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B1E HE

Kim L DOXIG1%. Capillaria hepatica \Zf&Ye L=~ 7 A THIET S
REM 7 VA 77 Y ViliE T D, C hepatica EFRE I L D57V
a7V MED~Y T AETIIVERMS L, & OB AT & fif
THZEEZHMEL TS,

1. 279 FA 7 a7 VIEOER L BEIZOVWT

7V Fr7u7 ) %, KR (37C) KV ERWIRE Tk L., 37CIZ
M+ 22 THERTL2RE 77 ) rEEEINLTWD
(Lospalluto et al., 1962), 7 VA7 a7 U L AREIZTI VAT
v 7y MmAEE I, VAT e T )RR T A RE ST
OME®RNSE, 38 (T8, IT&, MA) oI, H—0RErrar
Vombhb¥Ersza— MW7 VA 7ae7 ) vmiE (I 8) &, #5o0
BT T b =D EORFNR Y U b A FNEFBHMET
bHIRAB 7 VA 77 ) yiiE (IREBIXOMA) 2Kl D
(Brouet et al., 1974), IRAM 7 VA7 07 U v MJE D% L.
hepatitis C virus (HCV), hepatitis B virus (HBV), Epstein-Barr
virus (EBV)72 E O R JEAREGICiERE L T Z 5 (Ferri, 2008),

2. WRERBREICERLEZY U NEKREHEEREB L LTORAR UV A
a7 Y vIiiE

YL ICRERE L CRIET DIRAM 7 VA7 a7 U Uil iElE, HIEERIC
X 2L EEE M (antigen-driven) I[CH 7 v — M (IA) £ 720%.
brma—uME (MR) o IgMRFFEA B Y U NEROBFEMENE Z 5 2
ENFRIEDRKIC RS, BrED IgM RF FEA B U > 2NBR 28 B4R 19 12 1Y
WS AL, 7)Ao a7 ) CIEORERERAZHLNICT S 9 %
THHERLEFTCHLIOIZL DL T, WELEAHLRANZ VD, TR
WA Z 2 A =X LF, FEOHIE LR T2 B U VB
WY& TC, R EZZ T 7 a—F LVIZHiET 5 2 &R ES
DD, IgM RF ZEAT HM ORI &6 L e 5 RPURICD
WTIE, A RMERDLY, WEEHEENRLOTEH W, Tz, &
WA N AT T 5 9 2 Tl Y 7o fg EREIRBOMIT L. MT o K #
SMH, IFEAEIT DR T RVORBRTH D,

2-1. BRE B J U NEROBEDFI E &L RIKEANIKITOVT
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BER 7 VA7 7Y VIEX, TORKOWBEKRK T TH S HCV
DB EZDOBKRMEK TR D K< MHIER I N TWD, HCV 18 4 K Y
X, IBEM 7 VA7 v 7Y iffEX Non-Hodgkin Lymphoma & 5
72U OoRERBEFEME R B & 5] 2 = 9 (Forghieri et al., 2012), ¥JH L 7=
BUVAREKODLIL, VEL-69 I XLV a— I/ EICHIRE i
Era 7Y R AEEERBEL TS, T LT, 20 Vel-69 I2LY
a— ]\ SN BYU Nk AT EMEEE O A ST HCV & ¥ N7

XTI ORI EEE OB LRI E S WHERMEE RO Z &
i)lﬁéﬂﬁ (De Re et al., 2000; Chan et al., 2001), ERH B U > X
EKIIE~D HCV E2 O EHEM R GIZFEH S TW R WA, T OH A
. FEPFICE D BY UKo BIE N, 7V A7 a7 ) vl fEEST
DEBERKN T THLHZENREBTHLOTHL, LNLENRL, 20
fh DY RELEME 7 UV A7 a7 ) i EIC BV T, B R PR R E O WA
Z72wv, FEHENS B U U NKOBRBRMEIAOS 4L LTED LD
WZHERE T 202 AT 27201, HEOKERIELZFREL., £Z0OH
FrEE oL BEL LR T2 2 0, ZTOMAOBTIZRD LB X
b b,

2-2. 79 A a7y VEOCETICEDSEE Thl/Th2 LEREIC
DWW T

BRAER 7 VA7 a7 U e o5 ERE T~ O R 85U o 8\ E N R
wEns—FT, 7UVA a7 MmiEORHEEZX, 72T Ty
TERY, BYEICER LY o NEREERET, Z2EBEZ&ETHRIET
HEMEIN TS (Sautto et al., 2012; Damoiseaux and Cohen
Tervaert, 2013), Z DA B =X AL[X, RV Za—F LiciEMHibE L7~ B
VUKD I B, %4 TFTT, 2 rm—rv () F7m—F))
D BY NP BEBRIZHEIHL, S HIMLNPDAT=ALTHE—O
Jsua—rRiEEET T, E// 7 e —F I BU URERNETET S L
ARIIN %E’z“fﬁ%hﬁ@fii%?ﬂ%ﬁf%/ s ua—FVRMEEICED EHH S
Do ZORMEGEAT DO, TNENOERRERICED ZOIZ
%E@ﬂﬁ%@%%%ﬁ)’?5%%7%%'0\ ETOTEHIZE, TN h
DBl OB R T O EHREIREE A2 FEM L 22 T hid e 67200y, HCV B
7 VA7 w7 Y dE Tix, Thl ([ZfRm L7218 F % RRE 2 W iB 1T
WIRREMICEH < 2 &£ 253 I CTWwb (Loffreda et al., 2003;
Saadoun et al., 2004; Falasca et al., 2007; Fallahi et al., 2012), L
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ML, THHHEDORRIT, B LEZ VA7 w7 U o fEEE D
%ﬁ@btﬁ/7w1%0\ﬁﬁ WESC 7 VA7 a7 ) rolhsl
WX DIMERICHFEICEG T 20 EREBIEFFFMTETH, PHICE
LB HEFENE Z 2 B CTofE 3 Th1/Th2 Ik & %E%_Jﬁbf
WhHEITWR RV, EBHEGEICHEMYE L THEAETLIRETH D . BIK
BIEKTHREOMMZIMIT 2 xR ETCHD, P A D= X2 %
T 272012 i%, WEEKREICER L7Z&RG72 BY Ko %
I CE2EMETANRMLETH D,

2-3. 7V F7 w7 Y METHEYT S CD5+ B U NEKIZHOWT
HCV EY o k27 VA7 ve7 ) v fERFEIZHEBWT, CD5+B U
WERN 7 o —F VT T 5 2 &R EE St (Monteverde et al.,
1997), CD5+ B U v Bk IgM RF EAM TH L Z L LR E N D
— T, ENICTFET LR D HE S (Sautto et al., 2012), IgM RF
FEAMBOMERIZT ST > TRy, CD5+ B U U ANERIZ, =7
BT S B-lafil@icHEY T oM THY . oI, I§MHELICIX
Interleukin 5 (IL-5) RNMZE TH 5 & &h 5 (Takatsu et al., 2009),
Mizuochi &%, HCV i 7 UV 4+ 27 1 7 U i B 4 b o IL-5
EEZMELLEN, EFELEAERENR P ZLEWMELTEDY
(Mizuochi et al., 2009). IL-5 OJRRE~DEH G IXRH TH 5,

3. 7V A7 a7y VMECEYET NV

Damoiseaux b @ Review (2013) IZHH X H2, 7 VA Trm 7V~
MAEDOBMET VTV, 3 DOEMETARREINDIDHATH
%5, 1> HIEX. thymic stromal lymphopoietin (TSLP) % & | # 8 L 7=
NI VAV 2=y I~ TUATHY, R 7 a—F 72 v RO
NEZY, A7 VA7 a7V o MmiE%3iET 5 (Taneda et al.,
2001), 2 2BOETNVIE, 7 VAT a7 Y UEARERONAS T YR
—~fiREBHE L~ A THY, 1 M7 U A7 a7 oilfE % RiE
4 % (Gyotoku et al., 1987), L 2 »o@wEs ix, Eic, 7 U 4
sua 7 YRR ELLEIETHERINDRIENRICOEAITA N =X L%
AT H7-0ICFHINTWD, ZThbEWET VIZ, DRI U477
7Y CMIES X VAT a T ) U EERT ARE ST e T Y oMk
NWEY 2, 70 A7 07U U MEDRIEFE TIZ., FFRIUEORK
ERLB Y UKD BN OBBEZ - oWw, oo, kil L7z
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VA T7a 7 ) MEOHBICEZ 2 BY UREKOEEIEA 1= X LD
RITICHWS Z ENTER Y, 3 DHOIYET LIL, KFZEDE 2
W CHMENL LTe C. hepatica I&Y:7 VA7 a7V VifE~ TV AET /LT
» % (Aihara et al., 2011), Z DOEF /L OREHIT. &Y L 7= 2@EKIC
BWT, BEBCRERBICES SR RSIB 7 YA 7 a7 ) M
SEARIET AL ThHdD, ZHICED . RENLRIEICESL X TOE
A2, BENICO T TG+ Z &R CTAREIZ 72 o =, &R IR
RINETOFHYMET VI, M T2 PRETHoT7 VAT
v U IMiEDO B EZMTTA2DICEL TWVWDEN, ZTOFET IV
ZHAT R RKROABTH %,

4, Capillaria hepatica (C. hepatica) 2 DU T

C. hepatical¥, FTo®EEIEE LT HHMA T, MWAFITHHT D,
WSS WM AL ICE R T 52 2 &b A & T b (Redrobe and
Patterson-Kane, 2005; Stidworthy et al., 2009; Li et al., 2010), C.
hepatica DETERITMEFTH D, BHRITIFICHFE L, HIK CTEINT
5o XY 20 05 30 H T LT 508, HINTREL AR BET
FFENIZE E D, mEMNET L, AFICHRIPR BB SnS &, A
AN E D, AR TIBELZ 30 HE 2T TH RIS & B
(X FTEERRIETH Y . Z ORISR O BIZT - 5 E I
SNDIET, YN 5, C. hepatica DIEYERIZL D, < v
2B XNT vy FORFIE T, BARFAIC L 2RO BEE & ML
B 5572 (Maria De Souza et al., 2006), 7 U A4 27 a7 U v IfLJE %
BOTEDOMIFEDREIL I E TITR,

5. KX DHHB

FEHF L. C hepatica D FEBREYe~ 7 ATy VA7 a7 Y o fiE»N 3
JETHZ EEFEL, WEARREICLD2 27 VA7 a7 ) vifiE KR
ETNELTOAHHMEICER Lz, RFEO B®IL., C. hepatica I
BRI L 22V A7 07 ) VIEO ST AET IV EMESL L, £ OJF B
WEMFZMAT 2L Thb, 8 2 FTIL, C hepatica f[&% 2 L 5
I UVF T a7 MEY Y AETIVEMN. L., EDOIRERENT Z1T o 72,
FI3IETIE, ZOETNLVOREEENLT, 7 VA7 v 7 U iED
BIEM I ERICKB T DU U REKEEE 7 VA7 a7 ) VEADKF Z
AT 22 2B E Lz, 43 Tix., 2 ICHEN L7z IgM RF £
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A B U NP ESDITHEERICAEEEL TS ZLIZERL, B
A o 7E ML T A A 7 Stral3 OB & T L 72,



8 2E Capillariahepatica RBREZICXI IR YA/ TY N
EEXDRETILOHEIL

2-1. Bl

% 2 ® X, C hepatica lZY\ 2 X527 VAT w7 ) Ui~y AET
WNEHENSNTHZEEHEBEL, 2 VA a7V o REMSTT 52
T, 7 VAT a T ) CMIEDSEELIT o 12,

C. hepatica R IP L, JEILE W) O g 2> & 57 B U 72 B B T I3 R Bl AR
Thorld, EFRENTHHABRINE TEETLI2LERND H, mEB
WCZELTESRIRINZEEE L, EIEEIE L0 FE 2 Fl
PR L, M2 RE LT,

MM R 10,20,30 HIZB T WL T 22 & T, 7 VA
TV IME DRI £ TORRBHEIT 2 BEBEICHEMLE, ToMKE. B
JERFH] BRIEBREX~ v AEAEM cHEL B, EFEZ 208057
VA7 a7 OKPEEY BF%E 30 ICE®mERZ VA7 r T
U UMEZFEIET D2 &Nz,

EEners7 VA r7e7 ) roRaeMirL, 204 7n7 ) M
JED DR EITIR -T2, BigIZH T 5 IgM Bz~ IgM & «
BIXOA#HEZ —EHEEAT LT, BN+ 2% B MlOMERZIH 7,
RERRFR A Z R A BEREAES L ONERAE FBHBEZ VD THREL %5
MR L. HCV &R 7 VA7 a7 U eIl XD HE & ik 247 72

> 72,

2-:2. MHEBLUAFE
2-2-1. C. hepatica BIF D 3B, &
C. hepatica \ZHRBEG L= Rr X I OFE» o I &2 B, B2 L.
Y EBRICHER L, R LEFHEMO L, @B Ay = (BHEZX
500um) %@ L 7=tk R K Z WP, =0k B2 EE R 1T - 72,
Wik % 0.6% AR/~ U IR PBS THR¥E L., 30°C FC 30 HREIRZE L,
SR IE R IR 2 15 72, Percoll Z W72 % A ECIE DIEIC L 0 . $h BB
Rz L, BEMEBEIRE T CHh BRI 25k L 7=,

2-2-2. FEBRRY
MY FEBRICIE,. BHASLC (=, HAR) oA L 8., Mo
ICR~UREZfEHA L, 1 Y70 kIl 8000 H 2 & 1 B2FE L |
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PR % B 4 (day post inoculation (DPI)) 10, 20, 30 H#IZ. 5 L3
ORI L, LT 21T -7, BEMExTBEEICIZ, PBS # /& 0 #HE
L. 30DPI (c& 4% L7~

2-2-3. MmME. RPOBEHE., HEE~—V—DHlE

i {& 1% . Spotchem EZ SP-4430 autoanalyzer (Arkray. ##5. H A)
W, BRI OFERED~— B —d 6 IHH ; Total bilirulbin,
aspartate transaminase (AST), alanine transaminase (ALT), Total
protein, albumin, serum creatinine ZHIE L7z, ZHZEOAIH ML
24 WERIERIR 21T\, RV 7 %157, JRi%. Bio-rad protein assay
kit (Biorad, Hercules, CA, USA)IC LV  Z o N7 BEE 2R E LT,

2-2-4. MEBERIBR

HIR R . B, PN, B X OV A BB L. 10% T EEE AL~ U
VT 24 FEMEE Lz, BEE L MEIT, WIBICE s TN T T 4
LT, 4aum U 2#1ER L 7=, 871X, hematoxylin and eosin (HE)
v ta | periodic acid-Schiff (PAS)/X )i, acid fuchsin orange G (AFOG)
et Z2AT o T,

2-2-5. SREHIELE

g O WA E AR L MR D X7 7 ¢ UEERITOW T, o g
B x1T o 1=, Alexa Fluor 488 £k ¥ ¥ Hi~ v R 1gG Hi{k (Invitrogen,
Carlsbad, CA, USA., # M 1:500). ¥ ¥ $Hi~ 7 Za chain #i & (Cappel,
Aurora, OH, USA, # M 1:200), FITC #£#% ¥ ¥ $Hi~ 7 A p chain PLik
(Cappel. M 1:400), ¥ X*H~ 7 2 k light chain & (Bethyl,
Montgomery, TX, USA. &AM 1:200). ¥ X Hi~ v AL light chain it
K (Bethyl, AR 1:200) . FITC## 7 v i~ 7 X C3 Fii{k (Cedarlane,
Ontario, Canada., &R 1:100) = —®HEKE L THW, FRIT. 1%
MG 7 V7 2 (BSA) w1 PBS Tir o7z, FEEHEPLIK (T~ A
a chain, x light chain, A light chain /&) @ "] {ki%. Alexa Fluor
488 ik 1 NPV ¥ IgG HLIA (Invitrogen, A B 1:1000) F 72 1% Alexa
Fluor 568 ik 7 ¥ ¥ HL ¥ ¥ 1gG Hifk (Invitrogen, AR 1:1000) %
R E L THWTIT o 70, EABZ L, #OtBEME (FSX100,
Olympus, Tokyo, Japan) % W T1ir- 7=,



2-2-6. BRETHMSEWRE

B E 58 1lmm SLF O/ EZED | 28% 7 Vv F — VT LTk
R CRIEE ., 1%MU B A 2 I U AR CHRBEEZITV., =& 8
JElCa M L7, BEERIT, B 7=V, J = U B TREL, &
57 - B % 8% (H-300, Hitachi, Tokyo, Japan) THLZ L 7=,

2-2-7. MEZ VAT YV DUV RE Ty MEF

ML, 87TCIZMIE L7 v P2 AW TOLERMIC kv EERL,
BTCTChMm =&, MiEAZHM LI, MEF 7 rofids T,
sV F a7 Y URRBREIT o772, BE# O 5k (Winfiled, 1983)1C
o T . MEZ ACTT1IHEMRAEL., ERIEBEMOFELZBE LT,
%, BHLEY A m PBS T 3 [P L. 100ul @ 0.1%SDS &K
ZHAEL, v X2 7uy Mo E L, B2 EED
Laemmli > 7Ny 77 —LRAEL, 520K YT 27U LT I BT
/b (e-Pagel, Atto, Tokyo, Japan) TEXIKEI L7=, 7 /L% PDVF %
Y7 LV UICHRE L SmEs A L R O BiiR (Bt~ 7 X 1gG, o chain,
u chain, k light chain, and A light chain) % —®&Hifk & L CTHW, 4C
FTT—M IS ST, BUROAERIT, 5% AF A I V27 K PBS TYT
W, FRLEFL, 111000, 1:2000, 1:4000, 1:2000, 1:2000 @ 7 R (% = T
fTolz, Z0%., ZHIKIC 5%Skim milk #1 PBS T 1:2000 (2 7 R
L7 HRP Ei% 7 ¥ X5 ¥ % 1gG /& (Dako, Glostrup, Denmark)
AL, 2R T 1 KFEEELZ, N2 Fid ECL Plus Western
blotting detection reagents (GE Healthcare, Buckinghamshire, UK)
THFAE L 72,

2-2-8. ELISA i X 51L& IgM rheumatoid factor {E ® #| &
Mg # @ IgM rheumatoid factor ¥ JE (%, Mk ® ELISA &% v
(mouse IgM rheumatoid factor ELISA kit, Shibayagi, Gunma,

Japan) THlIE L 7=,

2-2-9. HEHLE

TRTOMRIT, FHEESD T/RLUE, 2 BB OVEEMO I,
Student’s t-test (Z L VAT o 7=, ZHER O FEHE O LB IX, one way
ANOVA % 17 o 72% . Tukey’s test 17> 7= (P<0.05),



2-3. R
2-3-1. C. hepatica &%~ 7 A O BRI KK

Mgz ¥ %5 AST i3 L OV ALT fEi%. 10, 20DPI D#ETHE L < L
ALTWwWiz, —FH, miFE 7 v7F=v @i, EZBRYMZEC TR
727> 7= (Table 2-1), F£72, 10, 20 8 X T 30DPI T X TODOHE T,
AN RIBFBEI NIRRT,

2-3-2. 27VF a7 Y ol X CEREN

ACFCT1HEMBELLMEY 7L Tix, Kt~ v 2D 30DPI ©
MAFIZIBNT DI EHILEY O K 2 TR ICHEFE L 72 (Figure2-1)

W, ZBHLCEM O v A Z T ay NENT AT 57, 20DPI
7 TiE. o, p heavy chain &« light chain 2% H S L7z
(Figure2-2), 30DPI ®# > 7L Cl¥. a , p heavy chain &« light
chain 2[RRI F H X 41, y heavy chain & A light chain 233 22
HEhni, BESEEOY 70Tk, pheavy chain &« light chain
DT I S, 10DPI ®% > 7 Tlid, «light chain ® A §
TR S iz,

2-3-3. IiEH IgM rheumatoid factor @ ] &

.3 IgM rheumatoid factor f % . ELISA TH#|E L7, 30DPI ik
7 % 1.3 IgM rheumatoid factor fE 1%, 25t REEDOE O 10 £5LL RiZ
& U 7= (Figure2-3), —Ji. 10, 20DPI (2B F % fLi% IgM rheumatoid
factor OEIX, BEMEMBEEOMELEL, AFELETRBDO LN N>
7

2-3-4. M THEMT S B M D MR AT

B~ 7 ZORETHEHMT 2 BMROMERZH LN T 70, B
ik i* 2 T, p heavy chain & x light chain £ 72 {3Zp heavy chain
& lightchain 1T X 5 ZHBE N RERAEZIT R oI, B~ T ZDM
ig Ti%.p heavy chain &« light chain (& B G %2 /R 3 iE (IgM+«+
Mfa) MEFELSHEML Tz (Figure 2-4A), MERICEH 1T 5 IgM+k+
ML %L, 20DPI 24T, F& Mot BRAE T o0 Ml i 21 bb ~F B I N
LTEY, 30DPI iIcBW T, ZOMEIZHE D L7z (Figure 2-4B),
u heavy chain & A light chain (& ~E 5 2 7~ 3 Mg (IgM+ A +#H fig)
F. MR B XN 10DPI o i CTlXiZ & A EBE I o T,
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20DPI 8 X W 30DPI o MiEic B W TiZh TN L TWE=Rn, =0
AR EO T IgM+w+ffude & e L T 2 <A TH - 72 (Figure 2-4B),

2-3-5. JFIR D KRR F BT

C. hepatica DI ~DOF LT BB EZZERE L2 TDO~Y T R
T, FREECHERINZ, 10DPI ®iflE i, 2% D C. hepatica %
RN HERR T &, WREPHIC, 488 ERIZ I &2 £ 5 FF M B o Bk 82 38 5 28
MNBLE X7z, 20DPI O iffig TiL, 10DPI O Ffigic it ~, #BlE I b
C. hepatica RAREL S0 L. MR O BEIEE I S JE R L. RAE K 23
EEALTWE, BEEE TR, v/ e 77y —UB XL EE M
D5 RFEMERENBLE ST, 30DPI O IFlE CTix. & 72 i iz
DEXENBLEIN, HEO -HIIMKAHEBICERI LTV
(Figure2-5A-D), H{A%i% 20DPI & R E LD 2L 2
2. 220 RIINE L Iz (Figure2-5A-D),

2-3-6. IR DM F BN

20DPI 5 X ' 30DPI O &g Tk, N EAMEICKRERENERL TE D |
SREKIR~D PAS BGMEME O ks 8l S 7z (Figure 2-5E), 10DPI
BLXORMESHREOER CIX, REREKICELE TR N> 7, 20DPI
TlX, REKE~D PAS GHEME O hE 1L, REEEEIC o EiMEICBZE S
LDHTh -7, 30DPI Tix, KREKEK~D PASGHEME O A L. £&
EiRE I A ICEmEICEEL, —HTEMMLEANEICERT B LHE
Z a7 (Figure 2-5F), RELAEIC LD, FEREITIEZFELIEELT
Wiz, REOER, BIOBREEOREICE Y, m&EEIIksEL T
7= (Figure 2-5F), 30DPI O &g AFOG ¥t ic kv, 77 v B
FEEOENREREES L O E W ICBL 2 S iz (Figure 2-5G) , PAS
SR L 7 7 v U B RE O E AT L T,

10. 20. 30DPI O THO~ 7 2T, KRERME~DKIEHM DR,
REREDOR T~V EBADHEE VST REREIBFE BRI N2 o7,
PRAE I ICIE, RIESCHRHMELL S Wo e BEZRO 2o T,

WIZ, AV X0 AR X OREREROZL 2 REICHEE L
oo AV X0 LMK EIL, 30DPI R ERIK T, Mt REEICH A
EAZHN L Tz (Figure 2-5H) . SR ERIR R 13 L R IFFAYIZ 8 M L L 30DPI
BT AT, BEMESBEED 1.4 5128 L 7= (Figure 2-51),

10



2-3-7. RHRE~OREFEI 0T Y VBIOHE C3DILE

HRERIK~DHRE 7 a7 Y (a,y and p heavy chain, x, A light
chain) B X UMK C3 DA Z, AEENLEAICIVFEMLE, =T
DHPE 77 Y B LT C3 I, BEMSRIEORKEKIZ, Z<bFn
Ik FE L TEBY . Z0haEIL, 10, 20DPI OSSR ERIK TIXHEM L Tz,
30DPI OSSR EKIATIZ, o B3 L O pheavy chain ZF LA L TV
23, v heavy chain O L E TR E Th - 7= (Figure 2-6ABC), « light
chain DILENEHE TH 5 —J7, A light chain DL EFIFTRE TH - 7=
(Figure 2-6DE), Z OYM@EHENL, (AT HREIT a7 U 05, M
WBI7 VA 77U ERUECERTHLZEDNTRBINTE, 2L HRE
rua 7 U ryoiEiR, REEBLIOCLEAKETHY, KT THEI
T PASBME, 727 v UBBHEME OILE KRR E —FH L T,

30DPI O R ERIK TIX  AREFBE~D C3 L& N E T 5 1L7= (Figure
2-6F),

2-3-8. SRERKDE T BB WA

30DPI O R ERIKIC DWW T, BMEEFENMNT 21T/ o7, W< 20
OFMMER L, @EFHEOEREICZLD ER L TWi(Figure 2-7TA),
AR DO FEEIXMRERENEZ FICHIEE L TEBY  REFREEITIEE L T,
INHEEEZ, AV XU LAEBTIIEEIN NS, EBEET,
S OB X, MY (13.8-34.5nm) AERKOHEEE Lo T
(Figure 2-7B), EMlICEFIIALN T, BEEBS IR Y v MEIX
REIN TV,

2-4. ER

2@ TlE, ICR ~v RIZ C hepatica #/Egt S+ 5Z Lil2k,
BYP L2~ ATOR 7 VA7 a7 ) MENBIETSHZ L 2R L
oo FRAEREH, FBIERE X, EAMcEmL TEY, KEICK Dk
CHEL T, 727UV A e T UMEOHENEITL TWEI ENnG,
ERICER L TEZZ2NM Y VAT v T U VIED~ U AET V%A
DTS LT EfEmod T, ThETCICHEOLL 72 VAT T ) v
MIEE Y €5 1 (Gyotoku et al., 1987; Taneda et al., 2001) & D #x
KOEWT, WRAEAKBEICERLTCRIET LS A TS, BMITBIT S
7 VAT a7 ) MmiEX., £ X (Braund et al., 1979) . % = (Hickford
et al., 2000)., = L C7 ~ (Sabnis et al., 1984; Maede et al., 1991)
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THEDRNH DD, WIFEAEGIZER T2 2 &G S 2 flid 2 v,
REDOFERNG . C. hepatica |, Y LT~y AZ@mPBIL 7 VAT m
TUVMIEEZRIESELHFERTODI E RSN, K, EBREWYIC
BWTEELEEEICEGRIZZ VA7 a7 Y VLE % BIE S 2% HR
Bix7e <. C. hepatica FHRIE R~V AT VT, 27V AF 707U
JEDREBAT ZATO T O OEERERET NVIZRD 5 5,

ZOETNTIR, HEH%E 20 B O ME T IgM+k+#Ef 28 00 L, #2FE
% 20H 5 30 HOMT, 27 UVA 7 a7 s EEPETL TS, X
> T, Bf#% 20 BRTZIC IgMRF EAMBOHEBENEZ Y, £O%E
MDD BICHEBIZEITT 2 EF 2615, HCV GG B O IR Bk
DT, BEfF O E T NV 2l o 72 i@ CIEFE 35 2 & A TE R
STEEIX, 7V A7 v 7Y ClEOWHER Ciid Z 5 IgM RF A
AR D IBIRAEIEDO A =X LDRATH LD, ZDFET VO KR KOF
HIZ, 20 F 7 e 7 ) CVIEDOHBBERICK T2 RELZMIT T2 2
ETH D,

R~ T ATIEREINTZZ VA 27 17 U iE, uheavy chain, «
heavy chain ¥ X O'k light chain TE K I L TFE Y . A light chain I
FEAEGEN TR Lo, MIGH T IgM RFEEN EH L TV
TEERALTCH TS E, 2 UVA T Ty 0k, Vo~ A i
HRioOT /) 7u—FhIgMEIgAnbERELTWnWiEzEEZLND,
ZDOZEMNL, KETAMIZET L VAT Y SilniEX, 0RIZ
FCT&E, HCVEREZ I LD T 5, EEICHMMEL TRIET L2 U F
Jsua 7V sMmiEEEPUOWMRERFES 7 VA7 a7 I DFETH
HT MRS,

sV Frm 7 Yok~ 7V A7 a7 Y pEA M,
IgM+x+ B UV REKTHDZ ENBEEIND, Kk~ XA TiX, i
DELWHRKNAOLN, IgM+k+ B U U RNEROBEIEN R SN = 2 &0
b, KRETNVICEBIT S IgM RF EAMAIT., MK CHEHIE L TV 5D
IgM+k+ BYU VU RERTHD EEZ LN, FHIEIZBWT, I HICHE
Mz IgMRFEA B Y U KO EZMT T 52 & & LT,

G~ U XA DRERBITx T 2@ e B OR R 6 REIKIZIE
ELlewE7a 7Y o 0f, MR 27 VA r7a 7l v L EROMKZ
D EMRENTE, Flo, B~ T XDORKKDOILED X, BHOYE
FHNCHBMEORERRMEE E LB, 2k, 20V A7 e T
U UmERBFDORKEBREDORKXNRBMIEEFTRLE —HT 5
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(Suetal.,2002), ZNHETRALL, REKERELEEZ 7 VAT a7V vk
BRIKRE L2 Lz, Z oG, HCVEE 7 UV 427 a7 U i fE
TORBBHBLEEL LTS,

BLBRIE W Z LT, P~ T 2Tk, HEMICEMEEICEE T2 <,
REFEMICEMEOBEELRO N7, S 6T, fiifk C3 Dk
HERORIEMB OB 2ol b, 27U F 707U rDihENRN
HHIZHLEPNDL LT, ZRICHEFHONTCRIERICHFE S R T
TENTIMBEIND, VAT T ) UMIEREDZLGETIX, 7V
a7V OREFTNEREFE L. MENEEEHE R BRR B R ICHET
9% (Scott et al., 1982; Ferri et al., 2004), KEFNLIZBWT, 7
VA7 a7V rOIENSDICEDLPIPOLL T RIEKICVFEI N W
ZEE. ZOETARAOHEETHDLIEEXOLND N, S EIOMENT T
T, TOHEBEEHLNCT A EITTE RN,

AKEORNEIZT, LTIZAR LI,

ATHARA, N., CHAMBERS, J.K., HOSONO, K., KAMIIE, J. and
SHIROTA, K., 2011. An experimental type II mixed
cryoglobulinemia with renal glomerulopathy in ICR mice triggered

by Capillaria hepatica infection. Histology and Histopathology,
26(12), pp. 1519-1529.
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Table 2-1 Serum tests in the infected mice.

Reference Day 10 Day 20 Day 30
Total bilirubin (mg/dl) 0.6 0.3+0.1 0.5+0.1 0.5+0.1
AST (IU/L) 57.4 672.0£294.5 849.5+248.8 216.3+470.1
ALT (IU/L) 27.1 367.3£190.0 707.0+275.5 146.0+293.0
Total protein (g/dl) 4.1 5.3+0.2 5.3+0.4 5.8+1.5
Alubmin (g/dl) 1.9 2.6+0.2 2.5+0.1 2.9+0.;8
Creatinine (mg/dl) 0.2 0.5+0.1 0.4+0.1 0.5+0.2

Data are expressed as means + SD of results obtained from 3 to 4 mice in

each group.
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Figure 2-1. Serum cryoprecipitate in the serum sample collected at
30DPI.
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Figure 2-2. Serum cryoprecipitates of immunoglobulins (Igs) from
the infected mice. Western blotting analysis revealed that the
cryoprecipitates of a and p heavy chains, as well as k light chains in
serum, significantly increased at 20 and 30 days post injection

(DPI).
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Figure 2-3. Serum levels of IgM rheumatoid factor increased in the
infected mice. Quantitative analysis of IgM rheumatoid factor by
ELISA showed a significant increase at 30 DPI. (*P < 0.05 the

experimental group vs. the control group; n = 3—4).
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Figure 2-4. The number of IgMk B cells increased in the spleens of
the infected mice. A: Immunofluorescence staining showed
numerous double- positive cells for p heavy (FITC) and « light
chains (Alexa fluor 568) in the spleen at 20 DPI, but a small
number of double-positive cells for p heavy and A light chains
(Alexa fluor 568) in the same section. DAPI was used to identify the
nuclei. B: The number of double-positive cells for p heavy and «
light chains significantly increased at 20 DPI (*P < 0.01, the
experimental group vs. the control group; n = 8). The number of
double-positive cells for p heavy and A light chains slightly
increased at 20 and 30 DPI.
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Figure 2-5. Histological examination revealed C. hAepatica infection
in the liver and glomerulonephritis. A-D: HE-stained liver section
from an uninfected mouse (A) and an infected mouse at 10 DPI (B),
20DPI (C), and 30 DPI (D). Adult worms are apparent at 20DPI and
a large accumulation of eggs are apparent at 30DPI (scale bar, 500
um). E and F: PAS reaction in a kidney section from an infected
mouse at 30 DPI. Diffuse and marked glomerular expansion was
observed (arrows). PAS-reactive materials were deposited in the
capillary walls and filled the lumina (scale bar, 200 um, 50 pm). G:
AFOG-stained kidney section from an infected mouse at 30 DPI.
Fuchsin-stained materials were observed as granular deposits in
the capillary walls (black arrow heads) and intracapillary emboli
(white arrow heads) (scale bar, 50 um). H: The number of
glomerular mesangial cells was counted in the PAS-reactive
sections prepared from the infected mice. Mesangial cells
significantly increased at 30 DPI (*P < 0.01, the experimental
group vs. the control group; n = 40). I: Glomerular diameter was
measured in the PAS-reactive sections prepared from the infected
mice. The diameter increased gradually from day 20. (*P < 0.01, the

experimental group vs. the control group; n = 40).
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Figure 2-6. Immunofluorescence staining revealed marked
glomerular deposition of Igs in the infected mice at 30 DPI. A, B
and C: Immunofluorescence staining of Ig heavy chains (a, p, and y)
revealed dominant glomerular deposition of a and p chains. D and
E: Glomerular deposition of Ig light chains was detected by
immunofluorescence staining. Dominant deposition of x light
chains relative to A light chains was observed. F:
Immunofluorescence staining showed a small number of reactive

signals for C3 in the glomerulus.
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RY X i TR ¢ Y

owed ultrastructural changes in

Figure 2-7. Electron microscopy sh
the glomeruli of the infected mice at 30 DPI. A: The capillary lumen
was occluded by emboli of the electron dense materials (asterisk)
(Scale bar, 1 um). B: At high magnification, the materials in the
capillary lumen consisted of stacks of twisted microtubular
structures (13.8-34.5 nm in diameter) (scale bar, 200 nm). Mm,

Mesangial matrix; Ed, endothelial cell; Ep, epithelial cell.
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BIE VAR TIYUMERENHEEICESTSB Y VNRKRDR
ROERED A H =X LD fiEBA

3-1. FHR

¥ 2 ETIX, C hepatica R\ X 57 VA7 a7 ) VllE~T AE
TOEMS LT, R~ XTI, HEMTEL &R, Y
% 20 H75>E>7)2L7m7)/£ﬁ1f“0>ﬁﬁ ENMBHIZHEITT 5,8 38T
X, ZOFSICEB LT, 27U A7 a7 ) CfEYBEBRMEICEIT DR
RROMHAZBENE Lz,

FB1EHES R EBY, 7047 a7 Y UiLiEDNREEKRFIC
WT, WIHIBEBICRBIT DA =X L0E, &b AR ENLVES T%
. FEERBFOGFAE, IgM RF FEAMEOMER, HEEITIC M E i
BAEEIL, FAICBRE SR TWD LT 220,

B, 7V AT a7 ) VEER T D IgM BRI D C. hepatica
PR 2 gt 42 2 &1 BRI OGFEER AT,

IsMRF 4 B VU //\ﬁﬁ@ PSR MR AT 217 72 9 BRI i3, HCV &Y 7 U
A7 va 7 v miEERE O IgMRF EAMBIZE T 5 CD5 3B O fF (i
DOWTFFETLH2HRERH D Z EICHH L7 (Sautto et al., 2012), CD5
XL B220/CD45R O BFREIZ LV | Mg CHE T 5 IgM+x+ B U
v REk A B-la, B-1b, B-2 fila 3 E£MICE L=, K~ v A Mg
Tlx, IgM+x+ B-la fIl@ 28 B8 L CTW D Z E RSNz, HEEL
72 W& B-1a Mifid 2 W72 in vitro ik B 21772 5 Z & T, IgM RF jE/E
AR MR 2B B M2 LTz,

W2, 8 E Thl/Th2 &R 7 VA7 a7 U U IEEDREIZE 2 5%
BT A0, 727UV A7 a7 ) MiENEHICHETL TV DR
MCTHrEMEL 24 HOfEE Thl/Th2 WREZFH -, £ LT, C
hepatica JEYIZ X %D Th1/Th2 J&EMN R D Z LR Lol 2
R D~ A2 (BALB/c 8 X C57BL/6) T, EYFEBR AT, JK
Ex b L7z,

%2, B-lafifid o, AR+ TH O | Bk~ U RO 5K REfF
o bEGERRBINTE A P A THDILS5ICER L, £
LFMTOMEFTOIL-5REZREL, 7 VA7 a7V i D IRERE
BRELOBMELZ AN, S50, BAERTIX, C hepatica &Y: Tl
IL-5 FRHROR SN ->7= C57TBL/I6 ¥~ 7 A & B 51> IL-5
WRIBH N T VAV 2=y I~ T Ao R ER TV, IL-5 2
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mmansZ2&lck270VF 707 CdEDIREDO R Z T LT,

3-2. MBBEIUVAE
3-2-1. C. hepatica BB D4y HE. &

C. hepatica ¥, Fischer 344 7 v MK I E 5 Z & T, MR,
FEEiTo70, B 2FOHEIZHEVELET v b ORFIR» S BIP % 5B,
L, hHRERIFEZST, IR RINAZ R L, HMENHE T
SR RO & 3L 72,

3-2-2. %

8 i, Mt > BALB/c ~ 7 A, C57BL/6 ~ 7 A %, HAR SLC (&,
BA) "OALL, £7-. B ERIC C57BL/I6 b H, w7 A
IL-s Bl rZw@BEICHHIA T DH NI VATV 2=y 7 v U R
(IL-5tgC57BL/6, Tominaga et al., 1991) &% # it A4 4V ¥ — 2k
Z— (B, BAR) HEEALT,

3-2-3. EAHK
mouse CD5 (53-7.3, APC-conjugated), CD45R/B220 (RA3-6B2,

Alexa Fluor 700-conjugated), k light chain (187. 1,

PE-Cy7-conjugated), IL-5 receptor (IL-5R) (T21, PE-conjugated),
CD4 (RM4-5, PE-Cy5-conjugated), IFN-y(XMG1.2,
FITC-conjugated), IL4 (11B11, PE-conjugated) 2%+ 5%/ 7 1 —
F/vHi{k % BD Pharmingen (San Diego, CA, USA)/» 5 A L 7=,

mouse CD5 (53-7.3, FITC-conjugated), CD45R/B220 (RA3-6B2,
PE-conjugated) (x4 5 / 7 1o —F L H{K % eBioscience (San
Diego, CA, USA)»» bl A L7, 5l mouse MARCO (ED31) £/ 7 &
— F L Hi{E AbD Serotec (Oxford, UK)2HiEA L=, Y i~ v A 1
chain HiA(FITC-conjugated)% Cappel »HHEA L=, Y XHL~ T A
k light chain #ifkk L ¥ FHi~ 7 X A light chain Fiik% Betyl
Laboratories, Inc. (Montgomery, TX, USA)» 5 i A L 7=, Alexa
Fluor 488-conjugated donkey anti-goat IgG . Alexa Fluor
568-conjugated rabbit anti-goat IgG ¥ KL T Alexa Fluor
568-conjugated goat anti-rat IgG % life technologies (Gaithersburg,
Maryland, USA) 72 &5 i A L 7=. HRP-conjugated rabbit anti-goat
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antibody % Dako (Glostrup, Denmark)?> 5 i A L 7=,

3-2-4. C. hepatica &Y

8@, Moo~ x (BALB/c, C57BL/6, IL-5tgC57BL/6) 2. % H
JE R I 1000 f# £ 7213 5000 ff &2 &% O BEAE U 7=, KA M5 O 4 R ER 25 H
72 ML, 000 EEERE~ Y ANOEIR LMK E HvWie, & o fitiliR
21X, 1000 fE R~ 7 AN S EZ 7 & i, B BRI I,
0.2ml ® PBS & O #F L7=, 12, 16,20, 24DPI TfE# L., Mk, &
Mgk, JHENEC. UM A BRAS L 7o,

3-2:5. 7 UVATad Y UHRAR

FBoOELFAKOFEICIV . 70T a7 ) UBERRARE T2 -T2,
FEMLEY % 100ul © 0.1%SDS WIRICH kL., 7 VA7 e 7Y
YW E LT, # 2 /NT EREE % Bio-Rad protein assay kit & VT
HE LT,

3-2-6. C. hepatica BIK D48 . [BIX

g2~ & @ C. hepatica BARD 3 HEIX., BEM O FEE2 5B I1C, BEHR
Z W 7= ki T17 72 o 7= (Taira et al., 2003; Taira et al., 2013),
24DPI O~ U 2B X PT v FOFlEZ ., 37CIZMiE L7 HCl-pepsin
Wik 10.87% HC1, 1% pepsin (1:10000) in distilled water] " THi# L
7o 16 I 1 olEE L, Wb lEB LK 250 L2 &R
Ay vz (AR E 250pum) (@ L, WEREL TRk Z2 BN L 72, [EH
W ULdmET, ZAEKTHEERBE RS L, WREREKEZREL
(Figure3-1),

3-2-17. C. hepatica V] ¥ M W 4 (C. hepatica soluble fraction
(ChSF)) 0%

3-2-6 THrMEL - m{Kk%Z % PBS HCEF 10 M B EF AR L, 4C
T. 15000g T 15 im0 L7z, EiFEZ 0.45um A 7T L2 7 4L ¥
—TAHBLTEbLD%, C hepatica "]¥xVEW 4y (C. hepatica soluble
fraction (ChSF)) & L7z, ®EMHHE /> O X > N7 EREE % Bio-Rad
protein assay kit Z W CHlE L 7=,

3-2-8. MBEFEHIRRE
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TIBERE, B, g, MBS L OFR AL, A~ U EE N
77 4 VA BEARFFPE)S L O EAREZER LIz, N7 7 0 ol
L7z B S 4um W) 7 Z21E# L. hematoxylin and eosin (HE)%: |
periodic acid-Schiff (PAS)X )i, Congo red Yo %17 o 7=,

3-2-9. REHNCLAE

MEBLRZ VA7 07U o d IgM O BRI 2 B O AT i,
24DPI © 7 v hFlE D FFPE Y1 R Z M W 7o o 8L Qe (o TIT 72 o 72,
—WHERE L CMEY I ERE VAT e T ) YRR E AV, —
woiikd IgM O GEHAL O AT, ZkEICPYF fi~v U X p
chain HL{K(FITC-conjugated) = i\ 5 Z & TIT72 o7, REEK~D
IgM L& EOFHfiIX, &g FFPE EARIZY X Hi~ 7 X p chain #t
K (FITC-conjugated) & [} his S ¥ 5 Z & TIT78 o 7=, MK O 0% e Yu
CARHT IR BRI R A& D 7o O o B SR O BB SR (FSX100,
Olympus, Tokyo, Japan) F 7= (X3 E S (Leica SP5, Leica
Microsystems, Weltzar, Germany) % ffiH L 7=,

3-2-10. MgEY v REOT7u—% A M A Y — (FCM) f&#r

ik % . 10%ZF B5 V2 i s i RPMI1640 £:#t (LLF. FCS ¥
RPMI1640 £5:#t) ¢, #GIL, 74/ A vya (HBEZ 70um)
Zal L7z I M ALBE % Percoll 2 FH U\ 72 8 & ) fid 12 0 3 (25°C 7 .300g.
304y) THMMEY » /"EKZBIR L7z, 17 Hlb . 1X106cell &
v, ERRoATRAL, RTIERLLTATE REEHR, 7r—%
A4 b A —%— (EC800 Cell Analyzer, SONY, Tokyo, Japan) THlE L
7=, #A21E. forward scatter (FSC)I L O side scatter (SSC) TV »
NEETS—T 0T LT,

3-2-11. B-la M3 o BLRE

R f BRBE & 7213 24DPI @ BALB/c ~ v A figs» & B-1a fill i 2 H
MEL 72, 3-2-10 7o —H A b X MY —fRIF L RERDTET, MIEY ~
NER A SrEEL . CD19 ik & B — X (Militenyi biotec, Auburn, CA,
USA) #H\W T, CDI9+#ila Z =fi L7, £ D%k, EIL L7 CD19+
#ife Z FITC #£3#% CD5 fiifk. PE fFi% CD45R/B220 Hi{k TYE L 7=,
CD5 ¥ & O CD45R/B220 Ol It Tod 5 B-la ML %2 v Y
— % — (BD FACSAria III, BD Biosciences, San Diego, CA, USA) T
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HEt L7, B-lafMEM%E ., Invitro X% Z B L X RT-PCR o % > 7
JLE L THWE,

3-2-12. In vitro \Z BT 3 B-1la i i ] 3 R B

3-2-11 CTHLEE L 7= B-1a fild % 5uM carboxyfluorescein diacetate
succinimidyl ester (CFSE) (Invitrogen) TH YA%i#k L. In vitro ik
Bz HwWi-, CFSE #Zi# L7- B-la Mifdix. 1 well 720 2Xx105
cell/200ul O MfA % FEIZ 72 5 K 912 FCS I RPMI1640 55 Hi CRRZE L |
96 well 7L — bk TH: & L 12 BB E L ITI1L. % well IZ C. hepatica
ARMEE 2 Z N 0,1, 10, 100 pg/ml DEE THEML, T D%k,
37C. 5% CO: D 5ET, 1 B b 3 AR E L, &%, =000k
L, BELEFER., LEFO~y R [gM2RHT 20, v xHZ T
2y MNENTEIT/e o7z, B L 72 B-la MR O F50%, IgM Al 4 685
mRNA Z3F i+ 272, RT-PCR @M H L., &0 o FHix, Mk
IO MO =iz, CFSE® Xt 7 —H% A4 A MY —THRH L,

3-2-13. U R¥ T uy MEW

7 VA7 a7 Y WY I1gM & C. hepatica BAKPUR & O BsMED
fiEAT 1L, BERIKEBNY T C. hepatica WIIRVEWE 4y, —RPLIKIZ 7
VAT w7 ) ik, ZIREUKIZHL~ 7 A p heavy chain FiikZ H W
v AZ T ay MENTICE VAT 572, C. hepatica 7 %1 ] 43 %
1b—2®7=Y 10pg kB L, F 2 %] 2-2-7 L RAFEDO FTH T, K& #
H L7z,

3-2-12 @ In vitrod A BRIZ 31T D M k538 Big R O EA 1gM O X,
17 dHicb 10ul OEE LiF2EKKEYT 7L L fiv U R
uheavy chain fitkxz HH\Wwlcv o2& 7y NEHIZEZ VTR -T2,

3-2-14. mu heavy chain FIE K (VeDJr-Cmu) ® RT-PCR f##Tr
STBEE % OB Y v RERE 721X 3-2-12 @ In vitro B T 7= B-la
MY 75 Total RNA % RNeasy Plus Micro kit (Qiagen,
Hilden, Germay) CHiitti L 7=, Oligo dT primers (Promega, Madison,
WI, USA) & Sensiscript Reverse Transcripatase (Qiagen) % ffi i L
cDNA #{EfL L 7=, PCR IX. TaKaRa EX Taq (TaKaRa BIO, Shiga,
Japan)Z 1 L, 94°C10 %y, 94°C1 4y, 55°C1 4y, 72°C1.5 %, 72°C
10 43, 40 1 7 )L & L 7=, Sense mouse IgM variable region primer
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(Vh FR1) & L T 5-SARGTNMAGCTGSAGSAGTC-3’, Antisense
mouse IgM  variable region primer (Cmu) & L <C
5-CTTATCAGACAGGGGGCTCT-3> # H w7 (Wang et al., 2000;
Casey et al., 2011)., Sense mouse GAPDH primer & L T 5’-
TGTTCCTACCCCCAATGTGT-3’ # . Antisense mouse GAPDH
primer % L T 5- TGGGTGCAGCGAACTTTATT -3 %= H W i«
(Kusakabe et al., 2007),

3-2-15. BEYRE, FERMYRF D Th1l/Th2 NT > X OFAH

BALB/c ¥ 7 A, C57BL/6 v 7 A2\ T, g2+ 1F 5 Thl, Th2
MfEMEZ 7 —H A4 A MY —MHTIC XL 0N L 7c, e B E
7213 24DPI O~ 7 AWl o Mg D >N E 3-2-10 & FIAR D J5 ik
THBEL. 50 ng/ml PHA-M (Cosmo Bio Co. LTD., Tokyo, Japan) %
WL 7= RPMI1640 k;#h T 12 MM E L/, D% . 5 ug/ml
brefeldin A (Sigma, St. Louis, MO, USA)Z i L. & ® 6 K.
Mg zEREIN Lz, MENOY A N IArEHRET 5720, B LM
fa %z PE-Cys £t CD4 fuik, PEFEG BT IL-4 5K . FITC ££5% IFN-y
ik e L, 7ua—H% A b A h VU — (EC800 Cell Analyzer) THEAT
L72. U "EKEZ FSCEBLWSSC T —7 47 L. IFN-y+CD4+ #f
Jd % Thl fila, IL4+CD4+ #Mifl@ % Th2 fila & €& L 7=,

3-2-16. R M Iz BT 5 FEERER I D & H)

KA R A ERE L, MERFFERZHAWTEB L, Mk
EX AVl AMEKREsEERERHLEZ, 2o b, KEMm 1ul
Hlmv OB EFE B L,

3-2-17. IgM rheumatoid factor ¥ X O' IL-5 @ ELISA

M {E # IgM rheumatoid factor % £ 3 £ OV IL-5 B £ % . mouse IgM
rheumatoid factor ELISA kit (Shibayagi, Gunma, Japan)E Lk O
mouse IL-5 ELISA Ready-SET-Go kit (eBioscience, San Diego, CA,
USA)ZEMBHL CHEL =,

3-2-18. C. hepatica FIEHBE 7D~ U A EBEA~DOEEA R
FBR G E 1%, Figure3-8A (27~ L 7=, IL-5tgC57BL/6 ~ 7 A (12 [t
12 Wfn, M) B X O BALB/e~7 A (12C, 8 #Hfw., M) oFnE i
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o4 RE (HEALERE, wJYRVEM 5y Spg BERERE, 30ug BERERE. 300ug #EHE
) o0z, TnEnoEEEE, 0,3,6 HHA OFF 31, 1,10, 100
ng/VE o & CraliaEthmi oy 2 SN IR L, R MA 10 B %I fi#H
L. ZUA 7 a7l Ok %Ed ML=,

3-2-19. #EHALE

TRTCORIIZT, FHMEESD TR L, 2 FEM O FEWE O b Egix
Student’s t-test IZ X DV T/ o7z, ZHMOFEXMEDHLELIX, one way
ANOVA %17 o 72% . Tukey’s test 17> 7= (P<0.05),

3-3. #E§
3-3-1. C. hepatica &Y% BALB/lc ~ UV R BT D7 VAT a7V o
PR AR AT

ik % IR TEE 35 O 24DPT o BALBle ~ 7 ADMIE<T. 2 U4/ n 7
VUK ERBRA21T72 5 &, 24DPI 0 IfijE THO A, EHIEBEY % BH T
e ¢ = 7= (Figure3-2A), MmigF IgM RF EFE L., EEZERENIC L
H L., 24DPI C& L EH L7 (Figure3-2B), 7 VA7 w7l %
W9 % IgM @ C. hepatica BAR~D S ME % FE§ % 72 % . 24DPI
D7y NFEE A E AW, kiR E L TERE~Y Y AMyE E2iE 7 Y
7 a7 URIRE S SE, ZRPUKRIZH I~ Y A mu heavy chain
PR Z2fE S Z & T, IgM #& G E AL 2 w8k U7z, C. hepatica &Y%~ v
ZMAEH IgM i, BEEEICBEIFHEET 20X L, 72V A7 7Y
IR IgM i, ﬁﬁ‘@{ﬁﬂﬁﬁc‘:@%ﬁfﬁ‘\bt (Figure3-2C), k&M
R~ T MG L2 H WA, G R VAR e = éﬂiiﬁ)ot
(Figure3-2C), &IZ. '73‘—1/}7‘/712‘/1\@#*}?\— .7 UF e
7Y v KRR & O fE G M E R L7z, C. hepatica ﬂ?ﬁ‘fﬁ@ﬁj\%%
[UKBEY v E LTHY, mMEEIEZ7 VA 7w 7 ) vE— R
ELTHRIEESE, AL IgM a5 2 & T, IgM 2B #EAE 7T %L
JRE R Uiz, C. hepatica "JIsMEHEI 31X, HIK S EEEE CO~ D X F
72137y KD IgM ORAOFEZFEMT 5720, BEXRIKENEZIZ
— PR ZEAE L, KK OREZRIGSETZ, 2OV —IZHER
T NITHER ST, 1ERL L7 C hepatica "JIEVTEW 4y Iz~ T A
Hok D IgM DR AT O 5 L7 - 7= (Figure 3-2D), &4~ v A
BHO IgM X, KB L7 EEE OV — 2R 20 L7, 2k
xfﬁgﬁi[ﬁl{ﬁqj@lgM I, RT3 12K & L 72 2y > 72 (Figure 3-2E),
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Blax DG~ ANLERLEZE VA7 e 7 ) UKL, &b
75kDa O HLJIZH5 & L 7= (Figure 3-2F),

LEDOFRERN NS, 70 A7 a7 z2EKT 5 IgM ., HIEOHAL
BLRA L, £ EMEE S O 75kDa OIS, FEERNICHE AT DM
BrfFFoZ ENRRENT,

3-3-2. B~ UROMBTHEMT 25 B MO MEIRBEN

24DPI O~ A Tlx, F L WHEZ R O 7= (Figure 3-3A), 24DPI
D~ ADMEAREIT, BESEE~TY Z0ZI2H A, 5 5L
Fiz#im L vz (P<0.0005), fEM&FHIIC, 24DPI o g ik, Y
VOoRERMN EBEEER, RMEEE O W G THEML TR Y. BT
Uy NElOFEENHID, R T, TBEMRS PAS 5 MH B &
> mott cell R HH B L Tz (Figure3-3B),

FB2ETRLIEEBY ., C hepatica &t~ A BT 57 VA7 0
TV, FCIgM TERSNTWDLZEnD, 7 IVF 77l %
PEAET S IgM GHEMBE O N Z 2 b d, £ 2 T, U N8
a2 R RGO 5 MARCO $ifk & u heavy chain @ ZH Y4 2 170,
IgM+ B U o SER O BIGE A7 % 3 7-. 24DPI 0 Wl Tk, 2k %t R
BRI, RMHEEE T IgM+B U U RERABEFICHML TV

(Figure 3-3C), ZRMBEFEIE D IgM+B U > RERIZ SV T, «, A light
chain ¢ ® 2 HPEAZ1T72 ) & KE S D IgM+x+B U » REKTh o 12

(Figure 3-3D),

B~ ZAMIEIC BT D IgM+x+B U NERDO MR D 72 |
IgM+x+B U > 32k % CD5 ¥ X O CD45R/B220 O BB EIZ LY 3o
O F I (B-1a f i, B-1b A i, B2 # i) 12 M 43 8 L 7= (Figure 3-3E),
IgM+x+B U > XBk D 9 5 CD5 +CD45R/B220+ T 2 #ll il 2 B-1a #l
i, CD5 -CD45R/B220-T & % il 2 B-1b #ifid, CD5 -CD45R/B220+
ThoHrils B-2 Ml b & L7z, 24DPI o Wl Tix., M5O
~ U AP N B-1a Ml i o R A EISHE N L Ty 72 (P<0.005,
Figure 3-3F),

B O RIT, B~ U X OME T, IgM+x+ B-1a il i 25 7R &
BEfHI TN T 2 2 2 m-e T 5, Mk~ 207 VA r7a7 Y o)
mu heavy chain & kappa light chain 2SR EN D Z L &2 & E L.
Mgk CHE 95 B-la Mijdnn 27 VA7 w7V UELEAMBTH D ERE
L7, & Z T, C. hepatica "J¥EMEM 77 23 E Y~ 7 A ik B-1a #fi 12
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B 2528 HoNWT, MlatgiE, IegMEADOB AN GREMT 5 Z & &
L7,

3-3-3. RYPe~vU AN HBEL 7= B-1a Mgz A7 C. hepatica
T P M T R R R

WAZ . In vitro RIZEB W T, JEGE~v 20 HK B-1a #Mijd 2= H 7= In
vitro iR R LV . C. hepatica 7] & EHE 43 73 IgM PE A . i fic £ 5 12
2 5B MLz, B8 LEPICEAINARL IgM &1, RINL &
C. hepatica "] &M 43 D g KA IN L 7= (Figure 3-4A), FE/E
i IgM i, %%{1@3#/7/1&: LCrRIEMEm g Z2FEH LY = R
Zroguay MENTIZEY, 704 7a 70 Hmo IgM &R, /TR
M E 4y o @ 75kDa @#J? R HLHY ’f*/\bf_ (Figure 3-4B), #il g
FEIX . BRI Y Tl R E RN L TR EICE I
L CTWwW7= (Figure 3-4C), ®&iZ. IgM Al ZfE# » mRNA @ RT-PCR
ZITW, FEAESIN T IgM O 7 a—F V7 4 — %M L7=, In vitroik
BRICHB W T 24DPI O~ 7 R il 7~ & BB L 72 E % O B-1la fllil Tl
BEON RRBRHBE IO LT, alEtEE s ZRML 2 B R
HEL-V 7 ArTiE, BLXZE 1100bp OHE —~O XN KABRE ST
(Figure 3-4D), [2MEXIEEO~ D 2O Ml S HEE L 7= B-1a #ijg
TiX, HEFE®ZIZ, 7T 0EH 0V 00EEO NNy RBRKRH S 1,
AT AL 2 BB ELZY LT, Y7 iRz e A
ERmHENRnoiz, HEIED 24DPI ~ 7 X5 KR U > X BR % 4y Bt
L. IgM A& fEIK D RT-PCR #1T-o72 &L 2 A, X T~y A izdki@
LT, BL%* 1100bp ® IgM A ZfEE mRNA 28k HH 7= (Figure
3-4E), BBMERMBE O~ T AN S LMY > "R TIX, 2o
1100bp @ IgM "] Z fEH 1 mRNA O /N> Rix, B T fowbmf_o

INHOFT R EE B-lafil@an s VAT e T U CEAMBTHY .,
Xy T YT REMEEIZE DRI LY, B-1a a0 2R A 72 £ 5E
N InvitroB XN Invivo TEEZ o CTWAHZ & ZRIEL T,

3-3-4. BALB/c ¥~V 2B X W Ch7BL/6 ¥~ U RIZBIT HBELEED
Th1/Th2 &%t

7 U F a7 s miEO#ELT ’Tﬁa‘z@ Th1/Th2 )5 &M OE W 2B 5
LTWdEWIHrREEHRST D 7=0I2%, C hepatica &Y T % L TH
72% Th1/Th2 J&E M A2 R~"T v U AR -'m BWT, AR EREITOLE
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Wi D, % Z T.BALB/c 3 L X C57BL/I6 D 2 R D~ 7 AT DWW T,
YL O Th1/Th2 )&% % §Fffi L 7=, Th1/Th2 % O FEfiX. 3-2-15
WZEREHE L 7z@my , MY Nk E Wi —Y A4 R A NY — T
T > 72, 24DPI ® BALB/c ¥~ 7 A Tl%, FERMYrE & b~ Th#iz 5
D5 Th2 Ml DN ZE L < EH L, Th2 IZRIA L 72 a5 S & 8k 2
> TWiz, — 5T, 24DPI ®» C57BL/6 v 7 A TiL. Thl & X O Th2
DELOL~LAEREHIIRO 72> 7z (Figure 3-5A), M.
JIE B BB DR E 5 . 24DPI ® BALB/c ¥ 7 A Tl
R ER O & E 72N /L S+, 24DPI @ C57BL/6 ~ 7 2 Tld, #&E T
& o 7= (Figure 3-5B), KM o hffeEk#1x. 24DPI ® BALB/c ~
U AT, M EEEO BALB/c v 7 A< 24DPI ® C57BL/6 ~ 7 A &
ki L, AEICHEIML T/ (Figure 3-5C),

LEofr &6, C hepatica &Y %t9 %5 Thl/Th2 s %& MM
BALB/c~ 7 A X W C57BL/6 ~ 7 A TlT®72» BALB/c~ 7 A%
BRI LD Th2 IR LB ENRE A Z &N RSN, S b,
BALB/c v~ 7 AT, BEICLD ., 25 CTHBERENBHEML T\,
SO ENL, Th2 A b A THY, GFEREE X O B-1 flfja o
JE, TG Ch 5 IL-5 2R L, Mg+ IL-5 8 E o L8 % E
THZELELT,

3-3-5. REKOMBFEFR IL-5BEDCEH

BALB/c,C57BL/6 ~ 7 AT H T 5 fiE o IL-5 & %  JERE Y iE |
20DPI, 24DPI O THIE L 7=, BALB/c ¥~ 7 A Ti&, IL-5 B 1X
FHERBERFIZITRHBRALLTFTTHY . 20DPIICBWVWTEHELW EARADL
. 24DPI TIZIE F L7~ (Figure 3-6), C57BL/6 ~ 7 A @ IL-5 j&
X, FEREPEEICEBREHBAU T THY , EMPEFICLHEE R EF TR
bivihol-, 2T, CA7BL/I6 ¥~ 7 A X BIEHE ZICEH D IL-5 @
FRB~ 7 2 Th b IL-5tgCH7BL/6 ~ 7 X Z T, FEEIC Y 0
IL-5 B2 M & L7-, IL-5tgC57BL/6 ~ 7 % Tlx. #rmwéﬁ%% 2B W T
t, 40pg/ml @ IL-5 N fE4E L, 20DPI 3 &L O 24DPIicB VT, HE L W
EANAL T,

3-3-6. BALB/c. C57BL/6. IL-5tgC57BL/6 ~ DU XIZBIFT B 27V F
J a7 Y v fLEE O JE BB H Bk
334 IZBWT, BEERKOQBEINEENRER D R RENT
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BALB/c & C57BL/6 (22 .C57TBL/6 D EizF R 2> b DD IL-5
FEE NI L T b IL-5tgChTBL/6 IZ DWW T, JE&Fo 7 VA7 a7
VD UMEDHREZLE L, 70V 4F 7070 R ROMER,
BALB/c & IL-5tgC57BL/6 D&Yt~ 7 A ILiF T, MLy » H T
MR T& 728, CH7TBL/6 DEY~ U A TIL, MR T & 727> o 7= (Figure
3-7TA), 24DPI IZ B F D REKK~D IgM kFx =M L7z L 2 A,
BALB/c ¥~V ATiL, METHY ., C57BL/6 ¥~V ATIL, BE TH -
7=, IL-5tgC57BL/6 Tl¥. C57BL/6 T TFHF L @ EIC IgM k&
NH 5T (Figure 3-7B), Y lF @ Mg+ IgM rheumatoid factor
BEIX, BALB/c ~ 7V A CTHEIC EH+ 52, C57BL/6 ~ 7 A Tlx E
HNEE T o7, IL-5tgC57BL/6 ~ 7 A2 Tld. BALB/c & [FFEE %
T LEH L7 (Figure 3-7C), BALB/c & IL-5tgC57BL/6 Tix. Mlgix
FELHERL, MEAELIT, B C57TBL/6 ICHNFAEICKE
™o 7= (Figure 3-7D),

U bR 75, BALB/c v~ 7 21X, C57BL/6 ~ 7 At~ &JE
VAT Y CmEEREIE L, Th2 B ORERETYZ VA7
T UVMEOHENEE I NS Z EB RSN, ILb h T VAV ==
VIR A o Y ERIC LD IL-5 O\ EIFRHIC LY C57BL/6
YU RACBIFEZ VAT T ) CMEORENEEIC ST LD,
IL-5 X7 VA7 a7 ) VEOKREBRER - THLZ ENRINT,

3-3-7. C. hepatica VIWSMHEE /3 DERENBEERR

Invivo lZ8 T, C. hepatica FIVGEB 2B X W IL-5 2327 VU A4/ =
TV UM DRREEITICE S T2 L 2RI 572D, BALB/c B &
O IL-5tgCh7BL/6 ~ 7 AT, C. hepatica Pl AP 4y % BEIENBEHE L |
7 VA T7ma 7Y RO REE P T2, miEF IL-5 R E I,
IL-5tgC57BL/6 ~ ¥ A T L % 40pg/ml Td ¥V .BALBlc~ 7 % T,
R REFLLT (<4pg/ml) TH D, AIEMEE S OEFE TIX, IL-5 DR
FEIZ R & 72 E837: < (Figure 3-8B). ffhg. MK, BEoOWFho
MR O RIEMSITFR SN Tz,

7 VA T7ma 7Y R TIT, RN E S A 300pg HEFE L
IL-5tgC57BL/6 I W T D A B H CEMGILEY DGR T & 72 (Figure
3-8C), 7 VA7 v 7 U KD SDS-PAGE (2 X v | LB O KEESy
N &K 7T5kDa OME N LREMR SN TWVWD Z &R Sz (Figure
3-8D), YT AKX 7y MMENIZEY . muchain Th D I & % i
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L 72, mu chain ® N> Fi%, IL-5tgC57BL/6 Tix. MEALEFE TIIH
MTET . ArEEESOEEEKRAVICEML7Z, BALB/c v 7 AT
%, 300pg LEFEAE T, 2 < DT 2IZ muchain DN KRB Iz,
RERE~@ TgM P& 1 &, AT Ml 7 2 300ug #27FE L 7= TL-5tgC57BL/6
IZEBWTOAEGEEIZHR Sz (Figure 3-8E).

LEDFT x5, IL-5 f77£ F T, C. hepatica "] &ML H 4y & $2FE 9
HZ LT, 7 UA T a7 ) CMERRIET A ERREINT,

3-4. ER

BI3ETIE, 7 VA7) VHJERENMEBOREMKF2HD
PICTHZEZAME L, IgM RFEA B U U NERO B Gl Fr o35 A
LCERZED L, TOMKE, 27V A7 a7 ) VMEORIEICIE. 3
ODRAFMMUHBETHDLHZEHLMNIRo7=, 1 DHIZ IgM RF FEAMM
Jal L CoMigB-1lafifa cH v . 2oHIEB-lafifioBiEs L N IgM
PEA DB &4 LD C hepatica B BHIR .3 DHIFZZ7 VA a7V v
MAEF M OFREEITICHNE LY A VA THD ILS5 ODHFEETH D,
AKETHONTEZMANO RBINDEIARETANO Y VAT a7 ) U RIE
A 7 =X 5% Figure 3-9 12/~ F, C. hepatica J&¥:\2 LV | 15 Ew%E
N Th2 IZfwm 325 Z & T, IL-5 EANTTHE L, M IL-5 R EN EF
T 5, IL-5 ORFLIZ LV, B-lafMl@d2zAR VU 7 v —F Vi #aE, iEHk
L7REBIZR D, 2 RIS, FFgRICHFAL7ZBE»51%, IgM RF
PEAE B-la MIRICH RIS A T PR &2 & A 72 Al i Pt 23 i 9 i
BHEn Wb, IgMRF pEA B-1a flfidix, IL-5 F/E F T, Z D4R
MRIC X0 E= I, Z7a—F V28 L., £ &® IgM RF % pEAE
THZET, 72 A 7 a7 ) MIENREIEL TWD EE X T2,

3-4-1. MIBICB T2 IgMRF EA B-lafifan 7 o —F LR #EFEIC D
W T

YU AIZEBWT, Bffijlaix B-1 Ml B-2 Mo 2 DI KBS,
B-1 fifjldiX. CD5s OREBEOAFMIZL Y, CD5+D B-1a #ifld & CD5-®
B-1b #2437 5% (Duan and Morel, 2006), B-1a fill a1, KB
MO BRPIE D R EAME LCmbinbdd (Hardy et al., 1987;
Mantovani et al., 1993), = ® — 5 T, TH. HIENRKGEEIZ, HLE
WCHF RN PR ZPEALET D B-la @B T2 E LWL MNITR -
72 (Cole et al., 2009; Yang et al., 2012A; Yang et al., 2012B), C.
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hepatica &Y~ 7 2128 %5 IgM RF pE/AE B-la M. H1F 8 29
IgMEA B-lafifl@dic s hdEEZ26N5,
¢GE?UVV$>f5:@N[RFFiEJBlaﬁM@@ RN HEHEIC X, B-1a
MR BENFOMHEEICERLEEFPEEINL., Z01E, xR
BX &) 4% (antigen- drlven) U U oREkMER BT OEFN~D LN
W, YR o BRGEIGEICEET 5 B filaTh D B-1 M
Marglnal zone (MZ) B fifdix, B-2 M@ Lt~ REWHIZIZ v—F v

CHH LT WHEEZFESZ ERHM BN TV S (Stall et al., 1988;
LeMaoult et al., 1999; Morse et al., 2001), B-1 fifm & MZ n’flﬂﬂ@ X
BRI OBBIE —HE > TV DHEN, MEEWIZEHE L TWD Z &R
M5 TCW5 (Baumgarth, 2011),

ERZEWTIE, CD5+B U > /NEky, w7 R (CEIT D B-1la fifldic
MY THrLEMlaThHsb, HCVEGERICEE LZRAMN 7 VA 7 a7V v
m JE <> Non-Hodgkin Lymphoma UL 4t (& & . Helicobacter
pylori-associated mucosa-associated tissue (MALT)-lymphomas
(Mueller et al., 2005; Yamanishi et al., 2006)<X° fungal antigen B-(1,
6)-glucan associated B cell chronic lymphocytic leukemia
(Hoogeboom et al., 2013)72 & 23, JiJEAHLEIC KN T 5 CD5+ B U
NREROEHEB L L THES N TS, AT RAETNVIZEIT S B-la
Mo L v 2B D CD5+ B U V2N BRI FE M BB X, B FE A
DO EICERKR T H2LEOMEBA I =X LNHHEELNH D, £72,
WOl Z@ L2 0 RETIFEOEEICHLHEUMEN D DL H 5,
K~ AETNVORAETOMIIZ, Zhdbe MokiF2s CD5+B U
ONERIEIED A T = XA LDOFH O —BINZ RS0 b LivZen,

342, 7 VF/uT7 Y VMEDEEELRIFERFRIZONVT

RKETNVIZEWT, IgMRF EA B-la fild O HE5E . IgM BEA O 5| X
G RDBERNEOFEEINALNCEINT, BERNWEZRET 52 &
X T&ERMDPoeD, K 75kDa O A EMESLR TH VY . C. hepatica AR
DEALEICRET D ENBRE T, Invivo, In vitro R IZE T 5 HLR
BRI L D, IgM RF FEAMBARBRMICHEAL TV Z & 2GR L
TTHEIT., TRETIZR2Y, FFEREZFREST S22 21X, KET VT
RIZWO MO _TRETHY . PUROREIT., KET VORI BT
WIFERIEICER T 227 VA7 07 ) CVlEOREMBHICERT 2 2
EMHFFEEIND,
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7 VA r7a7 Y CMENFEAET HEMEE 20 HATZ T FRICB T 5
AR FAN R MEICR DR & —H L TWD, FFREFURITBRAR
DEGEICRET D AEEFR EE X b, PLEITm P ICES IS
NAHAWREBIZED ZERMEIND, 7V AT w7 Y CMEICIE,
PR OoRBENEEL WL EEZI LMD,

B-la Mifid (X, = DO RE S PEENICHEIEL TBY | — T AE
f£L TW% (Montecino-Rodriguez and Dorshkind, 2012), F7-. 8
ENTHIRFIPE Z 9 F 72 B-la A2 300 IR~ 8) L EiC
WTCTHEIE T 52 L bW E SN TWwW3d (Itakura et al., 2005;
Baumgarth, 2011), &%~ v 2 O Jfig TH N3 % IgM RF /L B-1a
A LT FS W T B-1a i Ae 23 R R HUR O AE & s T L
T=b DO JEREIZ B W TEAEA 1T 72 B-1a Ml 23 PRIRIC B B) L T
L7ZbDThDdN, TO @YV EEZLNDLN, KL THLNZIT D
ZElxTERN oI,

3-4-3. 7 VA7 a7V MECRERFLLTDIL-S5IZOWVT

IL-5 @R BEH NI o AP 2=y 7~ A (IL-5tgC57BL/6 ~ 7 X )
3. BIEHY I C57BL/6 w7 2 &>, C57BL/I6 ~ 7 Z M3k Ys 1%
HIL5 D EANEOGNT . 704707 ) VEHRLEETH-T-DIZ
% L. IL-5tgC57BL/6 v 7 A T, % E LW IL-5 OEA L HED Y
VA7 a7V RPN Z X, ILEBRARETET LD U A0
TV UMEDOEATICMNEOKRFTHIEEZRTHATH D, HEHEND
Z L. &Y BALB/e v U A D I iE TL-5 ¥R EE M % 20 B I —
WEHFTIEFICEELLT, 2V A7 a7 sdE O EIL,
C57BL/6 ~ 7 RICERT, MO THEHERI L THDH, - T, IL-5 1%
VA7 a7V VMIEA T =ALDRONTERA Y N TOHAEE LT
WHAREMEDRNS D, Z L CURBEITICHNHADOR 2 M4 2 BRI2i%,
WEEAT =V 2L, ATV IR AORHFERIET S Z
EOBEEMERBELTND,

HCV Y7 UV A 7 v 7 U »IiiE O e IL-5 B 53 5 2%
BEMCIEAHTH D, BEMIER IL-5REIX, BEFHH L EZN Do
72 Wy mE N H S 2 (Mizouchi et al., 2009), IL-5 2 E O EFH N —ih
MThbraEMEEZEZEERET S L, IL5 DRE~ODEG %M 512X T
— AN ARBELTWS, £7-. IgMRF EAMBICEBIT 5 IL-5 % B %
RBOFMbITOMLERLDLI EEZOND,

36



Yt~ 7 AT IL-5 BN ERHT 5720121, Th2 IZFIH L 7= 505 it 24 5
EZHMENRDHY, KETNVICE T D IL-5 EAMEIE, Th2 iz Th
LIZENEEEIND, ZOZ LiE, BALB/c v~ 7 A%, KL - T
7 VAT e T Y EEREIEL D DN, ARV Sy o M8 FEN B R T,
HIE LW Z Eax@PlTcxs, BMBEICXIVFEIND Th2 B o RS
Bix, IL5 OFEAZREITEDITZDICHEATHY . IL-5 OIFEHFET T
PURICEIES L CTH, IgMRF EAL B-la Ml O IR IZE 2 5 72
W, —HLILS T U AV 2=y 7w AT, AEME S OB O R
T VA7 a7 U U MAENEIELEZZ &ix, Th2 BGEs&ix, IL-5
EEREELZEVIRTHRETHDLZEEZRLTWVD,

AEONEIX, UTICAEK LT,

ATHARA, N., KAMIIE, J., YAMADA, M. and SHIROTA, K., 2015.
The Development of Mixed Cryoglobulinemia in Capillaria
hepatica-Infected Mice Is Associated with the Capillaria
Antigen-Induced Selective Proliferation of Splenic B-1a Cells in
Response to Interleukin-5 Stimulation. The American Journal of
Pathology, 185(1), pp. 172-184.

DOI: http://dx.doi.org/10.1016/j.ajpath.2014.09.017

37


http://dx.doi.org/10.1016/j.ajpath.2014.09.017

B

Figure 3-1. Isolated C. hepatica worms.
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_ B . Figure 3-2. Cryoglobulin and
24DP|  uninfected §os 400000 .

% Bl | ' IgM-RF in the sera of C.

E 06 & E 300000

3 os £ 2 om0 hepatica-infected mice. A:

[ IV S After cold incubation, a
E §°v° R ° PPN .. .. .

& &S visible precipitate formed in

C uom serum 24DPI CG the sera of infected mice at

24 DPI (arrow). ND: not
detectable. B: Quantitative
analysis of IgM-RF by
enzyme-linked
Immunosorbent assay
(ELISA) shows a significant
increase at 24 days post
infection (DPI). * P < 0.05.

x
A

C: Immunofluorescence

£
D E % £E E E E F
S > S i3 - o s s
ChsE 335 53 g 8 analysis of the reaction to C.
— 23 T &a T & .
CBB Antipchain =8 & S S g % hepatica worms. The IgM of
kD: kD - kD. .
‘> H ol 24 DPI mice sera reacted
- - 150 m—
» = - b= with the whole worm,
75 w— 75— [Clad ——
y @ e 5 whereas the IgM of the
37 - 37 am 37— . .
‘ cryoglobulin solution only
25 25— 37—

25 |

reacted with the C. hepatica
digestive tract (arrows). I: Intestine; R: Reproductive duct; Black
line: muscle layer; Red line; Bacillary band. D: Electrophoretic
patterns of ChSF sample was presented by staining with CBB (left
column). Western blot analysis showed no signal against p chain in
ChSF sample (right column). E: The IgM of infected mice sera
reacted with various C. hepatica antigens. F: The IgM in
cryoglobulin solutions reacted with an antigen of approximately 75

kDa (arrow).
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Figure 3-3.

" Characterization of

Uninfected Infected

&4 proliferating B-cells in the
5 ‘f"*; o :) spleens of C.

spleen / body weight (%)

{1
’k\"ﬁﬁ; hepatica-infected mice. A:

0(-\\3 & - Representative appearance
1 chain MARCO DRed pUlp (infected mice) Of Spleens' The spleen was

Uninfected u chain k chain

significantly enlarged at 24
days post infection (DPI).
Spleen/body weight ratios of

. - infected mice were
lifecied i Soeen &5 significantly larger than
those of uninfected mice.
**** P <0.0005. B: Periodic
acid-Schiff-positive Mott

E IgM+ 1+ cells increased in the splenic

w: Uninfected ., Infected red pulp of 24 DPI mice
(arrowhead). Scale bar: 20

pm. C°Immunofluorescence

% of B1a per IgM+«+ cell

staining shows numerous p
& & chain (FITC)-positive cells
in the splenic red pulp of
infected mice at 24 DPI.
Scale bar: 500 pm. D: The
majority of p chain
(FITC)-positive cells in the

splenic red pulp of infected mice were k light chain positive,

instead of A light chain positive. E: Flow cytometric (FCM) analysis
of splenic B cells. IgM+x+ cells were classified into three groups
according to CD5 and CD45R/B220 expression. B-1a cells
significantly increased in 24 DPI mice. *** P < 0.005. F: B-1a cells
(IgM+CD5+B220+ cells) were observed in the FCM sample by

immunofluorescence analysis.
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Figure 3-4. Stimulation of
splenic B-1a cells from
infected mice by C. hepatica
soluble fraction (ChSF). A:
IgM production was
increased by ChSF
stimulation in a
dose-dependent manner. B:
The produced IgM in the
medium reacted with the 75
kDa antigen in the ChSF. C:
ChSF stimulation
significantly promoted cell
proliferation. * P < 0.05. D:
Amplification of IgM
variable region
(VgDJu-Cmu) transcripts
using reverse-transcriptase
polymerase chain reaction. A
single band of approximately
1,100 bp was observed in
ChSF-stimulated samples
incubated for 2 days. E: The
common band of 1,100 bp
was detected in splenic
lymphocytes from infected
mice, but not in those from

uninfected mice.
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Figure 3-5. Th1/Th2 immune
response after infection in
BALB/c and C57BL mice. A:
Subtyping of Th1/Th2
subsets was performed using
flow cytometric analysis.
The percentage of
IL-4+CD4+ (Th2) cells was
significantly increased in
infected BABL/c mice. B:
Eosinophil infiltration was
severe in infected BABL/c
mice. Hematoxylin eosin and
Congo red staining are
shown. C: The number of
eosinophils in the peripheral
blood was significantly
increased in infected BALB/c
mice (***P < 0.005, **** P <
0.0005).
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Figure 3-6. Serum IL-5 in BALB/c, C57BL, and IL-5tgC57BL mice.
Quantitative analysis of IL-5 by enzyme-linked immunosorbent
assay (ELISA) showed a significant increase at 20 days post
infection in BALB/c mice. C57BL mice did not show a significant
elevation of serum IL-5 levels. The level of serum IL-5 in uninfected
IL-5tgC57BL mice was 40.5 pg/ml and was significantly increased
by the infection (¥***P < 0.005, **** P < 0.0005).
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Figure 3-7.
Cryoglobulinemia in BALB/c,
C57BL, and IL-5tgC57BL
mice. A: A visible
cryoprecipitate (arrows)
formed in the serum samples
from infected BALB/c and
IL-5tgC57BL mice. B: IgM
deposition in the glomerulus
was severe in BALB/c and
IL-5tgC57BL mice, and mild
in C57BL mice. C:
Quantitative analysis of IgM
rheumatoid factor by
enzyme-linked

immunosorbent assay
(ELISA) showed

significantly high values in BALB/c and IL-5tgC57BL mice
compared with C57BL mice. D: The spleen/body weight ratios of
BALB/c and IL-5tgC57BL mice were significantly higher than that
of C57BL mice. (**P < 0.05, ***P < 0.005, ****P < 0.0005. ND: not

detectable)
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Figure 3-8. Intraperitoneal
injection of C. hepatica
soluble fraction (ChSF) in
BALB/c and IL-5tgC57BL
mice. A! The study design of
the intraperitoneal injection
test. B: Serum IL-5 levels in
BALB/c and IL-5tgC57BL
mice were not affected by
injection of ChSF. C: A
visible cryoprecipitate
formed only in the serum
samples from IL-5tgC57BL
mice injected with 300 pg
ChSF (arrow). ND: not
detectable. D: SDS-PAGE of
cryoprecipitate solutions
from each group. The
cryoprecipitate was mainly
composed of p heavy chain
(75 kDa). E: IgM deposition
in the glomerulus was
detected only in
IL-5tgC57BL mice injected
with 300 pg ChSF
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Figure 3-9. Schematic illustration of the pathogenesis of
cryoglobulinemia in the C. hAepatica mouse model. If C. hepatica
infection causes a Th2-biased immunoresponse, it will increase
serum IL-5 levels. Coincidentally, C. hAepatica worms parasitizing
the liver release several soluble antigens, including a specific
antigen. In response to co-stimulation with the specific antigen and
IL-5, splenic B-1a cell clones reacting to the specific antigen may
selectively proliferate and produce IgM-RF, resulting in the

induction of cryoglobulinemia.
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EAE EHEHEODOB-laifRICEHE TS B HMEEHIALISEF Stral3 d
RBWO@BE

4-1. FFiR

B~ A0 VA7 a7 Y CMAEORFRREIT, BERE% 24 B 5 30
HaE—2712LC, RAMIZEBEL TWS T ERTHERO/EREND
RSN, B 4ETIE, Bt RIZEBWT, 27UV F e 7Y m
JENMFIERICED LI L TW EM@T L, &IZ, HiEO
BARMEREL 7 VA7 a7 ) CMEDIREZ R ABICHEN, KIT,
VA7 a7 CMEORENY —27 ThrEME%E 24 H B O M
B-1a fi iz O IR RE % FFA L 7=,

B-la i@ O REOFEMIZ, HCV &7 VA7 a7 U VffEIZE W
T BAIAREEFEINEIN - & L CHE Sz Stral3 2% B L7z, HCV &
Y7 VA7 a7 Y dE T, ML IgM+ B U Y RERD —H50 4
IR ERIEM I, T CITHEMNICARIEME{L L TFHE Y (Charles et al.,
2011; Terrier et al., 2011), RIEME/LL TV 5 BMEICIZ., 817 B
AR HEFE PN HI K+ CTH D Strald BZREL TWLHZ EAMEINT
(Visentini et al., 2012), S 62, iV A LV AEIETHE, VAL R
BENBDOTHE, 27UV a7 ) CMIECHRENRB T2 ENHH
L TW5 (Dammacco and Sansonno, 2013), £ Z T, £/ 7 n—F
WIZHFE L= 27 VA7 a7 U vpEE B U Rk, PLEEIED KN,
HL<IE, e RmESFENPLOBRBAEZ 22 & T, EONITARIE
BRBBIZAR DA =X ANRIFEEL TWD & W IR Z LTI,

ARETIE, R~y 207 VA 707 ) CmEN, /% 30 B,
FTCRBICHKEST LN, 0K, HAOBRBSHEIZE A L BED
I, BAMIZERBELTWS Z 2B LNIC L, &6, #
fiit%2 24 H® BLBL/c ~ 7 A2 6 B L 72 B-1a fifa X, Al & ME#E 5 O
WIS U, MfmsgsE, IgM EAEN TS 2 — 5 T, WA, F®
fEIRFTH H1ET @ LPS ° IL-5 I IE IS 2 &3, eIz i
AIEMEE L TWD T ENRBI N, % 24 HoO B-la Milaix,
Strald3 Sz 5 ¥ WMFI R L CTE Y . in vitro TiL. ChSF JI¥IZ LV
A Strald BE MK L., BIEMHIib L7206, C hepatica
MO SN DHREN, HEBORE, BRICEELTWDZ &ER
3 DR R E ST,
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4-2. MHEBELUAE
4-2-1. FIBRBERB LR Z VA7 07V v fE KB R

8 W ln it @ ICR ~ 7 A2 4h UIE A UF 4000 fiH 2 $25 L  BEFETZ 20 H |
30 H, 70 H, 110 BITL A& L., MK, B, M2 840, 2 HE
EARZERLEZ, ¥ XTOYHF T HE 202475 & L bic, BliEB &
& DY) ikt~ 7 A p chain Fiik 2 W28 @ 21T - 72,

4-2-2. B-la HEHE o Bk

8 M fhin i > BALB/c ~ 7 AT B RKIN 1000 {8 2 #% 0B fE L 7=, [2
PExt BRI, PBS 2R O #2FE L7, 24DPI B X U'VFEK Y BALB/c
~ AN, MK B-la Ml z BHEEL . EBRICH WL, 3-2-11 & [k
IZ. CD5+B220/CD45R+5G M2 v Yy — & — CHEEL 7=,

4-2-3. HRBEL 7z B-la M@ % A\ 7z In vitro A8

3-2-12 LR FHEIZL Y, HEEL 72 B-la Miaz 5uM CFSE
(Invitrogen) TH IR L. in vitro i ABRICH W7=, CFSE i L 7=
B-la fMifgiZ. 1 well 729 2X105 cell/200ul O FALE E 127225 X 9
\Z FCS ¥/ RPMI1640 £5# CFHFE L., 96 well 7L — K TE&E L 7=,
B2 3 B AA T 721215 . % well 12 LPS (50ug/ml) # 7= 1% IL-5 (1ng/ml
721X 10ng/ml) F 7-1% C. hepatica "J¥&EMEME 4y (10 pg/ml F 7= 1%
100 pg/ml) Z#HEML., 37C. 5% CO2DEMFT, 1 H2H 3 HMEE
L7z, E%, mOooBL., BEEEE, EEYo~o 2 IgM %2 B
ToHlD, VERZ T ay MENZATR o7, B L 7o g o 5K
(. RT-PCR T ICHE A L, #% 0 o500, Hi a5l o 5 o 7= 91z
7ua—H% A A MU —TCFSE ®J &ML,

4-2-4. RNA O ik X U RT-PCR

3-2-14 L [AFEIZ. Total RNA % RNeasy Plus Micro kit (Qiagen) T
it L 7z, Oligo dT primers (Promega) & Sensiscript Reverse
Transcripatase (Qiagen) % i fH L ¢cDNA % {E&! L 7=, PCR (%.TaKaRa
EX Taq (TaKaRa BIO)# f# JH L. 94°C10 4y. 94°C1 %4y . 55°C1 4y, 72°C
155, 72°C10 %5, 30 %+ 7 /b & L 7=, Sense mouse Stral3 primer &
L T 5- CAGGCGGGGAATAAAACGGA-3’ . Antisense mouse
Stral3 primer & L T 5- GGGCACAAGTCTGGAAACCT-3" # H\ 7=,
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Stral3 @ PCR E# 1%, 335bp T&dH 5, Sense mouse GAPDH primer
& L T 5- TGTTCCTACCCCCAATGTGT-3’ # . Antisense mouse
GAPDH primer # L T 5- TGGGTGCAGCGAACTTTATT -3’ % H W
72 (Kusakab et al, 2007), GAPDH PCR FEW X, 488bp TH 5,

4-3. R
4-3-1. BPEBOIFBBE. RERE~D IgM iLE. BBFRBEHEERIC
BiF 5 IgM+ BHIBRDOEAL

FFI A 35 0 2 BB IF 2k . RJE M IR R I, 20DPI 3 X Y 30DPI
ThbmEEIZR o= (Figure 4-1A), gICHFAET 5 BK1%. 20DPI
Tl b% <., 30DPI TH LD 7=, 30DPI Tlx., — &8 Bk I1L5E
WL Tk, £/, RIFOEE D A b7z, T0DPI, 110DPI Tix, %
JE SIS ITEEE 720 | FEC A, RN AMBclEIN T, RF
BIZRRE & LTRESNT,

RERIKICH T D IgM thE 1L, 20DPI 7" H45% 0 . 30DPI T b &
JEIZ 72 o 7=, 70DPI, 110DPI Tix, L& "4 L7z (Figure 4-1B),

20DPI ¥ L OF 30DPI @ Jifigk T, FRMBEFHE O MRBEE TH Y |
IR BEFE L T IgM+ BRI o 82 R 5 #v7z, 70DPI, 110DPI T ik,
IR BERE I X PR PRAE & R E & TR/ L. IgM+ B MR Bk e
L 7= (Figure 4-1C),

4-3-2. C. hepatica " ¥ E 4y, LPS B X OV IL-5 R & % B-1a #l
Koo BE5E . IgM BE A4 D FEAf

B &% O Mg 2 CFSE &R CTREM I 2 & "l tEm s IRy >
T, BHERMBREEABIE I D, LPS Y7 v IL-5
WS > 7 cix, |y 7k, MBI DETH
- 7= (Figure 4-2A),
BEZO IgMEAZ YA X 70y MEN CTREMT 5 &, o] % M
WM 7 TliE, ELWIgM EEAN AR LN S0, LPSRMY 7
VU IL-5 WS> 7 v ik, IgM 3 i T & 727> 7= (Figure 4-2B),

UbEDOF RS, 2 4DPLI D~ 7 A5 HEEL 7~ MK B-1a M1,
C. hepatica FJIEMEE 3 IZIIKIET 5 O @ LPS X IL-5 HlIC I3 X
JE L7 Z EBRR S, RIS ATEEIEREBIZS 2 Z EN TR I
7
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4-3-2. Strald3 O R BLAEMNT

24DPI v~ U 2B LI~ U X O B-la M X O Y > N BK
MHEfH L7z RNA ZHWwW T, Stral3 @ RT-PCR #17-> 72, 24DPI ®
B-la #fifld Tli&, Stral3 BN A b, HFEE~ T 2O B-1a fifd
21X, Stral3 [T B L T\ o 7= (Figure 4-3A), 24DPI ~ 7 A D
Bla #ifid Ti% Stral3 BB ZRB D 52, MIEHEBEY o KA ¥ 7L
W L7285 A, Strald3 BB Z R T& 202 o> 72 (Figure 4-3 A), 24DPI
~ A G HEE L7 B-la M A2 AT IR S WONES TR L 2GS
Strald BHNIK T L7z (Figure 4-3B), IL-5 i THE & L 725 &
T, Stral3 OB T ITR e o722, LPSIRINE; i TH: 3% L
7% & . Stral3 BEBLIIE T L7z (Figure 4-3C),

4-4., EE

B A4FETIE, BBE%OI7 VA7 a7 ) VIEOREIZOW T, KREF
FIIZEEAl L, 80DPIICE —27 2l x /2%, MBL TV ZERRZIN
2o HCV &Y 7 VA 7 a0 7 ) VIJEICEB W TS, VA b A% £F 5
FROIEEAE EITWENEHLL, iy v AFEITLY, Hk,
TANZAENMEKT 2O L HEE L T, WMEIPRB T 22D HLNAT
W5 (Damoiseaux and Cohen Tervaert, 2013), Z A6 DOFE NG
T/ 7ua—F VB L7 VA7 a7 ) UEABY CoNERIE, BUR
BIEO R, b LT, FERMERENGOBRBNEZ D Z & T,
WD ARIEALIRRBIZ 2D A D= X LANGFEEL TV D E WG Z T
<7,

PR~ T ZCB W T, % 24 BIX, 7 VA7 a7 U v idE o
NE— 7 LB TH DN, ZOICIX, B-lafifix, 9+ Tic B
ol 8 GE A il K F Stral3 2 < BH L, IL-5 B X LPS ITAIRE TH
Sl Z D, BEMICAEEARBIZBITLTWD Z ERREBIN
7o 72 UA 707U U MJEDRREIX. C. hepatica Y22 B H L TS
MWICEATT 20, 20%., WXOBE., BARKETCORH & —FH L T,
IgM RF E4E B-la i [ X 0 I AIEHELIRBICBITT 52 &R S
i,

24DPI O~ 7 2> b HEfE L 72 B-1a #lulL. C hepatica 7] V&M 1 4y
IZ K D HIP T, Stral3 FEL MK L, M f B 5l IgM EEAE DS L L 72,
OB, AIEMEE S 2 Strald FEEBLCMEHE M@V TE Y,
Strald (2 & 2 N{EMEAGIT, AT M E 5 CREBRFTEE 2 AT TRY 72 RRE T &
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HIZEMIRBEIND, FERIC, HCV &Y 7 VA7 a7 U vl fiE B3 o
RAEIMAF B Y > X8k —# M1, Strald 2 B L. HEEN RIEMEAIR
RElZ & % (Visentini et al., 2012), Z O RIEHEALIRIED B U > /NERIL,
TLR9 5L BCR U H v RKIZXD2HHICIIARIEETH D0, IL-2
BIXOIL-10 DFEAE T T, TLROB L O BCR DU F > FIT X 2 H¥
THALEIEN TLET 5 2 &, AT RIMEIRETCH DL B2 BN
Lo 7 UA T a T EABY KT, EERE (HUREB XK E
A NIAOR) IZX D, ATHICIEEEREE, NIEMEEREEIC
BITTHOMWEL D20 b L, AIEEE SR ORRERGURIT, BE
DIGEIZRET HAEERE O Z ENBEIND BME% 24 HO
B-la #fi@ 29 TIZ Strald A HI L TW\W5H Z &%, 20DPI »» 5 30DPI
2T, FIRICHFAE LT BRENER L T, BE» D O RFUR O 5
MR LT 22 LIZEHELTWDAEERH Y, AERNTOREGTR
HEORA L, B-la il O RIEMEAICIZBEELH 5 TEERH 5,

LPS iRIn¥ > 7Tl Stral3 BENKB LI B 67, Mk
WA, IgMEANKE Z LR o722 L v, B-1a #lfn o ¥ HE ) R IE AL
21X, Strald YA OIEIA I LD RIEMHIL A D = X AL BIICHFEET
HT EBRZ LN,

7 VA r7a 7Y CMEDOREIL, HEBETICKHHEHORKRFNEAS ST
WAHEAITIE, BEICHENEITT S - F T, AR AR LR
BiIZhniE, EX0ICRIENLTAIMHEEZF - TWDHEE25DH, 20O
RROBIE/OHWFIZIX, 7 VA7 a7 U ELAMBTH D IgM RF E
A B-la il 23, Bl e 48 55 0 K+ Strald Z i @I B L ATEMA(L L
TWSHEENELE LTI D EEZXIBND, Stral3 BELO —[K & L
T, HENL B SN D2FEFUEEORVAEE L TV ATREENH
L., 7 VA e T U CEANEOANEMEACEREICIT, Stral3 LLAA O
AT ORBRG b RISl EnD, 5%, TOMORK T H T LT
WL LN D B,
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Figure 4-1. A. Necrotic hepatitis and inflammation in the liver were most

severe at 20 to 30DPI, and the inflammation response gradually became
mild at 70DPI and 110DPI. The worms began to die at 30DPI.

B. IgM deposition in glomerulus was most severe at 30DPI, and the
deposition gradually became mild at 70DPI, and 110DPI.

C. IgM+ B cell in splenic red pulp significantly increased at 20 to 30 DPI,
and gradually decreased at 70DPI and 110DPI.
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Figure 4-2. Evaluation of cell proliferation and IgM production by
the stimulation of ChSF, IL-5, LPS. A: Cell proliferation was
promoted by the stimulation of ChSF, and not by the IL-5 or LPS
stimulation. (***P<0.0005, the experimental group vs. the other
groups.) B: Detection of IgM in culture media. IgM production was
promoted by the stimulation of ChSF, and not by IL-5 or LPS

stimulation.
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Figure 4-3. Expression of Stral3. A: Stral3 expressed in B-1a cells
from infected mice at 24DPI, and did not in B-la cells from
uninfected mice. Expression of Stral3 was detected in the sample of
B-1a cells, and not in the sample of splenic lymphocyte in infected
mice from 24DPI. B: Stral3 expression was down-regulated by the
stimulation of ChSF. C: Stra 13 expression was down-regulated by
the stimulation of ChSF and LPS, but not by the stimulation of
IL-5.
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BHSE &K

AT L. C. hepatica EFRIE G~ T RAICB T L2027 VA 7a 7Y
VIMEORBERAKFEOMAEEMNE L, FE2ETIE, 7478
7V ME DR EMNTE T L & LT, C. hepatica &Yt~ AET )L &
st L7z, B 3TWTIEH, o7 VA7 a7 ) VIENRBIET D E
TO, JREMYHEBICBITAA D=L EZHBT LT, 8 4 = TlX., 7
VA7 a7 mERIESR O IgM RF FEA B #0271 M0k B 12
T4 2230 L7,

5-1. C. hepatica EBBLRNE 7 VA7 udV VE~Y XAETIVIC
1 ANE

C. hepatica f&Ye~ VA TR SN D27 VA7), YU~ b
A4 FEMEFES T /) 7o —F 07 IgM & IgA "ok &, M
VA 7ma7 ) riJEICaEIND, RET/VOREIL, 1. 958 A G
WWERLEZETATHDLZ L, 2. UM 7 VAT 07 U UEDET IV
THHZ L. 3 HCVEREERED 7 VA 707 ) VlJE & EHEOFHIEE
R e, BETOND,
FHIREREICERT 227 VA7 07 ) CiEDREMIFIZHTZD .
KRETIVEME D B ROFGIL, Y O IIE F T B Z B > TR
TEXDHLTHD, BIEICWZDETOHM BRI, KB IKOENT
SREFEOEBEME T LV TOMIT T NHEL <, RPRANEL
FRENNTWBHE T D, Frliz, 70V A 77V 2pEATDH BY
NRERNE /) 70 —F VT DA D =X LT, REORER RE 5
THHICENDNDLOLT, TOAD=ALITISN>TVRY, KETF L
F., ZOBREICRY ML TEDODMHEFENEHSA>TND, H—IT, K
RLiETofERTr7 VA7 a7 ) VIENBIET S Z L. F 2.
RPN D RIEE CORFRBICEAEM TCIES & RN nizd, AT —
VIEDOBIN LT VW E, BT, YUARBEEZXTCH VA
ra7 ) UMIEERIET A0, BEEROMTNTCEH L, oL
METF LD,
(Aihara, N., et al. Histology and Histopathology 26:1519-1529.
2011)

5-2. BRENOL 7V F /a7 Y VMEREE TORAI=AALIZDOWNT
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%3 ETIL, C bepatz'ca@i%ﬂ%? VA7 a7 iifERIEE TO
WRAE A MM L 7o, FIEICIX, 1. M& B-1a Mz (IgM RF pE/E e &
L), 2. AR (IgDA]RF‘EEEEZB-la WMo, IgMELED MY
H—L1LT), .ILS5 (7 VA7 7V fEDRERTFELT) @3
DORFRUEATHDLIERHALN TR -T2, IgM RFEA B U
Kot/ 7a—F VRBEICE, R 7a—F AR 40 T
0—F VRN, I HIICE® /) T u—F VB~ L SO EIR
WM ZRLD2LERH D EEE2LNLTWVWD, KETLIZBWTYH, L
3T OHFETT, BINVWAREHENE -2, 27U A 7 a7l v lfE
ARBIEL TWDH I BRI NI, v U A0 A M 5y 52 7l 5l B o A
END | BESCENICHEIIFER RS2 TYH, P X IL-5 2
ﬁf?hi VA7 a7V CMIENEIET A EN I NI, Y

CROMBER BT Th2 I E4HEL IL5RELY LHE S
_&’ﬁﬁbfwé_&ﬁﬁWéMKOi% J&Ys BALB/c ~ 7 A D
myE IL-5 R IX., Y% 20 H CoAHh—mMEic EH L T2, IL-5
BEICELO RSN o7 CTBL/I6 ~ 7 AR, BHER T VAT
o7 Y CMEERIELZZ EnS ., IL-5 DM ENKN T & LT < 1EH A
T, HEBAD=ALOFTRESNTWDLAEEND D,

RKETNWVIZBITDADWRBEREA I =LN, NIBITFDH 27 V47 a7
VUMIEDA D =ALEEORELBEBEZR DML, A THSH, L
2 L. IgM RF PEA MG O MR OB, WEOBEEMEN L, Lo
AH=ZALDEENIMETES, ILbOEFEEL, SH%OMENLET
HoHMN, LARTFOEHZ, —@EchraiERH &, EHAT
5x?~yi@m%T%éT£ﬁﬁ%5:k%%%¢&%k%zéo
%%@%@%ﬁ%@&ﬁﬁﬁﬁ@ﬁikQNRFFEBﬂam@@TW
ORI ThH D EBELTWVWDH, KETNVICEBIT HHE, FEMHEED
%%%}wV@%7UﬁﬁmﬁUV@ﬁ?@%%k%@%ﬁ#é_k
T, FlemANHfES D,

( Aihara, N., et al The American Journal of Pathology,
185:172-184. 2015)

5-3. IgM RF EEA MR OB RIEHEFTRBROEHRICHOWNT

ARETFTVICEBWT, EEH% 24 BiX, 7V A7 07 U U IfiE O K RER
KbEEICRLIFEH TN, TORF R TR, IgM RF L B-1a #
JElzix B AR AE A N+ CT&H 5 Strald 2@ ENCH I L. HEEMIC
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RIEHALREICH D Z ERREINT, Al X DRI K-> T,
Strald FEHIXML T L., MAREE, IgMEANRESINDIZENL, 2
DATEHEALKRER ATV e b D THDLZ ERRMBIND, — 5. LPS
FI X, Stral3 BEAK TSI ED2 OO, MIEEEHE, IgM EA LT E
Lol Z &b, WEEMATEME/LIX, Stral3 FEELLIA DK 11T &
LA T = X LBHNAFET D e INT,

HCV &7 VA r7a 7 ) VilfEERFICE W TH, HIE LM
X, R ILREOHBEER D Z EnHREINTNSE, £ LT,
7V F 7w 7Y EOREIZ. FROBE, HCVHR & & HE L T
WahrIeEnmenTtnwg, 7V A a7y oEAMBIX, B 7 a—
FTNVICHEE L. 2807 VA rsa 7 ) v EEET LMEEERE > 5T,
PUR R P E 72 X E O M ZH R 23 K0 L 72 55 F Tl OISR
ML T 2MEZFE > TWBAEMEND 5,

5-4. £ L ¥

C. hepatica D RBIERIZEL D, mWERELZFESII M7 U A7 0
TV VMAESYTAETNEMHN LI, 7 VA7 a7 v iERE DY)
W BEWE 21X, IgM RF PEZE B-la i fld O BRIRABETE O W N H D | FIE
(CiE, 1. M B-la M2 (IgM RF EEAEMNE & L C). 2. FAFUR (IgM
RF PEA B-la il O¥IH, IgMpEAE D Y H—& L T), 3. IL-5 (7
VA e T ) CIEDORERFELT) ©3O0KRFRABEATHD
LROR SN, AMICHI L7 IgM RF AL, 0 B i
HHE NI K F Strald NFEE T LH 2 L NARIVCHIHICHE LR NS
B L7235 AT, MO NI ARIEMAIRBIZ 2R 2 Z &N RS,
ARKET VL, 7V F7m 7Y CIEICEWN T, WEMITAKNETH -
RIENH OMFT LA TCHLLIAMBBMWET L THY, KET LT
"Bonmiid, HERERECERT 22 042707 ) v fEo kg
fRBIC D7l D Z ERHIFF SN D,
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FFEXI RN FIERL DBRERIEDOIR LN TND Z Enn, JEYRICERT S CG I
E@Jﬁféﬁ%\é%%f‘?@\ RIZFRA S TR0,

EHEOLITT *’?*E%Tﬁ%c‘:ﬁ’éﬁﬁ“(“%é Capillaria hepatica (C. hepatica)
DIEGIT & @ ~ 7 AN CG ME A @=IZHIET 5 2 & 2 /L Lic, ROF5EIX
C. hepatica F5EY%x CG Lﬁlf—’?ﬁx%T}l/%TﬁiL KETVIZHBIT D CG [ﬁl
JEFIED A D= ALEHONCTHZ L2 HIET D,

% 2%  C. hepatica 3E8EY: CG MIE~ 7 A€ T )V OMESL

C. hepatica DHHIEHINZ ICR ~ 7 AT O #EFES 5 & &fEK (15/15 L)
2B W TR R DR GL ) sl S fe, #6720 A OB TIE, IgM «
Bt B U ‘//\"ﬁ?ﬁ)imm L. #EfE#% 20 A2 613MyEHIC IgA B L O IgM « 225
2% CG NEPI TR bivlz, & 62, #fE 30 HOMyE Tix, IgM 7 RF 73
ﬁﬁ LﬂbfwtoE@ﬁSOBmmﬁf TRERIADSOMEMEICIER L, B

We% 2817 5 IgM Z B i TR D BlEE S Tz, L/U:O)Fﬁﬁﬂb% I HEDS

%/ Jua—F N7 IgM B RF ERY 7 a—F 7 IgA M ofEk S s T CG
MAE T 2D Z LRSIz, k. ERIWICI O TREY: L7oE BTSRRI CG
IMJE 2 F8E S/ DIRRIARIT 72 <, RET /ML, BRICERK L TRET 5 T4 CG
MIEDHIDET NV TH D, HCVE"Z%%%’@E}E%@@J%%?W ZBWTHET %
TN TERPoTEERREIL, HEOYHERE TEZ 5 CG EAMDE
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DIFREZFHT CE L Z LITRROFERNH D EFE X T, £ T, H 3 WTIIAR
BT NVEMV, CG MIERIEM B IZI1T 5 B U o/ EROBRIRAYHEFERFE &
Pl S Z & & LTz,
(Aihara, N., et al. Histology and Histopathology 26:1519-1529. 2011)

FE3WE 7 UAuT7 ) CMERIENIIEMEIZIEIT D B U U NEROERIRAHEGE
DA = 2 DD

ARIETIL. C hepatica 45 CG MUIEDRIEE TOREIZHBWT, 1. CG
2T 5 IgM 23adak 3 5 RIRFF PR, 2. IgM RF FEEAMAROMER, 3. W
HEHEAT ORER 7 OffT 2 B9 & L, LN O FEBREIT o 72,
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O CG D UK ~D RS & 38 s Ye ol X 0 Mt L7z, B2Fit% 24 Ho CG
IgM i, %) 75kDa o BUARURIC RIS LTz, £7, ffElefa T CG o
IgM 1F. BAOHLEICHRIOICKS Lz, DEORERNEL, KEFLO CG
R RERRPURIC X L TR RIS 5 TgM TR S h 5 2 & VRIB S 1
77,

3-2. IgM RF pEAMAL O VEIR AT

Iz, IgM RF % pEAT DMl OFER L OMERIENT 21T - 7=, CG IMEFIE
~ U AD Mg BE I T, IgM k BPEMIRL2MEGZIZE N L TR0, 7 r—H
A MA MY —BIOHESBEMBEIC LG, B4 2% B Mk, 8+
k #5+CD45R/B220+CD5+D B-1affifa TH 5 Z EMA LM E 72572, CG A IgM
K MO I D Z EnD, g THEINT 5 Z O IgM+k+ B-1a ffifid2d IgM RF
PEAFIICH D LUE LTz, =2 T, ChSF &~ v A il B-1a AlIC 5 2
D In vitro \Z B TCRM L 7=,

Pefdith 24 H OEYe~ w7 A0 5 HEE L 7= 6K B-1a fild 2 ChSF THII%T 5 & .
ARSI R L O IgM PEAEDS TUE L7, PEAE S 7z IgM X CG & [FIERIZHKY 75kDa
O BAPURICR RIS Lz, £, IgM Al ZfHEiKO RT-PCR Tix, ChSF
FIZ X0, £ 1,100bp @ A 2858k mRNA FEHA EH L=, FIE~ 7 AEIKR]
TIE LT, 9 1,100bp @ AIZ5GE mRNA FEHL 28O 7=,

UL ED#ERDG, ChSF IZ X 24P T, B-1a fifu DOE A 2o M S
TEY, Z0OIgM+i+ B-1a fiifd?’ CG EAMIaTH D B x b,

3-3. JRREHEST DR T~ DT

CG MJEDHEITIZIE, f5F ThU/Th2 JEZEMEDEWHAREE LTV L vy 5 (KER
BNT, B b~v U AR EHNCRREEREZIT T, ZORE., RO
Th1/Th2 J&& M 1%, BALB/c & C57BL/6 TILH72 > TV, Th2 IZfFK L=t
I BALB/e Tld#e Z v . C57BL/6 TlIE Z b/ o7-, £/, YL
BALB/c ¥ U ATIX, 2HMEOHBEIEZIENEZ > T\, 2D &b,
CG FEEAMMTH 5 B-1a Ml & AFERER O i 712 %19 5 #95iE « IHMH LR+ Tdh 5
IL-5 2% H L=, IiET IL-5 1L, BALB/c ~ 7 A CTRY% 20 HIZ—i@mk
IZE I ERH U723, C5TBL/6 TIHBAE 2 ER IR N oTe, FT2,
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C57BL/6 # B SICH D IL-5 Z W T 5, IL-5tgC5TBL/6 ~ 7 A %
AW ER 21T o728 2 A, IL-5 Ol EE IR D EETH Y | Y
BIZSHIZHELL EF LTV, ®iT, Zb 3 %MD CG IMIEDIHIE A Lk
L7, BALB/c =7 ATl, £k 24 B2, CG Ok, MiET IgM RF &%
@L%\%%WA@@M@%%%Mbtﬂ(%ﬂﬂ@v?xf@bfh%%ﬁ
Tdhoiz, —Ji. IL-5tgC57BL/6 ~ 7 A Ti%, BALB/c ~ v AL+ 5 CG
MIENBEREINTZ, ZDZ D, Th2 IR L72GZiRie ¢ CG MEDJF
REITEE S, IR IL-5 MBI E LTV Z EWRIBE ST,

JEYLZ KV mE R CG IUE 2 FJE L= BALB/c ~ 7 23 L O IL-5tgC57BL/6
~ 7 A2 ChSF % JEEN&KE L& 2 A, IL-5tgC57BL/6 ~ 7 A TH A CG IfiL
FEDNE S 7z, ChSF 5 Tk, RIERISITFHE ST, IL-5 BEICEkIX
o lz, ZTOZEMND, Y LD Th2 &L, IL-5 # R SE5729
ICEETH Y, CG MIEDHEITICHAEDKFIFXILS THDH I EIRENT,

PLEDOFERNG AKET ICBIT 5 CG MERIEIZIL. 1. K B-1a #ifa (IgM
RF pEAMAEE L), 2. FrRPUR (IgM RF pEAE B-1la Ml OH#E%E, IgM PEA
DKUY H—ELLT), 3. IL-5 (CG IIEDIRERE T & LT) D3 O>DORETNMAE
ThdZEPRLMNIR-T,

(Aihara, N., et al. The American Journal of Pathology, 185:172-184. 2015)

%5 4% IgM RF PEA B-1a MfIZ 31T D HFEANH K 7 Stral3 FBLMEHT
PRt 24 BIX CG MIEDFRIEN B — 7 ORI TH 228, BEfET% 24 H T
5 EEEL 7~ Bla fiflda ChSF., IL-5 3 X ONLPS THili%94 % & . ChSF #li%
T“O)%L%Hﬂﬂ’?imﬁpjaot(ﬁ IgM PEAEN L L, IL-5 3 X OV LPS BICIERG L
Mole, ZOREENG, CG MIEDIRENE— 7 123#ET HRFIZIX. CG EAM
Rl X9 CITHERERICHNHIIR B I 5 L i STz, £ 2 C, G RRE s 5 B
MBI AF Stral3 384 RT-PCR IZ L Vil 7-, T OHEE, ke~ 7 2D
B-1a #lfEIZ1X Stral3 1Z3EL L TW o 7203, B2fEL 24 H @ B-1a AR
BRUNIRENERD BT, HIREEE Y o oSER A5 0E Stral3 ORI S P,
Stral3 8 B-la MEICBRE L T\ D Z E2VURIE S 7=, ChSF il L v
B-1a MR350 % Strald BEIME T L, MlaEsE, IgM EAN LEST L2 &
WE . Z OGRS T D Z & AR S, ChSF o BB N
Strald FEHEHIENEE G L WA Z EnB 2 b, £72, B-la #ildid LPS A
Wiz kv Strald BENMMEF L OO, MRS IgM EENE Z S 2
&b, Strald UISANOMGIREF S ET 5 Z LR ST,
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C. hepatica DEBREIIZ LV | mOWFEMEEZF 2 T CG fE~ ¥ AET /L
ZHESL LT, CG IMERE DB 21X, IgM RF PEA B-1a fllid OSBRI
FEOBFENRH Y . FIEIZIE, 1. IgM RF PEAMAL & L CTHE& B-1a fifa, 2. IgM
RF EAE B-1la fifd OGS LN IgM EAD U T— & L ToRREFUR, 3. CG
MIEDEER 7 & LT IL-5 D, 3 DORFBMEATHD Z ENRRI N, 2aH
(ZEE5E U 7= IgM RF BEAERMAIZ 1T, 330 2 B AR BE5# M [ 1~ Stral3 23385
T 5 EDURE I, BEHEICE LS DL LA, b OMEE
BSCMIARTEALIREEIZ 72 D Z L AVRIB S LTe, AET VI, CG MAEIZIHWNT
TR REFRAT DSNEE T & - T RIEN W DT S BB CH DA REMET L TH YV |
ARET VTR LA RE, WERERICERT S CG IMEDIRIEMIIZ D72
MWHZ NI,
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RXEE
The study on the mechanism of development of mixed cryoglobulinemia in
Capillaria hepatica-infected mice

Chapter 1: Introduction

Chronic infection by pathogens such as the hepatitis C virus (HCV) induces
monoclonal or oligoclonal proliferation of B-cells, which produce IgM
rheumatoid factor (RF) leading to the development of mixed
cryoglobulinemia (MC). Pathogenesis of MC has not yet been completely
clarified because of the lack of an experimental animal model. In the present
study, the author established an animal model of MC that is induced by
experimental infection with Capillaria hepatica (C. hepatica) in mice and
examined the mechanism of the development of MC in C. hepatica-infected

mice.

Chapter 2: MC mouse model induced by C. hepatica-infection

In this chapter, the author established a MC mouse model induced by C.
hepatica-infection. ICR mice experimentally infected with C. hepatica eggs
developed cryoglobulinemia at 20 and 30 days post injection (DPI). Using
immunological analysis, cryoglobulinemia of the infected mice was classified
as type II MC by detection of monoclonal IgM rheumatoid factor and IgA in
the cryoprecipitate of serum. Using immunofluorescence, we observed an
increase in the number of double-positive cells for p heavy and « light chains
of immunoglobulin in the spleens of infected mice. Histopathologically, this
model was characterized by glomerulopathy associated with intense
deposition of IgM and IgA filling in capillary lumina. Ultrastructural
analysis showed that glomerular deposits consisted of stacks of twisted
microtubular structures. These serological and histological features
resembled those of type II mixed cryoglobulinemia in human. This is the first
experimental animal model of type II mixed cryoglobulinemia that will
enable detailed studies on the pathogenesis of cryoglobulinemia. To date, the
mechanism of selective lymphoproliferation during the early stage of MC has
not been defined because of the difficulty associated with the collection of
samples from early stage MC patients. The C. hepatica-induced MC model
allows the analysis of selective lymphoproliferation during the early stage of

MC. Therefore, the author examined the mechanism of selective
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lymphoproliferation in the following chapter.

Chapter 3: Selective proliferation of splenic B cells during the early stage of
MC

To clarify the mechanism of selective lymphoproliferation, the following
points are important: identification of the antigen triggering the process, the
phenotype of IgM-RF-secreting cells, and the immune status supporting MC

progression.

3.1. Characterization of serum cryoglobulin in C. Aepatica-infected mice

To examine the reactivity of cryoglobulin to C. hepatica antigens, the
author performed immunofluorescence analysis using serum samples or the
cryoglobulin solution samples from BALB/c mice as primary antibody
against the section of rat liver collected at 24 DPI, and western blot analysis
using C. hepatica soluble fraction (ChSF) as loading sample. As a result, the
specific binding of IgM in cryoglobulin to the digestive tract of the C.
hepatica adult worm and to a 75 kDa antigen in the ChSF was confirmed in
all infected mice. Therefore, the cryoglobulin might be composed of the

monoclonal or oligoclonal IgM raised against the specific worm antigen in
the ChSF.

3.2. Characterization of the IgM-RF-secreting cells
At 24 DPI, C. hepatica-infected BALB/c mice showed significant
splenomegaly, and a large number of IgM+x+ B cells were observed in the

splenic red pulp. To characterize the IgM+«x+ B cells, we divided the IgM+x+
B cells into three groups (B-2, B-1a, and B-1b) according to the expression of
CD5 and CD45R/B220 using flow cytometric analysis. CD5-positive B-la
cells were rare in the spleen of uninfected mice and significantly increased in
the spleen of C. hepatica-infected mice. The author postulated that the B-1a
cells that proliferated in the spleen might produce cryoglobulin; therefore,
the response of splenic B-1a cells from infected mice against ChSF was
analyzed by assessing cell proliferation and IgM production.

In vitro assays using B-la cells from infected mice showed that
stimulation by ChSF promoted the proliferation of B-1a cells and secretion of
IgM. The produced IgM bound to the 75 kDa antigen similar to cryoglobulin,
and B-1a cells expressing a restricted repertoire of p chain variable regions
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selectively proliferated. These results suggested that the antigen-specific
splenic B-1a clone was of cryoglobulin-secreting cells.

3.3. Study on the immune status supporting MC progression

To verify the hypothesis that the Th1/Th2 immune response plays a role
in the development of cryoglobulinemia, the author used two mouse strains
with different Th responses. As a result, C. hepatica-infection induced Th2
polarization accompanied by systemic eosinophilia in BALB/c mice, but not
in C57BL/6 mice.

Eosinophil proliferation and activation are mediated by IL-5, which is a Th2
type cytokine. IL-5 is also known as a critical growth factor for B-1 cells.
Therefore, the author postulated that IL-5 might be the essential promoting
factor of cryoglobulinemia, and evaluated the serum IL-5 level in BALB/c,
C57BL/6, and IL-5 transgenic mice with the C57BL/c background
(IL-5tg-C57) showing IL-5 over expression. Serum IL-5 levels at 20 DPI were
significantly higher in BALB/c mice than in uninfected BALB/c mice and
infected C57BL/6 mice. The serum IL-5 level in uninfected IL-5tgC57BL/6
mice was 40.5 pg/ml and significantly increased in response to infection at 20
and 24 DPI.

Next, the author examined the development of cryoglobulinemia in 3 strains.
At 24 DPI, cryoprecipitate was observed in BALB/c and IL-5tgC57BL/6 mice.
The severity of MC was correlated with the increase in serum IL-5 levels in
the infected mice. These findings showed that cryoglobulinemia was
exacerbated in the Th2 biased immune condition, and that IL-5 was a critical
promoting factor of cryoglobulinemia. Furthermore, intraperitoneal injection
of ChSF caused MC without an inflammatory response in IL-5tgC57BL/6
mice, indicating that cryoglobulinemia could be induced by co-stimulation
ChSF and IL-5 without infection in vivo.

In this chapter, the author identified the following three factors essential for
the pathogenesis of cryoglobulinemia following selective
lymphoproliferation: 1) splenic B-1a cells as IgM-RF-secreting cells, 2) C.
hepatica-specific antigens as a trigger of B-1la cell proliferation and IgM
production, and 3) IL-5 as an essential promoting factor of the selective

lymphoproliferative stage of MC.

Chapter 4: Rapid acquisition of an exhausted phenotype during the
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remission stage of MC

The progression of MC was associated with necrotic hepatitis caused by C.
hepatica worms; rapid progression of MC is associated with exacerbation of
hepatitis during 20 to 30 DPI, and remission of MC is associated with cure of
hepatitis and death of worms in the liver during 30 to 110 DPI. The author
postulated that there might be a mechanism of rapid acquisition of
exhausted phenotype during the remission stage of MC. To verify the
hypothesis, the author examined the expression of Stral3 transcripts, a
powerful negative regulator of B cell activation, in B-1a cells from uninfected
and infected BALB/c mice at 24 DPI. As a result, the B-1a cells from infected
mice at 24 DPI expressed abundant transcript of Stral3. On the other hand,
B-1a cells from uninfected mice did not express Stral3 transcript. In
addition, Stral3 mRNA expression on B-la cells from infected mice at 24
DPI was down-regulated by ChSF stimulation, and the stimulation by ChSF
promoted the proliferation of B-1la cells and secretion of IgM. The Stral3
expression in the B-1a cells from infected mice at 24 DPI suggests that these
cells may have already acquired a functionally exhausted phenotype though
IgM-RF in the serum and IgM deposition in the glomeruli peaked at 24 to 30
DPI, and that the functional defect may be overcome by ChSF stimulation.

Chapter 5: Conclusions

MC mouse model induced by C. hepatica-infection is the novel
experimental animal model of MC induced by infection. In the present study,
the author identified the following three factors essential for the
pathogenesis of cryoglobulinemia following selective lymphoproliferation: 1)
splenic B-1a cells as IgM-RF-secreting cells, 2) C. hepatica-specific antigens
as a trigger of B-1a cell proliferation and IgM production, and 3) IL-5 as an
essential promoting factor of the selective lymphoproliferative stage of MC.
In addition, the proliferated splenic B-1a cells rapidly acquired exhausted
phenotype by overexpressed Stral3 transcript, a powerful negative regulator
of B cell activation, during the remission stage of MC. This mouse model
allows the analysis of selective lymphoproliferation during the early stage of
MC, and will provide new insights for the pathogenesis of MC induced by

infection.
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