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Thymic lymphoid follicles in the model mouse of
insulin dependent diabetes mellitus (NOD mouse)

Kenji Watanabe, M.D.

Department of Internal Medicine, School of Medi-
cine, Keio University

STERD7 i /BEFIVio w2 AT e Y
v, TAASF VI Lo CB 0L, NOD
=B ATHEAFT Y, Y VERaTnaZ &
PE LM EhTW3Y, RERICEZ RTS8
ETROESNTCHALIERITIASTFEROR
o, IDDM oRECHHECHEET S Z &3,
NOD =~ AicE#H =7 A0 [ Ea'BETFHE A
PAT, [TEXREHERLNODES YA T=
=y 7=y AV, BREXLERFIRBELR
W EMBBRE ARG, B, A lETY
ADNOD P Vv AT ==y 7w AL LAGSE
EFEAD NOD FFS VAT = g T ARE
LT LAY NOD S v AT =y 2
= w R {56, STERDT I /BEFILF =Y v,
7 AAFFVE T, BELIERTIFAER
R L FHE LY,

2y, NOD = v A Oglg i RmRE O W
HEEB LT, BETREELLTVE, BT
FEEBT LI LERB IS U v fERARE
THZEXREH LR, £ TR ¢ IDDM 3
EMEmEEEAmlmE LT, BRY v HRoikR
% L OFORE L ERFRE, BELOMELY
NOD~w 2 & P IEFEBENOD 7 v A
ey rwo A, BLIULA*NOD F 7 A
Sx =y =y ATHERNLL,

— 647 —



EREEY 68855 (FH3F9A)

WHEB L UHE

1 B

NOD=v 2, NODREOTEE : -7 ICR
=7 AR L BALB/c =7 A, C57BL/6~= ¥ =
EHAZ vy (EFD L hEEAL, specific path-
ogen free (SPF) RETHT L. I-EFH NOD
FFZVvAIT ey 2 =7 AR EIOTLAY NOD b
FUYAT ==y s Ty ANTEAKRFEFETOIL
NH—EL B X 0 S e,

2, NOD ~ v A Mg, MR HEMEHRT

5 D B22EES D MM 3 X O NOD < &
AR LUTISGABOIERENOD + 5 v A 2=
2w 2w ALLAYNOD b S v ATz =y
v AD DI, MEYHEEL, 0% i<y v
THEE LD, 2374 vEELL, BEET~
= rE¥Y ve=Fdov (HE) T, Mgk HE &
IV e = v THRAL, FMET CHEBRENE
EHEL I, WEO it Eigs s Ay
L7, FFATAR 72 VI CRAERES
LichH b, —80CIBEFELT,

3. EERAREOHE

IRRL LoTlE~y R oRELF AT -7
(Eli Lilly #, kE) wTl~, REBEoBE
BETERGEL v ML, Bk TLryas .,y
# A II (Boehringer Mannheim #:, V4 ¥) Tl
BEAEL, 250mg/dl Mo d O ERE &
E L,

4, FEEEGAE

HELIENOD =Y ARBIL 27 VA2 & b+
(Miles £, KE)Z C4pm OEXCEHEYL, 74
73 VASA P L0 B05EEE L.
B7 b vCSEREE Lici, 0.01M v ~EE
EEBEAEAR (PRS) w75 5EF-3@%ES L
7o, 0. 3% BB kSR A 2 2 — A TRER LA
FrF—EDTw e s Lol PBST 3@
EL . BMERY v BROTEC 50 R (20

pg/ml) €A FAbe s 7 2 —HE (mAD)

B220 (R RFEEERFELL VESE) 20K E
EETL, EA4AAFF= v A-FCERLEWE
54z 1 R OG 27, PBS T 3 EREE4E, 100
fEFIR O horse radish peroxidase (HRP) £
AFLF 7 ESY (Amersham, ¥H) & =41
A b F = v A NTISEER SR, PBS 12T
SEEBEH LE 3,3-07 3 /7 Rvs D
HC1 (DAB) 20mg %100m/ ©0.05M + ¥ A
B pH 8.0 AR L, 30%BE LA EKLTu
Nz - (DAB-H.O) wTEELE. &
T e 70 o, 200480 HRP E3% & +
FRFELE 7 = 7 ) vk (Amersham #) % [[{#
ERIG &2, DAB-H,Oi TRt LA, B,

AF AN — T T LA

5 MgMEEOD 7w —H A L 2 F Y —

NOD—= v = & = v + m—a @ C57BL/S,
BALB/c = v ~ O Rgig 2/ L, M iR
Uiz, PBS o TEkE S, 1 < 10508 o # R ¥ yeas
BLcHEYIoL, 4 CEC00 R X, B
B, 72 —¥4 + 4 —2&—(FAC Scan, Becton
Dickinson #, B T 4 MK O EITRE 5
Bl L, fibemaficrse—v4 2 —2—
CTHEENT Lo BOREE e, Thll bowIEn
2B E L, B EE Sy e Tl
UCHEE U, AMRgE s FITC B B220
g lgM, 45wk igD, ©4 51k
IgG;, (Pharmingen ¥, XE), v 4 % »{kLy-
1(Becton-Dickinson #) D € # 7 » — 3 A {i{k %
H s, streptoavidin-phyceerythrine(PEY (Amer-
sham #) & XT, AFIC8L o,

6, MERB Y v RO~ A b~ T =2 v IUYA
bAoA R BRSO MR

188 o NOD <= v A % X U'RIB# » C57BL/
b= v ADOMBELEHMCEE L, Mg MEgL
fo, BEFERR & L Cik RPMI-1640{Gibco #:, #E)
109435 R (Cell Culture Laboratories
H, kKED, L7 & 2 v2mmol/IGFIYEHBE, K
B, e v wEElmmol/] (Sigma &, XE), =
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M IDDM = Fa = AD5EIE Y v iR

P e v 100pg/mi (AR HED,
<=0 v G200U/m! (BERE) ¥ nzidbo
% Fv7e, RPMI- 164085 &b o BRI M
1X107/ml DEECHRBEL, 24/735E7 11—}
(Costar #, KED AR 2 X102 A, 50ug/
mi@ VARV A F A F (LPS: Salmonella
Enteritidis, L-6011, Sigma &), 100U/m! &4
#—eq4xv4 (L4 EERAEESL—ELLD
#t55, 100U/m: @ IL-5 (BEA st
X HEEES, 100U/mi © IL-6 (KIRAFFEEE
W o), BB VRGO RIS, 37T,
5 %COFATCIEFE LI, 5% 4 B, 108, 158
#Bir, Hkol/10% 96755 7 1 — b (Costar #)
wEL, CHy 3 2w (AETT ¥+ — 7B,
WD e, 37C, 5 %RCOHLFETTEHIZA K
EHERL, BHEELEELL.

7. KOl B v v B BaEEE G

1838l NOD = 7 = L b fghffffad Bt L,
RPMI-164085 2§ b ¢, MolR#ifu s 1 x107/m!
OWMECREL, 200EE S v - 2 2 X107
A, LUFo L5 B 37C, 5 %COF4ET
THRE L, ARSI E EFELEIRL,
ELISA {(enzyme linked immunosorbent assay)
B Ry e 7 ) vIRERRIE LK,

a, MEHIHEE

b, ILSRIEE (IL5 100U/mi

c, IL6HEE (L6 100U/mi)

d. LPS—+IL6HETF (LPS 50ug/mi *inx
2 e IL6 100U/ mi &hnz 5, )

e, ILS+IL6HBAECILS 100u/m] TEEL, 2
H#i IL6 100U/ml &inzx 5.)

ELISAH<=nAF7v— b (FEES—7F4 b,
HR) 2HL2LUH20mM OEE t2ug/mi O
BErRAB LA~ 2 0Es e 7V viifh s 26
MEEERCT=— L, 0.05%Tween 2041 PBS
&3 (T-PBS) gid& i, 3%4mE7rL7 1 v,
0.19%7 ¥4 V& & PBS TR 20 1
OMER LIz, chbhifETa—+ L7 r—1+
1065, 1006%, 1,000 B8R L858 E#E 2100
ul FoMmA37TCRC IRFERIG Lz, T-PBS &

TAEBEELCOD, #H2HMEE LT, 000FHR
L HRPEFE A~ v AREs = 7 ) v
(Amersham #) %100 nx, T-PBS T
#, o-phenylen diamine (Sigma #) %@L &
7 = vEiEEW (7 = v E1.02mg, Na,HPO,
3.68g) WBER{LAGEION! &0k 7 FIGHE C1045
BERILS¥, 2N OB cEE2EIL L,
405nm B A WHEL MTP-12, = v+ 2 EE
=4 raFr—-rXEH (=285 T ©
THEL, »5h LoxRMEICIER L Bkl
MEGHLCREEEFORE s v 7Y vIBEY R
ELT.

8. MY v HERERENRBY v AAEDrs e
T4

NOD —= v AJglg ook S e ¥ v < fEiaidsd
EOBVVARRY s — B L b Db, &2
- VA Ao b DR IEAS e e R R
X DNARMIHL, ®RES = 7Y viBETFOR
Fi 7R Ll i S I SRS ral
"y MIZL BB LI, v AR 5B, 8
A, 18BN NOD = 7 A fgig, 18k
IEERI S vAS 2= 2 =7 A, 8XUSE
M LA NOD r v AP ez w7 w9 Adn
SECHER A, 25 NOD < v A fghgil
Ra 2 b 5 BBy o 35 B (FACStar, Becton
Dickinson #) = & b B220BH:MER & By - 40
FEERG., = v b e —a & LTI IRHER
ICR = v AF#ifa &4 L7,

9. DNA o

v ADHIEOBREE MY PBS it T
Licfia s B e » 7 7 — (0.14M NaCl,
1.5mM MgCl,, 10mM Tris-HC1(pH 8.0), 0.5%
NP40, 10mM Vanadyl-RC) % iz, EL{E&L
Db Ny 7y —i24% D Sucrose & 1%
NP-40& Ao ER L, 4°CizTl10,000E
EC20AHEEO L, TEEWE LU DNASH
OLE L L, hdyEEEREERGImM Tris.
HCl, 100mM NaCl, 20mM =5 v o7 § Y
Eell? (EDTA), 1% > U A~RBEER 0 o A
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BMEES 68% 5% (ERIHEI A

{SDS), pH 8.0 i T L7 ® b proteinase
K (Boehringer Mannheim #:, ¥ ) %z,
50C, 12BMfEILEwl, TOEKER7 =/ —
A%, BREALEY Lz, T07 =/ —Afh
HiZfER 3EERIELA-DSG, Zre7zxl s
SEME, EEERMOKR HIC1,500rpm, 55
=R cEd, FEo DNA BB L4, /108
DEERA Y 742 2580000 =% / —& M
%, il L7c DNA #EIR L, 7T0% =% / — %
%.10,000R18, 54, 4 CTHEROLL, WEPT
#% DNA # TEHFW (10mM Tris-HCl, 1mM
EDTA, pH 8.0) i@ Lz,

10, ¥#Fv 7 ey b

HIFREES EcoRI (RES, ABD 208fr& fn L,
37°C, 12B5FMIE L /- DNA 104g 120.05% 7 = &
==k, 0.7T%7F e — A5 A(13.5X%
13.5cm) R L, TBE kEEiFE (89mM
Tris, 39mM %58, 2mM EDTA)C60V, 15
EEESkE L, DNA MK 248 L7, HindIII
WA 77— DNABHA ¥ X O"EcoRL, Hind
NI A 7 7 —< DNA Wi H CHESD 2914 X
= — & —& UCHERCEE Ui,

11, DNA 72 » b

BE LIy ait, BoSuwT T s VIR s
7o, 0.5M TrisCl, 1.5M NaCliChfiL 7z,
PSS AR Tr—2A v 7w s L TPALL
Biodyne Transfer Membrane(H &Y = 75 4 »
zi#, RROEBV, BELL, EEHPALLD
£ v 7 v v UV Stratalinker (B & <% = 3
F4 v 2HIIETUVIink Lic, cDNAJy7 »—
7 (A4 F=F ) 7 AP, RBAEEEELLD
HEENL, =AFFFAADNAFRY VIR T
A (Amersham #) TERE L7, DNA #EEL
AV I LA 7 I FAESay Sy
7 7 —(0.2%Denhart, 0.1%8DS, 5 XSSPE,
100xg/mi & ¢}E5 T DNA (Sigma #)) &h¢68°C,
4 BETRTALE L, B 3272%2P i35 cDNA &
BEEETREFDNARAI TV A LA 0y
Ay 7y g, 68°C, I6RFHEIEIG X,

i, 2 v 71wt 2 XSSPE, 0.1%SDS ¢
ST 5 £ 3 EEEE Lict, 1 XSSPE,
0.1%SDS #T68°CicC 1 BRI 2 m¥E#H L
o, AvFrvEove—7EREIET A DNAK
A — 32447574 —THEHLE.,

R A

1. NOD ~ v R [igif o #EfFEaing

6 ~22t o NOD <~ @ A s 0% % HE
BELATRTY v AREEEO TR DWW
FLAGE 1R, 108RUTO <Y 2 DfiR T
falge 0 voRlaE - 2 0 Linwas, 128
D= o AR PEfe ) v AREENHE I A
H5, 1IGABTITY v A HROoEEIRERE L0
BB RREE LY, 1SEKCIERBEROM
RO =y A U ER L E L, Vvl
WhRoH, K&, BELLIRIEERS. 208
icie b LI, HRER, o rv s —oRE
O~ DYEEMBMAREL, Vv oRiER
BARE & A ARER L CW <, U vouiaigiREE
ODEBLIhDEE AL v ATROEEFEE LT
R bk, BRI S AR T BEE LRSS
AEchs, Mty oo S H5EITE
L ¢ BOTRIZEFI LT 525, Beiidln
EETZ 29 Lithatz,

¥ oo MR 1 EeoE, 1o0F)
FTeEE 3 ~5EEEIRL. Vv
faigi v v gl L, #akE < CililegEr
B, EELIShE) v AEREOBEYRELT
Wiz, HEREL HVWHABEARERED, chb
Ofifake e = vERETHREKEF o7, LHL
3 & A FOIERERERGRE VN E L, T
EEZ L], v¥r= vRECHE LT, BEEY
EIEMBECR o k.

Zhe ) voAERBEARC Y vk TRy
FARBRET LIS, U B v AR SR
BUVvABREEETAE/ 7 »—F A8k B220
LSy e 7 v BV BN A X
HRERSEYRT L., FoBER, BRER
MinmiaEr 2 B220, 3 X UGS/ = 7 0 v
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o Hgig v v AR REEMCE, a D BR20RES0M), b MRE T e 7 v (1506,
18;BENEEE NOD = & A0 iR % A Ao R SRR b3 C e ialig /e v v - EBS HERL M R B2201E
M, B =70 vBEDO B Y AR CHDL L LRI,

ThIEINEE2E), BERERY vRTHB
TEAER IR, ok, T oRBRERERET
P v SBROHFE <~ —ThD Thy-1.2, Lyt-2,
L3T4im 34 A HEciia 2 hioh - i,

2, NOD = w2 qiR 0 v sl BERR, BELK
HEOMBIBMR (3513

NOD =7 ADOEEHKOHE % HE #ef L1
BY R BEETE-THE~NS E, #FEGPbhTL
LD, 5EBCIRY v AROBEOBE TR
BEEFEEI L 5 B L Tk, 3EEBTIR
ML L CREOEL AN, TNTO=D AR
BRESOMEATD LR, —F, BERFERER
BEESRE YRR LSNT, HE<-o2TRI16
BB L OEBREFARESEE IR, —F, iRV
v AERI OIS, M L I6ER TRk o x
hELTRY, LadHBEBECHEZET I,
Lil, leEokx s, v voaglhaol, A&z
w, ERAEEFROME ~ vy A0 FREBEECh -1,

1002m

1% NOD~=v Akt A ERBEORE L FHE
%, MRV v oIk
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Wt M| 0 |EoB k| mRw| PR
5 F 3 1/3 0/3 0/3
8 F 3 3/3 0/3 0/3
10 F 3 3/3 4/3 0/3
12 F 4 474 0/4 2/4
16 ¥ 4 4/4 1/4 4/4
18 F 8 8/8 2/8 8/8
20 F 6 6/6 1/6 6/6
22 F 2 2/2 1/2 2/2
24 F 2 2/2 1/2 2/2
8 M 2 2/2 0/2 0/2
12 M 2 2/2 0/2 1/2
16 M 3 3/3 0/3 3/3
18 M 4 4/4 0/4 4/4
22 M 2 2/2 0/2 2/2
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B IDDM 25 A= v Aoy v

HIA FFvAadezze =0 A0WRO HERERE, a . IEXZBENOD tSvATSz=y 2~
Y ADHIR (485, HIMEEEFETHLLN, MlELE0RE XANOD = v A0t L
PE, TV REEIEOEE Y 0 EET AN, HEOREFEL TV, b LAY NOD + 3
VAZ e Dy 2w ADER (48(2), R0 EL, Vv G B,

Fho, WML LUEELAZISEELE B NOD
FFVAYzm e T AT 3ME LERSOSE
fE, BESI e ofet, it v v o<Jikast
BEINCEIERD, 18BHIASNOD F 5 v A
Py v ALK ELHEEROBERE
Pofed, BECRBED Y v RBEIEES
i, TOLAYNOD P S v AT 2= w2 =9 A
h ) voERasEIhe EIRD. Lal,
INBFPFYARDS 2=y 2w ATHRBEHEMN
NOD=w 2RI bs/hEC, Uv-ilifldd NOD =
P AL, #adinl, KEEd AR boT
Bt

3. MiRA B ¥ v BRI HAEEE

B220FS MBI A5 E L L CHiE NOD = 7 &
BRAEBY v HRoMHELY 7e~%1 b+ A b
V- TERET L7, 128 ©k B220BE M A R

1%ETThsa, 16BHTH1I%LE LD,
IGHBTERES £ CFHIINTE L DT
T2%ELHDBL0ETH -7, Linl, B220EH:
AR 208N R X O22 mcumA L, 2%UT
T#Hotc, —H, BALB/c =% 2% C57BL/6<
AOBDRERO 3 v b e — = 2T,
fafg o> BR2OlE M8 m T L % U T oh-
o (B23), IBEBROIERBNOD F 5 v &
w2 =7 AR LOULA NOD v+ 3 v A
Pz oy & v AT BR20ME M MEE L 1%L
Thote, ZOBER, BRCY vl
7o\ BALB/c = 2% C57TBL/6—< 7 A i thlr+
FUEE L, NOD = & A - 1025, Bl
BANOD ~ 7 ADL/3~1/4BEL Mg &%
ERICVWHAE, M5 vARI 2= g 7=9 20
RO B220f5 MMl o B Bk s L Tv b Lk
Wa Y, COBERIREERLFORR R

i

P
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BREEY 68%5% (CFR3IEI A

H9% NOD=wR, FF VAT == g2 vTA,
2V hR—Aw G ALED S BIEA B0 EE
Jiplab i

< vox e v | oo | PEOIGEE,
NOD 5 F 3 $.5+0.2
NOD 8 F 3 0.7+£0.3
NOD 12 F 5 0.7x6.2
NOD 16 ¥ 5 1.8+0.6
NOD 18 F 1 3.9x£1.9
NOD 20 F 6 1.7+0.9
NOD 22 F 4 1.8%0.6
BALB/c 18 F 3 0.5%0.1
C57BL/6 18 F 5 0.7x90.3
I-E 3 NOD 18 F 3 2.24+0.4
I-A® NOD 18 F 2 1.5+0.2

L.
T, ALY H5EHBEOEYT T NOD =
v A JalEPT B20iB i fRARE IgM, IgDBHETH

a

IgG2.

B220

5, 1eG, B Thote, ThoA) ra—F Al
BEREL, BCREERO B U v B LU R
BT5 Ly- L&t o GF4 5D,

4, BEB VY vAHO=A =Tz B I T A
b A s ARG

faiEA B U v AEROBEYHEET 5, in
vitro DR TE« O HT X T A RIBE X FH A
(#E5HE), BV vAKO=A F—J=vELTR
<HwvBR TV LPS B0ug/mD ¥ini 5% &,
NOD = 7 ~ Kol A A IS U C DNA &
Mamlic, IL-4, IL-5% N2 T IRMmMMEICE
L, WEEARLCHREOBRE R LPS iz
FEZECl oo te, IL-6w 4 5 A H i IL-
4, IL-BIes4 B IRE I LEM -/, —F B Y
VTR HME L A EHEE LW CBTBL/6< 7 2
IRdmRE i IL-4, 5, BIHLTIBEAFERGL
e e d, LPS R LTHigd A FRE
LR b i,

b 1 2

igD

B220

oM

B220

Ly-1

B220

#wAE NOD~v Al ffao Bt lisv e —44 + £ » ¥ —fF1F. B2208E
IR E TgM, IgD At TH D, oG, Ly-1MRBRETH -1,
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D IDDM = F A< o 20 Y il

CPM

40, 000
c A -
2
End
U
[
[
a
]
o 20,000+
k=
o
]
n
+

1}, 000+

%WM«M
4 1015 4 10 15
no treatment  LPS
#5

reeces VLYY presh,

4 1015

[InNoD 18w %
P c57BL/6 18 W 2

= ”mr . e

4 10 15 days
IL-6

SED5G \rrrre \itrte

41015
IL-5

L4

188t NOD = v A Jglgfiam <4 F— S = v, ¥4 F a4/ it aneE

. ##, LPS 50ug/ml, 1L-4 100U/m!, IL-5 100U/mi, IL-4 100U/m/{ 3%
TARGER 2 X10HOMERHT 5 H ¥4 § Sy ORDiALLREL LR

Lz,

5 HIR B ¥ v BROHERELRE
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ABSTRACT

Thymic lymphoid follicles in the model
mouse of insulin dependent diabetes mellitus
{NOD mouse)

Kenji Watanabe, M.D.

Department of Internal Medicine,
Schoo} of Medicine, Keic University

The non-obese diabetic (NOD) mouse spontancously
develeps immunologically mediated insulin-dependent
diabetes mellitus (IDDM) which has been proposed as a
model of human type I diabetes.

In the NOD mouse, lympheid follicles appeared in the
thymus at 12 weeks and became larger and more
numerous with age. These follicles were mainly located
in the medulla near the cortico-medullary junction. The
follicle forming cells were demonstrated to be positive
for both B220 and surface immunoglobulins (slgs) by
immuno-histochemical staining. FACScan analysis of
the lymphocytes obtained from the thymuses of 18w
NOD mice showed that 3.911.9% cells were B220
positive. In contrast, in younger NOD mice (5-12w), less
then 1% of thymocytes were B220*. Two-color analysis
showed that B220* cells expressed sIgM and/or sIgD but
neither slgG,, nor Ly-1. These B lymphocytes were
activated by lipopolysaccharide (LPS), 1.-4 and IL-5,
and weakly activated by IL-6. They didn’t secrete
immunoglobulins spontaneously but they could do so
when stimulated by a combination of LPS and IL-6.
Southern blot analysis of the NOD thymus showed a
distinct rearranged band at 3.8 Kb, when extracted DNA
were hybridized with mouse J; probe. Such a rearranged
band, however, did not appear in I-E expressing NOD
transgenic mice which are protected from developing
insulitis or diabets, or I-A* NOD transgenic mice which
develop insulitis but not diabetes. These resulis suggest
that monoclonal expansion of thymic B cells in the NOD
mouse occurs in association with the pathogenesis of
IDDM.
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