RE & fifAT L T K 2 & T, B ERE
PEAR BRI RIS FEIAFET DRI F 2 FE L TV 2 EICEE A E)N
LTV 5 (Henry and Mohan, 2005), fiOEEBEET L~ 2 &2 HAWEFEIZBWT, <
T ADE 1 YR T 1 A T HEIE Bes3 (T1-99 M), Slel (88 cM) 3L Mpa2 (92-94
M) 72 L. ZHDH CHREERREFRFARBEFEZEDE LTS ZERRESNT
W% (Santiago—Raber et al., 2004), Z DX 91T, HOEMREREE X OFNE
TN L TV 72D OFITERFIE R, & IRBET A~ T ZADFE 1 etk
T H AT HEEICAAET D, £ T TAETIE, MRL/AMp] = 7 AHKROH 1 YetafkT o 27
M LU CBTBL/6 ~ U AR DBERFNE R AT a0 Y=y /3T X

B6. MRLc1(82-100) ZEHH L. JREELARFZRIMIAT 2 5l 2r 72,

10



MEHR L OU5E

ASEERIT, ALHEE R OB BRI EHIIE WV MR OAGER 215 TiThbiue. OKRdE =

8019),

1. B6.MRLc1(82-100) 2> Y= =v 7 <7 AD{EH

VT2 % T D C5TBL/6Cr Sle (C57BL/6) ~ 7 AF L UNMRL/MpJ Jms Slc”” (MRL/MpJ)
~ 7 AIHARSLC AL L VEEA L, BiIEEIR 22 £ 4°C, 1B 55 = 20%, HARFEH 12
RFfE] (PRI 7 BT, P8 7 REEAT) OBREE T, miliak & KEKE B B S E T,
ME> C57BL/6 ~ 7 A Z 1D MRL/MpJ ~ 7 A & ZZfd &+ C F1 A5 T, Mo F1 ~v
A7z ffEo> CBTBL/6 &R LAZRL L, N2 ARA/EH Lz, N2 = 7 2 DRI E IO
TR IYRBIRO~A 7 aYT T4 h~—D—DINit64, DINit 123, DIMi t 191, DIMit200,
DIMit202, DIMit107, DIMit143, DIMitl5, DIMit113, DIMit403 35 X% DIMit361 % ]
WCY 2 )AL T ETol, MOBEBRET AN RAOHEESEIC
(Santiago-Raber, 2004) . ~ 7 A DRERIKE RIFIKEAR T EITAFAET D DINIt202,
DIMit107, DIMit143. DIMit15, DIMit113 3 X TN DIMit403 (81.6-100 cM) Z SR ERIAE
R—N—LEF LIz, v A 7Y T I A h~——DYfk EDONLE X Mouse Genome
Database (MGD, The Jackson Laboratory, http//www. informatics. jax.org/) #%%
(2 U7z N3 HAREIH O DIZAROR LR A KL, & HIREREE R~ ——
MAT BEEGIRD N16 ~ 7 Al 42 &0 &, I Y a% 85080% MRL/MpJ AU A 4%
AR E 72 DR Z B Lo, RFEBRIZIT, S 6125 5 10 RO BFEHESERFE LD
Ik TR o~ 2R AT, 2B, —EHORZRMEEIL, 5 2 Jet ks 19 4L

BERBLIO X ko~ a7 74 h~—h—%2 Wiz =) XA 7 LeT

11



LTED BT,

2. A7V T I, h~—HF—IZ%7 A polymerase chain reaction (PCR)

7 ADNAMTERRB LNV r=y Vv U RADRPOER LT, T720b, B
2mm % Lysis /Sv 77— (50 mM Tris—HC1, 100 mMNaCl, 20 mM EDTA, 1% sodium dodecyl
sulfate (SDS), 100 mg/ml 7127 A F—FK) HT, 5 CTBEAF=2X—hL,
7z ) —Uit A T o7, 7 A DNA X —)LikE L, 500 ul @ TE (10 mM
Tris-HCl, 1 mM EDTA, pH 8.0) (Z¥Efif L7-, AidkO~A 7 aHhFT T34 h~—D—%
C57BL/6 ~ 7 A & MRL/MpJ ~ 7 ADM O LM 245 9 2 722 L7z, PCR 7’1 k=
—/LL iCycler (Bio-Rad Laboratories f1:) ZMHW\T, #IHIZM: 94 °C 5 5Dk, #4
ZEVE94 "CA0F, T=—U 758 C 30, MERIET2 C30HD3I AT v T35
YA I NVDORISEIT 5Tz, PCR EGNRE L OBERIIAA AT A ALL VA LT, HEE
"BOYV T 2 - 6%D Nusieve 3 @ 1 7 Ha—RA5 )L (FMC 1) % HWCEXIKE)

L., =F VU LT r~A FTQRER, AT 7O T THEERE 21T > 72,

3. Bfigds ] UMANEIC 35 1T % Ju B AR S B AT

~ U AFFMENLF & D WD IER s R E X — b (40mg/kg) DEEEE T CRZEENRZ
B35 2 & CRUMZRIE S &, BRI Lo, BlEAE 10% FHEER L~ Y o
KIZ &> T 72 FERILL SR CIRIEEE Lz, X7 7 0 8 2 um &) Z{ERI%,
Periodic acid Schiff (PAS) Yufa 35 L UFPeriodic acid Methenamine Silver (PAM) Y
i L=, SRERIRIRZE 2 EEILT 57-HIZ, International Society of Nephrology /
Renal Pathology Society (ISN/RPS) (2L 2%/ —7 A %54 (Weening et al., 2004)

OIFEMMR ST L2 SE 12 L, PAS YR A2 HWTLLFD X 9 7 a2 ERk L 7=,

12



7 L— R0 RERIBITIREDRRBD IR, 7 L— R 1t SRERRIZ D& D PAS BiEiLE
Wy, BREEDORFHMRIZ B ORERAIERIEOIEE, & 2\ EoRERIR BRI & SRR iR
TSEEL DFAEDRO HID, 7 L— RN 20 SKREMEROBIRMIRZE 3 L OWEMERZ 2 2
T, ARERIRIZ o HitE & DV MTREIMEIS PAS BEILEY . & 2 WITRERIKDIER DD &
N5, 7 L—F 3: PAS BRI EH D RERIRD 50%LL EOFEEZ S5, HDHWVITEE
DSRERIR BRI & SRERIREAMEE & OE DR HILD, ' L— R4 R~ 2R
FOEMMLAE DR, 2HiEIZ PAS BGETEEY . & 2 3R ERIRJE PRI JE Al fd D 1=
B L OH LR Hivd, LEERIZO X 100 HOREREDEE 2 Rl EAEIZHE
T L— KoL, RERREEOREZ A a7k LTz, T7bb, 71— R0 afl,
JL—FR1INbE, ZL—FRK2Wcfll, ZL—F3BdEBLOT L— K42 e [l
A, (0Xa) +(1Xb) +@Xe)+BXd+ @Xe) ZHEL, REREEEMRE L
72 PAM Be AT 28 2 SN BLER 3 5 e O I W T,

B ITAMEEBIER D=0, MED MRL/MpJ ~ 7 AF X T B6. MRLc1 (82-100) ~ 7 A 0D & fiik
% 2.5% JIVENLT LT E RBEO2% T ALV AT VT b RORGHE CRIEER. 0. 1
M 7 = VIR TR L, 1% UBEA 2 S 7 A CHREE Lz, ke LR %
—VRIITHIKE, =ARFRICUM L, 2 AU EEAG L, vy 7 XL BEEY A
(40 nm &) ZAERK L. iRV T =L L 7 = fREh T T EY 0, FiRAE T B
(JEM-100SX, JEOL #1:) TH#lZZ L 7=,

SRERIR O G A, o> CD3 (T flifla~—F —) B L UVB220 Bfila~—h—) B
PHIEOBHIC, A LT RT V-4 F > (SAB) k% iz, sefs ik 7cix,
100 FEARLIZeAF o brFhi~r A Ig6l, 1g62a LV 1g62b Hifk (Caltag
Laboratories ), 200 f5A7fR L 72 ARAEw# 7 - FHi~ 7 2 D3 Hifk (DAKO 1) B IO

1600 275K U7 RE#E T v FHi~ 7 A B220 Hi/K (Cedarlane Laboratories ft) % —¥&k

13



PR E LTHWE, —RPUEAD A v F a_— 3 % 4CT—RBEITV ., PBS T4,
CD3 45 L OB220 IZ DWW TIIRANDO EAF ALY FH UV F g6 Hifk (=F L A1) &
L 100 FAIROEFF ALY XH T >~ b 1g6 Hifk (Cedarlane Laboratories £f) %
FNENHW, SAB (=F L Afh) DA vFa—va sk, REHBRIEFIISUS
DOFEHIE 3-3" —diaminobenzidine—0. 003% (V/V) H,0,¥& k% HAWNTIT o 70, RUSITAR
KT, Mayer D~~~ b ¥ U U CERGAEITo T, o, HURIRIEIZN NZ 7
74 UBRIATo T2, T, Ig6l, 1g62a 38 LN 1g62b I DWW TiX 10 mM D 7 = U figfE
e (pH 6.0) T, CD3 IBL N B220 IZOWTIL 0. 4% ~XF /0.2 M HEERIAIE T1T -
77

RLAREHI 217 o C 16 BptRERIR AR Uiz, 37205, YA Lo 16 B
PERRER (RS E (A, Sy YetaIc 9~ PAS YR EORREREEE B) & LT

RHHIL, AX100/B % IgG Bt-RERIARE L TRI L7,

4. 5P K OR DAL AT

MPDITNa—=AREE AT =7 I= (T/AEH) ZHOCTEHHE L, iEHo
RFEZEFE BN) BLOI LT F=VREZBIN-TA T a—BLO07 L7 F=0-7
A b=Ua— (FEHETIE) 2 MW TR L7z, Mg 4T dsDNA HiA i O HIE I,
i 2 @ Enzyme—linked immunosorbent assay (ELISA) % v b % 7=  (ALPHA
DIAGNOSTIC INTERNATIONAL #1), ~ 7 ZADRFEAZ REARER (TLT AT 1 v 7
NA TV AT 4 T3 Al) THAE Lz, IR EAPEHHORE 25 OB EFICED, BUT
DEDICAITE LT, 227 00 RPEEPBRHERFALUTTHD, A=27 1: 30 mg/dl
DEAPHAEO HD, A7 2: 100 mg/dl OEAYHARDHND, A7 31300

mg/dl OEAHEHBO B E. A7 40 1000 mg/dl OEAPEENRD NS,

14



5. HarALEE

ETCOT —ZIIEFEOPIIE AEHERE Mean=®S.E.) THL, MEITE T/ X
FABNY v ZHETITD, 2 BEBOFEZIL Mann-Whitney UMREL . ZEMEDAEE
I% Krusukal-Wallis ME% . ZEMMREDH EZIL Kruskal-Wallis fRE D Scheffé

EaAW, WTFhLh 5% T2 AEREL L,

15



X AR
JiN=]

B6. MRLc1(82-100) 2> V= = v 7 <=7 ADVEH

1-1a Z C57BL/6 < 7 A, MRL/MpJ = 7 23 L TV B6. MRLc1 (82-100) = 7 A D45 1 Y
BIRDOY = ) XA T ORERTH D, B6.MRLc1(82-100) 1% DIMit64 7> DINIt200 D
M (5.0-73.0 cM) I XN DIMit361 (101.5 cM) DFEEIS C57BL/6 AR EHEAIK,
DIMit202 7)>% DIMit403 O] (81.6-100.0 cM) 73 MRL/MpJ MO FREHAKTH -7,
T, F2D 19 REARB IO X PEAERICOVTHREERICY = ) XA B2 7 Z2(T0,
T B DOYAIRIZIUNT B6. MRLel (82-100) + 7 A 1% C57BL/6 DR EHEAIKTH S =
& 2R L7, X 1-1b 12 B6. MRLc1 (82-100) ~ 7 A D 1 et ffHix] A2 L, MGD IZ
EOWEELRTABLIOEY ha A 705 OBIEFMEM AR L=, MRL/MpJ Flo> =
Y x = 7 fEI% Fas ligand (Fasl). Selectin (Sel). Fc receptor IgG low affinity
(Fegr) . Interferon activated gene (/£7) 3B X N Exonucleasel (£xol) 72 D

FfE ks L O e R B R 7 2 el E LTV,

B6.MRLc1(82-100) 2> ¥V == v 7 <=7 AZHI T 5 RERIKBF L

[X] 1-2 {2 C57BL/6 = 7 A MRL/MpJ ~ 7 A3 L T B6. MRLc1 (82-100) ~ 7 A KR ERIR D
FHAMSE G E A 7, B6. MRLc1(82-100) ¥ &7 AZHW T, #9 6 4 Al L 0 B O 5
B L OMEMARERIRIRZE SR O HaL (M 1-2a) , AT H i & 3LITEL L7z, 12 » Al
CB7BL/6 ¥ 7 A DARERIRIZI T, DT 7R EPEZEALDSGR 6 HALTZ 23, SRERIRDHEFH
P 2 VIR ZIXIZ LA ERO bR >T2 (K 1-2b), —FH . 12 7 HilmD
B6. MRLc1 (82-100) v 7 AITIW T, BHAE R ERIKEIERDOILE, A ¥ F v Aflifals &

NN AR O BEFER KOV o X 7 LB OHEIMMNBEE 2RO il (K 1-2d-h),
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& <UT, TS OHETIZAREVES PAS B EME DA . BHILE PR L OR 7~ o FEE
DRI EOREREESES (K 1-2f) | SRERBEEEBEOANE, A /31 7 #kiEiERs L O
ARERIL R O —F b7 & OREMERZA R HIRICRS bivle (KM 1-2g 8L Th),

H B D~ T ZRERIRIZ O W TEFBMEBIZ 217 > 72, MRL/Mp] ¥~ 7 A TiE, AKRER
K BRI R EE O A7 &, REREOMNELRRODONIBETH-7= (X
1-3a), —7J . B6.MRLc1(82-100) ¥ 7 A Tl&, KRERAILEN D JEECFL M R 4
EEAKREBDE LGB FEEOILEYNHED LN (1 1-3b),

¥ 1-4 |Z B6.MRLc1(82-100) DR BRI E 47”9, B6. MRLc1(82-100) = 7 A DRER
RS EEITIEEICEEIN L, 12 7 ARICBWTHEREL Y b A EICEEE R~ LTz, 12
s AL E C5TBL/6 < 7 A  MRL/MpJ ~ 7 A 33 K UV B6. MRLc 1 (82-100) v 7 A THRER{A
{54l A LLlgs L 7=, B6. MRLel (82-100) = ™7 A (% C57BL/6 < 7 23 L ONMRL/MpJ ~ 7 & K
Db EEE R L, ML C5TBL/6 ~ 7 A & B6. MRLe1 (82-100) ~ 7 A DI A FE M

b BT,

B6. MRLc1(82-100) 2> V= =v 7 <=7 ZADREKIKIZEBIT 5 16 SGHGBIEHESIKDILE

12 » H#LA 0> C57BL/6 ~ ™7 A MRL/MpJ < 7 235 L 1% B6. MRLc1 (82-100) = 7 & |
DT, SRERIEA~DREE SR OTLAE 2 MR F ARG L7, 4 1-5 13 TgG1, 1gG2a 35
J O 1gG2b (ZHIT B e Th 5, 161 B L 1g62b FHPERSITERED R ERIKIC
PO BALTZA, CBTBL/6 = 7 AT\ T 1g6 EPERUS Z2 7n R ERIRIIM O “HEL Y b
7Zote, —J7. 1g62a BEtERERIRIZ MRL/ Mp] = 7 A TOHFED B LTz,

B6. MRLc1 (82-100) 7 A D IgGl [ RERIAZRIT 10 » Hiisn & EH-+ 2 m 2R LTz
(¥ 1-6a), 1gGl Both-RERIAZRA 12 4 HiinLL oD C57BL/6 = 7 A, MRL/Mp] ¥ 7 A &

TN B6. MRLc1 (82-100) = 7 A D[] Crbigg U7z, WEMEILIZ MRL/Mp] ~ 7 A0 & &V ME A
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L. HEREC MRL/MpJ ~ 7 233 TN B6. MRLc1 (82-100) ~ ©7 A A% C57BL/6 v A XV 1
AEICEMAZR L (1 1-Ta), B6. MRLcl (82-100) = 7 A 12T 1g62a B R ERIAIX
R BN o228, MRL/MpJ ~ 7 A28V T 1g62a BHPERERIAR MRS L v b HE
[CEEZ R Lz (X 1-7b) , #EMEHIC B6. MRLc1 (82-100) = ©7 A D 1gG2b FH M R ERIAR 1
D PE AR BR 22 B ) 27k L7= (X 1-6b), TgG2b BthRERIKEE 12 & ALl Lo
C57BL/6 ~ 7 A, MRL/MpJ ~ 7 A3 J UV B6. MRLc1 (82-100) = 7 A Tl L=, #at#i)
HEZEITRD SR - 1A, MEEET B6. MRLel (82-100) = 7 A A% MRL/MpJ ~ W 2B &

NC57BL/6 v ALV H EfEZ R~ IZH 7= (X 1-Tc),

B6. MRLc1(82-100) = > V= = v 7 < 7 A DJFHe L

# 1-1126 » A#Rd C5TBL/6 ~ 7 A MRL/MpJ ~ 7 A3 & 1F B6. MRLc1 (82-100) < 7 A
DRI T A —F —F 5, MERED B6.MRLcl (82-100) ~ 7 A Tlx, 1F & A EDOEIA

(CHUE S 58O B, MR E & /(KB OFHH T, MELESLIT B6. MRLc1(82-100) v 7 A 1%
MRL/Mp] ~ 7 A XV b HEICHEEL, MEFETILCBTBL/6 v 7V A LV b FEICEMEAE R L
7o

EfIZ BT, TR~ — 7 — & LT CD3, BLOBMifd~—F—& LT B220 (x4
DR L 2 T o7 (K 1-8), BREIZIBW T, CD3 B PEMAIXEIRE FE U o SRk
BB, B220 BEMEMAGIL D > IERICFRD B iv7z (%] 1-8a-f), B6. MRLcl (82-100) < 7 A
BT, BREMEY N BEE B XY O REROIER PR D 6,
B6. MRLc1 (82-100) ~ 7 A CD3 #3 & O B220 BRI C57BL/6 ~ & A 33 L UY MRL/MpJ
~ I AED IR (B 1-8c BLU),

/AR I TMERE LT MRL/ Mp] ~ U A8 b mfiE &R U, JERET MRL/Mp] ~ 7 % &

B6.MRLc1 (82-100) ~ 7 A L DI HEENRO LIV (FF 1-1), BERFMERYE DRI
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LT 7 a—AREZFHIILZ2 RE THEZEITRBO bhikhoTe (F1-1),
BHERE 2RI D 7201, MiET BINIRE, 7 L7 F = iREB L ORB &A%
L7z (3R 1-1), IS BUN AT, MERESLIZ B6. MRLc1 (82-100) ~ 7 A3 b i
fEZ o~ L, MEREIEIZ CBTBL/6 ~ 7 R & DRIZ, HERECTILMRL/Mp] v U A & OMICHEZE
NS BN, MFEF 7 LT F = RETIE, MAET B6. MRLc1(82-100) = &7 A 23
MRL/MpJ ~ 7 ALV b AEICHEEEZ R L, RPOEAPHIZE N T, Rt THER
EWIIERD DT,

B6. MRLc1 (82-100) ~ 7 A DIfL i 2L 1 — ZJRFE MiEF DO BINB L7 LT F =i
FER X OURF OE [HEE 2 RIICHIE Uiz, MR OMmF 270 a— A BEIT 8 BLW
10 » Al CHERE L V DA BICHEMZ R LS, MEEIICB S ITIE— B0
(185.1 £ 6.2 mg/dl) Z/RL., FWIUERIIAEE o7 (K 1-9a), IMiEF BUN i
BEVIHERET 10 o AL 0 ERT 2AICH o7 (K 1-9b), MigEH 7 LT F=RE

BLORPEAEHEIBEAMFPIZEEOMEZ R LT (B11-9c BLTV ),

B6.MRLc1(82-100) 2 Y == v 7<= AZEBIT 5 HEHUEADFEAE

6 » A2V T, MFH DOFT dsDNA HUiRIREE A4 C57BL/6 ~ 7 A, MRL/MpJ ¥~ 7 A%
& O B6.MRLc1(82-100) v 7 A D] Tredg L7z, MERESLIZ MRL/Mp] ~ 7 XA B L
B6. MRLc1(82-100) ~ 7 A 78 C57BL/6 ~ 7 A LV b A EICEMA R LIz (R 1-1),

B6. MRLc1 (82-100) ~ 7 A D L& HHT dsDNA HUAHE T 2 PRI E L=, METIX 6 »
Hlim X0 #3580 S 7oA JETITNmMEICESL I ERT 2 micdh -7 (K
1-9¢), AERMHEREITS »r AR L WNI2 » Al TRO S, WTFNBHEDNHEL Y & & iE

LT,
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#

ph

R i D e BB 222 451 T, B6. MRLe 1 (82-100) ~ 7 A D SR ERIRIZ 1T HE MR A 5
FOMBEMIRZE 2 FR & T 5 EERRKKEGEEDRO G-, S 612, kI L > T
SRERIREE 2 2L L= & Z A, B6. MRLe1 (82-100) ~ 7 A (X NNfn A3 A 72 C5TBL/6 ~ ™7
ALY b EERREREREEE R LTZ, 202 &1, B6. MRLcl (82-100) = 7 A D KR ER K
TN TR W2 & 2o d, BFEMEEIEIC L - T, B6. MRLc1 (82-100) ¥ 7
A DRERE LN & E T B E OWEDPRD bivlz, ZHUIREREGERTHY, AT
REMRIREBFROWHEBE A FTEZRERHZRZL TS EPHESNATND
(Ferluga et al., 2000; Hvala et al., 2000), & 52, B6.MRLcl(82-100) ~ 7 & D%
ERIKIC 1gG BMESRIEBEAROLAEN Bz Z & LV | B6.MRLc1(82-100) v &7 A 1EHI 5
DN B CREMRERRE R A FIET 5 2 LA Sz, LLEDMAIL, MRL/MpJ ~ 7
AN 1 YR A LR MR R BT RIFR B A2 AT 52 L 2R L, FEHITZ
{5 % MRL autoimmune glomerulonephritis (Mag) &4 L7z,

BN Z LT, BIffiZe. RER® D WVITIME 27 £ MRL Bt T 5 5 £ HAI
B6.MRLc1(82-100) v 7 A CIXH b notz, LRRAMORRERLETFETH D
Paaml (Progression of autoimmune arthritis in MRL mice 1) . Paam?. Lprml
(Lymphoproliferation modifier 1; vasculitis susceptibility loci for MRL strain)
BEO Lprm2 13, ZNFIUMRL ~ 7 ADF 15, 5 19, 5 4 B LOE 3 Ytk LIC/FE
+% (Kamogawa et al., 2002; Santiago-Raber et al., 2004), B6.MRLcl(82-100)~
RN 1 R T v A T RSN O MRL/Mp] ~ 7 A HR B 5 R R AR
BRI 2D ORBUL A RS20, S 51T, B6. MRLe1 (82-100) = 7 A DR ER

AR 20X MRL/MpJ ~ 7 A L0 LIRS A EE /W ae 2 /R L7z, Wan BIX. Lprm3
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(Lymphoproliferation modifier 3, &5 14 Y4fafk) L MRL ¥ 7 X DBIRFHE SUHFET
5 A OB R EREERIBMEEBE TETHL L2 WME LT D (ang et al.,
1997), AT Rozzo B, ¥ 7 ZADBIRFAIT RS NZB ~ 7 A HK H C5aZ MR ERIR
RSB S I B 2 D5 BIZ DWW TR L, BALB/c 7 A KD b C57BL/6 =7 A
HOROBEBEFNE RAFFOa 0 Ve =y 7~ U RAZBWTEEBRRERIEBERENRD 5
N5 EEHELTWD (Rozzo et al., 1996), T 725, B6. MRLc1(82-100) ~ 7 A
1%, MRL = 7 & H 2R D SR BRIKRE SRG UM B AR - FE A FF 72 72 38 KOV CBTBL/6 ~ &7 A H
KDOREREERIGEBRETEEZAT DT ML vV ALY L EEZREREBTREZL
TeEBbins,

B6. MRLc1(82-100) v 7 A TliX, IgGl 38 LT 1gG2b BHPE-RERIANGRD HAv, 1gG1 Btk
SRERIARZRIL CB7BL/6 v U ALV bEfE7E o7z, BLBRIRWZ LT, 1g62a BEPERERIRIT
MRL/MpJ = %7 A2 D HFR® L, C57BL/6 < 7 235 L T B6. MRLe1 (82-100) = 7 Z Tl hk
HEN7Rnodz, ITH, 2 < ORETFHIFIEIE Thl/Th2 N T A DOZA A B stk
ERIRRE R ORI S R BE B2 TWDH Z L2 LT 5, Shimizu 51X, Thl
A DSOS T MR ERIRZA (1862 PL7%) (2. —J7. Th2 Bl A CLfafs SOG XM
SRERRIRZE (16l Ih35) IZED Z & % 1L-27 ZRRKE MRL- Ipr ~ 7 A% FAWTH S
2MNZ L7= (Shimizu et al., 2005), & 512, IgG2a I MRL-/pr O Mif Il b EEIC
FAET 5974 A 7 Ths (Balomenos et al., 1998), LA EX V. Magi% Thl/Th2 /X
TR ET LB TFEAE L, EONT U ABAINRE 186 T F A TREBGIRIL
EDNT L ABGICEE L TWD B X BND,

B6. MRLc1 (82-100) = 7 A > BUN = FE |3 R I CHIN3 2 mc b > 723, 7 LT F =
v B X ORPE AP BEIH 3T — EE 2 R Ui, SRERR CIlRliEE S & A

LA RS CRRIL S v, 2D OFRIFRME LEMRO T R F— 2H 50



7 L Ml D Z — o A= N =T R D 2 E AR I TV D (Exaire et al.,
1972; Thomas et al., 1999), T 725, HEARIZRERIKEE L0 RME R EMRZE O
~v—H—L L THEEREHRE AT D (Thomas et al., 1993, 1999), b DHE L —
B, RHVE VMR Z K 0 RERIRE T 2 B35 127" 77 B6. MRLe1 (82-100) < 7 A T30
T, AEREHREHOEMIBO bNRhoTo &I HNLD,

BEPRIFPEBE DFREE & L Cifi i 7L = — AP EE & GHHI L 72723, B6. MRLc1 (82-100) < 7
A OEITBIEWIM T, ERECHE Lo, Mx T, WEMEEFHIRIRICBWTH, KK
TR O /N BRI 9 2 <ot AN BI IR OB -1k 72 & O BRI MEBIE R BUE 13380 e 2o
2o —77. B6.MRLc1 (82-100) ¥ & A D MLIE H 47T dsDNA HTIAREE L3N A Z I L
2 EnD, O CRERBERIEL TVD L OO, MiEFHT dsDNA FrikHE &
JRAE/NT A — & — L ORICAHBERMABIT R M S e o7z, BERIC . $U dsDNA 7t
RIRE D EF720 Tl A CRBE MR ERIRB R OB R AR+ Th D 2 L E O R
BERBET N~ U 2 EHOTHREINTWS (Lefkowith and Gilkeson, 1996; Izui et
al., 1984; Yoshida et al., 1981), IT#F, Bz 9 % dsDNA, ssDNA LUk A b
T Z T, Interferon activated gene 200 (7£7200) 7 7 XV —I\Z@T 5 I£i2027&
H (p202) & B\ d Heat shock protein (Hsp) 7 7 X U —IZJET % Hsp70 72 & DHF#
DFRFHH CAREREOIFEFAEIZSINT 5 2 EARBIN TS (Hueber et al.,
2004), & <\Z I£i200 EITFEEE Mag BIZVERT L. MO E 3 L OV bIC BB 22 )
WNT~7 72V —%# L T\% (Johnstone and Trapani, 1999), & 52, p202 1%
TR M=V AT 52 LI Lo THOARERBICHT DRI ETWD
ZENRESNTWD (Xin et al., 2006), ZiHr, HUEEHUA L L TOHL dsDNA Hiik
DHIR BT, p202 ZZTMOK T A SO MR BRIKE R ORBER A BB & E 4

RELTWLEEZBND,
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MRL/MpJ ~ 7 A 35 KT B6. MRLc1 (82-100) ¥ &7 A DR ERIAIG HE, 186 Mt R ERIA¥E
FOMME 5T dsDNA HUATR (I3 B 2R EREE AN GE D S, W b MEAHE L ¥ & &l
R LTz, & b SLE BIERIGIE &t BT 9:1 TH D (Soto et al., 2004; Grimaldi
et al., 2005), F7=. NZB/WF1 BILOMRL-Ipr (% 5 » Al E TIZH OB %2 RIE
L. MHPHEEHRRE D LI TUOSREREBE R Z 232008, & ITHENREL Y b EHEER
JifEZ 1~ (Bell et al., 1973; Pisetsky et al., 1980; Honda et al., 1999), it
B ERLEY, I A MY U0 BHIFLORG, i#ki X OVEHEICE L 5
Z. BORERBEZE~Y U AOREZELIED 2 MG STV (Grimaldi
et al., 2005), F7-. HOMEHEBRET L THD RIA-y 2b BALB/c ¥ 7 X|T= X h
VxrEHEETSH I LT, Bcell leukemia/lymphoma 2 (Bcl-2), Protein tyrosine
phosphatase, non-receptor type 6 (SHP-1) 3L TN CD22 DFEAHA L7 (Grimaldi
et al., 2002), Bcl-2 (ZH CGME B IO AL A2 L, SHP-1 35 KUY CD22 [ EAHIAD
PrEICLET: B Ml B EOSOBEZ L5 Z L as@iE S Tnd (Grimaldi
et al., 2002), EFOHA LY, MRL/MpJ < 7 23 LT B6. MRLe1 (82-100) < 7 & TF
D HAIVIZMERERIIME AR VT AT EA SND 2 E PR R STz, Ehlk, MRL Hi2k B
CAOEMHRERIEE R OMEEEZ I D NCT H 72D, ARV Er OB L= X |
1Y A S D B MR BRI RN A S TR SRR NLETH D,

YR T 1 A TSR\ T, Brss, Slel 3 XY Nba2 78 & O H O A& MR BRI
BRI M s T FE D TEAEA BXSB, NZW B LY NZB v~ 7 A CTHE SR TV 5
(Santiago—Raber et al., 2004), ITHE, [£71202 1X~A 7 a7 LA fRNTIC L > T Bxs3
BLOMaz DJRFBEFTHDHZ L, &I Ma2 TiL 111202 D7 v € —% —fHk%
RIAH CRERBORBIEICE T 25 Z LN RBEN TS (Rozzo et al., 2001;

Haywood et al., 2006), BHBRIEWZ 212, MRL ~ W AL [£71202 7 v — X% —fEIZ
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NZB %t & Rk DZ A HT 2 Z ENAMBIL TS (Rozzo et al., 2001), LA L7
RS, NIB = 7 2D 1 Yefa kT 1 A 7 HE (79-109 cM) 3508 C57BL/6 ~ 7 A Dk
BN &9 5 B6.N/B-Nba2 2> ¥ = = v 7~ 7 AFRERIKB R &2 FAERE T, 9
BLOMPHEIBRED ERZ5RTDHTHD (Rozzo et al., 2001), AMFFETIE
VMRL ~ 7 ADH 1 Yetafk7 v 2 7 aEhk (82-100 cM) 35X U C57BL/6 ~ 7 A DIEIRZFEN
A AH 95 B6.MRLcl(82-100) = 7 A TR THRERAR 28 3 L ONMAE O [t )7 23788
Nic, T, 111202 DIH T2 6 THO IR EIS T B6. MRLe1 (82-100) ¥ 7 X & & T H
A REET L CEEREE Z R LTV D ATREE S BE TE R0,

B6. MRLc1(82-100) v 7 TN T CD3 BotEAlfiads L Of B220 oAb a sk D LK 2358
D BTz, Foy SZARMRITIEIR Y MRS BT 503, S E TSR Fegrl/3
B L OMENIARLD Fegrzb i3~ U A 1 Jefafk Lo B O MR RIKE RFERELR & L
THEHEIN TS, Bl IEMEE Fegrl/3 K3 BXSB ~ 7 AT H o f& MR BRIAE

IR UMEZ R T (Linetal., 2006), & T, MG Fegr2p (55 1 Yetafk, 92.3
M) OFvE—F—fEHKZMN MRL 25T CAREREETT L~ U A TH# L TR
DO, EOZRTE CSUSE B MO Fegr2b EBLZ /Y S, BOHUAD LB X
O H CAERBORIELZFHET 25 2 LML TS (Jiang et al., 2000; Linet al.,
2006), LLEDER LY MRL LD Fegrob 7 v & —Z — IR TIN, Sopgflfin o R o
IEMLZ I &SR3 2 L2k o T A MR ERIKE R OH BRI D > TV D A
REME S B 2 biLTc,

fEEm & LC, AFETIL B6.MRLc1(82-100) 2 > Y= =v 7 < AN HIE, 1fiEHHt
dsDNA HUARRE D _EF-B L ORIRIEA~DREREEDOILE 22T D52 L1006 LR
H OB RERIRB R ORIEZFEY LTz, A~ U R TA CHREHREKEBERET L L L

THERATHY ., RRKEFOMHDT- ., SR 2 IR EICERRT 5,
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2N i

H S MR ERIRB 132 < O 25 A CERBICADIT 2, SRERIREE OFLEIX
BEOTREEATIEERBECHDL, ZTNETHYDERBET L~ T AZ AT,
1 Qa7 v AT RIS O B CRER RS R E T EOFET 5 2 L NHE
ENT&E 2, RETIE, & 1 Y i#9 82-100 cM 23 MRL/Mp] ~ 7 AT Z Dt 73 C57BL/6
~ 7 ARITH % B6.MRLc1(82-100) 2> Y xr = v 7 v U AZ{EH L, BRELNRMEZ
HCMT AT L 72,

C57BL/6 ~ 7 A & (C57BL/6 X MRL/MpJ) F1 v 2 & DR LAZHI%Z 16 ALl B Y K
L. % 1 Yfafk 82-100 cM DA MRL ~ 7 ARIKE TH 5 B6. MRLc1 (82-100) ~ 7 A %
EH L, xtBREE (CB7BL/6 v 7 A L UNMRL/MpJ ~ 07 R) & ELERMT L 7=,

B6. MRLc1 (82-100) = &7 AIZIVNT 6 » Ao HEREE OSRERAIFRZE NGBS bz, £ D
SRERIRILEBITANE L, TeGl B LT 1g62b DB DK Slz, SREREEEIT L IS
ECEETHY ., METEICEE L7, MigOMEX EE S B6. MRLcl (82-100) v 7 A TH
BloE <, BAIER L OV T ARSI O IR 23588 HAv7z, B6.MRLcl (82-100) v 7 A D 7
L7 F = MUFEETS K OUR TR B H i CIEREFHA CTdh o 7203, i BUN 6 &
O dsDNA HUIRIREE I INEPEICEM L, 6 » Hi CHEICEEA R Lz,

LLEJX D, B6.MRLc1(82-100) = &7 AL & 7T A CLAafZ MR ERIARRN 28 & F8E L, MRL
~ U AR E QR MR BRI SRR AR 71358 1 Y afAH) 82-100 M IZENL 5 Z &

MR ST,
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Fig. 1-1. Chromosome 1 of B6.MRLc1(82-100) congenic mouse. (@) Genotyping in
genomic DNA by using microsatellite markers. (b) Schematic representation. The
polymorphism between strains is detected as a size difference in the PCR
products (panel a). In B6.MRLc1(82-100), DIMit64-200 (5.0-73.0 cM) and DIMit361
(101.5 cM) are C57BL/6 types, and DIMiIt202-403 (81.6-100.0 cM), defined as
glomerulonephritis markers, are MRL/MpJ types. The glomerulonephritis markers
used for genotyping are shown on the left-hand side (scale in cM, panel b). The
MRL/MpJ type congenic interval is indicated by the bold line. Some immune- or
cell proliferation-associated genes associated with congenic intervals, such as
Fas ligand (fasl), selectin endothelial (Sele), selectin lymphocyte (Sell),
selectin platelet (Selp), Fc receptor IgG low affinity (Fcgr), interferon
activated gene (/fi), and exonucleasel (£xol), are indicated on the right-hand

side.
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Fig. 1-2. Light micrographs of renal cortices from 6-month-old and over 12-
month-old mice. (a) 6-month-old female B6.MRLc1(82-100). (b) 12-month-old male
C57BL/6. (c) 17-month-old male MRL/MpJ. (d) 12-month-old male B6.MRLc1(82-100).
(e-h) 12-month-old female B6.MRLc1(82-100). In B6.MRLc1(82-100), mild cell
proliferation and membranous hypertrophy are clearly observed in glomeruli from
a 6-month-old but no significant changes are observed in the tubulointerstitial
region (panel a). In a 12-month-old C57BL/6, no remarkable membranous or
proliferative lesion is found (panel b). In glomeruli of MRL/MpJ and
B6.MRLc1(82-100) older than 12 months, glomerular damage with thickening of
glomerular basement membrane, proliferation of endothelial and mesangial cells,
and expansion of the mesangial matrix, are observed (panels c and d). In a 12-
month-old female B6.MRLc1(82-100), severe glomerular damage with the
disappearance of capillary and capsular lumina, global deposition of PAS-
positive material, and periglomerular infiltration of inflammatory cells and
fibrosis, are observed. PAS- (panels e and f) and PAM-stain (panels g and h).
Scale bars, 20 pm.
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Fig. 1-3. Transmission electron micrographs of glomeruli. (a) 9-months-old
MRL/MpJ. (b) 11-months-old B6.MRLc1(82-100). In MRL/MpJ, minor glomerular
abnormalities such as epithelial foot-process fusion are observed (panel a). In
B6.MRLc1(82-100), wrinkling of glomerular basement membrane (GBM) and electron-
dense deposits (arrows) are clearly observed (panel b). Cap: capillary lumen.
Epi: epithelial cell. Scale bars, 0.5 pm.

29



400 —

300 +
5 200 + —e+— Male
@ 100 4 —=— Female

0 } : f : } ; i
a 1 2 4 6 8 10 12
month
400 TI
3 -
m C57BL/ (>12months)

100 / / B6 MRLc1 (12months)

b Male Female

Fig. 1-4. Glomerular damage score. (a) Time course in B6.MRLc1(82-100). (b)
Comparison of C57BL/6, MRL/MpJ, and B6.MRLc1(82-100) over 12 months old. Each
value represents the mean + S.E. *: Significantly different from males of the
same strain (Mann-Whitney U test, p < 0.05). **: Significant strain difference

in each sex group (Kruskal-Wallis test, p < 0.05). ***: Significant differences
in multiple comparisons following the Kruskal-Wallis test (Scheffé method, p <
0.05). n >4 (a) or 5 (b). B6.MRLc1: B6.MRLc1(82-100). Male ( ) and female (m ).
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1gG2a

laG2b

Fig. 1-5. Immunohistochemical detection of IgG subtypes in mice over 12 months
old. (a-c) IgGl. (d-f) I1gG2a. (g-h) 1gG2b. Clear immunoreactions of 1gGl are
observed in glomerular basement membranes of MRL/MpJ (panel b) and B6.MRLc1(82-
100) (panel c) but these reactions are very few in C57BL/6 (panel a). Similar
reactions of 1gG2a are observed in the glomeruli of MRL/MpJ (panel e) but not in
those of C57BL/6 (panel d) and B6.MRLc1(82-100) (panel f). IgG2b-positive
reactions are observed in the glomeruli of all strains (panel g-i). Scale bar,
20 pm.
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Fig. 1-6. Time course of the ratios of IgG-positive glomeruli in B6.MRLc1(82-
100). (a) 1gGl. (b) 1gG2b. Each value represents the mean = S.E. n>4. Male ( )
and female (m ). Significant sex-differences are not observed in same age (Mann-
Whitney U test, p < 0.05).
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Fig. 1-7. Comparison of the ratios of IgG-positive glomeruli in over 12-month-
old mice. (a) 1g9Gl. (b) IgG2a. (c) 1gG2b. Each value represents the mean + S.E.
*: Significantly different from males of the same strain (Mann-Whitney U test,
p < 0.05). **: Significant strain difference in each sex group (Kruskal-Wallis
test, p < 0.05). ***: Significant differences in multiple comparisons following
the Kruskal-Wallis test (Scheffé method, p < 0.05). ND: not detected. n > 5.
B6.MRLc1: B6.MRLc1(82-100).
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Table 1-1. Summary of clinical parameters in C57BL/6, MRL/MpJ, and B6.MRLc1(82-100) at 6 months

of age.
C57BL/6 MRL/MpJ B6.MRLc1(82-100)
Male Female Male Female Male Female
Body Weight (g) 28.3 29.5 47 38 43.7% © 32.0 27.4
Total kidney weight/ Body o
weight (%) 1.4 1.2 1.7 1.4 1.2 1.1
Spleen weight/ y « B M
_ 0.3 0.4 0.2 0.3 - B
Body weight (%) 0.5 1.0
Blood Glucose (mg/dl) 238.8 247 .4 240.5 186.5 233.9 194.5
Blood Urea Nitrogen (mg/dl) 24.9" 17.0 22.0 31.0" B 36.0% " 3518
Creatinine (mg/dl) 0.5 0.4 0.2 0.2 0.4 0.5"
Urine protein score (+) 1.5 0.7 2.1 1.3 1.6 1.3
Anti-dsDNA antibody (upg/ml) 65.0 61.9 127.18 316.9° 114.9° 248 . 2°

Values: mean. n > 4. *: Sex difference (Mann-Whitney U test, p < 0.05). B: Strain difference
vs. C57BL/6, M: Strain difference vs. MRL/MpJ, and Co: Strain difference vs. B6.MRLc1(82-100)
(multiple comparisons following the Kruskal-Wallis test, Scheffé method, p < 0.05).
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Fig. 1-8. Immunohistochemical detection of CD3- or B220-positive cells in 6-

month-old mice spleen. (a-c) CD3. (d-f) B220. In all animals, CD3- and B220-

positive cells are mainly observed in the periarteriolar lymphatic sheath and
splenic lymph follicle, respectively. Notably, CD3- or B220-positive areas in
B6.MRLc1(82-100) (panels c and f) are more widely observed than those in both
C57BL/6 (panels a and d) and MRL/MpJ (panels b and e). Scale bars, 200 um.
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Fig. 1-9. The time courses of clinical parameters in B6.MRLc1(82-100). The serum
levels of blood glucose (a), BUN (b), creatinine (c), urine protein (d), and
anti-dsDNA antibody (e). Each value represents the mean + S.E. *: Significantly
different from males of the same strain (Mann-Whitney U test, p < 0.05). n = 4.
B6.MRLc1: B6.MRLc1(82-100). Male ( ) and female (m ).
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=
T

H OB R EREB R I 2T ) 7~ h—F 2 (SLE) O bEERFEDO DT
HY, BROBEIEEDOTRELELAT D, < DFATHRIZENT, HOREREE
TN A T2 BXSB, NIB B NZW RH RO a YV ==y 7~ U 2R S 4L,
H OB R B OB A T T 2 72 DIV B LT E 72 (Santiago-Raber et al. 2004),
VU ADE 1Y EERT o AT HEKIC L QR MRERIR B RIRKBE TR TH D Brs3
(71-99 M), Slel (88 cM) LN Mpa2 (92-94 cM) 72 E/3TFAET D (Santiago—Raber et
al. 2004), %5 1 TITBWT, FEHIL B6.MRLc1(82-100) 2> Yz = v 7 <=7 A &/EH L,
H O MR IREERET LY AL LTAMTHD Z LR Lic, AU ATE 1 %
R T v AT FEE (82-100 cM) 1T H O 5 MR BRIAR T R K AR 72 (Mag: MRL
autoimmune glomerulonephritis) %A L. ME, fH 4T double strand DNA (dsDNA) #i
RO EF-B L OREEAROILEZ L5 RERIEBROBIEICHHE L T GB1E),

51 Yefafk 82-100 oM (ZHEE DS L O ER Rz F A EE L TR Y lE
DMEICIB N TY L L B CAREMREREB R OBEEN RSN TND, T2D5,
82-86 cMIZITMMILD T AR b — A% FHi9 5 Fas ligand (Fasi, 85.0 cM) BLO il
P& &K 5 Selectin 77 I U — (Sel, 86.6 cM) MTF(EL., Zh b OBREALILH
CHREBEBRETNVICBT D2 RERKEKBROBIEEZFET 5 (Ito et al., 2003;
Watanabe-Fukunaga et al., 1992; He et al., 2006), F7-. 94.2 cMITIIRIEMEH &
LCTHbND C-USMEEE (CRP) % =i— K95 C-reactive protein pentraxin-related
(Crp) BEO MIE7 I A RP (SAP) Z=1— N9 % Serum amyloid P-component (4pcs)

DIEAET D, CRRIBLONSAP X7 AR b — ZAHMICRITH U H o F2EHER L. B PR
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DOITRB L OBREICEERZEZ - LTS (Mold et al., 2001), Apes K~ A
IRERIRRE R 2 FIET D Z &0 (Bickerstaff et al., 1999). HCOHEHEBET L TH
% (NZB X NZW) F1 (NZB/WF1) =~ 7 A~ CRP #5137 HE Ok X O | 2pifk
BREORDZIEEITZENHRESN TS (Du Clos et al., 1994), —J, Ao
ALF, BB L OO EZHIEL TS v —T o0 v FEEEAEa— RT 5
Interferon activated gene 202 (/£7202: 95.2 cM) O 7w F&—& —FHIRZLM A NZB ~ 7
AZDH CAREFRERIEICBEE S 52 & bRBIATEY , MRL v U A b Y iEisi [ D
£ %4 LT 5 (Haywood et al., 2006; Rozzo et al., 2001),

H O R BRIRE R O FIE R L OV DR B 2R IE . SRERIRIC TR 9 5 S
BEMBRICKRELSEAEND (Ferluga et al., 2000; Hill et al., 2005; Hvala et al.,
2000), ¥ 7 ADH 1 Yetalk 82-100 cM IE. 1gG @ Fe #4 IIRBFME A . BB ORI E
BAMEART Foy ZHME FeyR) 773V —0BETFHZEAE LTS (Takai,
2005a; Takai, 2005b), ~ 7 AIZEITD FeyR &2 Lo L OEMELIL, REEs
R ETEMHAET Fey R GG L7 & 0l & Z &5 (Takai, 2005a; Takai, 2005b;
Herrada et al., 2007), <=7 ADO{EMALM Fcy R ToH 5 Fey RIIT IX Fe receptor 1gG
low affinity II1 (Fegrd) ([Z=— RIS TRV, HfakE/MEHERIZE D FcyRIII
LA ER X E R Fey RIT & ¥4 L., Immune receptor tyrosine—based activation
motif (ITAM) 2#E& L7zdkt@y $HZ A L T\ 5 (Takai, 2005a; Takai, 2005b;
Mechetina et al., 2002; Reth, 1989), —J5 {EMALTUSZ AR A AT U 7o 002 0SB, Fegr2b
IZa—RED FeyRIIB IZXoTHH SN D, ZDOZAKIE Inmune receptor
tyrosine-based inhibition motif (ITIM) 23#& LTV, & FdD FeyRIIB & &EW A
@M% <9 (Takai, 2005a; Takai, 2005b; Ravetch and Bolland, 2001), Z L& DiE

PEAET RS L OWIHITL Fey R IZ~ T 2D 1g63 7 2 A4 7L 0 & 1gGl. 1gG2a 8 LN 1gG2b

39



EEATHREBEGRICEVBIfIMEE R (Takai, 2005a; Takai, 2005b),

SLE IZ%3" % genome-wide linkage screening {23\, Fey R &5 FMEET 5 FEI
(5 1Yl q23) LJRie s OMICHBEZRESHNSE LTS (Moser et al., 1998; Shai
et al., 1999), £7-, FcyRBIEFDLAIZ SLE OIFERAITTKEL 52 5 2 L VR
INTWA (Chu et al., 2004; Kyogoku et al., 2002; Siriboonrit et al., 2003),
T2 b, Fey RITIA OMIBAAMERIC 1T 5 168-V/F ZRUIZ /IR E 166 & A RIEB K
OBFEE L SE D (Koene et al., 1998; Wu et al., 1997), F£7=, FcyRIIIB @
NA 1/2 HURNTC, NA 2/2 REFESIRD SLE BE 1INV — 7 ZABERIZH D LT\ 2 & 03
HINTWD (Hatta et al., 1999), —J, HEETVEMW TIE, EMHEE FeyRI 3B
LN FeyRIIT O MR AR L R 530@ y HRB~ T A H 5 WIEHHIE Fey RIIB
KBP~ T AR Ex2HNT, HOREMHRRIKERIZEIT D FeyR OREIDBfEITSh T
7= (Bolland and Ravetch, 2000; Clynes et al., 1998; Matsumoto et al., 2003; Takai
et al 1996), NZB/WF1 OEIRFHIE mEZ AT 2LiE vy HXE~ 7 2 DR KRG EF T
NZB/WF1(y )~ AR TEETHDH Z & (Clynes et al., 1998), C57BL/6 ~ 17 A
DBARTFHIT 5 & AT DA Fe y RIIB K4~ 7 R ZHEE AR ERIRE & 36 K OVHIEDFE
HHND T ENHRE SN TUWS (Bolland and Ravetch, 2000), LA EDZRIZ, Wi
b AMHIELES K OVEMEALEL Fey R OAFEMERE DALY A C 5k BRIKE &k DR BRI
R<EGTHZLERETHEDTHD,

ZZTH 2 BT, B6.MRLe1(82-100) v A LD b S bV a v Y=y /A A
% B6. MRLc1(82-86) . B6. MRLc1(92-100) 33 X TUVB6. MRLc1(100) 2> Y= =v /7~ T A %
TEH L. BT 21T 9 2 & T, H OB RERIR R KRR B AS 7 O fE 7 S 2 ek L
72 MRL =7 2D Fey R BInF-HEA AT 5 B6. MRLc1(92-100) ~ 7 A D A48 A L5

PERBRIRTE & 2 38 0iE L | B s L UM B IS8 1 2l Fe v RIIB 38 K ONE (LAY Fe
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yRITT ®/NT > ZADZEALD, B6. MRLc1(92-100) = 7 A 21T 2 RERIKBE R FIED —K &

2o TWD A ReME &2 7”4,
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MEHR L OT5ik

AREBIL, AGE K P OB ERIGEHIIE W MR ORBEE TThbhiz UKRE T

8019),

. avvYx=v 7 < ADOEH

B6.MRLc1(82-100) = ¥ == v 7 ¥ 7 Z{EHIZ OWTIRTREICIR Nz, TR TH D
C57BL/6Cr Slc (C57BL/6) ~ 7 A{XHASLC th X VA L7z, #IL=EIR 22 = 4°C, B
FE 55 £ 20%. BARETE 12 WFE (FRT 7 BT, P8 7 RREXT)  OBREET, milaek
EOKE KA HHBER S, C57BL/6 =7 A & B6.MRLc1(82-100) = 7 Z & A/l & T F1
HREFIZ, TOF1 ~U A% CBTBL/6 vV AL R LA L, N2 HREFEH L7z, N2+
DA OWT, v A YT T A h~—H—DINit202, DINit107, DIMitI43. DIMitl5,
DINit113 3B KON DIMit403 % ANT Y = ) ZA L T &AToT- (K 2-1), v~ 7 n¥T
F7A h~——DOYEK EDOALEIT Mouse Genome Database (MGD, The Jackson Laboratory,
http//www. informatics. jax.org/) #ZBZIZ LTz, Y= /XA U TIZH-T, DINit202
WD DINIt143 DFEIR (82-86 M),  DIMit15 750 DINIt403 DFEIL (92-100 cM), & D\
VX DIMI 403 DFES (100 M) BA~T mEEAIR L 722D 3 O MR ZEL LTz, HEEric
~T SRR L EZ NI G, RO 3 SN MRL/Mp] ~ U AR R G R & 72 B fH
A% %4 L. B6.MRLc1(82-86) = 7 A, B6.MRLc1(92-100) = 7 235 J U B6. MRLc1 (100)

v AL L, LLFOFERICH W,

2. polymerase chain reaction (PCR)
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ERRBIN V2= /v U RAORERIL, 7/ 5 DNA 21372, % Lysis Nv 7
7— (50 mM Tris-HCl., 100 mM NaCl, 20 mM EDTA. 1% sodium dodecyl sulfate (SDS). 100
mg/ml 7m T A F—EK) T, 56 CT—HBESFax—rL, 7=/ — U EToT,
BRI, &7 5DNA =X ) — Lk CRES L, TE (10 mM Tris-HCI, 1 mM EDTA, pH 8.0)

IR LTz, Rk~ A 7 a7 Z A4 h~—74—% C57BL/6 =7 A & MRL/MpJ ~ 7 A D%

W W9 5 72 V72, PCR i BERVKEN B L VG EREITH 1| F L RO HETIT- 7=,

3. Ak RIRUEHER

I, 6 BEW12 » HiinD~ T A% h3LE X —/L (40mg/kg) DEME: FIZI T
WIHBIRZ EIWT T 5 2 & TR S, B, s L O 2B L, —#o
FHARIT 10% FPMERRET R L~ U A T 72 BRI DL R SRR CIRIERIE L, SRR
FRFTIZH 2, 7% 0 OfRRIT OCT =22 /37 2 K (Tissue-tek: Sakura Finetek ) |2/

W% . WRIREE SR T S, SUEPURIERIMELE LT-80CTRIF LT,

4. B AR B AT

FRRGHHNC Lo T U ADOREKIKEGEAFHG L7z, 6 BELON12 » A~ 7 A Bk
Y (2 um J&) T Periodic acid Schiff (PAS) YufaZfi L. 1 fHORNEHT-0 30 fedT
UHNVEMESEEAZIRE LT, TNOOEENS . RERIKIZBIT 2 48E L O/ IMAE

% Image J ver. 1.32j (NIH t1) ZHWTEHAIL 7z, F£72. —#OUIFIZHOW TR

MIRZEBIER D 72 D12 Periodic acid Methenamine Silver (PAM) YufdZfim L, G RBEMEE T
THIE LT,

5. CD3 B XU B220 (x4 5 e flikibiis
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Mgz 35 1) % CD3 (T Mifid~— A —) L UVB220 (B Mifid~——) BEiEMiaofmkit %
1 ELFEREDFIETITo T2,

Pl 51T % CD3 d6 KU B220 Btk B 2 5 D720, 7V 2 VMBI T R x 1 ik
bz v B KLU ERE L, BIREN 52 TO CD3 & 5% B220 BFERE O fifE 2 Inage J

ver. 1.32j (NIH#L) Z#ZHWTEHEIL7-,

6. 1gG. FcyRIBICDILc \Zxd A iEasehiiys

B, BT K UMM D 4 um JEOBAEY A AERL . EHICEE LTz, IRWT, 4C
DT & FT b SpMEE LR, PBS THEA L7z, SEHOLHUAREIT 100 AR L7
Fluorescein isothiocyanate (FITC) 1Y $Hi~ 7 & IgGl Fif&x (Caltag Laboratories
#£). 100 %75 HK L 7= Tetramethylrhodamine isothiocyanate (TRITC) #EikY FHi~ 7 A
IgG2b ik (Caltag Laboratories ft). 200 {5 R L 72 RIEk ¥ FHi~ 7 A Fey RIIB $it
& (R & D Systems 1) 33 KO8 200 5 L 7 RAZak ¥ ¥Hi~ 7 A Fey RIITHifk R & D
Systems t1) &M=, —KPUEE DA U F 2 _X—T 2 VIIEER T 2 HfT -7, PBS T
Peitk, FeyRIIB & FeyRIIT O IX, 100 47K L7z FITC FE#kYH17 » b 1gG
(Zymed ft) 3 X O TRITC 5 ¥ FHLV ¥ 16 (Zymed #1) & ZNEFNISSH T2, PBS
TPt Ul 2 KIEMEENAA] (GEL/MOUNT: Biomeda f1:) THFA L7z, Fey RIIT & CDllc
(BRI~ ——) O _EYREDT=DH, Y ZH0 Fey RIIL Uk & SUS SE%&IS, T
CD11le HUfh & SO & 72, CD11e D —RFURIZIZE 200 (F AR L7/~ A A X —Hi~ T A CDllc
Hifk (Chemicon #) . “WRFUAIZIZ 100 5 IR L7z FITC £k » W FH N LA 7 — ik %
A\ 7= (Southern Biotechnology Association £), Ziu 6 DY) & I A L — 0 — Bk

&% Fluoview FV500 (Olympus ft) THIZZL7-,
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7. IMiE I K OYR DA LRI YT

MOV —=AREEZAT 4 2—7 I = (T/FH) ZHWVTEHHIL7Z, MiEH o
JRFEEFH BIN) BLOZ L7 F=ViRELY BIN-7 A h-Ua— (ROEHMEETE, KK
B LT F=07 v A F > I (Cayman Chemical £, MI, USA) Z FHWNTEHAIL 72,
M35 1 HT dsDNA FLRIEE ORIE LK @ Enzyme—1linked immunosorbent assay (ELISA) 3¢
v k% F\ 7= (ALPHA DIAGNOSTIC INTERNATIONAL #1:, San Antonio, USA), Rt 7 /L7
& SDS-ARY 77 U7 I R VESVKE) (SDS-PAGE) Tt L7z, 3 ul DRI IO
lug DU ME7 V72> (BSA) % 2 X SDS ¥ 7 /L% (100 mM Tris—HC1 pH 6. 8,
20% glycerol. 4% SDS. 0.02% bromophenol blue, 12% 2-mercaptoethanol) 1T 65°C 5
A Va2 =L, 12.5% ORI T 7 VLT I RFLVTERIKE L7 (e-PAGEL: 7
k—. BHE), KENT 0. 1% SDS & & e Tris—glycine FEME#K (25 mM Tris pH 8.3, 192 mM
glycine) HTITo7= (/v 1H#/20 mA), % /Vid Quick CBB PLUS (Fnytffidk T.2) C¥ufn

L7,

8. Crp. Apcs 1 L Fegr @ Reverse transcription (RT) —PCR{ER LW real-time PCR

B K % S BfRAT

1 BXEV6 » Allind C57BL/6 ~ 7 A% LT B6. MRLe1(92-100) = 7 A O Bk, JMiids &
OgiR 2 0 . TRIzol reagent (Invitrogen ff, Carlsbad, USA) % FHV T total RNA % ¥
H U7, 7 5 DNA RO 7= KL L 7= total RNA % DNase (= v R P—2 | EII) &
37°C T 15 /MG & ¥ 7=, DNase ALEE L 7= total RNAs % ReverTra Ace (HFER. KPR)
¥ L Woligo dT primer (Invitrogenft) % FHUNT cDNA Z &k L 72, PCR Shisid ExTaqg (#
71745 HRWT, WM 95 °C 5 sy Dtk, BVEME9 C40F, T=—U 258 °C

30, HMEIST2°C30 D3 AT v 7 T40 A 7 W ToT=, £ 2-1 12T AD Crp,
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Apes, Fegr2b, Fegr3 3 KON Acth \Zx4 HHRINT T A ~—DFEM AR LT,

JEBH) real-time PCR f#AfTId, Bk, JPligds & OVMR & ¥ 1572 ¢DNA, Brilliant SYBR
Green QPCR Master Mix 33 X8 real-time #—~ /L% 4 7 F— (MX 3000: Stratagene ff)
EHWTIT T2, ~ T AD Crp, Apes, Fegr2b, Fegr3 3 X O Acth \Zx4 D H N7 Z
A ~—IXRT-PCR L RAED T T A v—% 7z (K 2-1), PCR DFAIIHIIIZM: 95 "C 10
Gy, B9 CC 108, T=—Y 7 58 "C 20 B, MELUEL 72 °C 20 A& 40
A7, BVIEME9S "C 10F, T=—U 22758 °C 208, MEMIET2 °C20% 191
I MTo T, FFEFFRIVREOCY 7T NIRRT 2720 ROX AR &2 T LN D SUSIKRIZ
I Z 7=, PCR Bt D YR RE S 1 X AR AR IC X > CRHER L7, D a2 ¥ I 3 —2 a3 v
DWERDT=DIZ ) T T v —haryha—LvEHE LT, Crp, Apcs, Fegr2b 38 LN
Fegr3 DET =R U Ax— L TBIGF T D Actb DIETHIE LTz, £z, Fegr2b

(ZXS D Fegr3 DHHRERE LB OHEM L (Fegrd/Fegr2b) . 277 71213 C5TBL/6 <

U AR D AHME TR LT,

9. HEHALER
BTCDOT —ZIIFEREOEHE £ EHERZE (Mean + S.E) TELE, BT ET/
YXT A KU w73k (Mann-Whitney URRE) TITW, WINbd 6% LTEAERZEL

776
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SFHOML koL Yoy 7w R

2-1 1Z~ U ADF 1 etalhk7 v A THEOBEAK T, BEr4B8L0r v A7
D DB IREE A MGD (2 -3V ToRd, B6.MRLc1(82-86) v AL Sel 77 2 U —D
FEIRAS . B6.MRLc1(92-100) ~ 7 A% Fegr 7 7 X U —. Crp. Apes, I£i200 7 7 IV —3F

LW Exol OFEIKAY, B6. MRLc1(100) = 7 AL Exol OFEIRHN MRL ~ 7 ABL L 70 5T 5,

B6. MRLc1(92-100) = 7 A2 H B3 A SR ERIRER 2%

4 2-2 | C57BL/6 ~ ™7 A, B6.MRLcl(82-86)~ 7 A, B6.MRLcl(92-100) % 7 A 35 L O}
B6. MRLc1(100) = v 2 @ & g ot F# B BB 2 7R 47, B6.MRLc1(82-86) v 7 X k5 L O}
B6. MRLc1(100) ~ 7 A JRERIRE HE A /R S o7 (K] 2-2a-¢), — 77, B6. MRLc1(92-100)
~ U AL, 6 4 Al DB A & B L T AR RERIEEE AR L. (1K 2-2d),
B6. MRLc1(92-100) = 7 A DRERIATFRZE 1L, 12 # Al W CHEE IS L, SRERIAILE
JEDONEIE, NEGHROEGE, AT F U Al LOEEOHMARD btz (K 2-2e
B L), B6.MRLc1 (92-100) = 7 A D—H# D RERIRIL, 2HiPEIC PAS BRIEME D1k AE 3
FOEMMEREOHK 2 EPEERREZ L (K 2-2¢), 12 » Al CIZEERED X /31
U kRS RS L O T H LR BR S TR SN (K 2-2g B8 X Th),

oA HTIRIEIC X - T, B6. MRLc1 (92-100) = 7 2 DR ERR A 4 2 & 7 AGHIRIC X
IgG1 3 KO 1gG2b [ a3 Bl Stz (K 2-3b) ., —J7. CBTBL/6 ~ 7 A DRER
KIZBWTZ O X5 Z2BHRISIRIE E A EBIEE S e o 72 (K] 2-3a),

B6. MRLc1(92-100) ¥ 7 AR BT AR RIEIENH (6 » Hifm) 6 L UOURERIK
ERFIEH (12 o Hilin) OSRERIREGE 2GS K-> TR L 72 (K 2-4a B LT D),
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IMADERE T, B6.MRLc1(92-100) ~ 7 AL CETBL/6 vV ALV bmfEza <L, AEZAE
T 12 r Al TRO N (K 2-4a), —J7, SREKMEOEETIE, 6 BLW 12 » AlmllE
T B6. MRLc1(92-100) ~ 7 A A3 C57BL/6 ~ 7 A L D b A EICEEZ 7~ Lz (X 2-4b),
BHERERTA O 7=, 6 5L V12 » AR B6. MRLc1(92-100) ~ 7 2 F5 L TN C57BL/6 ~ 7
CBTHMIER s VT F = RE, MIEPRBERRES IORP~OT7 VT I 4k
Mzt Lic, 7 V7 F=RE TR, WERICAEAITRRO Do 7ohy, 12 7 H
BRI\ T B6.MRLe1(92-100) = 7 A28 C57BL/6 ~ 7 A XV & @l & A & - 7=
(% 2-4c), BUN J2EECiX, M H #2351 T B6. MRLe1 (92-100) < 7 A28 C57BL/6 < 7 A K
DbmfEEZRL, 12 »r A CHEENRO bz (K 2-4d), IRFPOT LT I v O
% SDS-PAGE |Z L o THEMT L7=, A Xz hr—/ & LTBSA Z VT, £ 66kDa /3
YRETNTIVELRE, TAT IOy RIZHEAFK TR SN, <2127 A

#i5 B6. MRLc1 (92-100) ~ 7 AIZEB W T L D LA KRR D b7z (X 2-4e),

B6. MRLc1(92-100) = 7 A |Z331F % th stk o1& AL

M 2-bads LD IZ. 6L TN12 7 HHlwlZH1T % C57BL/6 ~ 7 A% L UNB6. MRLe1 (92-100)
~ U A DM E RIS K OUIE TP dsDNA FURIRE 47777, IRE R CIX. 12 » Aok
VT B6.MRLc1(92-100) = 7 A A% C57BL/6 ~ 7 A XV b A EICE M AR Li-, MiEHHL
dsDNA HULORREE T, i A #iH 2BV T B6. MRLc1 (92-100) ~ w7 A A% C57BL/6 ~ 7 ALV
FRICEMEEZ R LT,

2-5c—f 1T, RERKBERARIEIES (1 » Hiw) © B6.MRLc1(92-100) v 7 2k LY
C57BL/6 DiEIZ 51T % CD3 36 L TY B220 (2% 9~ 2 SRRk L7 O S PR EHE & 7= T,
W RN FNT, CD3 BSOS I ZEIARIE PV >~ SHARRFEIZ . B220 BHMESUS IR Y >/ i

WCBIZE SN, L L7y, B6. MRLel (92-100) ~ 7 2 O [ p M fEI %X C57BL/6 ~ 7 &
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LI IR BEEINTZ (¥ 2-5d BELO ), CD3 FEMEmAER L O B220 Bo Mt mfl O kG
HITlE. /35 A —& 32 B6. MRLc1(92-100) = ™7 A3 C57BL/6 ~ 7 A L VU & A &I E

L7~ (M 2-5g BLh),

%1 Jeta ik 92-100eM (285 1) 2 B S MR ERIA B R RN &5 1 Dk

~ U AL 1 Yetafk 92, 3-100cM IEE O MIa R L O Bl s 205 LT\ D
(X 2-1), ZhbHOBETOH T, B6.MRLc1 (92-100) v & A DR ERIAE JRE 2 BIE T 5
BIRFAZRKTL220IC, BB TFOFERIMIEFICIHIT 5 nRNA AR B & %
B6. MRLc1(92-100) v 7 A3 KON C57BL/6 ~ 7 A Tk L7z (X 2-6) . BRI IT-RER
RBRO ZRIZEAL Z BT D720 RERIEERARER (1 7 Hlin) MW, ~2
TXLU T 7V —THD CrpB LV dpes DIRBEZ TG TR L7227, R CHE
ZIIRO oo te (K2-6), —J7, Fey R BIn FORIREBLEWM T L7L 2 A,
B6. MRLc1(92-100) ~ 7 AZEIF B Fegr2b FEBEDWD I L O Fegr3 BB O LHE 2

Bohiz (X 2-6),

. i X OWIMRIC I 1T D Fey RIIB 38 X W Fe y RITT @ JF1E

BN F5V T, Fey RTIB 36 KUY Fe v RITT Bt U TR ERIA A B o & & A B &
iz (X 2-6a.b.h LT 1), Fey RIIB BRSO I RFEATRD S knoT (X
2-6a L h), —J7, B6.MRLc1(92-100) ~ 7 A Fey RITT Bt id C57BL/6 ~ w7 A
I bm<BEsn (K2-6bFBLW1), PUEIZIHBWT, FeyRIIBI LW Fey RITT B
PEROSIZEE LT Y i@l o IRHLE THERICBIZE S (M2-Tee  jB LUK,
Fey RITT & RHIRAAE~— B — (CD11lc) @ ~HYEEIZEB W Tl LD RET—HK L=

(I 2-8a), F7-. B & FkE, B6.MRLc1(92-100) = 7 2D Fe y RITT B i i% C57BL/6
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U ALY b BIE SN (M 2-Te BEO k), MRIZBWT, Fey RIIB BRMERGIE
%6t TR BB 6 & OBEE OB EICAFE S D MBI BIE S, SOSD IR S IRt E
IO LN o7c (K 2-Tf B3XL W), —J7, FeyRIIT BEPERlARIE B6. MRLe1 (92-100)
¥V AZDOHBE S, GYERIIOTERESERORHEIT Fey RIIB BiEMila L B L TH Y |

RO L OHIIREZEREZ A LT (K2-Tf.1 8L V0m), £72.Fcy RIIT & CDllc

DO _EREAIIBWTINSLDR[IEF—EH L7 (¥ 2-8b),

. Mg X QWIS T B Fegr2b 3 X O Fegr3 mRNA D FEHL

1 » Hiis®d C57BL/6 ~ 7 A3 L O B6. MRLc1 (92-100) = &7 A DB fik, Mitheids L Oz
BT D Fey R BIZ B LV deth DFEBL% RT-PCRILTHENT LTo, Fegr2b OFEBLIT AHE
—IEFR A TIZRB W TR HiL, £ OFEBUIH &2 Rt B L OWERF OB WITEE D
Sivehotz (M 2-9, EB), —F. Fegrd OFRBLH RO a2 TIZTB VTR
HIVER, TALD OFEBLE B6. MRLe1 (92-100) = 7 AT C57BL/6 LV H 50 < D bl
& <IZ B6.MRLc1(92-100) v 7 A D il 31T 5 B R bM< WO Bz (¥ 2-9, F
B%) o
ARERIRERARFEIES (1 i) B X OFRIEWH] (6 Hilis) D B6.MRLc1(92-100) ~ 7
AF LN CETBL/6 ~ 7 A DB, Wil X OWIRRIZ I 1T 5 Fegrzb 38 XY Fegrd mRNA 3§
Bl % E & real-time PCRIETHAT L7oiE SR A X 2-10 1ZR T, 1 » Al DI Fegrzb
FHEETIE, Blfs X OWRICH T B6. MRLe1(92-100) ~ &7 A3 C57BL/6 ~ 7 A L 0 4
AEIEVMEZ R Lz, —F. BRCBOTRERMOAEEZZIRD LN R >7- (1K
2-10a) , K RAIZ 1 4 s DM Fegrd JEHL & Tld, 2lEds (231 TB6. MRLel (92-100)
~ U AMNCEIBL/6~ T ALY bAEICEMEAZ R Lz (2-10b),6 » HE ORI Fegrzh

FEEL Tl BB L ORI 33 T B6. MRLe1 (92-100) < ©7 A7 C57BL/6 = 7 A L V) H 1K
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VMEZ . AR TIZE O A2 Lz (K 2-10c), XFRRIGIZ, 6 » HEOFRH Fegrd %
HETIE. 2238V T B6. MRLel (92-100) = 7 A 73 C57BL/6 <~ 2 L 0 & A EIZ @& E
o Le (K 2-10d), LA EDOFTRLE D | Fey R B FIBLO R 2 ITRERIKE RARFIE
HED RIEMYICTHETHDL Z LRGN E ST,

1 BXU6 » Al B6. MRLc1(92-100) ~ 7 23 LY C57BL/6 ~ 7 A D& igh, [Mligids &
MR D Fegr2b (T4 % Fegr3 mRNA A I BEO R 2 2-11 (T-7, fEIT
C57BL/6 v 7 ADfi% 1 & LIcHHHE TR L Th 5,1 » AERIZISV T B6. MRLel (92-100)
~ U AL C57BL/6 v~V ALV bEAEFICEM AR L, & IR TEDOENEEITRD S
e (M 2-11a), 6 » Al CHREROMEMNE O, & B & Ml TR B

WD LN (K 2-11b),
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plih

MRL = 7 2 D5 1 Yethfk 82-100 oM 13 A Coe R IR KB AR T2 Mag 20l d L. S HHik
TCRERIARE 28, &P dsDNA PLIAIREE D ERB I OMEE L BE# L T d (BB 1 &), A
ETIE, Mag \TAFTET 2 A CREMRERIEE RERBIR F 2 FET 572012, Mag LV b
S 5B iER (82-86 cM, 92-100 cM, 100 cM) Z &L 3 ZO AL V2= I v T A
EIEH L, Blsm B 2 T Lo, BEOREL ., 1 Yk 82-86 cMIZHWT
Fasl (85.0 cM) &DH WX Sel 77 IV — (86.6 cM) & RERMRE HIE D BIE M R S
T35 (e et al., 2006; Ito et al., 2003), F7=. & 1 YAk 100 M IZIFEET D
Exol 13 DNA B ZHH - TV | MRL/Mp] ~ 7 ADRFHRITHBLT 27 R b — 3 2 DI [KiE
fGF e LTHERSNTWS (Namiki et al., 2005), fEHTOFEE, 3 RFEOHN, SNk
SRERIRAE 1T B6. MRLe1(92-100) ~ 7 AT D HFD HiLiz, M1z T, B6.MRLc1(92-100)
U AR R~ DO GEE G RO, BEBEEDE(L, MG H CHRRER X OM
IR & EFAFD 541, B6. MRLel(92-100) = w7 A IXH 5 7 A S MR BRIRE & &
FIEL T2, BLEDOFER KO Fasl, Sel 77 2V —8B LW Exol 3 RERIRE SR OpER
FEAITEE L TV D AEEMEITIR S | B DR MR ERIAB R 113 92.3-100 oM (2
FET D2 ENRE ST,

~ U ADH 1 Yk 92. 3-100 M (X EE AR mBAME AR Fey R, RIEMEEA T
HHNU TR U HDHNIA v E—T = (IFN) FElEAR 2 a— R+ 58
BofEEER s T2 E L TnWD, FERBINIT D Fegrs, Crp 38X Apes DR
F A mRNA 88§ 4 C57BL/6 ~ 7 A 33 L OVB6. MRLc1(92-100) ~ 7 A D T L= & Z A,
B6. MRLc1(92-100) ¥ 7 ZIZINT Fegr2b FEBE DI L Fogr3 FB & D LG O
bz, FeyRIER L, TORELZHFK LTz, BIEIZIBWT, FeyRIIBIB LU Fey
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RITT BMESOSITARBRIE A ¥ 0 F 0 AU BIR S 7z, AV U F U Al MER kD
B TH Y | SRERIKEERORE . RIESOGI L OCRERIBEEORREIFE A7 LT
TEERHEEEZFRZ LTS (Floege et al., 1994; Radeke et al., 1990), {&EMALL
AU X DRI A NI A L HDINEITENA LR EDORIEMAT 4 =S —%
PEAET % (Fukami et al., 2004; Hora et al., 2002), 72~ AD AV X7 Ll
fillx Fey RITT L0 & FIZ Fey RIT ZRBL L TV AH, URZHEE (LPS) &2\ IFN-vy
HIPRIZ £ D Fey RIT OFEBUK T & Fey RITT OFEILEF B H@E SN TS (Radeke et al.,

2002) , REOFEFRIT N O O &3

palsy

B4y Z—E L, B6. MRLc1(92-100) ~ ©7 A % C57BL/6
~ U AKX B8 Fey RITT BPESUSZ 77 L, B6.MRLe1(92-100) ~ 7 A DEEIZ BT
Fegr2b DIRFEBLE LN Fegr3 OEFEHNRD Hiviz, LEOME LY | SRERIK A%
U LREIRIZ 31T D Fey RIIB B8 X O Fey RITT D37 > AZ5{EA%, B6. MRLc1 (92-100) < 7
A DABRIKRE SR AEICEE LTV D Z LR ENT,

Fey R BMEmie i M0 U o e et K OB i 5B R 5 AU IcBlsg S 4v, Fey RIIT 36
F N CD1le D ZEYLAIZ K o THPEIRAIIL & [FIE S 47z, BUBREWL Z LT, Bl & Rk,

TP ZREIC BV TS B6. MRLel (92-100) ~ 7 AL C57BL/6 < 7 A X ) & 58\ > Fe y RITT B
BOGH L O Fegrd/ Fegr2b Rk Uiz, T4, Fey RITBRRHIRO S, BIEAR X
OWURIRTRREA FHEI L TV D Z &AM ST\ % (Desai et al., 2007; Regnault et
al., 1999), T72 5. FeyRIIB IZBHMRMIEOTEMALZH L, SURRRRZHIRT 5 2
& ORI OGS ERICEE R EE %2 R72F (Desai et al., 2007), I HIZ, & ORI
IR 31T DI O Fe y R O 7 > 78T A& Tumor necrosis factor f
(TNF-B) Z#RE\ELTDVA MM VEAZFEL, RBEICEICEERERHZ2R7-T
(Boruchov et al., 2005), BN TIEA Y2 7 LHIHAS BRI, 7= S8 22RO RE £

B7-L., EMibd 52 L T Major histocompatibility complex IT (MHCII) # L X
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Intercellular adhesion molecule-1 (ICAM-1) ZFEI L. HiFHR Ml E L CEBEY v
PREREPEIMT D Z EAVUREN TV D (Radeke et al., 1992; Radeke et al., 1994), %
AUEL, BRIRHII S A ¥ 7 MR 1T D FeyR O7 8T o A%, S 2 Hifa o
W OIS HEACIC N T 2 PURIR R & 2 WITREE A KRS omkfe s o3 2 &
T, HOAEMREREBEROFEBEEICESBEE LTS LB LD,

B6. MRLc1(92-100) ~ 7 A DM T, SRERKRE RIGERTD T B L O B MlasEoH 0
MABDH BN Z LIE, K~ T AZBT 2 0EROEMAGITRIREEGE L0 & BHIC
HIEERBLTVND, IHIC, RAEREBRRBEHNORERBFTICES VT,
B6. MRLc1(92-100) = 7 A D Fegrs/ Fegr2b 1XBFEITZEAL L T2, Fey RITB IZ5uE 8 s O
PRFULEIZ BN T B MIldDOBADEIUCEH G325 Z LRI TWD, T7205, Fey
RITB 1% B (CHRILL ., BRRHIE Lo EE A AIZIERIC SR % B #ifdiE Fe y RIIB
BIFEDOT R =2 A ThESNS (Takai, 2005), £72. BFHIRME LD FeyRITT
FEHUK T T Mg~k a2 30 U NK g ~D b 2294 %5 (Durumet al., 1998),
FHEIZ RIS Fey R OREAREL B OIS Y /S EROEA: & OB Z I 5727
52 & Wb A CRERENREZMIT D ETEBELRRRE L X500 LR,

U4, MRL = 7 2 &2 & o800 B CRERBET L~ U ATV, Fegrzb OIRFEBL
EHET LT 0T — S —HBEESMOFERREIN TN D (Kiu et al., 2005), —HD
SLE SBF 2B W TH Fey RIIBO Y 1 & —& —fHig A (-343G/C) IZHKT 5 Fey RIIB
DORBUL FRHE S TS (Blank et al., 2005), AHFZETH, B6. MRLel (92-100) <
W AD Fegr2b FAXIFEHIEIL C5TBL/6 ~ 7 A K 0 ARME TS - 7=, FHlL, Fegrlb/ Fegrd @
T NG U ADRKE DK Fegr2h 7 —F —fEMSMICHH L EZ NS, —T7,
B6. MRLc1(92-100) ~ 7 AZEIT D Fegrd DI BIL Fegr2b DIRFEH LV H EHITRD 5

M7=, NZB/WF1 OBIRFHY A2 AT 5L v $HXE~ 7 A XEMERR Fe y R OREREAR
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AR L, REREASOGREE GRS ORREITEL LR 0D SRERIR O RAE SR 23 K 4N
LTCW% (Clyne et al., 1998), & 52, Fcy RITT KB~ 7 A ITHURERIASL G (A 4%
HAZ X 2 A OB R BRI B R ICIPUE 2R3 2 L 22D, Fey RIIT 23R ERIRORAE S
ICRBWTREREE ZH S Z LMo TS (Fujii et al., 2003), ZALHOHIRE
D, <~ T ADHCHREMRERIRE R TIE, Foy RITT OIFME(EARERIKOD RIEME D A r—
REFHFETHEDICARARTHDLEBZ NS, LLARns, B OmEMERERIRE %
23T % Fey RIIT OFENZIZE b &~ T ZDBIZIBWTH LR P EREET D, T72
bh, U ATIT L VEEEERNZR Fey RITT 2SREREBEREZFET D LB HNDM, & b
TIX Fey RITT OffER4E, & <IZ FeyRITIA @ 158-V/F £RUC X D% RIK L e
IROBFPEDAL T 23 SLE F8IE & BIE L T % (Koene et al., 1998; Wu et al., 1997),
INHERAMICE 2 5701, BHOREMREREBRET LU AT, FeyR &%
BEAEBROBFIEL D b Fey RNT 2 RO SR ERIKBE RIIEIC K E R B A RO,

~ 7 A 1 Ytk 92-100cM 13 Fe y REE T DO HF, Crp 8 D \ME dpes (94.2 M)
78 PEBOGERERE T A EE LTS, LLaRn, xR EEMITICE VT,
INDHDOBIET & B OREERERIEBROBICA B RBEMEEZ RHTZ L 1XT&do
Too FET2. 95.2 MITIE I£1200 8IS TFREDAFAE L. NZB RALIZIT D 1£1202 D7 71 F—
X —HEI ST Npa2 B SRR TEOJRK & S TW% (Hatwood et al., 2006;
Rozzo et al., 2001), —J7C, [£1202 D H CAHIEMREREE R ~DOEGIZITER R H Y |
CH7BL/6 <~ 7 AT NbaZ fEIZEAN LT3 Vo= 7 <7 ATEBWV TSREMIREB R DFIE
IZHER E LTV (Henry and Mohan, 2005), 7=, ~ U A®D [£i202 EMFEEEHT
Le bo IFII6 & HOSREMRERIRE & & OBNEMEZ ARG L7olE 32w, L
L. I£71200 8An FREB CHAOKEAEZ M O FH b #ME ST 5720 (Wang et al.,

1999) ., 111202 L B B MRERIRRE 2% & OREME A IR LTV < IZIE 117200 3851/
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PIREZ MR L CW S BERHHTEAH D,

fEam e L. MRL T 1 Yetafk 92.3-100 oM 244 % B6.MRLc1(92-100) =1 > ¥ = =
v 7~ ATBW T H CREMRERIEE R 3580 v, FIKEG XY B8RS FET D
ZEBHBNE T, LIS, 92,3 MITHHET DRI K O Fe v R 151

FHLDNT o ABAEH B CREMEAREREE R OFIEICEG LT D & B X b,
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7N iF

HOERBTET L~ A THD MRL/Mp] =7 A0 1 YT o A 7 5H1 (82-100
cM) ZAT % B6.MRLc1(82-100) v 7 AITIT H C AR ERIKBERPBD 6N D, L
FIEAGI Mag (213 B CREMARREBTROFEBLEFNFIET 2, B 2 BT,
B6.MRLc1(82-100) ¥ 7 A LV & & HITRNWBEL FHEAFHMA AT a0 Ve=my <y
A B6.MRLc1(82-86, 92-100, 100) & #r7=(Z 3 RMIEH L. MEME RO K dias & 0 Bt
Mk, JCEARENS LU total RNA ZERHR L. #MATAIE L O FAEWFHIFIEIC L 0 X
HRHE (CBTBL/6 v A) DI & LRt L7z,

3 SRHDH, B6. MRLe1(92-100) = 7 AN D HSFEE A RO 21 5 R ERKIRGE DR D
B AL, M B R KON E TR X CBTBL/6 ~ 7 A LV bEfi A R Lz, & BIT,
12 7 A#H o B6. MRLc1 (92-100) = 7 AZFW T BUN R EERS L OURF T L7 2 U HEH O
HMATRD v, BEOBKIEELIREI NI, ZALOMELY, A OmEMRER
KRB DR IREALT1E 92-100eM ITFIET 5 Z E B B Mn L e o7z,

WRUNT, 92-100 MITHET DBART-. Crp. Apes, Fegr2b 36 KO Fegr3 O EE#R 12
BT B FIxP B R A B6. MRLe 1 (92-100) ~ 7 AR L ONC5TBL/6 ~ 7 A Tl L= & = A,
B6. MRLc1(92-100) ¥ 7 RIZIEWNT Fegr2b DIRFEHLI L O Fegr3 OmEFENRO T,
Fey RIIB 35 X OV Fe y RITT O fisk, Mo L ORI 3510 5 JRTE & S ik b 2 LSRR 58
L7z & 2 A, SRERIR A 0 F 0 A L OWHIRARIC RS BABlE Sh, L <I
B6. MRLc1(92-100) ¥ 7 A Fe y RITT [t i3 C57BL/6 = 7 2 LW b5l o 7z, SRERIR
BRARFIEW (1 » H) BLOFREMH (6 » H) @ B6.MRLc1(92-100) ~ 7 AIZH1T 5
Fey R AR F OFHXHY mRNA JEEL &8 2 g, Migids L OV CRgtr L7 & 2 A, 2lifds <
Fegr3 DEFEBE X O Fegrs/ Fegr2b (o LR BB BTz,

57



PLEORER LD MRL ~ 7 Ak H O M RERIKB R OJRIKEL 1358 1 Ly
92-100 cM |ZAFAE L. HSHEIZ & F 2 A ds L OYEMHA LT Fe y R a7 (92.3cM) @
INT AR B6.MRLe1 (92-100) = &7 A D H E A MR ERIAR X DR EE R A IR B 5

T5Z eI E T,
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(position)  (81.6cM) (85.0cM) (86.60M) (87.9cM) (92.3cM) (100.0cM) (101.5cM)
i i i !

H H
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86 NRLo1(62-100)| —
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Self Fegr3
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Fig. 2-1. Representation of the telomeric region of chromosome 1 in MRL-derived
congenic mice. The upper row shows the B6.MRLcl(82-100) congenic mice produced
using Mag markers that were reported previously (chapter 1). The 3 new congenic
strains developed in the present study are shown in the subsequent rows:

B6. MRLc1 (82-86), B6.MRLc1(92-100), and B6.MRLc1(100). The microsatellite markers
used for genotyping and their positions (cM) are indicated at the top. The MRL-
type congenic intervals are represented by black boxes. Some immune— or cell
proliferation—associated genes contained congenic intervals, such as the Fas
ligand (Fas/), selectin endothelial (Sele), selectin lymphocyte (Sell), selectin
platelet (Selp), Fc receptor 1gG low affinity (Fegr), and exonucleasel (Exol),
are indicated at the bottom.
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Fig. 2-2. Light micrographs of the renal cortices from C57BL/6 and MRL-derived
congenic mice. (a) 12-month—old female C57BL/6 mice, (b) 8-month-old female

B6. MRLc1 (82-86) mice, (c) 8-month—old female B6.MRLc1(100) mice, (d) 6—month-old
female B6.MRLc1(92-100), (e-h) 12-month—old female B6.MRLc1(92-100) mice.

B6. MRLc1 (82-86) and B6.MRLc1(100) mice have normal renal structures similar to
C57BL/6, and their glomeruli present no histopathological changes (panels a-c).
B6. MRLc1(92-100) exhibit proliferative glomerular lesions that mainly comprise
proliferation of mesangial cells and expansion of mesangial matrices, and these
lesions deteriorate with age (panels d-f). Glomeruli of B6.MRLc1(92-100) mice at
12 months reveal membranous lesions such as thickening of the glomerular
basement membrane (GBM), spike—like alternations and a double contour of GBM
(arrows; panels g and h). Certain glomeruli of B6.MRLc1(92-100) exhibit global
deposition of PAS—positive material and the disappearance of capillary and
capsular lumina (panel e). PAS (panels a-f) and PAM stained (panels g and h)
cortices. Scale bars, 20 pm.
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Fig. 2-3. Direct immunofluorescence on cryostat sections for detecting IgG
subtypes in glomeruli from 6-month-old C57BL/6 and B6.MRLc1(92-100) mice. The
sections were analyzed by confocal microscopy. IgGl-positive reactions are
visualized using FITC-conjugated antibodies (green; panels a and c). IgG2b-
positive reactions are visualized using TRITC—conjugated antibodies (red;
panels b and d). Clear immunoreactions of IgGl and IgG2b are observed in the
mesangial regions of a 6-month—old B6.MRLc1(92-100) (panels c¢ and d); however,
these reactions are very weak in corresponding C57BL/6 mice of the same age
(panels a and b). Scale bars, 20 pm.
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Fig. 2-4. Comparison of the indices for glomerulonephritis between C57BL/6 and
B6.MRLc1(92-100) mice at 6 and 12 months of age. (a) Diameter of the renal
corpuscle. (b) Number of nuclei present in the glomeruli. (c) Serum levels of
creatinine. (d) Serum levels of blood urea nitrogen. Each value represents the
mean = S.E. *: Significantly different from C57BL/6 of the same age (Mann—
Whitney U test, p < 0.05). n > 3. (e) Detection of urinary albumin. We analyzed
3 nl of urine from C57BL/6 and B6.MRLc1(92-100) by sodium dodecyl sulfate
polyacrylamide gel electorophoresis. As the control, 1 pg of bovine serum
albumin was used.
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Fig. 2-5. Comparisons of the indices for development of autoimmune disease
between C57BL/6 and B6.MRLc1(92-100). (a) Spleen weight. (b) Serum levels of
anti—dsDNA antibody. Each value represents the mean = S.E. *: Significantly
different from C57BL/6 mice of the same age (Mann—Whitney U test, p < 0.05). n >
3. (c-f) Immunohistochemical detection of CD3- and B220-positive cell areas in
spleens obtained from 1-month-old C57BL/6 and B6.MRLc1(92-100) mice. CD3- and
B220—positive areas were mainly observed in the periarteriolar lymphatic sheath
and splenic lymphoid follicles, respectively. Notably, both CD3- and B220-
positive cell areas in B6.MRLc1(92-100) (panels d and f) are more widely
observed than in C57BL/6 (panels c¢ and e). Scale bars, 100 pym. (g and h)
Histoplanimetric analysis for CD3— and B220-positive areas in spleens at 1 month
of age. Each value represents the mean £ S.E. *: Significantly different from
C57BL/6 (Mann—Whitney U test, p < 0.05). n > 5.
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Fig. 2-6. Comparison of relative FegrZb and Fegr3 mRNA expression in the
kidney and relative Crp and Apcs mRNA expression in the liver among l1-month-
old B6.MRLc1 (92-100) and C57BL/6 mice by quantitative real-time PCR analysis.
Each value is normalized by that of /4 -actin and represents the mean £ S.E.

*: Significantly different from C57BL/6 (Mann-Whitney U/ test, p < 0.05). n > 3.
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Fig. 2-7. Indirect immunofluorescence on cryostat sections for the detection of
Fcy IIB and Fc y RIIT in 6-month—old mice. Kidney (a, b, h, i), spleen (c, e, j,
k), and thymus (f, g, 1, m). The sections are analyzed by confocal microscopy.
Fcy RIIB—positive reactions are visualized using an anti-mouse Fcy RIIB primary
antibody and FITC—conjugated secondary antibody (green; panels a, h, ¢, j, f,
1). FeyRIII-positive reactions are visualized using an anti-mouse Fcy RIII
primary antibody and TRITC-conjugated secondary antibody (red; panels b, i, e,
k, g, m). In the kidney, FcyRIIB—positive and Fcy RIII-positive reactions are
observed in the glomerular mesangial regions in C57BL/6 (panels a and b) and
B6. MRLc1(92-100) (panels h and i), and the intensity of the Fcy RIII-positive
reaction in B6.MRLc1(92-100) (panel i) is stronger than that in C57BL/6 (panel
b). In the spleen, reticular Fc+yRIIB- and FcyRIII-positive reactions are
observed in the germinal centers of the splenic lymph follicles in C57BL/6
(panels ¢ and e) and B6.MRLc1(92-100) (panels j and k), and the intensity of

Fc y RIII-positive reactions in B6.MRLc1(92-100) (panel k) is stronger than in
Ch7BL/6 (panel e). In the thymus, Fcy RIIB-positive reactions represent a
single cell that localized on the boundary between the thymic cortex and
medulla, and has elliptic nuclei and processed cytoplasm (panels f and 1).

Fcy RIII-positive cells are observed in B6.MRLc1(92-100) exclusively and the
morphological features of these cells resemble those of Fc+y RIIB—positive cells
(panel m). Scale bars, 20 um.
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Fig. 2-8. Double immunofluorescence on cryostat sections for the detection of
CD1lc and Fcy RIII in 6-month—old B6.MRLc1(92-100) mice. Spleen (a) and thymus
(b). The sections are analyzed by confocal microscopy. CDllc-positive reactions
are visualized using an anti—mouse CDllc primary antibody and FITC—conjugated
secondary antibody (green). FcyRIII-positive reactions are visualized using an
anti—mouse Fcy RIII primary antibody and TRITC-conjugated secondary antibody
(red). In spleen, reticular CDllc—positive and Fcy RIII-positive reactions are
shown to be colocalized (yellow; panel a). In thymus, the immune—positive

reactions of Fcy RIII and CDllc are fused in a cell having processed cytoplasm
(yellow; panel b). Scale bars, 20 pm.
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Fig. 2-9. RT-PCR analysis for FegrZh, Fcgr3, and [ —actin mRNA expression in
the kidney, spleen, and thymus of 6-month—old B6.MRLc1(92-100) and C57BL/6 mice

The upper lane (FegrZb), middle lane (Fegrd), and bottom lane (Acth). Size

markers are represented on the left. n = 2. B6: C57BL/6. 92-100: B6.MRLc1 (92-
100).
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Fig. 2-10. Comparison of relative FegrZb and Fcgr3 mRNA expression in the kidney,
spleen, and thymus among 1- and 6-month—old B6.MRLc1 (92-100) and C57BL/6 mice by
quantitative real-time PCR analysis. (a) FegrZb at 1 month of age. (b) Fcgr3 at
1 month of age. (c) FegrZh at 6 months of age. (d) Fegr3 at 6 months of age

Each value of FegrZb and Fegr3 is normalized by that of /4 -actin and represents
the mean * S.E. *: Significantly different from C57BL/6 (Mann-Whitney U test, p
< 0.05). n2> 3.
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Fig. 2-11. The ratios of relative mRNA expression of Fegr3 to that of FegrZb in
1- and 6-month-old B6.MRLc1(92-100) and C57BL/6 mice. (a) 1 month of age. (b) 6
months of age. Raw values of FegrZbh and Fcgr3 are normalized by that of Acth
and values are expressed as fold increases compared to C57BL/6 mice. Each value
represents the mean = S.E. n > 3.
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Table 2-1. Summary of gene—specific primer pairs

Genes (Gene ID)

Primer Sequence (Primer

Product Size

Position)
Crp (NM_007768. 4) Forward - CCATAGC(C&T%GS[;GAAGCTA -
R 5 — TCTACAATCCCCGTAGCAGA -3’ 387bp
everse (439-451)
5 — CACCACACTTTTGTTCCACA -3
Apcs (NM_011318.1) Forward (98-117)
R 5" — TCTTCCATACCACGGACTGT -3’ 378bp
everse (457-476)
5 — CTGAGGCTGAGAATACGATC -3
Fegr2b (NM_001077189.1)  Forward (1000-1019) -
R 5" — GTGGATCGATAGCAGAAGAG -3’ P
everse (1287-1306)
5 — ATCACTGTCCAAGATCCAGC -3
Fegr3 (NM_010188. 4) Forward
(652-671) 246b
R 5" — GCCTTGAACTGGTGATCCTA -3’ P
everse (978-997)
5" — TGTTACCAACTGGGACGACA -3
Actb (NM007393) Forward (304-323) -
R 5 — GGGGTGTTGAAGGTCTCAAA -3’ P
everse (449-468)
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a

o R | R B 3 X OV B R DAL EAERMED A = X L% H - TV B8,
FOBHEICB N THEERHLZ RO TS, b FTik, MlatkfE . wikasEdh

2 WM B G TR D EPUEDRMEIC Lo THRZRY | & TN BWREINE 2R T

2

(Bouman et al., 2005), BHBRVZRNZ L12, Z OSSO 51T A g R B o R EL%
FIZHEReEE L EZT0D, @FM%ETY 7~ =7 X (SLE), v =—7 L VIEfRRE,
BARB LY v~ FHREASRIIRERN R B CRERETH L3, TNThORIEES
ITZctE BT, 9:1, 10:1BXV4:11 THS (Ahmed et al., 1999; Soto et al.,
2004; Grimaldi et al., 2005), F7=, M SLE BE OWHENILEIR, RS 5V IdHoE
KN R T 2 I RE AR 272 & PR LE LT U AR T A REEIC B W TELT 5
(Cutolo et al., 2004; Yacoub Wasef et al., 2004; Bouman et al., 2005; Zandman—Goddard
et al., 2007), —J7, B SLE Z5IE LG I3kt L v b EEmEL R L, duil
7R B RERZE . SRR B LOHBEREWE L 242 (Yacoub Wasef et al., 2004;
Zandman-Goddard et al., 2007), Z X 9|2, s 5N B Sk R OSHEREIC
IPEAELS BE- L TRV, HEARLE VB D WIS AR EZE R OB R 2R IA & 72
STWDHEEZBND,

H OB REET VBBV CHIRBERICITMEfENRO BN D, ZivET, €
RWRETN~UATHSD (NZB X NZWF1 (NZB/WF1) ~ 7 AF L UBXSB v 7 Z{ZH\
T, HOREREREE R OMMEAICBE T 2N R SN TE N, MEAEOBNIZET
N T ADRMIZE > TRR->TWD, T7205, MDD NZB/WFL ~ v A%, Fm, &t
YRR S LOBEERRIKB R L, LY b EENELET 5 (Bell et al.,
1973; Steward and Hay, 1976; Papoian et al., 1977; Roubinian et al., 1977), —
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Ji. BXSB= U ATIL, MEAMEL D bEELRIKEBRZZ L, ZOMBEEIZBWTY

chromosome autoimmune acceleration (Yaa) BART-DOBAGNTEINTE (Izui et
al., 1994), wIEDOWIZEIC L > T, JaaBloF LIXX G EO RN ZR/KE a— T 5
Toll-like receptor 7 (71r7) HEETTH Y, BXSB~ U AL Z OFElE 1% Y Yetafk i

HLALTEY, ZOEMBDBISB ¥V AOMMEAELRE L TWD I ENRHLMNERoT
(Pisitkun et al., 2006), —J7, MRL-Fas™ (MRL-Ipr) =~ v A®D H Ok B oM
DOV TIEEGG N L . HHHFFETIIMENMEL » b REEZREEERS LOE VA
CPLIRM 2 R I HERASE STV DH2Y (Rudofsky et al., 1984; Stetler et al., 1985),
L OBFFETIX MRL- Ipr OIFREIZHEREZE NS DN Z & 2 LT D (Andrews et
al., 1978; Wang et al., 1997; Misu et al., 2007), Z DX HIZ. ~ 7 ADBEEFM
5T A CREREOINEOMMEEICZ R EE2 52T\ D,

H1EBIOE 2 TICBWT, FEHIIMRL < 7 2K H O RBREE KT T L
T& % B6.MRLc1(82-100) v 7 A ZfEH L, H S MR BRIFIRIAR (5 713 92. 3-100cM (2
FET 5 Z 2SN L, 512, B6.MRLc1 (82-100) = 7 A DR ERIRIGEME, 16 B
PRERIAEES X OUMLIE T dsDNA FLIRIRE IR W CEHZREREZENR D S, Wi
MEAEL Y bREZRTZ & bHB2E Lz, 20K 5 72 B6. MRLe1(82-100) ~ 7 A D H
O R R BRI BT DMWEITMEFRNLVE L ORBEZRSZITTNDLEBZX LLDN,
INFETEOFMITIIE > T Rd o7z, Eido X Hiz, ek, HORERBET L~
U RNTRT DUEERI A T = X LA OFENTIZ, NZB, BXSB 35 L ONMRL R 7e & D HIRFIET
TN ALZHNTITONTE L, LLRRL, ZRODHARBIEET L~ T A3%
BB CaERBIRRR 283 2720, HARVE DB R MR ERIRE &K OJR BT

(252 5 B2 AT 5 2 L IIEFICNEETH 5, —T5. B6.MRLc1(82-100) +

TRAF A oy I T ATH DD, MNag USD “IRIRF DB % Z 1 ic < M
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RVE VY E DR ERIEE R OIRIBIC S 2 2 8% X EHEMICKBCE 58 7%
RERET N~ IATHDLEEZDLND,

%5 3 B CIE. B6.MRLc1(82-100) ~ 7 AIZYEMRFE T 2 i L. = O EEZFHET 5 Z &
T, PEALE A CREMEREREE ROWEICE 2 DB HOVWTER L, Zhb
DFFFTIZ LD . B6.MRLe1 (82-100) v 7 2 D H A MR ERIAE K TId, & ITHEMEARV

T UPRERIEICER BT EZRIZLTND 2 L a2,
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MEHR L OT5ik

ARGEERIT, ACHEE R FE OBV EBRIGEHITIE W, R OEBEGTUTb T GKRE S

8019),

1. BEFANEEF J ORI A O E

B6. MRLc1 (82-100) ¥ 7 A DAEHIZ DWW TIXE 1 Tl ~7z, BT 22 + 4C, &
JE 55 &= 20%, BARGEM 12 Wef (P 7 REskT, 6 T RRIEAT)  OBREETT. TR
EKGEARE BB S W7o, M 1 4 Ao B6. MRLe1(82-100) ~ 7 A2, 7 v (75
mg/kg) BROAT FI P (1 mg/ke) ZIEMERNTEST L. BREE T CTHEFIN S 2 W IR
2 e L=, I OREBITT F /32 V' —)b (2 mg/kg) DIEFENER TITo72, Zh
SO E VT, MERELICEETIREE (n = 3) BIOWMERREHEE (n=3) Z/EHL. 2

BT ITHREEZRE LT,

2. PEARILE PR DHIE

MEFDOTAMAT R BIORZ A MY BE%2, 7 A MAT 2 Enzyme
immunoassay (ETA) 2 v bk (Cayman Chemical #f£) BIX = A ra = EIAFx v k

(Cayman Chemical ££) Z MW T, Mt ZEORERIZHEWEIE LT,

3. MEtOTRHL

8 » A OETFINEER KO IR O~ 7 A DR & B . RIBRER N CRRZABIR 2 6]
Wrd 2 2 & THUMZAESE S, MiE. B, Ml L O Z R Lz, —HMoiEkix
10% hPEREE ARV~ U A T 72 BRI UL ERIE CRIEEE L, N7 7 1 o alig,
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HFEARRR AT IC N2, 780 OFEMRIT RNA later (Ambion #1) H9C total RNA Z¥h

9% % T-30°CTRAF LT,

4. B PR SRR BT

5 AT J ORI RO SE BB DAL YD (2 um) %L L, Periodic acid

Schiff (PAS) YeaZ i L7-fk. % 2 B & [RARD I 1L THRERIRGE 230 L 7=,

5. MR, HaRRIS K OVMRERIZ 351 B s kAR L S RO AR AT

B 1 B L [FAERD LT 1g62b Bt RERIB ORI K OGRHI AT o 72, 55 2 B & AfkD
HET, Bhg, MR X OWMEICR T 5 b3 (THIE~—7h—) FBLOB220 (B~ —
71— eI ORI 21T 5 7,

B D S Y ) i A IV T CD3 IR BRIRR 2 G L7z, 372b b, K@)
S BT CD3 BEPERUR AR 9ORERIR DR (A) AFHAIL ., R C, SayE el &I e
% PAS Yrta gl i Lo/ MAE (B) ZFHHIL. A X 100/B % CD3 PR EkiAR & L CTH
L7z, Fiz, 2 EmLEFEROFIET, MIRICH T 5 D3 I KO B220 MM mAg O &l 2

1To7,

6. Iif3 KL UIR DAE(LFERIMENT

MiFhDORFEESH BIN) BLOY LT F=iEL BIN-T A b-U a— (FEHiEE T
) B v7F =7 vEAF> ~ (Cayman Chemical #) ZHWTERI L=, Mk
H1HT dsDNA PRI E OMIE IR @ Enzyme—1linked immunosorbent assay (ELISA) =% v
k% 7= (ALPHA DIAGNOSTIC INTERNATIONAL #1), F£7=, JRHFOT LTI VEELA L B

A TIT I -~ A ELISA v b (37X H) ZHOTHIE L,
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7. Real-time Reverse transcription (RT) — polymerase chain reaction (PCR) fiE#T

52 B L RO FIE T, BT L ORI M EEOBIR L Y total RNA ZhiH#,
cDNAIZABR L. Fegrzb 3 KON Fegr31Zxtd % Real-time PCR AT 24T - 7=, fRHTIZIZE
2ELFEKD T T4 ~v—a e (£3-2), T —FIINUAF—E U TRBIEFTHD
Acth DAECTHIIE LTz, Fegr2b \ 2 5 Fegrd DHHREZMHIE LI-EN LR L, #FHo

HEZ R4 DFRAME TR LTz,

8. fatilif

BTCOT —Z IR HEOFLEAEAER A Mean = S.E.) TEL, REEFRT/

NZ A RY w7 (Mann-Whitney URRE) TITWV, WINLh 5% TFTEAREREE LT,
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AE, miEhrLE BEBSLOBERE

~ U ADREIZONWT, MEOPERRRE HBEIBRTFRE & 0 SRS 22 2 7R L7z,
—% . MEOWFECH B RETRO otz (K 3-1a) o

M7 A M AT v ARFEIZOWT, MEESLISIERRRG IR TR, & ICHECAHEE
D BT (K 3-1b), MiEHFTA ha Yo U JBEICOWT, BT H O 235
D HAVIRM o T, METHERRE MBS A BIRVWMEE R Le (K 3-1¢),

B E BV THEREIL IS PRI R TR < | HED PERRFEHHE DN BEFATRE & 0 AR

VWMl A R LT, (K 3-1d),

PERAE IS K 2 Bl ~ D 52 %8

[ 3-2a—d (ZHEREDEETFATAE IS L OWERR HHAFIZ 31T 2 RERIR D PAS Retafg 22 nd, o
1 ORGSR & RIS, BRI CITMEO R ERIRIC I W TREL V& B AN A d L O
FEMERAE DSBSl (K 3-2c) , HEOPERRE BRI TFITRE L U b EHEERWERLZ R L
(X3-2a 3L b)), BEMIREL D bie LA AT ¥y AFE R LOWIRROHEI, HAZH
Rl IR X 2 HIEIER A ORE A 2 LTz (K 3-2b), — 5, MEREO MR RN ICE
W CRERIIFZE ORI L CO DR S s, MRESRKE L, —& L
‘Fonizinotz (M3-2c 8LV,

HREMEIRZ DFRIE & U TREKIKDO B A GHRI L T2 & 2 A HEOMERE LR X UMD
BEFIEDN O TR L bABICHEMZ R LTz (K 3-2¢), SRERIEEROHIE L LT

BMEROERZFHI L2 2 A, HEOMERRRE HEER J OWEOHE TINREDSIE D B TR X
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D bHEEICEEAE R Lz (3-2F)  MEOMERRSE HEECIX M HAE A B 3 D I &
ST, AP A EEITRED bhRnoTe,

1gG2b oYLl X - T, BB A RILE ORRE 251 L7, 1g62b BSOS T 1%
BRISEIEIRICBIEZ S e (K 3-3a-d), 1gG2b Bt RERIKRZHEH L= L 2 A, MO
MRS L OME O FINFEN EOR I LV bARICHEELZ R Lz (M 3-3e), MM
JRAR U IS ZABITRE O B LR o T,

CD3 35 L UF B220 & Yu a2\ T, MEDHEFINHEF L OHEDO MG HHEE T, CD3 Bt
AR S RERIARIIRIE L W DB biu7e . (X 3-4a-d) . B220 BRI ORI 1T
R S e o7 (X 3-4e-h), CD3 BEMERERIRERIX, RN CIIMER L Y AR
EVEZZR L (K 3-41) , PERRE HRE CITMEDMEORINZ . MEDMEDPRD 2R LTz,

EHRERIAT D720, RPDOTNT I REB I OMP ORFERBEZFH L. (F
3-1)e RTDTNT I ARETIL, HEOVEIRFHHBEN B FIRFEL V b ARBICE VW ELZ R
L7z, —7. METITMERT I X2 BB REEITRD bRhotz, Mo R 3% iR

FECIE, MEREILICHER O BRI S Ro T,

PERRAE IS K D /e B ~ DR

g R B Ol HEOPERRAE A d K OME ORI LI ZIE RS IO FINEE LV A
BlICEMmA-R L (X3-5a), —J7, MERECIX, PERRFEHIC & - TIEAED DI &
ST, HEZETRED bNIeh o7, MREROMREES JOMEIRE NI X 2 803
59T, KEOMEE HEES BTN L 0 O mE 2 R~z & > 72 (X 3-5b),

BB Z 35V VT CD3 BE IR I X BN ARSE FHY o SHHARES 12 . B220 BEEAm AR L U o g i
IZFRO BITED, ORI HIC X 2 EBITRD bz dr o7 (X 3-6a-h) , CD3

BHPEmAE 2GR L7z & 2 A, HEOMERMEHIREN BT L 0 b A RIS EEZ R LT2s,
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MERECITMERRT I L 2 BIRD b ile o7z (K 3-61), —J5. B220 Btk Tl
MEDEEFAFED ML ORE L 0 ORI A R THINICH o 72y, FERZEITRD bigho
7z (X3-63),

FRRIZ 33T CD3 BRI AT i, TOREITRE TRz > T, T7obb, I
DEEFINFETZ UL T ITHBREEE O BRI ICFE O S22 580 O 3 FETITMIREEE
(A R D SRR & BAEMEIC MRS 258D BTz (X 3-Ta-d),

H O R ORBOIEIE L LT, MA O Te6 JREEF K UWT dsDNA HLIRJRE 4 G+
L7z, AT EL » bRl E R L7o2s, MERESRICPERRSE I X 2 838

bhiehroi- (8 3-8a BL WD),

PERRAE DS Fegr DISERIT G-z %5 %88

NI I D Fegr2b D3 % E BN real-time PCRIETHENT L= & Z A, MEDOEE T
B b a2 R L, BEOEFINEEI L OMEDO YIRS LR & OMICAEZENRO b
(4 3-9a), Fegr3lZBWTH, MEDEFIHENRbEEZ R L, HEOBRFINELD bA
BBz R Le, E7z, HETITMERMLEE R FNEL Y bARICEEL R Lz (X
3-9b), Fegr3/Fegr2btbZBH L= & 2 A, OB RN OB FIHE LV b A EICE
fEa R L7z (X 3-9¢) o £, HETIIMERAHREN RTINS Y b ARICEMEZ R LT,

—J7. WETIIVERRE IS K 2 BIIRE O bR o T,
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B6.MRLc1(82-100) = o ¥ = = 7 = U AR IR & fi 9= & ¢, HECILimig
A RNZATFRUEED, MTITMERZ A ey VBEEOE BRI BRI, B
I AR 2 ROMRHT Tl HEDOVERR I THIEMERZ O¥EN . bz, NZB/WF1 = 7 X
ZRWTEAFZEIZIB W T, MECHERREHIC K VRENE/L L, TA MAT R OEEIC
STHEMT L Z ENMESN TS (Roubinian et al., 1978; Yacoub Wasef, 2004;
Zandman-Goddard et al., 2007), 7z, MO SLE BEF TIET > Fr ¥ = VREDORED

DB HAL5 (Lahita and Bradlow, 1987; Yacoub Wasef, 2004; Zandman-Goddard, 2007),
INBHOMRI Y, B6.MRLc1 (82-100) ~ 7 A DB gk CTILHENE AR /VE > DD DR EZ AL
(TARERNB N TN D Z EAVRIR STz, RO B CREREET NV~ T 22 VT
FHZHEWT, =2 ha vz OERIC L VRENELT 2 2 & IR H TR gD R
THZERAMSN TS (Grimaldi et al., 2005; Yacoub Wasef, 2004; Zandman—Goddard,
2007; Roubinian et al., 1978; Sthoeger et al., 2004), L LZRMNRE, HED
B6. MRLc1 (82-100) v &7 A Tid, MM I K » CREKMARZ DR DT NICRH B
Zb OO, FHREEHAIFH A BEAITRD b h o7z, 3725, B6. MRLcl (82-100) ¥
T AT BRERIRIRE OMEREZZTE AT, MEMEAR L > L0 S HEMRLE > O TR
<EHELTWSLEEZXBRD,

EMRD ABRIIIME AR NVE R 2B L, Mt~ Y v 7 2D F— A==
BI5 L T\% (Potier et al., 2001; Elliot et al., 2007), SRERIRFEALAEIL A W2
B A ORI E L sk~ Y v 2 ZAORBIEEC L A MRS A TIA L T 5%
BBCTHLIN, 7 A MAT B UPRERBIARERIZ, =R br Y= U AHlIcE< o
ENHBNTWD (Elliot et al., 2007), LL7aRL, ZbOHEL

82



B6. MRLc1 (82-100) ¥ 7 A DREFEIZ F5 1T 2 P M H D528 2 BAdEAT 1T 5 Z LT TE 2o
2o FTo. HEDOPERRREHE TIISRERIE A~ O IR L T2 2 Lk

B6. MRLc1(82-100) ¥ 7 A DR ERIARAE DMEREAZ 1T, PR /VE > OSRERIEA~DERH) 2
TER X0 & RIEMBL~DEENES 5T 5 B2 b,

PEDS GRS R E R B A 522 2 LIZAMOBE@Y TH Y . LEIX s g e &
<V REGUIHT D PERE R LU A CREIREICK T DR ERBEL D bEwn
(Bouman et al., 2005), AFFICIZINNT, MR OIE R ~O A A Ml K O

TRl L7z & 2 A, MilifgeE s Tto N E S, RN X > THECHREN T 2%
N o7, £, Ml X OWIRRZ 31T 2 HEREZE 35 K OWERRSE 0 52283 B Ml &
D THIRIZERE L TR Tz, 7205 Mg CIIMEDKE L v AV T MifasEiZ2 = L,
HED T ARSI MR H 2 L0 A EICIER Lz, MR TiE. HEOHEEFITRED CD3 Btk
MR BEE BRI LTy, MEOBETFAETS L OV-E DM IR I E CIL RIS & BEE
ICRD BT, B MW THMED Tt LD o2 & ko
Interleukin-2 (IL-2) PEAE T MO RIZIEHEL Y bEWZ LB TWD (Bouman
et al., 2004), =V RCBWTT > Ra Y= 0 H OB BInHER XM ErE ©
HY. TARNAT LT MIEEICIERICER T2 2 EAMEESL TV D
(Roubinian et al., 1977; MCMurray et al., 2001), & &2, PERRZHH L7- C57BL/6
W~ 2D THIFLIE Thl A ST A > T2 IL-2 X° Interferon—gamma (IFN-y) DFEA
REZSEIVY (Viselli et al., 1995), ZiuH O#EIL. T MIHEERICIZI O 27 MEREA D
fEAEL, E<ICT A MAT BN THIBLO A7 X OB ICHHIRIICAER T 5 2 & 2R
LTCW5b, BLEDMA XY | MR 256 L7/ B6. MRLc1 (82-100) v 7 A TlX, 7 v

Fr Yz OFERMETICL D THIRROIEHAANEE TWD EEXbND, HEOMBRAEH
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FECTRERIRIS TR L TV a2y, ZHIUE Thl A R A 272 8D RFTRIE A
T4 T— X —OPEARINZER T 2 00 Liviewn,
KEDVERRRE B RF IR FINRE L W B RIRP T A7 I U 2R LT, IR~DT LT
CHEHICRERISIRZE DFREE & Sh, BRRREDEYL & ITHNF % (Venkat, 2004; Aiba
etal., 1991), IRI~DE A OPHITIIMEAEFIE L, ETMEL Y 2\ (Sabolic et al.,
2007), T 72 b, 2B TIIHEME R LT 2 DR ~O & A PEHITAEER I8 < 23,
B6. MRLc1 (82-100) v 7 A TIIHEMEAR /VE » DA BT T X 2 OPENTARERZ ) < #E
ROVRE T, RFTIT I PN O B 22 R RIER R IR R o & 28 ik
i, AV > MEOFEHER S D5 VITEIEROMFEZ &12d % (Akhtar and Al Mana, 2004),
BLBRIZRNZ LT, RERIKBERET L~ T AZBWTRF T VT I ORI —8 L
THRERIEA~O T ISR GO AL, SRERIKRETO T IR HIE S 7D IR 7Z2 505
SRR EPEHICR S BT 5 Z RIS T D (Meyer et al., 2007), &7z,
SRERIRA~O T IR & SRR BRI B RMIR N 8 U, Sl G IR TR A8 SR T o SR Bk
K ERMIC R OB E RO HND 2 & b#lE SN TS (Meyer et al., 2007),
F 72 B, B6.MRLc1(82-100) v 7 A TR b AL HEOMERRRIHIC X 2 7 v 7 I P
IMO—KIZ, SRERIKA~D T MR A RV ORI BRI T~ 2 SR BRI L B fill i
DEEIZD D EEZBIND, G, RET IV~ U RITET D5ARERIK RIS E O
1T, HOREEREREBRICBIT 57 L7 I VR ORI Z A 50T 5 9 2 T
BETHAH, —H T, IRMEITZR 7 e o FCREOSEHITHY, TALT DR
I B B 2 72 LT 5 (Venkat, 2004; Aiba etal., 1991; Exaire et al.,
1972; Thomas et al., 1999; Saboli¢ et al., 2007), 7 A b AT & UL RAE k-
B DFEFEIARERN B = . YRR AL RS B DFMEA B & 23 (Yabuki et

al., 1999; Oudar et al ., 1991; Blantz et al., 1988; Schiebler and Danner, 1978),
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A, HEOPERRE HIE TR BT LT I R OB R A DEHE T X D
HFRINREDIEK TIC G HEELZIT THD2DO1E LV,
HEREREOBREDH D2 WITET VB OIMFIZITE A b DNA B L ORNA 72 & D%
ORERLA T 2 A CHES RIS D, 0B CHURDEA bIERLVE L OB
LT ENMOENTEY, =X bz UREERT- & LT, 7 FAT 1 203
K7 & L < (Lahita and Bradlow, 1987; Ahmed et al., 1999), B6.MRLc1 (82-100)
~UATYH, ALY HAEICE WP dsDNA FUIREEE 2R L7228, MEREIL (PR IR H
DEEBIRD LN hoT=, 7B, B6.MRLel (82-100) ~ 7 2D H CHiiKEEAEICI T
D MEREZE TR VT DA Z T RN LR SN, 20 H PR IC 5
ZBEFE LTI aEnE 2 b, b T, BEEBERE TR T 2 HUR e
JEREFUARDO HEL & X YR OB N RE SN TS (Tay et al., 2000), F7z, D
XY fKE ) YV I —Th D Z —F—IEGERICBW T, B OHURICER T 2 FRREE O E
BRI X Yot fi pll. 2-p22. L ICAF/ET S (Zinn et al., 1998), —J7, BXSB~¥ D AD
Ji RE DMEREAETE R 1T X Yo fR D Yaal&in+ A3 B35 L, & D AREIL single stranded RNA
SREEET (Tr?) OBEHETHL ZEPP LN ENTZ (Pisitkun et al., 2006),
INHEOWEITO TR b AR R L B O ERBOMEMEERET S LD TH LA,
B6. MRLc1 (82-100) ~ 7 A O YA fA 3 4dt 72 C57BL/6 ~ 7 AT & %, B6. MRLc1 (82-100)
~ U AD MNag BinTVE LY E OB & O AR H CHURICI T D MR
ELTWDHREMEDEZ SN0, 5B OFEMRBNPLETH D,

Mag \IHRIBECERZRETE D Foy SBRRBIRTFREAL G T, 2 B TIHMHALES LOVE
AL Fe y BRI T o ZADZALDS B CRE IR ERIKE R 0 —K & 72 2 WREMEZ /R L7z,
ARFETIL, B6.MRLc1(82-100) ~ 7 AD Fegr D37 v A &R L OWEIRE H O 22 %

CMZEHI Uy WED Fegra @Bl L & Fegr2b/ Fegr3 b, 3 K OMED PR H C i fE o ML,
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WEBW DIz, EEMEICE T D CD16 (Fey RITT) BEPEBEROHRIZEMEL D L0
(Ono et al., 2005), SLE ZZ&4E L7z BHEO KA M HER RS K O HERD Fe y RIT R BLI3 Mt
W BMER LOSLE #RE L7c P KV 4K\ (Chang et al., 1999), —JF., HC
FIEIRBET VEMIZIB T Fey ZREROMEREZIZRE Lo @& 1T e <. A RIOMERIX
Fegr /3T v ADZEAL) B O AR BRIKE K OREBOMEZ KT 2 —K & 725 Retk
AR LIb O & UTHRE, — 5T, Mag LISNOR T3 A C AR BRIEE & DPEZTE
BUICHEHELTWAZ b %265, MRL-Ipr~ 7 AR L ONC5TBL/6 = 7 A L D F2 %
VW72 Quantitative trait locus (QTL) fi##TIZ & - T, C57BL/6 ~ U XD 7 YeafRIZl
TEMELZ IR S 40 2 SRERIRTE 28 72 & QNS MR B TR T FET 5 (Misu et al.,
2007), LA V. B6.MRLcl(82-100) ~ 7 Z DIFHREDVEFEIL, Mag & 5\ NE C57BL/6 ~ 7
ADT ) A FICAFET 2R ERMEERE T ORELZIT VWD LB bD,

fEam & LT, &5 3 B CIIMENRSE AL A AV C B6. MRLe 1 (82-100) ~ 7 A DIFRE DL %
b Uiz, & <A, PERRHSH U 72T B C@ MR ERIKE R DR E L L T iziz o,
B6. MRLc1 (82-100) ~ 7 A DY BE DO MEREZZTE AU Z VX REM: A LE o O IR REENHIEFH 28 =12 /E

HALTWDZ ERRmBEi,
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7N iF

H O MR BRI 7 /L Td D MRL/MpJ ~ 7 A H 3K B6. MRLc 1 (82-100) =2 > ¥ = =
v 7= AIMERHEL D b EELCRIREBEREZ 2T 5, WEROMEERIO—K L LTH
FIVE L DEBEREZ VD, KBTI, YEREREH L7 B6. MRLc1 (82-100) v 7 X & {E
MU MEARALE CARERIRE R DIFIEIC G 2 2B A3 L, B O R ERIRE
BT DT OV THRMT L7,

1 4 H o> B6. MRLe1 (82-100) ~ 7 A FAly 2 fitn L C MRS e dS L O FlviE 2 (i
HESS 3 ) EH L. 8 » Al Cill, RIS L OGRS Z B L, A5/, Mikrae o
N FEW T % FIVCTHRAT L 72,

TR 351 2 MEREZS I 3ORERIR . TG 38 KON CD3 PR ER AR, s &, i

PR TG IR L OUMIEH B SHURRE TR HiL, W bR EL Y i R
U7eo PRI HIC & 2 S8R ERIRG M, 1e6 36 L UY CD3 B BRIA R JRHP T V7 3
IREE, MEE, MIRICIIT D D3 BEPEEFEIZI WV TERD b AL, WIS BEO PR H
BENBEFIRRE L 0 @A R Lo, BRENZ &1, FfRIZ30 )T CD3 Btk ia i X
BEFIRE AR R CREB IUMBEOM FICBEZ SNz, &2 HIZBWT,
B6. MRLc1 (82-100) = 7 A DRERIABF RFEAED—K & L T L CE 7=Hligo
Fegr3/Fegr2b /3T o A % g B real-time PCRIETHRHT L7z & 2 A, #EFITEECIIMED
LY bAREICEMZR L, &5, BEOMEBE LR BTN LV b ARICEEZ R
L7,

LI EOFER L b | B6. MRLc1 (82-100) = 7 2 D H TR BRIKE 4 DI RE D MEMEFS 1

WEPEAR LT 2 L0 B IEMER VR OJRREIIHIEH OB A 8 < U 5 T L AVRIR STz,
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Fig. 3-1. Body weights, serum levels of sex hormones, and kidney weights. (a)
Body weights recorded along a time course. Male sham-operated group (SG) mice
(®), male gonadectomized group (GG) mice (A), female SG mice (M), female GG
mice (@). Each value represents the mean = SEM. (b) Serum concentrations of
testosterone. (c) Serum concentrations of estradiol. (d) Total kidney weights.
Each value represents the mean = SEM. *: Significantly different from the
values recorded for the SG mice of the same sex. n = 3. Statistical analysis:
Mann-Whitney 0/ test (p < 0.05).
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Fig. 3-2. Comparison of glomerular damage between the SG group and the GG group.
(a-d) Light micrographs of the glomeruli. Male SG mice (a), male GG mice (b)),
female SG mice (c), female GG mice (d). In the SG, glomerular damage is more
severe among the females than among the males (panels a and c). The glomeruli
of female SG mice exhibit severe proliferative and membranous lesions (panel c).
Among the males, those of the GG exhibit more severe proliferative lesions
(rather than membranous lesions) than those of the SG. The proliferative
lesions are characterized by expansion of the mesangial matrix, proliferation
of the mesangial cells, and infiltration of mononuclear cells (panels a and b).
Among the females, glomerular damage was ameliorated in some of the GG mice
(panel d). Scale bar, 50 pum. (e) Number of nuclei in the glomeruli. (f)
Diameter of the renal corpuscles. Each value represents the mean £ SEM. *:
Significantly different from the values recorded for the SG mice of the same
sex. *x: Significantly different from the values recorded for the male SG mice.
n = 3. Statistical analysis: Mann—Whitney ¢ test (p < 0.05).
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Fig. 3-3. Comparison of the SG group and the GG group with regard to immune-—
complex deposition in the glomeruli. (a-d) Immunohistochemical staining for
1gG2b. Male SG mice (a), male GG mice (b), female SG mice (c), female GG mice
(d). IgG2b immunoreactions are clearly observed in the glomerular basement
membranes of the male GG, female SG, and female GG mice (panels b-d). However,
this staining is minimal in the tissue samples of the male SG mice (panel a).
Scale bar, 50 um. (e) Number of IgG2b—positive glomeruli. Each value represents
the mean = SEM. *: Significantly different from the values recorded for the SG
mice of the same sex. *%: Significantly different from the values recorded for
the male SG mice. n = 3. Statistical analysis: Mann—Whitney U/ test (p < 0.05).
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Fig. 3-4. Comparison of the SG and GG groups with regard to lymphocyte
infiltration into the glomeruli. (a-d) Immunohistochemical staining for CD3.
(e-h) Immunohistochemical staining for B220. Male SG mice (a and e), male GG
mice (b and f), female SG mice (c and g), female GG mice (d and h).
Infiltration of CD3-positive mononuclear cells is observed in the glomeruli of
the male GG, female SG, and female GG mice (panels b-d). However, this
infiltration is minimal in the case of the male SG mice (panel a). Infiltration
of B220-positive mononuclear cells is not observed in the glomeruli of any of
the mice. Instead, B220-positive cells are observed in the capillary lumen of
interstitium (arrow). Scale bar, 50 pm. (e) Number of CD3—positive glomeruli.
Each value represents the mean = SEM. *: Significantly different from the
values recorded for the SG mice of the same sex. *%: Significantly different
from the values recorded for the male SG mice. n = 3. Statistical analysis:
Mann-Whitney  test (p < 0.05).
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Table 3-1. Summary of clinical parameters in B6.MRLc1(82-100) mice aged 8 months.

Parameters Male Female

Sham—operated Gonadectomized Sham—operated Gonadectomized

Albuminuria

2.26 = 0.39 4.83 = 1.12% 1.89 = 0.54 2.55 = 0.31
(mg/d1)

Blood Urea Nitrogen

26.87 £ 1.36 27.71 £ 1.99 29.62 £ 2.91 41.45 £ 8.55
(mg/d1)

Each value represents the mean *= SEM. *: Significantly different from the values
recorded for animals of the same sex in the sham—operated group. n = 3. Statistical
analysis: Mann-Whitney U test (p < 0.05). The normal values (female C57BL/6 mice; age
6 months) of albuminuria and blood urea nitrogen are 0.48 mg/dl and 16.94 mg/dl,
respectively.
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Fig. 3-5. Weights of the immune organs. (a) Spleen weights. (b) Thymus weights
Each value represents the mean = SEM. *: Significantly different from the
values recorded for the SG mice of the same sex. *%: Significantly different
from the values recorded for the male SG mice. n = 3. Statistical analysis:
Mann-Whitney ¢ test (p < 0.05).
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Fig. 3-6. Comparison of the areas of T and B cells in the spleen. (a-d)
Immunohistochemical staining for CD3. (e-h) Immunohistochemical staining for
B220. CD3- and B220-positive areas are mainly observed in the periarteriolar
lymphatic sheath and splenic lymphoid follicles, respectively, and these
findings do not differ between the groups. Scale bar, 200 pm. (i)
Histoplanimetric analysis for CD3-positive areas in the spleen. (j)
Histoplanimetric analysis for B220-positive areas in the spleen. Each value
represents the mean = SEM. *: Significantly different from the values recorded
for the SG mice of the same sex. n = 3. Statistical analysis: Mann-Whitney U

test (p < 0.05).
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Fig. 3-7. Localization of T cells in the thymus. (a-d) Immunohistochemical

staining for CD3. CD3-positive cells are mainly observed in the thymic medulla
in all the mice (panels a-d). However, except in the case of the male SG mice

(panel a), these cells are also diffusely localized in the thymic cortex of the
mice (panels b-d). Scale bar, 200 pm. C: cortex. M: medulla.
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Fig. 3-8. Comparison of the serum levels of antibodies. (a) Total IgG. (b)
Anti—dsDNA antibodies. Each value represents the mean £ SEM. s*%*: Significantly
different from the values recorded for the male SG mice. n = 3. Statistical
analysis: Mann—-Whitney U test (p < 0.05). Gonadectomy did not affect these
parameters in any of the sexes.
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Fig. 3-9. Comparison of the relative expression levels of FegrZbh and Fegr3 mRNA
in the kidney, as determined by quantitative real-time PCR analysis. (a) Fcgrh,
(b) Fcgr3, (c) Fcgr3-FcgrZb ratio. The raw values obtained for FcgrZb and Fcgr3
are normalized to those obtained for Acth, and the values are expressed as fold
increases from the values recorded for the male SG mice. Each value represents
the mean £ SEM. *: Significantly different from the values recorded for the SG
mice of the same sex. **: Significantly different from the values recorded for
the male SG mice. n = 3. Statistical analysis: Mann—Whitney & test (p < 0.05).
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Table 3-2 Summary of gene—specific primer pairs

Genes (Accession No.) Primer Sequence (Primer Position)

Product Size

5" —CTGAGGCTGAGAATACGATC-3’
(1000-1019)

5" —GTGGATCGATAGCAGAAGAG-3’

Fegr2b (NM_001077189. 1) Forward

Reverse (1287-1306)
Fegrs (NH_010188. 4) . . 5/ ~ATCACTGTCCAAGATCCAGC—3’
cgr. _ . orwar (652-671)
. 5/ ~GCCTTGAACTGGTGATCCTA-3’
everse (978’997)
doth (NM_007393) . . 5/ ~TGTTACCAACTGGGACGACA-3’
ct _ orwar (304_323)
. 5’ ~GGGGTGTTGAAGGTCTCAAA-3’
everse (449-468)

307 bp

346 bp

165 bp
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=
T

RE\EM LA CRERRTHLEHMTY T~ b—F A (SLE) I3EEHE, U o~ Ho
JER. B OPURDHEBL, SRR L OCRERIKB K2 & S B O e X - TR H IR
NEH IR BT 5, K2 OIFIEICIZ, 25 O B O RIG 2 I+ 2R 12z <,
BT RIT 2 R T N EMEC B S LTV b, TRl SIEES0mE 26 LT
7TedliTid, WD L DFRERKFB LOCHERFORENS IR TH D, ITFE, Znb
DORTOREIC, HEAERBEFDOERBRSERMEI 2 TV e LievA T LA
(2 KD MEFEAIIEAT 3T D £ D272 0 | Mk, MlaE R 7. Jusi B R -
JEVES A NI A L TEIAVBIOENLDOZFERR E R a— N 58 FDOFRHBIZ
PO E TND Z EBRHE SN TS (Nikpour et al., 2007; Han et al., 2003; Qing
et al., 2004; Ishii et al., 2005; Nzeusseu Toukap et al., 2007), <A Z &7 LA
FEMTIZIEF AR FIETH LD, BRSINDELE IR LD, £, BFHD
BREHT RO IED “IRINZEL 2 LB L2354, Bis T RBLO A L RRER Ak o> B
WABET L LIPEFICEH LY, BCRERBARBIETT VBMICB N Th~ A7
BT VAN TR TV A, EIRO XS R TRNEEEZEEL, 2 Y=y v
7 AR B DM B T LA RPN TV S, Haywood B13, A CAEHBTET
NS TATHLBSBRMHAKD AL V2= Vv AT A 7 0T LA T a1T -
TW5% (Haywood et al., 2006), F7=. Teramoto ©l&, MRL-Fas”" (MRL-Ipr) <=7 2F
KOV MRLNMp] v~ T ADREREZ L —F—~A 7 ua A7 va qkTEL, HEOM
T~YA 7 a7 LA I 24T MRL-1pr DAREKIKIZE N T ELITTENA UV BLOERD
DZREBELETOT v 7L Fal—rarPRETHDH I EEREL T D (Teramoto
et al., 2008),
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H1ETIE, HORERBET LV THS MRL/MpJ ~ 7 AHE B6. MRLc1 (82-100) ~ 7 A
AR L, Rv U R8BI 5 E CREERRIKBROFIEL MR LTz, £/, 26 2 BT
s T E A EIR (MRL autoimmune glomerulonephritis: Mag) I1ZEE STV 5k
PEALT Fe vy Z R IAEI T (Fe receptor 1gG low affinity I11: Fegrd) &7 Fey
SREEI T (Fegrzb) /37 o ZADZEAGD H CAEMRERIKB R O—IK & 72 5 Aletk %
RUTe, Mag \ZAREREBRIFERBLEFBFEET 2 Z LITHALNTH LD, Mag LOBILF
PO T RBUE B A 5.2 5 2 & T, REREBEROFEREAICHE S LT 5 ATREH
HEZ DD, FE, HERMIEHWZERT, AV UX0 LHMlICBIT 5 Fegrd B X
O Fegr2b DFEHL/NT o ADZELIE Monocyte chemoattractant protein 1 (MCP-1) &%
U MX Regulated upon activation normal T expressed and presumably secreted (RANTES)
REDRIEMAT 4 =—F —% a— FTLBIEFORBUKEL G52 EBWESH
TW% (Radeke et al., 2002), B6.MRLcl(82-100) < 7 A DBHE 1T RERIKEE A2 LK
EL. BARO MRL ~ 7 AZFE O B AL 5 M8 & PR IRE O X 5 72 o fs B2z 224k
T, £, ar Y=y I UATHDLD, MO BRBIETT LVEMO X 512
Juafk BICHUET 2 B O RS MR s T D528 h 0 72 < | B6.MRLc1(82-100) ~ 7
AT H CAREMRERIRE R OBER T OMATICIEFICERTH D L BEX HND,

AR, RIEVETA A v BX T4 0%, BV Uv~F B LW SLE 72 EORIE
MIRBIZB T 2RO L —7 > Mo TEBY, TRHIZHT 2K H D5 WITABEME
WO T OMEEBEICREGT D2 LIk > THEDESHFHF SN TS (Barksby et
al., 2007; Segerer et al., 2000; Koch, 2005; Kyttaris et al., 2005), Z#LiZ, J&
BT NVEMDIZIST D RIESE D5y 1AW I BERE & BRR L T SHEREIT. RIEMEY A
FNARTENA 72 EIREERF ORIl 2 B & L72iER L FdH D WITE O

ERRAINFEL TV ZDICHED AT v T Th b, T TH 4 ZTIE., BlENICBITS
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RIEVEA T 4 == F —OREBTFRI, L<ITHA MO, FEILVBLIOTALD
ZARRDOBIRTITHE R Z Y T T, B6.MRLe1(82-100) v 7 X & CB7BL/6 ~ &7 X D[] T LKL

AT 24T > T,
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MEHR L OT5ik

ARSEBRIE, ACiEE R F OB ERIGEHIIE W MR OAR LT U Thhiz KRE 5

8019),

L &%

1-12 » Ao B6. MRLc1 (82-100) < 7 A, C57BL/6Cr Sle (C57BL/6) ~wA (HA SLC £t)
3 L OYMRL/MpJ Jms Sle="7%#" (MRL-Ipr) ~ 7 A (HASLC L) #FEBRICHW:-, w7 X
35 1 mEFERROBREE FCRE Lz, v~ U RIEAN hreE ¥ —/b (40mg/kg, i.p.) D
TR FIZB W CREABIIRZ BINT 32 2 & CHRUMZ S S, Bk, Plks L OWaiR %
PR L 72, Total RNA A ORHARIT RNA later (Ambion #k) HZ-30°C CRfFL7-, &
Fh S OFLRIE-80°C CIR1F L7z, F7=. Laser Micro Dissection (LMD) FlD#MkIZ.
OCT =2 /X7 K (Tissue—tek: Sakura Finetek £b) (Z@#tk, A VX2 &> (Ftht
T LIRIRERE O CHE S, -80CTHRIE LT, 7% D ORMSRIE 10% % A

= U AR Z AT 72 B LA R ESIE TR E L, A AR AR BRAT IS VT,

2. PCR array fi#dT

RNA later HIZHRIE L T2 12 » Ao C57BL/6 ~ 7 A3 L UV B6. MRLe1 (82-100) < 7
ADOENEL Y. TRIzol reagent (Invitrogen £) % T total RNA ZHiH L7z, #hiH
L 7= total RNA % RNeasy Micro Kit (Qiagen ff) Z AV T total RNA O¥EHIA 1T - 7-1% .
FEAET % DNA DA D 723 Turbo  DNase (Ambion#l) & 37°C T 3043 & ¥ 7-, DNase
JVER 7= total RNA % FFEE RNAREHL U724, 1.0 pg @ total RNA & RT* PCR Array First
Strand Kit (SuperArray #f) % VT cDNA 1A L7=, AR L7 cDNA ¥ 10ul,
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Inflammatory Cytokines and Receptors RT? Profiler TM PCR Arrays Type A Ver. 3
(SuperArray f) B LW real-time —</LH% A 75— (MX 3000: Stratagene ) %
WTC 89 FEHDRIEMEYT A DA v TFENA UV BLOZEOZFERBER T ORI

DUNT PCR array T 247 -7- (& 4-1),

3. Chemokine (C-X—C motif) ligand 5 (Cxcl/5) BN Interleukin 1 family member 6

(111£6) DIEHRMT

B6. MRLc1 (82-100) = 7 233 L. OY C57BL/6 ~ 7 ZA D Bffi & v #li L 7= total RNA & fHu»
T Cxelb, 111163 KT8 Actb @ mRNA SEEMENT 21T > 7=, filiHi L 72 total RNA % DNA 53 fi%
D7=® DNase (= v iR V—4b) L& 37 °C T 15 AR & ¥ 72, DNase ALEE L 7= total
RNA % ReverTra Ace (B7E#ith) 33X Woligo dT primer (Invitrogen #£) % U T cDNA
(AR LTz, PCR BUSIE ExTag (#7157 B ZHWT, WIHIZEME 95 °C 5y Dk, #
ZEME95 TC 40 R, T =—U 7 B8 C 30 F, MERIL T2 C 30D 3 AT 7T 40
A I NATHo T2, DA Cxelb, 11116 BE N Acth (2T DHERINT T A ~— D5t/ %
F 42 IR L, BEZOT L T NVEIZTF VU A~A REA 1%OT Hua—RA 7L
(Armasco f£) ZMHWTEKIKEI L, 4T 7O T CEERE 21T o7,

Ak L7z eDNA, RT-PCR & [A#RD 7T A ~—3 L OV EXTaq & VW C, BIgICIS 1 5 Cxels
BXO 11176 ORBE BB Lz (£ 4-2), Cxels BEXO 1116 \Z%}4 % PCR
BEME T, WIIZME 95 °C 5 oy Dtk BVEME 95 C 40 B, T=—U 227 60 °C 30 fb, fi#
REOG 72 °C 40 % 32 B A 7 Nk, 72 C b & 1 A IV WUATo T2, —TJi. dethITxf
5% PCR HME L, WIHIZNE 95 °C 5y, #VEME 95 "C40F, 7=—U 2760 C 30
. HEKIS T2 °C 20 & 20 A 7 Wik, 72 CH % L A I NMTo Tz, BIE#K OV

VINETF T A~YA REH 1% OT Hua—A4 )L (Armasco f1) TEXIKE L. 44
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MT L TOFTT VNI AT D290 (Kodak t1) 2 AWTEEREZIT\V, T VX LV
BELTRIF LI, TRHDOEBT 7 A L ERAWTENENORKRENN RO pixel K
% Image J ver. 1.32j (NIH #) TEHEIL7=, &P > 7L ® cDNA RE % Acth DFBLE
THIIE L, Cxelb B KON 11116 DFEHE%Z 1 HiimDORED C5TBL/6 ~ 7 ATk 2 FHXHiE

T L7,

4, Cxcl5 @ IMD/RT-PCR f#AT

L V. 6 um EOFREMFEUI T 2B L, poly-L-lysin (Sigma #f) =—7 17
L7 LMD 7 4 v (AA U T 3= R4E) ZRSTEATA RHT RO AT, R
L72o RUWT4°C D 100% AL FERE (19 1 1) T4 43MEE L 7= RNase—free H,0 (Gibco
) T LI, MR E 1% hA DT —T 10 Bt % . RNase—free H,0 TUEH
L. B L7z, LMD I Ls=Pro300 (A A U 74— Afk) T, 1L EEHZD 5 D%
HAEZ B L7 (X 4-1), total RNA OHlii RNAqueous (Ambion £f) TATW, FAfFd
% DNA 43fi# D72 Turbo DNase (Ambion #1) & 37 °C T30 MG &2, RW\T,
ReverTra Ace (HIEEHi#) 3 X U8 Random Hexamer (Gibco BRL #£) % FV T cDNA (24K
L7z, RS9 S ROMi T nested PCR TIT o 72, 97725 1st PCR [ I3 Promega Taq
(Promega #) Z HWNT. HIHIZEME 95 °C 54y Dtk, BVZEM95°C 408, 7=—V 7 60
C30 B, HELIE T2 C 30 D 3 AT » ST 40 YA AVDRIEEITo 72, 2nd PCR X
JERIEL 1st PCR OFUGIK 1 ul 38 LONERELSIFF R T T A ~— (£ 4-2) 2T, Ist
PCR L R U4 T o T, RGOV v T UE=F VU A~A REF 1% OT HAa—R47

)b (Armasco f1) ZHWTEXIKEI L, IR T 7O F CEERE 21T 72,

5. IL-1IF6 DY = A X 7 v T 4 v TIENT
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FELL7-B M 1 g loxt L 1 ml @ Modified RIPA Lysis Buffer (50 mM Tris-HC1 pH 7. 4.
150 mM NaCl., 1 mM EDTA. 1% Triton X-100, 0.1% SDS. 1% sodium deoxycholate, 1 mM
PMSF, 10 pl protease inhibitor cocktail (Sigma fL)) ZM X THETFA X LT=14.
4°C 10,000 g 2 X OE T £ - TRl R 24 Lo, il 4 X Sps ¥ 7
FEfER (200 mM Tris-HC1 pH 6.8, 40% glycerol, 8% SDS. 0.04% bromophenol blue,
24% 2-mercaptoethanol) Z AT 100°C 3 pfIMF L, 12.5% AV 727 VLT I K7v
(e-PAGEL: 7" h—1th) TEXIKBIZIT o7z, WKEMZOEAZ PVDF i (77 h—4h) (2 20
mA/mm* DS THEE L, 1 X Chemiblocker (Millipore 1) ZHWT=HIR T 1M 7 2 v
F 7 Lz, TBS/0.1% Tween 20 TUEH, 1000 FEAR L 7 Rk ¥ ¥4~ 7 X IL-1F6
fifk (R&DSystems 1) & 4CT—BABISE ST, TBS/0. 1% Tween 20 T, 20000
BV L7 HRP A3k 7 FHi¥ ¥ 1g6 (Santa Cruz #1) LR T 1 FERLUS S,
Tmmobilon Western Detection Reagent (Millipore #f) Z FHAWNTHIER IS ORH 21T

ST, B HRIZIE MRL- Ipr ~ 7 2 OB g & v i=,

6. [11f61Z%I3 5 in situ hybridization

1116 DRI T T A ~— (F 4-2) B LT B6.MRLc1(82-100) v 7 2 D g1 >k D
cDNA % FIVNT 7711£6 DSBS & BEiE# (534 bp) | 1% 7 Hr—A %L (Armasco ££) T
HERUKE) L, MR T DT T 11116 DR RA)N REgI0 L7, 7 vHo cDNA %
Wizard SV Gel and PCR Clean-Up System (Promega #1) % VTR L 7=, K8 L 7= cDNA
% pGEM-T Easy vector (Promega ft) (2T A 7 — a &, KIGE DI (X7, HH)
BB TFEALL, ADMEDA Y — b2 FT57n—raEkE, RBELY 7
Z 3 R&EHH L, Mel (#554k) TSP6 Fut—&—MZ., &5MNE Neol (¥ 7F4h)

TTI7T eE—4— [zl A REEHL, 7=/ —/1-7 aaiR/LAILEs
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TV L 72, SP6 7rE—4—Z2FHLCErA2#HE, T7T 7YnEe—¥—%2FHALTT
VT AEE Y A= (DIG) RNA Labeling Kit (Roche Diagnostics £f) 12X
STTVERR LT,

Eiko X ICER L 72 DIGHER Y v — 7 B LUV 10 % PEfEE AL~ U o CREE L7
FREVIERL7Z 4 im EOUIFZ T in situ hybridization #f7-72, +7bbH, 4
FaERNT 7 ¢ %, 10 mg/ml O a7 A F—8-K CT=E 1 R L7z, U7 &Rzl
W72, 85°C T 10 4y BELEEL L 7= Hybridization buffer (50% fiA A > AL LT I R,
10mM Tris-HC1 pH 7. 6, 10mg tRNA, 1 X Denhardt’ si&, 10% 7 & A k7 fiilig, 600mM NaCl,
0.25% SDS, 1mM EDTA pH8.0) T 2 MR pre-hybridization Z17->72, KT, DIG IEik~
n—7 Z & e Hybridization buffer (0.3 pg/100 pl) T 58°C—/EA D hybridization %
#7572, 4 X SSC, 2 X SSC, L1 X SSC TEEPEAYIZ YL, 2% blocking reagent (Roche
Diagnostics #k) T=EE 30 3o > F 2_X— h L7z, 2000 f5HIROT VB Y 74 AT 7
H—FRHE Y 2% 7 = PR (Roche Diagnostics ff) & =R T2 KA > F 2 X—
kU721, 90 Z ¥ L. BCIP/NBT &% (Roche Diagnostics 1) TS &M L7=,

Mayer O~~~ b U U CEREK, +oIlBE S, S LU ARITE AL,

7. CXCL5., IL-1F6. I X Gr-1 ITkId % ikt

B2 3317 D CXCL5, IL-1F6 & DV ME Gr-1 (4FHEk~——) BGtEfilaomtiicy v
V- AFr-ar sy 7 &2 (ABC) EE MW, —IRFURITIE 100 £5 AR O ARAEHR Y
FHi~ 7 A CXCL5 Pk (R & D Systems £E, MN, USA), 200 {57 RO KA ¥ FHi~ v A
IL-1F6 §iif& (R & D Systems £, MN, USA). I LV 800 FAMMNOKIEHET »~ i~ A
Gr-1 #1f& (R&D Systems fL:, MN, USA) ZHW\ 7z, —RFUAEDA o FaX— 3 % 4C

—BRAITUN . IRPAIE CXCL5 33 L OV IL-1F6 By I 100 (247 IR L7- e F oAby %
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v 16 Hfk (Chemicon #1) %, Gr-1 MiHIHIC 100 5RO A4 F ALY 517 v b
IgG Hiff (Cedarlane Laboratories ) & v 7=, ABC ¥iX (Vector laboratories ff) &
DA »FaN— g g RIEEBAL R BRSO % 3-37 —diaminobenzidine—0. 003%
(V/V) H0, K TIT o720 SONTARREAK THELILE, Mayer D~~~ FF U o TREREAZLT
72, CXCL6 OHUFRRIEALIIM T 7 ¢ 4212 0.01 M D7 = U EFEEHR T 105°C 20 43
F—=hrI =795 L TiTo7e, IL-1F6 IZOWTIHIRIE (L 21T 7o T2, Gr-1 Ot
JFRRIEALII ST 7 0 1212 0. 3% X722 /0.2 M HERRYAIR & 37°C 15 s ¥ 5 2 &
TITo 7,

6-12 » A~ v 2D~ Y o EE BN A 2 T BRSBTS IL-1F6 [
PRANE S OGN Z1T - 7, BES N D2 TO IL-1F6 BPEIRME 5% % A i 3 8L &
W U7z, 7z, R T 21T > T2 U ICBEET 280/ 2 W C Periodic acid Schiff
(PAS) Befazfifi L. PAS FPEIRMMEZ A 2 JRAIE Ot (Proteinuria score) % ghHl

L7,

7. HEEHALER

BETOT = Z IO PFEEEFHERZE (nean=£S.E.) TH L, MEFET/ 8

F A MU w7 Mann-Whitney UKE) TITVW, WINE %A TE2HAEREL LT,
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ARERIRTE SR A - D38k

12 » H#is® B6.MRLc1(82-100) ~ &7 A ORI ¥ L QN> B6. MRLc1 (82-100) v 7 A& &
C57BL/6 ~ 7 ZADT, BRIZEH T 5 8B DY A NuA v, TFEIA VBIOZEDOZE
RIBE T DOFBLA PCR array 15 CTHHERMRNT Lo R A K 4-3 \ORT, RITMWH ORI TH
BoOoEPRELSBOONTZEDOND B 30 BEOBEBE FE2RLTWSH, D
B6. MRLc1(82-100) = 7 2 DB i (2 38\ T, Cxell, Cxelb, chemokine (C-X-C motif)
receptor 3 (Cxer3). chemokine (C-Cmotif) ligand 2 (Cel2) . Cel3. Celd. Cel6. Cel7,
Ccl8, Cclll, Ccll2. Ccll7. Ccl20, Chemokine (C—C motif) receptor 1 (Cerl). Cers,
Cerb, Cer7HR IV Cer872 8D, CCHrENA 2, CXCTENA VBLOZN DL DOZRINHE
GFNBFICE R LTV, &< Cxels 1IMED C57BL/6 =7 AL D & 74 £, HED
B6. MRLc1(82-100) v 7 A LV & 68 fiF@VMEZ /R~ L7, —J7, B6.MRLc1(82-100) ¥ 7 A D
MERERT . & A\ EED B6. MRLe1 (82-100) = ™7 A & C57BL/6 ~ 7 ADR T, & b PHE /2%
BAENBO BNI=DIX 11116 TH Y | #fED B6. MRLcl (82-100) ~ 7 A I MED C57BL/6 ~ 7

ALV 186 fi. HED B6. MRLc1(82-100) v 2 L 0§ 162 f2Em\VMEZ R LT,

BIRIC I 2 Cxel5 3 KO 1716 mRNA D3I

12 » Aol D C57BL/6 ~ 7 A3 LT B6.MRLc1(82-100) v 7 A DB @l BT 5
Cxcl5, T11f6 1 KON Acth DFE L% RT-PCRIEIZ X » THEMNT L7-fE A X 4-1 12”1, Cxelb
BEO 11176 DFRBUIETOENY) TRD B L7223, il BLITME, & <12 B6. MRLc1 (82-100)

~ U ZATHLSEBO b (K 4-1),
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BIBIC I D Cxels FELORFF AL & £ D RTE

SRERIRRE RAFIES (1 - Aliw)  FIEQTH (6 - Alln) 36 JONRREH (12 » H i) O
HED C5TBL/6 = 7 235 L UV B6. MRLe1 (82-100) = 7 AT H51T 5 Cxels FEBL % Y- Bl
PCRIECREMT L7 (X 4-2), REMICI T, Cxels OFIXIPFEBLEIT A i & LN+ %
I B o7z, WRFOMEIZIBNT, 6 7» A0S 12 # HIZ0NF TEBEF ML T
T2 FTo. REREBREHIO 12 7 A28\ T, Mo B6. MRLe1 (82-100) ~ 7 AN RE
ThbEEE T LT,

12 4 A~ 7 A ORERIKICI T D Crels 388l LMD/RT-PCR VAIZ K o THEMT L7z, i
Rt & bIRERIRIZE T D Creld OIEBLDMHERE SHL7275, B6.MRLe1 (82-100) v 7 AT ¥
7D Cxcls DFERA /N RIZ C57BL/6 ~ 7 A L 0 b B bz (X 4-3),

R 12 2 AR B6. MRLc1 (82-100) ~ 7 Az FV T, Cxels Da— RKEHATH D
CXCL5 (%4 BB ikt 2 21T > 72 (1 4-4), & TORETIB T, CXCL5 Bt OsiE
&L CRERR BRI X ORMIE IR 2 B o Mg I REL TR, &I
12 » A #OME B6. MRLc1 (82-100) = 7 X THR L #ed b= (X 4-4b)

MerED 12 » Hiio> B6.MRLel (82-100) = 7 A DB gz VT, fFEk~—h—Th 5
Gr-1 IZxt 9 2 mEMMIL T 21T o772 (K 4-4c BRLO d), Gr-1 BEMERISIE
B6. MRLc1 (82-100) ¥ &7 A DR ERIRITIRIE 2 BAEMIIZBO B i, & ITRERKREGE %

BHE R HEO AR TR < RO S ivis (X 4-4d)

BRI 0 5 11116 8B ORRE L & Z D JRTE

HRERIRERAFIER (1 » Hifn) . BIEAH (6 7 Alin) 3 L O (12 # H i) Ot
HE C57BL/6 ~ ™7 A 35 L TOVB6. MRLc1 (82-100) = 7 A DREIN 11116 F&F % -7 i) PCR 1%

TN L7z (X 4-5), fElZMEod B6. MRLcl (82-100) ~ 7 A THIEMEIZ #1315 &
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. & <ITHED B6. MRLe1 (82-100) = 7 A DfEIZE L~V THER L Tz,

12 » A i O # B6.MRLc1(82-100) ~ 7 A BW&I\Z B F 5 1116 O J{fE% in situ
hybridization {EIZ K > THENT L7z, 77176 BSOS ITRME . & <ITHRHR L 72 JRABAE 1
BRI DA E I BN TR RO b v (4 4-6)

~ U ADENEERNT, 1116 D — REATH D IL-1F6 ([T L VT AL Ty
MENT I L OSSR L 21T o7 (M 4T BLU8), Y2 Z 7 ry MEFTIE
B6. MRLc1 (82-100) = 7 A 33 L UG R FR O MRL-Ipr <~ 7 AZEW T, #J 17kDa @ 1L-1F6
BBy KR b, —J7, CBTBL/6 ~ 7 AT IL-1F6 FRELA N RIZFE® Hiia
3o T2, S MRRAERIC BT HED B6. MRLe1 (82-100) T TL-1F6 Bt IZIE & A L
HEnzhoiz (K 4-8a), —J7, HimOHE AL 721D B6. MRLe 1 (82-100) = 7 A T, IL-1F6
B B AN AL IR A E N D ESE £ To EEMBOMIE B L oI sh (K
4-8b) . Z O SUSILIRAE B E MR ZE OHEFT LB T - 72 (1K 4-8c),

6-12 » AlnDME B6. MRLcl (82-100) ~ 7 A DEIRIZF T 5 1L-1F6 BhtkIRME Sk &
O FMER DR Y] 728 17 5 PAS Bt IR AL 2 A4 5 IRAE D%k (Proteinuria
score: [¥4-9a) ZFHAIL7z (X 4-9), MifE 2 3+ U722k MK H 5 6 D D TL-1F6
BEPEFR A 523 O MERIE & Proteinuria score Th @EAZRTHMICH Y . WEOM

(CHERFFENCAH B R IEOMBEN GO (X 4-9b),
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#

plih

ARETIE, B OREMEARREBERIEER T OREDTZDIC, RIEWYA b2 &
EFENAVBRLOENO OZREBIRFEIERE LTz PR 7 LA VEIC X 2 MERERIfET 21T
ST, ZORER, B6.MRLel (82-100) v 7 A D TiL, & <2 CCrEHA L, CXC 7 E
AV BLOENS OZFERBILFOEBEIPBO b, ZNLDTEDA NI0T

PICERIF SN2V AT A Vi E LD Z 00y T EONLE X 1 CC,CXC, C 35 LT CX3C
DAODOYT 77 Y —ITHEEN TS (Koch, 2005; Segerer et al., 2000), CC 4
THA TR AT A VIRIEOESZ CXC A T ODY AT A RO T
2 WBAEMIAALTEES Z A LTS (Koch, 2005; Segerer et al., 2000), Hi#E X
ELTIUREKEBI O~ n 77— BEITLPERORIEMBE~OWE LIS T 5
(Koch, 2005; Segerer et al., 2000), MRL-Ipr~ 7 ADRKERIKY > 7L &F N2~ A 7
7 LA L > T b A v BI O BIA V2 RRE LT O I, Thl i,
~7u 77 —=VEBLOMPEROZEICEES L REEN RSN TWS (Teramoto et al.,
2008) , HiTE TI% B6. MRLc1 (82-100) = 7 A DR ERIKIC I 1T 5 CD3 B PEAINR IR 2 B & 26
L. SHICARBETIIREKIKICE T D 6r-1 HEFTERRE A O & o Tz, BlED A
XU LML, NERRF K OCRERIK BRI, G, U ARZHE (LPS), Mk
EIva—2 Y TUoXAT o I BIORFT AT IR EIC Lo Tl E%
FoE. TEIAVEZORIEMEAT 4 = —F —DEAZHMEE, KREKE~DY
K, ZWEALKRE IO~ v 77—V ORBEZRESES (Segerer etal., 2000),
7. AV XY LMBINCIT D Fegrd/Fegr2h /T o ADZE{RIE MCP1 (CCL2) I XY
RANTES (CCL5) DR ELZHIN &+ % (Radeke et al., 2002), ZAHDHR LY,

B6. MRLc1 (82-100) ~ 7 ZADBRIZBITH CCrEh A2, CXKCHEIAVBIRENLLD
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ZRBBE T OBBBITREKERDINC BT 2 RIEEE I LTR B EICHFE LTV D
EEZ b,

B6. MRLc1(82-100) v 7 A DEIE CTHEFEH L TWer T A VEBETD I, &<
Cxcl5 DFEBLUL C5TBL/6 ~ 7 A D 57. 75 fF L BT Dr o 72, ¥ 7 AD Cxel51% CXCL5 (Bl
4, Lipopolysaccharide induced CXC chemokine, Granulocyte chemotactic protein 2.
Small inducible cytokine subfamily member 5. Epithelial neutrophil activating
peptide-78) Z=a— RLTHY, EEHIRICRE T DA EREEE 7T A & LT
53T (Koch, 2005; Segerer et al., 2000; Walz et al., 1997; Duchene et al.,
2007), b FOBHCORERETIIEE Y v~F & CXCL5 & ORI RSN TV D
(Koch, 2005; Walz et al., 1997), J7pdb>H . CXCL5 1%V v~ F HBEFOIWFEFICEEFIC
GHETDTENALTHY, ~7u7y— WM L OWHEE MY CXCLS %
AL TS (Koch et al., 1994), F7z. BE~OHL CXCLs FUARK I XLV | THIKHIK
PR ER DB IH S D & & biT, BEE LRz HkER, BRI BGRRaR, FiiE
SRR FS X O BEER AR T Interleukin-1 beta (IL-18) (24 ¥ CXCL5 JEELANHH
s % (Walzetal., 1997), ABFZEIZI T, B6. MR1c1 (82-100) < 7 AL ANfHME(Z CXCL5
AMCHFBLL, e —H L THEERRKRERELZE L, ZULHO/REY, BCR
MR ERIRBE R ORIEY & Crels mRNA FEBLE O ZL ORI IE DB AR S iz, APTA
1% CXCLG & AR ERIRR 2% & OBIEM A2 R L7 #IO TOMETH 5,

CXCL5 & B6.MRIc1(82-100) = 7 A DA ERIR b BGHIEIZ JRIE L Tz, SRERIR LR
IZ Fc receptor IgG alpha chain transporter (FcRn) ZJH L. B AR & D5
WEREIZSINT % (Akilesh et al., 2008), F7z. HU-RERAR LB MG Z2 &5 L1k
HREBRET L~ 7 ZTEBOVTRERE~D T #FRER X OE A ROHEMNREED H s

72 & SRERIR L BRI XSS A A T L 7R ERIAE B ICEE R R Z R LT0nDH 2 L
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DR ENTWN D (Meyer et al., 2007), SRERIR LRGHIGICFEEL T % CXCLS D E %4 B
DT LT 3 m s, i, . BEl D D VIFIBIEICAA RS 5 BRGilals K~ =
7 7 —VITBIT D CXCLS FEHDOEEINL, /AT ~DIIEMIORME 2 k35 (Wals et al.,
1997), LLEDOFR L0 | SREIE LRI SeZ B AR S 5 VIZE oM S EA ST
DRIENE AT 4 == —DFPLIT L > T CXCLE OFIA IR L, SKRERIRA~ T U 2Bk
I ER e E ORIEMIDRE 2 845 2 & TH ORI R R R OFFELR A IS BEE L T
WH T ERIRE S T,

BRLIRVEN Z LT, MED B6.MRLe1(82-100) = 7 A IC B W\ Tk b i B 8L L TV 2@ s
TlE. FEAIA VB I ORZOZREIKTIZ AL, 11116 Th-oTz, [116 /4 Family of 1L-1
(FILD) LThmmb, IL-1 A bHA 773V —D—EBTHD (Barksby et al.,
2007) , IL-1 %A R HA > 77 2 U —|2iL [L-1a IL-1 B, IL-1Ra, IL-18, IL-1F5 IL-1F6,
IL-1F7, TL-1F8, IL-1F9, IL-1F10 BL O IL-33 BMfFFEL., YA B A v, TEDA |
—BbERGHEER (NOS) BEIO~ M) v AxZuruT A5 —8 MMP) 72 & D%
BAFET L LT EHESCRIERGICmEEREE A2 R/ LT\ 5 (Barksby et al.,
2007), IL-1 77 I U —o ¢, IL-1F5, IL-1F6, IL-1F7, IL-1F8, IL-1F9 35 J O} IL-1F10
ITEFEIC RS> TRRAINTEA L N—=TH Y | IL-1F6 3B LWV IL-1F8 |X IL-6 B L IL-8 D
FEAEZIMESE D Z & CRIEMIGITIEERIZ, —J5, IL-1F5, IL-1F7 8 X OV IL-1F10 I
ZH OERICIHIRCE < Z LRI EN TS (Towne et al., 2004; Barksby et
al., 2007), IL-1 77 X U —& A CRERBOBENMET, IL-18 &V Uv~TF AL T
LHEE SN TW5S (Barksby et al., 2007), IL-18 13V v~FREMESEO~7 07
7=, T, fHEEAAL, 38 KOs e CEA S, BIETRAT~0O [ iflERIZ R X
O MIP B8 A2 LA O FEELIZBE 5 5 (Westacott et al., 1990; Kay et al.,

2004; Milner and Cawston, 2005; Graves and Cochran, 2003; Kornman et al., 1997;
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Barksby et al., 2007), IL-1F A 1 /N—"CiX, IL-1F8 A3V Mifiite 25 in s L Ok flia
? IL-6 3 LV IL-8 O mRNA FEEL L~V AN S 5 2 & TR ) 7~ F Ok BEFs AE 12 B
54 %  (Magne et al., 2006; Barksby et al., 2007), 4 [a] ®#F%E T, Mo
B6. MRLc1 (82-100) ~ 7 A& ligiZ IL-1F6 23 ANfn s B L7 3213 IL-1F6 & B Ok
AR ROBEMEZ R L7zb D & U THEBRZE | B6. MRLel (82-100) v 7 A2 41T S il
DIL-1 77 IV —, IL-6 &5 WE IL-8 ODRBEEDE(IZ OV T H A EHEMFTT L T < &
Ehd 5D,

BT IL-1F6 Z 8RBT D 7 v AV 2= v /v U RAIREDIEE, BEfEO~ 77
7 —VRIME. TN ARSI KOV T MR oA R L, IL-1F6 23R AT O RAE
BSZ2 LRk =BG+ 2 2 L VR EN TV (Blumberg et al., 2007), A&
WFZEICH T, TL-1F6 |3 B6. MRLc 1 (82-100) ~ 7 A DAL R M 7> B HEAE E RO
RV & 2 VIEENICRTEL TRV . & URERIREF RN HBLT 2 JRAE
BT BRI Nz, 51T, B6.MRLcl(82-100) = 7 ATV T IL-1F6 BHPEIRMIE &
Proteinuria score DEIZIEDOMBENGRO Hivle, TH., REREEGFIC L > TR 51
IREDOTNT I AIRME OEEEZF SR T ERBEREEEOEREZEDTND
TNT X DR R Z T T2 E LR ME 21T D Transforming growth factor beta
(TGF-B) B LV OZ AR BLOHEINT B RMOMAMEICBEEST 2 Z L2 R"m®e L T D
(Liu et al., 2006), F7=. FERFEBFIEETT VT v MBS K OEE R RABE BV E MR 2
BRI REREIRET N~ 7 A HWERIFEIC BT, JRANE O BEIE Xm0 R A 45 i >
HIAE D | FEOBHEICHEITT L TN 2 EAVRIBE I TS (Obineche et al., 2001;
Kida and Sato, 2007), BN EHFZZ 7256, BARME S EIIRERTTH D
Epithelial growth factor (EGF) <° Inslin-like growth factor (IGF) & A MIHL7 &~

F— AKFT&H 5 B-cell leukemia/lymphoma 2 (BCL2) #EAE L. BgOEERL L)
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AL > TV DM S REB I TS (Gobe and Johnson, 2007), LA EDHIR X
Y. m H o B6. MRLc1 (82-100) v &7 A D JRAME F R IV TRisd b7z IL-1F6 D5
HHUI, A= F27 VD WEINT 7 U ARRETIRME MR ZE OIR B A B 5V 35
EEZTRMEOBACES T AEEMEEZ A L TR Y RAE MEEEEO RN

HDHNTIEFED X —F > F a9 b,

117



7N iF

ZHETEHIL, MRL/MpJ H3E B6.MRLc1(82-100) =2 > V= = v 7 ~ 7 A M H Ot
RIREBRET VL LTAMTHL Z L a®E L T, ARETIE, BECR T 5 RIE
VA DM IA Y, TEIAVBIORENLLDOZBEEKROBE T RHEIZ DN T
B6. MRLc1(82-100) 7 A & C57BL/6 ~ 7 A D [H] T fRAT 247 > 72,

12 7 H#n® B6.MRLc1(82-100) ~ 7 A & C57BL/6 ~ 7 ADT, Bz BIF %5 89 FED
YA A, TEIA Y, BEOZOZFERBI T O EH EL PCR array JEIC &
S CTRHT L7z, B6.MRLc1(82-100) ~ 7 ZADERICIE W THEE O£ A U H o FB X
O ENA VZFROBIEFBBEFICESHEB L Tz, & <IT Crels ORXFEBIERIZE
VW, B6.MRLc1 (82-100) i~ ™7 2 (% C57BL/6 Wi~ 7 A X W % 74 {%, B6. MRLc1 (82-100) 1
~ ALY 58 fEEVMEZ R LTz, #Ed B6. MRLe1 (82-100) ~ 7 A2 F51F 5 CXCL5 1%
SRERIR E R RTE L. & OFRBLEITINEMEIZEIM L T,

IL-1 772V —D—>CTH5 [11£61% B6.MRLc1 (82-100) i~ 7 A Thg b BAF (2 E JE 5
L. C57BL/6 i~ 2 2 0 %, 186 fi5, B6. MRLc1(82-100) I~ 7 A LV % 162 fF i\ Ml & R~
L7z, B6.MRLc1(82-100) i~ o A DENIZI5 1T 2 71116 FBLEITH s & 2L T
7o 11116 DEALFI L OE A OFBULENIRME 2 BESE T TR b, &<
B6. MRLc1 (82-100) -~ 7 A DHLHE L 72 JRABEIZ BV TIRWIEBLARD 5, IL-1F6 BAER
MEH L EAMNEEZR T 2 RMEROEICIEDFNFED b,

LIEDOFTR &Y. B6.MRLel (82-100) = 7 A DB CTE R T 5 Cxels BL O 1116 1%
ARERIRTE L OURMEMEICR T 2 BRAEORBERAEICERCEEG L TnD B2 bR

7?:,
—o
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Table 4-1.

Gene table for PCRarray.

Number RefSeq Symbol Description
1 NM_013854 Abefl ATP-binding cassette, sub-family F (GCN20), member I
2 NM_009744 Belb B-cell leukemia/lymphoma 6
3 NM_007551 Blrl Burkitt lymphoma receptor 1
4 NM_009778 c3 Complement component 3
5 NM_009807 Caspl Caspase 1
6 NM_011329 cell Chemokine (C-C motif) ligand 1
7 NM_011330 Celll Small chemokine (C~C motif) ligand 11
8 NM_011331 celiz Chemokine (C-C motif) ligand 12
9 NM_011332 Cell7 Chemokine (C-C motif) ligand 17
10 NM_011888 celi19 Chemokine (C-C motif) ligand 19
11 NM_011333 cel2 Chemokine (C~C motif) ligand 2
12 NM_016960 cel20 Chemokine (C-C motif) ligand 20
13 NM_009137 Cel122 Chemokine (C-C motif) ligand 22
14 NM_019577 cel24 Chemokine (C-C motif) ligand 24
15 NM_009138 Cel2s Chemokine (C~C motif) ligand 25
16 NM_011337 cel3 Chemokine (C-C motif) ligand 3
17 NM_013652 celd Chemokine (C~C motif) ligand 4
18 NM_013653 cels Chemokine (C-C motif) ligand 5
19 NM_009139 cel6 Chemokine (C~C motif) ligand 6
20 NM_013654 cel7 Chemokine (C-C motif) ligand 7
21 NM_021443 cels Chemokine (C~C motif) ligand &
22 NM_011338 cel9 Chemokine (C-C motif) ligand 9
23 NM_009912 Cerl Chemokine (C-C motif) receptor 1
24 NM_009915 Cer2 Chemokine (C-C motif) receptor 2
25 NM_009914 cers Chemokine (C-C motif) receptor 3
26 NM_009916 Cerd Chemokine (C-C motif) receptor 4
27 NM_009917 Cers Chemokine (C-C motif) receptor 5
28 NM_009835 Ceré Chemokine (C-C motif) receptor 6
29 NM_007719 cer? Chemokine (C-C motif) receptor 7
30 NM_007720 cer8 Chemokine (C-C motif) receptor §
31 NM_009913 cer9 Chemokine (C-C motif) receptor 9
32 NM_007768 crp C-reactive protein, pentraxin-related
33 NM_009142 Cx3ell Chemokine (C-X3-C motif) ligand I
34 NM_008176 Cxell Chemokine (C-X-C motif) ligand I
35 NM_021274 Cxell0 Chemokine (C-X-C motif) ligand 10
36 NM_019494 Cxelll Chemokine (C-X-C motif) ligand 11
37 NM_021704 Cxell2 Chemokine (C-X-C motif) ligand 12
38 NM_018866 Cxelld Chemokine (C-X-C motif) ligand 13
39 NM_011339 Cxells Chemokine (C-X-C motif) ligand 15
40 NM_019932 Cxeld Chemokine (C-X-C motif) ligand 4
41 NM_009141 Cxels Chemokine (C-X~C motif) ligand 5
42 NM_008599 Cxel9 Chemokine (C-X-C motif) ligand 9
43 NM_009910 Cxer3 Chemokine (C-X-C motif) receptor 3
44 XM_894898 Cerl0 Chemokine (C-C motif) receptor 10
45 NM_008337 Ifng Interferon gamma
16 NM_010548 1110 Interleukin 10
47 NM_008348 I110ra Interleukin 10 receptor, alpha
18 NM_008349 I110rb Interleukin 10 receptor, beta
49 NM_008350 1111 Interleukin 11
50 NM_008355 1113 Interleukin 13
51 NM_133990 I113ral Interleukin 13 receptor, alpha I
52 NM_008357 1115 Interleukin 15
53 NM_010551 1116 Interleukin 16
54 NM_019508 1117 Interleukin 178
55 NM_008360 1118 Interleukin 18
56 NM_010554 Il1a Interleukin I alpha
57 NM_008361 111b Interleukin I beta
58 NM_019450 11116 Interleukin 1 family, member 6
59 XM_130058 11178 Interleukin I family, member 8
60 NM_008362 I11r1 Interleukin 1 receptor, type I
61 NM_010555 11172 Interleukin 1 receptor, type IT
62 NM_021380 1120 Interleukin 20
63 NM_008368 112rb Interleukin 2 receptor, beta chain
64 NM_013563 I12rg Interleukin 2 receptor, gamma chain
65 NM_010556 113 Interleukin 3
66 NM_021283 114 Interleukin 4
67 NM_008370 115ra Interleukin 5 receptor, alpha
68 NM_010559 I16ra Interleukin 6 receptor, alpha
69 NM_010560 116st Interleukin 6 signal transducer
70 NM_009909 118rb Interleukin 8 receptor, beta
71 NM_008401 Itgam Integrin alpha N
72 NM_008404 Itgb2 Integrin beta 2
73 NM_010735 Lta Lymphotoxin A
74 NM_008518 Ltb Lymphotoxin B
75 NM_010798 wir Wacrophage migration inhibitory factor
76 NM_007926 Seyel Small inducible cytokine subfamily E, member I
77 NM_009263 Sppl Secreted phosphoprotein 1
78 NM_011577 Tefbl Transforming growth factor, beta I
79 NM_013693 Tnf Tumor necrosis factor
80 NM_011609 Tnfrsfla Tumor necrosis factor receptor superfamily, member la
81 NM_011610 Tnfrsflb Tumor necrosis factor receptor superfamily, member 1b
82 NM_011616 Cd101g €D40 1igand
83 NM_023764 Tollip Toll interacting protein
84 NM_011798 Xerl Chemokine (C motif) receptor 1
85 NM_010368 Gush Glucuronidase, beta
86 NM_013556 Hprtl Hypoxanthine guanine phosphoribosyl transferase 1
87 NM_008302 Hsp90ab 1 Heat shock protein 90kDa alpha (cytosolic), class B member 1
88 NM_008084 Gapdh Glyceraldehyde-3-phosphate dehydrogenase
89 NM_007393 Acth Actin, beta, cytoplasmic
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Table 4-2. Summary of gene—specific primer pairs.

Genes (Accession No.)

Primer Sequence (Primer Position)

Product Size

Application

Cxcl5 (NM_001. 1)

71116 (NM_009141. 2)

Acth (NM_007393)

Forward

Reverse

Forward

Reverse

Forward

Reverse

Forward

Reverse

Forward

Reverse

5 = CATTTCTGTTGCTGTTCACG -3

5 -

(221-240)

ACATATTCCGGAGACAATGC
(816-835)

CAGCATCTAGCTGAAGCTGC
(247-266)
TTGTGAGATGAGCAGGAAGC
(665-684)

CTGCAGTCCCAAGGAAAGAG
(259-278)
GCATCTGATTCACCACCAAG
(773-792)

GAGCAAACAGTTCCAGTCAC
(652-671)
ATCTTGAGAGAGTGCCACAG
(978-997)

TGTTACCAACTGGGACGACA
(304-323)
GGGGTGTTGAAGGTCTCAAA
(449-468)

-3’

615bp

438bp

534bp

408bp

165bp

1st reaction for nested PCR, RT-PCR

2nd reaction for nested PCR

Probe for in situ hybridization

RT-PCR

RT-PCR
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Table 4-3. Results of PCRarray.

Female B6.MRLc1(82-100) / FemaleB6. MRLc1 (82-100) /

Number RefSeq Symbol Female C57BL6 Symbol Male B6.MRLcl(82-100)
1 NM_019450  711£6 185. 85 11116 162. 24
2 NM_009141 Cxelb 74. 44 Cxelb 57.76
3 NM_013654 Cel7 29. 41 Cel20 37.58
4 NM_011333 Cel2 26. 14 c3 28. 68
5 NM_021443 Cel8 20. 79 Cel? 23. 62
6 NM_010548 1110 20. 36 Cels 20. 42
7 NM_016960  Cel20 11.94 Cell2 18.92
8 NM_011331 Cell? 9.70 Cerb 14. 74
9 NM_008176  Cxell 9.11 1110 12.23
10 NM_009914 Cer3 8. 74 Cer8 11.98
11 NM_008599  Cxel9 8.21 Cel2 11. 10
12 NM_013652 Celd 8.16 Cerl 10. 87
13 NM_013693 Inf 7.82 Celd 10. 43
14 NM_009917 Cerb 7.51 Cell7 9. 08
15 NM_008337 Ifng 7.35 Celll 8.12
16 NM_011337 Cel3 6.81 Cer3 8.01
17 NM_009915 Cer2 6.36 Itgam 7.85
18 NM_007719 Cer7 6.27 111b 7.68
19 NM_013653 Celb 5. 81 11172 7.58
20 NM_008401 Ttgam 5.73 Cel3 6.33
21 NM_011338 Cel9 5. 46 Cxell 5.36
22 NM_021274  Cxell0 5. 20 1110ra 5.21
23 NM_008348  I110ra 4.72 Itgh? 5. 14
24 NM_009778 c3 4.16 Cxer3 5. 04
25 NM_008518 Lth 3.94 Cel9 4.83
26 NM_009909  718rb 3. 81 Tnfrsflb 4.41
27 NM_008370  Ilbra 3.78 Spp1 4.15
28 NM_009910  Cxer3 3.75 I12rg 4.15
29 NM_009139 Cel6 3.65 Cel6 4,12
30 NM_011577 Tefbl 3.65 Cer7 4.09

cDNA samples are obrtained from kidneys of 12-months-old mice. Values represent fold increase vs control
grouns. n=lI.
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C57BL/6 B6.MRLc1(82-100)
Male Female Male Female

1018bp

517bp

Cxcl5
1176 o

220bp

8 -actin 7.
Fig. 4-1. RT-PCR analysis for Cxclb, [11f6, and / -actin mRNA expressions in the
kidneys of 12-month—old C57BL/6 and B6.MRLc1(82-100) mice. The upper lane (Cxcl5),
middle lane (//7f6), and bottom lane (/4 -actin). Size markers are represented on
the left. n = 2.
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Fig. 4-2. Time course of Cxc/5 mRNA expressions in kidneys of C57BL/6 and

B6. MRLc1(82-100) mice by semi—quantitative RT-PCR analysis. C57BL/6 male (@),
Ch7BL/6 female (H), B6,MRLc1(82-100) male (A), and B6,MRLc1(82-100) female (X).
Raw values are normalized by that of Acth and values are expressed as fold
increases compared to 1-month-old male C57BL/6. Each value represents the mean =
S.E. n 2> 4.
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C57BL/6 B6.MRLc1(82-100) Cont.

500bp
Cxcld 4o00p m
200bp
LTI o w—  — —_— |
Fig. 4-3. RT-PCR analysis subsequent to laser microdissection for Cxc/5 mRNA
expressions in the glomerulus of 12-month—old female C57BL/6 and B6.MRLc1(82-100)
mice. Five glomerulus were collected in each animal. The upper lane (Cxc/5) and

bottom lane (Acth). Size markers are represented on the left. c¢DNA from kidney
samples are used as control. n = 2.
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Fig. 4-4. Immunohistochemistry for CXCL5 and Gr-1 (neutrophil marker) in kidney
of B6.MRLc1(82-100). (a) CXCL5 in male B6.MRLc1(82-100). (b) CXCL5 in female
B6. MRLc1(82-100). (¢) Gr-1 in male B6.MRLc1(82-100). (d) Gr—1 in female
B6.MRLc1(82-100). In both sexes, CXCL5-positive reactions are observed in
glomerular epithelial cells and infiltrating mononuclear cells (panels a and b).
These reactions are strong in female B6.MRLc1(82-100). In female B6.MRLc1 (82—
100), several Gr-1-positive cells are infiltrating to glomeruli (panel d).
However, these cells are few in male B6.MRLC1(82-100) (panel ¢). 12 month of
age. Bar = 50 pm.
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Fig. 4-5. Time course of //7f6 mRNA expression in kidneys of C57BL/6 and

B6. MRLc1(82-100) mice by semi—quantitative RT-PCR analysis. C57BL/6 male (@),
Ch7BL/6 female (H), B6,MRLc1(82-100) male (A), and B6,MRLc1(82-100) female (X).
Raw values are normalized by that of Acth and values are expressed as fold
increases compared to 1-month-old male C57BL/6. Each value represents the mean =
S.E. n 2> 4.
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Fig. 4-6. In situ hybridization for 7//f6 in kidney of female B6.MRLc1(82-100)
mice at 12 month of age. ///f6positive reactions are mainly observed cytoplasm of
dilated renal tubules (arrows). Bar = 100 um.
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(KDa) C57BLI/6 B6.MRLc1(82-100) MRL/Ipr

19.3 w356 1 lane 2 lane 1 lane 2

_ !
16.2 m— 3 “
10.9 mumm

Fig. 4-7. Western blotting analysis for IL-1F6 in kidneys of C57BL/6,

B6. MRLc1 (82-100), and MRL-1pr mice. In B6.MRLcl(82-100) and MRL/lpr, IL-1F6
specific bands (approximately 17kDa) are observed, and intensity of band is the
strongest in MRL/lpr which shows severe tubulointerstitial lesions. C57BL/6 and
B6. MRLc1 (82-100) : 12-months—old, n = 2. MRL//pr: 5-months—old, n = 1. Size
markers are represented on the left
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Fig. 4-8. Immunohistochemistory for IL-1F6 in kidney of B6.MRLc1(82-100). (a) male
B6. MRLc1(82-100). (b) female B6.MRLc1(82-100). (c) female B6.MRLcl (82-100),
counter—-stained by aniline blue. No IL-1F6-positive reaction is observed in male
B6. MRLc1(82-100) (panel a). However, in female B6.MRLc1(82-100), positive reactions
are mainly observed cytoplasm and nuclear of distal convoluted tubules in addition
to connecting ducts and cortical collecting ducts (panels b and c¢). Especially,
these reactions are frequently observed in female B6.MRLc1(82-100) with severe
tubulointerstitial lesions (panel c). 12 month of age. Bar = 100 pm.
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Fig. 4-9. The relations between proteinuria and number of IL-1F6-positive renal
tubules. (a) Measurement of proteinuria score. Proteinuria scores are calculated
by measuring the total number of renal tubules containing PAS—positive urinary
casts (arrows). (b) Scatter plotting in number of IL-1F6—positive renal tubules
and proteinuria score. The number of IL-1F6—positive area shows positive relations
to proteinuria score. Values = means. 4: Female B6.MRLc1(82-100). From 6 to 12
month of age. n = 22. Spearman’s rank correlation coefficient (p < 0.01).
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H OO MR BRI LR H M B OB REICAIF L, 28 LT 2168R 7 5 s
BEERDPARERIRICIESE T D 2 L TRIET . RERIKEEOREIXBEFO TR ELLT D
HERBECHD, INETHHOBRBEET L~ T AZ AT, 1 Pefafk7 7 2 7
U RO B C AR BRI RIF RS T OFET 5 Z LR ME S T&E ., 2
S O REARFFE R R — DB FITER T 2 0 EDIAH TH D, ARED RHIZ2 W
K ORTHIBFIEDMSLO T2 RIBE T /L~ 7 AZBT 5 JRKRIK -3 L O R D[R

EIFARARTH D, £ TAIIETIE, BERERBET L~ T ATHD MRL ~ 7 AH

ol

K L YR T o ATHE AT a Vo= v I~ U AEEH L, B O RERR
BRET N E L COH RO, AIEOREMIT, JRKIK 15 L OHER O Rk %
1To7,

C57BL/6 ~ 7 A & (C57BL/6 X MRL/MpJ) F1 =7 2L DR LB AL, <A 7
aY 7T I h~v—I—FH\ T ) XA TIECE - TOHE 1 YR T v A 7 fElk
(82-100 cM) D AN ML ~ U AMAETH DL v Vxz=v 73U R
(B6. MRLc1(82-100)) ZfEHi L7z, B6.MRLc1(82-100) ~ 7 A (i AR R I MEAT IZ F5 1
T, 6 7 Allinds HERE ORERIRFZENGED Hivie, € ORERBIELEBIIME L, 1g61 B
J UM 1gG2b DILAE DM STz, AREEFIT L ITHETEE TH 0 | RERIKOHFEME
A28 F6 K OMREIR 28 (NP I B U7z, E 7=, B6. MRLcl (82-100) = 7 A D JfiglZ F5\»
T B @i KOV T M REfE IR o0 Bk I AL R 9 2 LI R R O BN R bz,
B6. MRLc1 (82-100) v 7 A DI HjRFEE K (BUN) F L UWL double strand DNA (dsDNA)

PUARTREE 1Nl IS EE N L. 6 » Al TxXFIREED C57BL/6 ~ 7 A L 0 L HEICEEZ R~

132



L7z, BLEDFE XV | B6. MRLel (82-100) v & A% B C A MR BRIRRE 78 2 F8JiE L, MRL
~ U A MK A OO MR BRI R KBS 71358 1 YK 82-100 oM IZEAL 5 Z &
DML RS T,

FH1E B6.MRLc1(82-100) v 7 A D H T2 M R BRIA R 2 I KB s -2 (82-100cM)
% MRL autoimmune glomerulonephritis (Mag) &4 Uiz, FRIKEIR T OIFFAEEK %
SHIRD DD, Mag D—EEATHaA LY==y 27~ A B6.MRLcl(82-86) .
B6. MRLc1(92-100) 35 & TF B6. MRLc1 (100) Z /R L, #fk2HIF L OV F AR FEIC
£V XFRAFED CBTBL/6 ~ & A L LB EMT L7, 3 RHDIN, B6.MRLc1(92-100) ¥ & A (T
D HGIEEEIRDULAE 2 5 SR ERIKAGE 22 & OV MR E &, M dsDNA U i+
BUNJREERS L OURF 7T L7 X VHEHOBIAE S bz, 2 6OfREY, A mkE
PEARBRIA R R IR AR 1 DA EFEIIT 92-100 M (28D BTz,

JFKRE LRI D T80, 5 1 YLk 92-100 M IZTEAET 5 REN 2 0 B &1 T
& 5 C-reactive protein, pentraxin-related (Crp),Serumamyloid P-component (4pcs) .
Fc receptor IgG low affinity I1IB (Fegr2h) I L Fegr3 O EEEEFI1ZI5 1 % mRNA
TR FEBL & A T L 7=, B6.MRLc1(92-100) v v A DR figh, Jiligids X OWaR CTid. Fegrs
DEFEHLIS KO Fegr3/Fegr2b tbd ER-PEOH BN, b0 a— NEATH 2l
B Fey K TIB (Fey RIIB) 36 K ONEMEALAY Fo y RITT IR RERIR A 5o 30 & LI
BLORESREOBIRMIICREL, 25O T B6.MRLe1(92-100) ~ 7 A D
Fcy RITT 8T C57BL/6 v~V A LD <GB LN, U LEOFRA LY | % 1 geffk
%992, 3 MIZTFEIET B ML K OVEMEALAEL Fe v R 15 I3RIKE R T OFEf & LTH
Z DA, WEIE T DT o ZZAEH B CREMRERIEB R ORBER AR 595 2
&R IRIB ST,

REHZBCRERBRTHLI G ) 7~ h—F A (SLE) TiE. &R BELY
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A WIEIER 27”77, B6. MRLc1(82-100) v 7 A D fE T &I, L /- MEREAE D Z8 D B A,
MEASHEL 0 b EEACREREBE R 22 L T\ e, ZOMERBO—KHE LTHRLELD
WAENEZ SN2, B6.MRLe1 (82-100) ~ w7 A (TR Hif & D W 3B Tl & 6 L.
PERRA IS B C A MR ERIRS R OIRREIZ 5- 2 D B A fihT U 7=, 8 PINEE IR 1 D
HEZE VTR B, LI TR TeG R, VS B SRR B L OSRERKIREHE TRD 5
. WTILBERRER Y bR AR Uic, PRSI X 5 8T ME R, JRPT7 L7
VBB L OCRERIKMEFE CRO Hiv, WL b O MRS LA B FIREE L b &
woR Lilc, Fio. BIRIZIIT D Fegrd/Fegrzb /3T & ZRMT T, BEFITHE TITMED HE X

D HEEICEMEE, ORI ME RN L Y bAEICEEE R Lz, L EOFTR
£V | B6.MRLc1(82-100) v 7 2 D H 5 MR BRIKE 22 DIRRE DMEREAZ 1T, HEMEAR/LE
> ORREIHIER OB AR =T D 2 L BRIB E LT,

T4, SLE FE ORI S 5 WX B2 IO T R IV T RIEMEY A R
A TENA BIOEND OZFIRR EORE LR 6, 26 3w REf]
oL —4y e LTHEAEZEDTWD, &I T B6.MRLel(82-100) v 7 A DI ¥
W, BB EH LTV DRIEM AT ¢ =— % —% PCR array V£ CREGERIIZHEAT L. B
CL A% MR BRI RG] - D[R E & 384 72, B6. MRLc1(82-100) v 7 A D& fig Tl &
BOTrENA L)V T RBEXOTEIA VZREROBEFRBEFEICEHBEIL T\, &
AT Cxels DFIXTFEE EIZI T, B6. MRLel (82-100) = 7 A 1336 FREE 0D C57BL/6 < 7 %
L0 74 fEEVMEZE R LT, B6.MRLel (82-100) ~ 7 A BHIZ 331 T CXCL5 XK ERIA E
AR JRTE L. Z ORI BLEIIMEEIZHEM L Tz,

— 07, AT L7285 T-H, B6. MRLc1(82-100) ~ 7 A CThg b B I M EL L TV = DI
IL-1 77 IU—® [11f6 THYH, C57BL/6 ~ T ALV { 186 fFmfEZ ~ LT,

B6. MRLc1 (82-100) ~ 7 A DB K\ I B 11116 BLBEITIEMEICEIN L TN, 11116
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DEEFBLIOEAOEBITIEMRMENSESEIINT TR L, LI
B6. MRLc1(82-100) ¥ 7 A DHLHE L 72 JRME ICIB W THWIEH AR D bz, S HIT,
IL-1F6 FEMERMAE $ & B AR OIFIE Ch 2 B AN E A IRME R & OMICHERED
FERNE LN, UL EOREFR LY B6. MRLc1 (82-100) ~ 7 A DBE CE I+ 5 Cxelb
BEO 11116 135RERIERFT R K ORAMEREIZIBIT 2 A OWEER T & L TEERK
TR L TWD Z EPRES R I T,

fiim e LT, RET A~ T RADONIZ L - T, 7/ KMCHKT 5 H CsaE MR ERIRE
RIFREE T, MR VE VB X OB RN 2 IR BB ER - O B AL S AE O J B
ARG L TWDZ EBRHLNE Rotz, AEIELIRERIE, FESR L OEE

SIS F5 1 B AE D FIR2 Wik s L ORI E D FE RT3 W THEE QR ILAER I & 72
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ARREMADITHTZY . ZRILDEFE, HHIEEZ BV £ U6l R 7R PR E
PR RIE R RE R R T B RE AR SR IR O NCA
BI5L AiBhEL. S HITITZ < OMBIE &2 T S W E L 7B R R BRIE R ER = 2 B i
SRR SRR T i b ONC LB R R 2B BRI S e R 8 1 0 il 1 75
JESEBREND) PR e RERE WEBERICTRET VN2 LEd, £72, KXo T Z 85 Y
F L7 AbiEiE R R B R E 2E e R S W R o B LU B B . Mg 2] Bfx
7 b N [FIREEERIR 70 T A 205 fde e BuISD XV HLH L B &4

AKTEDEATIZHTD L OYFLE LEZTHE E LI-RED#SAZIZILD LT
DR, I L EN LD L&A S AZIT LD & T RAGHR, ROV
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Research on autoimmune glomerulonephritis model mouse

— Candidate gene on the telomeric region of chromosome 1 derived from MRL/MpJ —

Osamu TCHIT
Laboratory of Anatomy
Department of Biomedical Sciences
Graduate School of Veterinary Medicine

Hokkaido University

Autoimmune glomerulonephritis, a complication of systemic autoimmune disease,
is caused by renal glomerular deposition of immune complexes circulating through
the body. Previous studies have reported that the telomeric region of chromosome
1 in some disease model mice contains several loci that are associated with
autoimmune glomerulonephritis susceptibility. However, it is unclear whether
these loci originated inform the same genes. In order to detect autoimmune
glomerulonephritis at an early stage and provide subsequent therapy, it 1is
essential to identify the candidate genes and aggravating factors of this disease.
In this study, we created an MRL/MpJ—type congenic mouse that carries the telomeric
region of chromosome 1 and is susceptible to autoimmune disease. We confirmed the
application of this congenic strain in autoimmune glomerulonephritis models,
pathology analyses, and the search for candidate genes or aggravating factors of
this disease.

We created an MRL/MpJ-type congenic mouse (B6.MRLcl) which was homozygous in
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the telomeric region of chromosome 1 (82-100 cM) [B6.MRLc1(82-100)] by applying
serial backcrosses between C57BL/6 and (C57BL/6 X MRL/MpJ)F1. The B6.MRLc1 (82
-100) mice showed mild glomerular damage from 6 months of age. Their glomerular
basement membranes were hypertrophic and contained IgG depositions. Glomerular
damage in the B6.MRLc1(82-100) mice was more severe in the females; their
glomerulus deteriorated with age. Furthermore, splenomegaly, which occurs due to
proliferation of CD3— or B220—positive cells, was observed in the spleen of the
B6.MRLc1 (82 - 100) mice. Serum levels of blood urea nitrogen (BUN) and the
anti—double strand DNA (dsDNA) antibody in the B6.MRLc1(82-100) mice were found
to have increased with age and were also significantly higher than those of C57BL/6
at 6 months of age. From these findings, it became evident that the B6.MRLc1 (82
-100) mice had developed autoimmune glomerulonephritis and the candidate gene
derived from MRL/MpJ was localized on chromosome 1 (82-100 cM).

We named the loci in the B6.MRLc1(82-100) strain associated with autoimmune
glomerulonephritis susceptibility “Mag” (MRL autoimmune glomerulonephritis).
In order to reduce the number of regions of these loci, we produced 3 new B6. MRLc1
strains, namely, B6.MRLc1(82-86), B6.MRLc1(92-100), and B6.MRLc1(100), and
assessed their pathology. Of these 3 strains, only the B6.MRLc1(92-100) strain
showed glomerular damage with immune complex deposition in addition to elevated
spleen weights, serum BUN and anti—dsDNA antibody concentrations, and urinary
albumin excretions. These results confirm the localization of autoimmune
glomerulonephritis candidate genes on chromosome 1 (92-100 cM).

For the selection of the candidate gene, relative mRNA expression levels of Crp
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(pentraxin—related C-reactive protein), Apcs (serum amyloid P-component), FcgrZb
(low-affinity Fc receptor  for 1IgG  IIF), and Fcgr3, which are major
immune—associated genes present in chromosome 1 (92-100 cM), were analyzed in the
major organs. A high expression of Fcgr3 and an elevated Fegr3/FegrZ2b ratio were
observed in the kidney, spleen, and thymus of the B6.MRLc1(92-100) strain. Both
the inhibitory and active Fc gamma receptors coded by FegrZb and Fcgr3, namely,
Fc y RIIB and Fc y RIII, respectively, were localized on glomerular mesangial
regions and dendritic cells in the lymphoid organs. The Fc+y RIII expressions of
the B6. MRLc1(92-100) strains in these regions were stronger than those of C57BL/6.
From these findings, the inhibitory and active Fcy R genes were considered to be
candidate genes. It was strongly suggested that the imbalance between those genes
had a great impact on the pathogenesis of autoimmune glomerulonephritis.
Female mice showed a higher incidence of systemic lupus erythematosus (SLE),
which is the most common autoimmune disease. Further, similar sex-related
differences were observed in the B6. MRLc1(82-100) strain; glomerulonephritis was
more severe in the female mice than in the male mice. Since sex hormones were
considered to be one of the many definitive factors responsible for these
sex-related differences, we castrated sex organs of both sexes of the B6. MRLc1 (82
-100) strain and assessed the effects of gonadectomy in inducing autoimmune
glomerulonephritis. In sham operated groups, the female mice showed significantly
higher values than the male mice with regard to the glomerular damage scores, the
percentage of IgG— and CD3-positive glomerulus, the spleen weights, and the serum

levels of total IgG and anti—dsDNA antibodies. The effects of gonadectomy in the
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male mice were more apparent than those in the female mice. The male gonadectomy
group showed significantly higher values than the male sham operated group with
regard to the glomerular damage scores, the percentage of IgG— and CD3—positive
glomerulus, the urinary albumin excretions, the spleen weights, and the
CD3-positive areas in the spleen. Interestingly, CD3—positive cells were observed
in both the thymic cortex and the thymic medulla, in all animals except the males
in the sham operated groups. On analysis of the active Fegr3/Fcgr2b ratio in the
kidney, the male gonadectomy groups and the female sham operated groups were found
to have significantly higher values of the active Fegr3/Fegr2b ratio than the male
sham operated groups. These results suggested that the pathological sex-related
differences in autoimmune glomerulonephritis were strongly affected by the
inhibitory roles of male sex hormones.

The elevated levels of expression of inflammatory cytokines, chemokines, and
their receptors were recently clarified by the array analysis using humor or biopsy
samples from patients. These factors are attracting researchers as the targets
for disease controls. We attempted to identify the aggravating factors for
autoimmune glomerulonephritis in the B6.MRLcl(82-100) strain by studying the
expressions of inflammatory mediators by comprehensive PCR array analysis. In the
kidney of the B6.MRLc1(82-100) strain, several genes of chemokine ligands and
their receptors showed remarkably high expression levels. The expressions of the
Cxcl5 gene [chemokine (C—X—C motif) ligand 5] in the B6.MRLc1(82-100) strain were
72—-fold higher than those in C57BL/6; the expressions of this gene increased over

time in the B6.MRLc1(82-100) strain. The CXCL5 protein coded by the Cxcl5 gene
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was mainly localized on glomerular podocytes.

In contrast, the gene that showed the highest expression in the kidney of the
B6. MRLc1 (82-100) strain was 77716 (Interleukin 1 family member 6), which is a
member of the IL-1 family; these expressions were 186—fold higher than those of
C57BL/6. Furthermore, 7/1f6 gene expressions increased over time in the kidneys
of the B6.MRLc1(82-100) strains. The expressions of the ///f6 gene and its protein
were observed in the kidneys from the distal tubules to the collecting ducts. The
dilated tubules in the kidneys of the B6.MRLc1(82-100) strains, in particular,
showed a higher level of expression of this protein. Interestingly, the number
of renal tubules containing the IL-1F6 protein was in proportion to the number
of renal tubules containing protein casts as indices for proteinuria. These
results suggest that the Cxc/5 and 77116 genes, which were highly expressed in
the kidney of the B6.MRLc1(82-100) strain, play important roles as aggravating
factors of glomerular damage and tubulointerstitial lesions.

Thus, by research on disease model mice, it was concluded that the quantitative
changes in candidate genes derived form mouse genome, sex hormones, and local
aggravating factors in mouse kidney were closely related to the pathogenesis of
autoimmune glomerulonephritis. These findings will provide fundamental knowledge
that will enable early diagnosis and subsequent therapy of autoimmune

glomerulonephritis in the fields of medicine and veterinary science.
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