Exonl ¥ — 27 xR
PCR DFRIZAWE=H D L[E L Reverse 754 <
—T 3N E— T = RN E{ToTm L o
A3 @D SNP HSHEFR CT& f=. % Z T Forward
TI7A4=—T5 rbERZHRELLOILL
Te& Z A, poly-A BRFILIED o — 7 = A A
Wieol., FLTHREICY—I = ABEDTS
A~—%REL, SN —I = RFETE
Toe(BE®@ 7. b, ZOBCToxr—%—4E

D 1 #(4910-5000) & REFIZMET LTV B

agccccagg a

ggcaaaa aaaaaaaaat ccaatggtga

4921 cgagcaggga gaacagagca gctgccaatg
ggegtgtgeg tttcaggegg ccaatgggag

4981 gaggegtete ggegggggac

ccggtggetg cacatcccag tteccegeegt
5221 tgccggecgg gtttagaggt tttgggegsa
ggacatgggg gegtgeagee ttcccagttg
5281 caaacttcac teccgaccetg

K v b IFRG &EFIZRBIT 5 Exonl O EE S

Exonl #EIE D PCR DFEIZ /= primer
fe, lElCEELEY—27 =20 2 A
primer EROL, poly-A EEFIDERAL ( ),
Exonl DOERAL (. , SNP DEML &R LFT, &
NENRLTY

Exon2 Oy — 7 T R
PCR DBIZAWEZ L L6 U Forward 754 <
=Ty — I R E ATl & ZABEBEFE
BBRRODB R0 T, 5 b DHDME
HraftoTe.

T ) —)V/EDTA/BEBE T b U 7 LS

O o=V ARGERER 10p ] [THRERS
K 10pl, MEEBEST MY oA 2,41, 125mM EDTA
2ul, 1006 =% /) — 50u1 #M0% CHEL
TZEIBIZ 15 DRE#E L.

® 25°C , 15, 000rpm, SEEL L.

@ EEZBRWT,70%=F /—L % 60ulNZT,
25°C , 15,000rpm , 5 &EhEL L.
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@ EEZBE, BRECERLTRAEL:E.
® BEXBEU Y —ICRBEL, HERFORE
Z{T-o7-.

BETFER, ZROER
HRES — 7 = R #RE Y — /L BioEdit #F|H L,
BETFER, ZRHOFELHRLT-.

C. FERKER

V—J T U ARR
IFRG 7' & & — % —fEI, Exonl, Exon2 ® 3
DHEBFRELDO > S, Yo —% —HEHRK L
Exonl IZZENEN 3 #FTD 1 EEBH AT DT,
7uE— & —{EI TIX 4071G/A, 4072T/A,
4897A/C #§R® (E 6), Exonl TiX 5001A/G,
5062G/A, 5063G/A W7~ (). F7-FIZ SNP
DRD NI 1 HERFBEZ T



I 1

Exl

control

~F R

FeEs

40716, 4072TA 4887410 BO0LIAK 5062GHA, BO63G/A
39 70
AKCGTGGAAG GGACAAGCA G AAGGGT GA

ATGGCAAAA

i

B foe—Z—fHR8 LU Exonl OREFER
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E

IFRG {512 SNP 33RO b iz | B RRRE

BEEE 7a®— & —EI 0D SNP D g Exonl @ SNP (DF &
4071G/A 4072T/A 4897A/C 5001A/G 5062G/A 5063G/A

1

2

3

4

5 AT 1

6 T

7 TE

8

9

10

11 =

12 R

13

14 ~F

15 e

16

17

18

19

20 T

21

22 RE

SERELE 6 »FTD SNP ©H b, 5 »Frd
SNP(7 1 & — & — Bk D 40716/A B L O}
4072T/A & Exonl @ 5001A/G, 5062G/A, 5063G/A)
X238 RIETXCCRILEREDERXZ LY, A—
DODNTaB AT EZHDIENRTREBEN. =
OERLLT, ZE NDOHEEIZI~T aEsT
26.1%(6/23 4), FEEET44%(1/234) 7=
ofc. EleuE—F —EIIZBIT D 4897A/C
OEE LT, ZE DOHEEIZ~T iEST
26.1%(6/23 %), FEEEST 13%(3/23 &)1
o, BRI LER2O0WEHFBRDONI-BE
BEREINLOL1ZDBRFE -, £1-, WTFhho
ERAEETHEEIL65.2%(15/23 &) LD T
BB o7, SEIBRHEENT 6 #FT® SNP 1T\
Thb, UBIICHEIN TS Exon6 @
19043C/T 3 X " Exon8 ™ 20597G/T &%, #HES
BRI Rhotz.
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2 P<D.OS

e PO

¥ P05
! |
DM 20 ¥ HO total W1
Sk B s
wild 273 3 287 M7 817 RE
(90.4%) (£6.39%) (91.4%) {95.8%) (82 69 (92.9%)
o 28 g 26 14 it 1
hatary (9.3%) (123%) (8.3%) (4.296) (7.29} (7.1%)
homo i 1 1 0 2 L
' (0,394 {1.4%4) {0.39) {0%a) (0.29%) {096)
total 302 73 314 231 947 14
(100%) {100%) {100%) (100946} {1009} {T.4%
; 0012 0.005 0.034 A7
P{# 0
0.0094
OR 2.4 1.5 21 R
(95941 (1.2-4.6) (1.5-8.5) {1.0-4.1) {0.21-14.3)

K. t b IFRG BEFIZRITAEFRER (T oE—F —FHEOHEE L ZTOEE

t b IFRG BEFICBIT 2 EFREL (Tt —#
—f#83%, Exonl, Exon2) ® 95 &, uE—& —fHiK
L Exonl TZENFN 3 »FFDOSNP 2R L-. &
BR1F—DNTaZf4 7 EZRERSTND, 7HFE
— & —GEIR D 4071G/A 33 L T¥ 4072T/A & Exonl @
5001A/G, 5062G/A, 5063G/A) DHEEEIT~T T4
T 26.1%(6/23 ), HNEHEET 4.4%(1/23 4)
Eole, $RER 2(Fue—F—FERIZBIT S
4897A/C) DEAEIIA~T 0 iR T 26.1% (6/23 4&),
FREFEETI3%B/238) o7 WTFNhDOER
PHETHEEIL65.2%(15/23 4) LBD TERIC
BHTEZ, LEDZ b, ZRAODERITY
A NVATERNE | BERFORBRERZE~—h—K
FThHAHIREERFEVWEEL N, SR~ —h—
ELTEBRORECHET 2 BETFERHETS -
WDIZERTHB. 72721, SNP RS h-8%
W, R, MR, FERIIZMEBEMENERD b
Not-. £, SENTAME-IZBER O 1 Bk
PRIF & D R 720 TR & 3 5 Mk ik % %R
L, FEEOHENR EDOFRBFEIBREL TR, 4
%Y 1 BIERFBREOMBBREDOINEL BT, &
D EEOERTRETL, S5&MERTSNP OFE %
L i by, &5z, 1 BIERBA
HLfEEEa L ba—LZBW T SNP DOFAESE
i, IFRG B FOMEEEOKKD
RERZBEHONITAHIIENTES., LIzAB-T,
ZEOMBEREEZRSRE Lz, UA LR 1 BE
RIFRESZMOELGFRIEIC DB D Z LBH
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HBTE5.

A ElD SNP ORI, E Ch oREEICFERE
BoNBEA LI P —7 2 RBEICL 2 TIT-
TW5a. LiL, #4127 hir—sx o RAEICE
% SNP OBHIFAZ Y —=2 7D 1 DIZ@E$,
SNP O B E BT B DI
RFLP (Restricyion Fragment Length
Polymorphism) i#£# 175 Z & L HHATH 5. RFLP
ETIE, BROERZE0MEK%E PCR BIBEIZH]
[REERWLEEZ L, S n=-lihoEHEOESD
BWEFERTA. LB - T, Fu®—F —4E,
Ex1 IZSNP 238 572 HiE, SNP 2 & T Bin WA %
WRETHHIRER CUIMTHENTES. b
UIRIZ, it L7-HIIREER 3 FER T, RFLP k%
THIZTENTERWVWGSE, IR YTF ST ~w—
BEEWHIBBRLDD. i, 12D I A=y
FHEEPRELZT T4 <—TPR 21T\, BX
I HIFRBERIC ST 2B 2 E T 2 FIETH
B, IATF T4 w—%FVIE, RFLP R
TERWEESTH BAYD SNP 1Tt L7 il [REE
ZRDOITONDLFAEELHSD. ENTHH LHIR
BRE RO oW bIE, RFLP EZB& LA
TR o72v. HEEREL BRI TE 5 PCR I
IZ, RELP ¥ EDMIZPNA 7 S B0 7« T U LIRR
) PCR 5. PNA IZRTF FiEE&%2F L, DNA
R RNA W7 EE T2 FThD. PNAIZITY
VBRI OB TEE LR W28, DNA 888N
AT D, Lo T, B4R DNA S{IFERHAD 72 PNA



T v —HTEEETREETIL, PNA 2% DNA
HEMEAS UTHFAR DNA 28IET A2 LN T
V. L, EREATIIPNA (X DNABICREET S
TEMTES, T4 ~—0 DNA BHITIES LT
REHRPSCEBLUELHEIETI LIRS, B
AT DNA B D BRI PNAIC K » THIHI S B 1= 0,
AT RERTYH SNP OBRIMIZFEETH D, PNA 7
FoEs T - T VIVERR PCRIBIIBRENRH VW E
IR 72 DT, SNP OBRHICIZERCH 5.
7o E— 2 —EEE L O Exonl (23317 A SNP B
INFEEIZTEE L TV, Z @ SNP A% INFRRG % 4
L7 IFN 7T AEEBEEICEE L TWHWA N E D
DEEMTALHENRDD. KL TSNP 2B L
77 v & — & —{Ei,, Exonl, Exon2 !X IFRG &{x
FOIEFRELTHH. LoT, SNP I2LBT 3
JBOEALITRD 5T, IFRG EfxFOBEEN
T LTWD ARV, L, #2320
HERL IFRG EERFOHRE L SICB{EBRD b
AAREER DY, —HIZTLL TRV E WL
R, T e\ L7 SNP 8
5.2 % IFRG B+ ~DEBEZRD 2 iz T
ERTDH. B2, SEIVuEe—F—7FLREL
T >WT, T eE—& —EIETT —Z X
— A (TRANSFAC) % i\ CEr B[R FE A BC Y %2 F
L& Z A, ROFHBEFELN. AHETCT o
- —EBICHRE S 3 BT SNP &2 & TefD
FE, Wi d FOXD3 & MEEN A5 NI 78
Sh, EAETAHEENDS. Z D FOXD3 &R
NAEERFIIDNA EETF—7THD T+ —7
~NY RFALVEFELTWAS., LERST, =0
ERACICERNTEETDH & DNA A RENRTL, 6B
ERME SN DEREERD D, I, AR T
TaE— X —fEIICRHE N 3 #FTO SNP (I
T b poly-A BLFIDIEFIEHFICHFEEL TV A,
poly-A BeFNIEIEF O mRNA (CREME 5 2 5%
BIRHD. LEN-T, ZOHMICERNGFET
B & mRNA DEFEMWDBRDILED, HDWNIFHED
&L o T, IFRG BEFOBENET S
BN D, TN DOFREEEZRET 5710,
[FRG BEFORBALZHER L 2TE b0,
SFY, IFNa R AV ZADFIEIC L » CTARESA
ENDHEPKR, IFNy 2 EDH T A L ZERMED
BRI DEELALN, DL HICET S
M ALERHDL. FOHFEND1IHELT, M
HHMEZ DNA 2 W= FENRH 5. SNP 2 & iv#Els
FWrh &7 A3 N DNA IZHAH %, IFRG #Eix
FEREIESD., LT, TOBIZELEINTH
VR DL FBE SDS-PAGE RV AKX T Hy
N ETRIETAIET, 2T OERORE
BRI TAZ LN TES. £, BEORMEKE
enterovirus R ED T ANV ATHIEL, EAIN
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R ANRERMEZ VR I I0E 2T A L AR
TEOMEINTIEENE S MERT HFELHD. b
L, IFRG BT OMWEEEIZL S IFN ¥ 7L
REEEND D72 61, PKR =2 IFN y O EE |35

BHEDBIRLS, VAV RABEHEMBIENET S5 2
ERFRIND. 2D L5z, IFRG BEF3E

NDEBOF R BEOBRRE IR
ERENTL, | BIERFBEOBELRET L EMN
SHOBETHD.

E. &

ASEOWFEBERIZL Y, IFRCEBEFO T aE—X
—fERICERFER AR, 1 BERR, 2 B
FERA, RESBCHERALZEZA, LS
T LT ANTOERFBHECHEBRELY ., L
WEEBRYAIJEFThHD LHEESNE, £,
Beio, BUBGEREITH, B O HiEBEks cakE
Ay X)) BEpoTl, ZOZE L, ZOBEE
FRUANAFERFOBRZEEBLF THHI &%
FRLTWAH EEZ bR, —F., EEEOHN
LET, BIE 1 BUFERFBE CTRELIZE Z A,
SBREELY ZOZROEE TSP 708, B
REEBEZEIRDOON A ol, A%, BAERF
Fo 1 BBEREOKRRE, 2l fREE, BRIt
AREMNEEBLOA L N—DBHLET, FEH
EEHEL, SOHDIIBMMNTAZLENLETHDH EE
2 b,



3.  IFRGY 7 /WARIKIZBET A HFFE
SR

THEME  BERAZEEZHNBERE R CRLIRES T 8%

MAERE

Interferon (IFN) D17 A /L ZVERIL IFRC D RIBIZ L W ESHIREES 5 17 5 N+40 8D IFN BNEET
B EXIEFHEEINV, IFRG OTFHRICNME L, IFN-o/ POV 7T A EIGET HHFOERME LT,

Siva-l %7/ a—=7 L7, Siva-l IZ IFRG £ £& L. Siva-1 iIZ L BT R b— Y REXTESH S,

~—
~—

DT R b= ADOTLHEIZIL IFRG & Siva-1 DEANNETH Y, Siva-1l DU VEMLIZEE LW LR
BAbhehol, 2OZ D IFRCELGBFIZA VF—T7xa v OR YA NVAERBIZEADHL TR, 7
ANABRIEOMIBO TR b=V A %FETH 2 L THIREEZEILEH Z ERRB IR,

A. BFEEB®Y

Interferon (IFN) L &7/ % —¢&E57 5 JAK F
—ETHD IFRG X, EDORE~U ZADREH L
IFN-alZ & % B #ifaoMiasmml o> 7 A=
WETHDH, —FH. IFN OB vesicostomatitis
virus (VSV) A WV A{ERIX, IFRG ORBIZ LY
HOoMREEEZHI>TE2H00, +5ED IFN 3 F
FETHEXITIFEES ARV, VSV U A /LRI
% . Encephalomyocarditis virus (EMCV) 7 A /L X,
Herpes Simplex virus (HSV) oA )L A % vy, IEN
WA AV AERICKIT D IFRG D&% % BF
LMZT B,

IFRG DEME{LIE IFN-afilliiz L Y —@EICE L,
FOHBBRONMITHY Bk S B, IFRG D KRIBIE,

IFN-aiZ X ZHHEAREEEIE] . Lo AV AERICE
Wa b5 2 HH. W IFRG DIEE BIE (LY TFN-o
DERICE 2 282 e L. IFRC D&Y E1E
BABH LT B,

B. Hik

FARM<~ 2 BLO IFRG K~ 7 X LY
embryonic fibroblasts (EF #if) Z5BEL . 10%
FBS /Il DMEM B&Hh CHE38 L 7=, EF MO 7 A L R
FEMEE, vA AL DHREAEOIEIRIC &
DEIE LT, 96 N7 L— FE AV 8 x 10* A/ )%
® EF iz, FEx OEED IFN-a, DWW iT
IFN-b & fEICEEE U7z, 48 BERILHIIE 2 v L.
EMCV. & B U MiE VSV & e X ¥/, Crystal violet
Jua % 1TV 540 nm OFEE & VT, AT E
E LTz,

IFRGD 68 FEB DT I VB THAINY V& Tz
NT T = ~BET HERDOEA (VET8F IFRG 1L,
CGTGCATGGCGTCTGTTTCCGCGGCCCTGAA AV 75 1
< — & site-directed mutagenesis kit (BD
Clontech) & FVNTHT o 7=, STAT3. & 5V \|E STATS
DITREF—H—INT T 2T —FEESLE
STAT3-LUC, & %\ i STAT5-LUC % R Z—D Iz,
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BF A7 IFRG, V678F IFRG & & 12 2937 Hfa |- i
AL, Vo725 —¥T oA Z2fTo7,

IL-3 JEMRFF IRt 2 3R~ 5 B89 C, IL-3 {KTFEMEM
k<o D Ba/F3 MFIZEFAR! IFRG, & D\ MX
V678F Tyk2 %3 A L7, PBS TEe##%, 1x 105/mL
Ol E YA M A CIEFEMOEHTREEL, M
fafk &= s8Rl L7z, IL-3 R L B - A IV
DE D AIIE, A NI A IEERMOEZH T 16
RERIEEE L 5 x 10 fHOMMEZTE LY OBED
IL-3 TR L., 12 BRI flE L,

C. HFREMER

1) IFRG RIBIZ LBV A NV AEEDIET

EF Mg %~ OBED IFN-alZ L 0 48 BERHIE
L7z, IFN-a ZFREH, +98&D (IFN-alz L3
AT > TR WA 2 24 BERILAPNIC 100%5H
RS ST D 8E) EMCV VA /LA, HDVILHSY ¥
ANAZRBEREET, GBED IFN-a, H D5V
IFN-BIC L D H[E 5 &, IFRG BRELTWVWTH
EF MR E I A b N2 o t=, L L,
IFN-a, E72i1% IFN-BDBEE MKW EE . IFRG A3
/KI8 L 7= EF #f8 CIriBr4A 7Y BF MM & th, Hlfa
LN BT,
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2) IFRG DIEFEIEMEILIZ L b STAT 3iEHE L & h,
fEO B EEENE LS

B EEE CIZ JAK D 61T HEBOT I /BT
HERNY L VDT z2=ATFT 7= F)~DOER
(VELTR) N EHEEICAE L TR Y, FORE JAK2 ©
EEEEENRE TS L5125, JAK2 & IFRG
DEBRFEFN AT H L, JAKR D 61T FEBDOT
SOBTHDHNNY I TIFRC THIRFESNLTE Y,
678 ZFEE DT I ) BRIZHYE T 5, JAK2 DFE V617
X kinase fEIEOTEMELAZIIGI L T A EBEES
L% pseudokinase fEIRICTFEET B, FD=dH,
IFRG V678 & [FIH#EIZ kinase FEIE & HnfH
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LTWDAIREMEZABE L, IFRG V678 % 7 = =Jb
T =B LT V6TSF TREEER LT,
JAK FF—FBOEBEREEIX STAT THHD,
V678F IFRG DOHEREZ FEM 3 A 72 1T, STAT O#RE
IEVERE 2B Uiz, B4R @ IFRG % 293T Ml
A4 5 & STAT3, STATS 13¥EME{L &+ 5, V678
IFRG {%. STAT3, STATS5 DiE (k% B A& IFRG (T
bR 2 FITTUE LT,

WA IL3 IRTE MR TH 5 Ba/F3 iAo~ &
— D, BF AR TFRG, V678F IFRG % A L7-, IL-3
R GREL 16 REFRE L7, V678F IFRG
ZEA L7z Ba/F3 MBiX, YA KA RS2
VVIREECH U U EBEAYAE U T 7=, IFNoy/BillliE R
{2k IFRG & & Hiz JAK2 U VB b E N B8,
V678F IFRG % A L7z Ba/F3 flla T JAK2 0 B



R UERMLITBE I N 0T, JAK ¥ —F
DEE/LFEIL STAT TH A=, V6T8F IFRG %
A L7- Ba/F3 MR IS B STATS O BB Y
kAWt Li-, B4R v 28 A L7 Ba/F3 HIHR
TIE STATS D EFEE Y VEMLIXBIZE S v s,
V678F IFRG %3 A L7- Ba/F3 IR TIE IL-3 ETF
FETTH STATS BAERANC Y VEMb ST,

V678F IFRG Z %3R4 5 Ba/F3 fifaix. IFRG &%

D THICALE T D STATS O B REIEMLB4AE LT
Wiz, 22T, ZOMEEOMAIZRIET V6T8F
IFRG DB A et L7, IL-3 Z N HBRET D
L. R F—DHEEANLT Ba/F3 Hild, 5
[ X BF A Y IFRG 238 A U7~ Ba/F3 I8 X 8878 L 72 >
S, & Z AN, V6T8F IFRG #3345 Ba/F3 #i
falx, ¥4 b4 VHEFEETTHLEEBHEERL
776

Wiz, V678F IFRG % 39 5 Ba/F3 #fa Tix
YA P A A~DORIGHENRTLE L TV 200 % WEt
LT, X7 Z—DFH, FAER IFRG, & B\ L V678F
IFRG #3#E A L7 Ba/F3 DOV T d IL-3 ~F
BRFEMICKIS L, 10 pg/nl DBRETT T b—IZ
B L7z, V6T8F IFRG % FEi 3 5 Ba/F3 flifeid
SAHBETIEHZLOO IL-3 EFEETTH H—
A IVUOEYIARERL, Ba/F3 HifE, HBH W
X BF A7 TFRG % 383295 Ba/F3 MfRIZ LR LT X
DR IL-3 ~DORISEER LT,

D. E2&

IFN-o/f D ¥ 7" /L ix IFRG, JAK1 %4 L T,
IFN~y®D ¥ 77 i% JAKL, JAK2 24 L CimE S
%o VSV Z T, IFN OFL Y A /L A{ER X IFRG
DORBIZEVERHIREE %2 905 Z & 2 LENC
WEL-A, 5E, EMCV A /LA, HSV A LA
LA WN@#¢4wx¢%mdmswkﬁK;
DEASEIREEE S T AN+ ED IFN BEET
ALEIHEESNZWI EERALOMNILEZ, &
512 IFRG D& & BRfkIZ 9 5 B T EFEHIEHE
1t IFRG ZE R A& HEEE U=, B EEEIC B
THEHEECBEIND JAK2 V617 (2% 9 5 IFRG
VTS IERAZEAT S L, JAK T —EDTHIZ
NS 5 FFEARFE TH D STAT3, STATS DiEMEL
239 2 fFICTitE Lz, & 5iZ, IFRG VB78F #E A
U 7= IL-3 R FEME MR Rk Ba/F3 1. Y1 1A 3
FEAET T STATS DV U Eb., MAEEE, VA b
A SORETLER S BT, JAK2 V617 1,
kinase domain DIEMALEZIE LTV 5 LEE S
N5 pseudokinase $EIRIZIFLE L. kinase B %
MHE L TWABAEREEINTHD N, IFRG &
pseudokinase fEISIZIHY T 5 V678 ’7"‘@75:@7\
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T 5 L EEEEENAE U, JAK2 & R
pseudokinase $EIL S kinase domain Z I L T\
D EREME DR STz, Tyk2 OEEAEMEIZLY
MRNAEEBEEA RTIEEPELMNI LD, K
(2. IFRG DEFEEIEEL NI T A VL ATEHICRIE
TREBOBRS 21T > T, IFRGC DAEWMSEE)1EH 4 B
LINCTHMERD D,

D. %W
IFN OHL Y A )V AVER X IFRG O RIBIZ & Y #4y
ﬁ&&%%aﬁ M5y ED IFN BWFEET H & &
IEEE XNV, IFRG O pseudokinase $EIBKIT
{inase IR A2 IH L TR Y . pseudokinase FEIE
WCERZEATS L IFRC OIEFHIEMLA £ L,
T STAT DIEFHIIEMA L., Mg B H=E5HE,
A NIA ~ORGHETLESRE L 5,
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CORRESPONDENCE

Rituximab, B-Lymphocyte Depletion, and Beta-Cell Function

TO THE EDITOR: Pescovitz et al. (Nov. 26 issue)*
reported that the use of B-lymphocyte depletion
therapy with rituximab was effective in preserving
beta-cell function in patients with newly diag-
nosed type 1 diabetes who did not have severe
infections. B cells may play a role in preventing
infection in vivo by taking up a specific pathogen
when it enters the bloodstream. This event is fol-
lowed by the presentation of the specific antigen
to T cells, which increases the level of T-cell re-
sponse to better control overwhelming infection;
this sequence of events does not occur in response
to local infections. In addition, since studies of
B-cell knockout in autoimmune mice with diabe-
tes have shown that T-cell response to islet cells
(insulitis) is minimal, even in the presence of ef-
forts to prevent the development of diabetes,?3 it
follows that the cessation of rituximab therapy
may induce autoreactive T cells to attack pancre-
atic beta cells. Thus, it is important to watch for
the complications of severe infections** and, in
the long-term, for appropriate beta-cell function
when using rituximab in the treatment of pa-
tients with newly diagnosed type 1 diabetes.

Seiho Nagafuchi, M.D., Ph.D.
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Kyushu University
Fukuoka, Japan
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Saga University
Saga, Japan

No potential conflict of interest relevant to this letter was re-
ported.

1. Pescovitz MD, Greenbaum CJ, Krause-Steinrauf H, et al. Ri-
tuximab, B-lymphocyte depletion, and preservation of beta-cell
function. N Engl ] Med 2009;361:2143-52.

2. Akashi T, Nagafuchi S, Anzai K, et al. Direct evidence for the
contribution of B cells to the progression of insulitis and the
development of diabetes in non-obese diabetic mice. Int Immu-
nol 1997;9:1159-64.

3. Kondo S, Iwata I, Anzai X, et al. Suppression of insulitis and
diabetes in B cell-deficient mice treated with streptozocin: B cells

Reprinted from THE NEW ENGLAND JOURNAL OF MEDICINE

(ISSN 0028-4793) Vol. 362:761-761 (February 25, 2010).

Copyright ® 2010 Massachusetts Medical Society. All rights reserved.
Printed in the U.S.A. Fax: (781) 893-8103 www.nejm.org

are essential for TCR clonotype spreading of islet-infiltrating
T cells. Int Immunol 2000;12:1075-83.

4. Barnadas MA, Roe E, Brunet S, et al. Therapy of paraneo-
plastic pemphigus with rituximab: a case report and review of
literature. J Bur Acad Dermatol Venereol 2006;20:69-74.

5. Lutt JR, Pisculli ML, Weinblatt ME, Deodhar A, Winthrop
KL. Severe nontuberculous mycobacterial infection in 2 patients
receiving rituximab for refractory myositis. ] Rheumatol 2008;35:
1683-6.

THE AUTHORS REPLY: We agree with Nagafuchi
and colleagues that when patients with newly di-
agnosed diabetes are treated with rituximab,
long-term follow-up is essential to rule out in-
creased rates of infection and other adverse
events. We acknowledged the long-term risk of
unknown adverse events in our article and for
this reason recommended that the use of such
therapy should be limited to carefully controlled
studies. Although the potential for an augmented
response at the time of reconstitution is reason-
able, such an event did not occur in models of
nonobese mice with diabetes that were given anti-
CD20 treatment.2 Furthermore, we found that
the rate of C-peptide loss did not accelerate with
recovery of B cells between 6 months and 1 year
into our study. Consequently, such a concern was
not supported by experimental evidence.
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Different effects of islet transplantation and Detemir treatment
on the reversal of streptozotocin-induced diabetes associated
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Abstract Here we examined whether new f-cell forma-
tion occurs when f cells face being severely destroyed and
hyperglycemia is restored. Animals were made diabetic by
a single i.p. injection of a high dose of streptozotocin, and
blood glucose levels were kept in the normal range with
twice-daily Detemir (long-acting human insulin analog)
injection or islet transplantation for 10 weeks. Although
Detemir injection could effectively reverse hyperglycemia
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and glycemic control was successful, there was no f-cell
increase, new formation, or recovery of islet morphology in
Detemir-treated mice. In contrast, f-cell regeneration was
restored when hyperglycemia was reversed by islet trans-
plantation. The number of f cells and islets was increased,
and islet structure was greatly recovered. We further
evaluated whether replication or new formation contributes
to the recovery. Newly born f§ cells, as observed as scat-
tered singlets-doublets of insulin-positive cells or clusters
of less than 6 B cells across, were frequently seen in
transplanted mice, suggesting that neogenesis of § cells
was enhanced in transplanted mice. Ki67-positive islets
were increased in transplanted mice, suggesting that -cell
proliferation is enhanced. Thus, this recovery involved
both increased new formation and replication. Our results
suggest that the effects of Detemir on pancreatic § cells
were very different from those of islet transplantation and
that islet transplantation could be a trigger for the induction
of new formatjon and replication.

Keywords Islet regeneration - Diabetes - Islet
transplantation - Organ injury

Introduction

Vigorous studies have shown that pancreatic f-cells have
the ability to adapt to physiological changes. To maintain
glycemic levels, S-cell number/mass increases for (1) the
normal growth after birth with body growth; (2) increased
demand to compensate, such as pregnancy, chronic glucose
infusion, obesity, and response to insulin resistance; and (3)
tissue injury [1-9]. For new B-cell formation, two pathways
are thought to exist, the replication of existing f cells
and neogenesis from precursors [10]. Neogenesis,
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insulin-positive cells budding from the ducts, has been
reported in the pancreas of obese humans [8, 9, 11}, rodents
[12-16], and injury animal models [10]. Replication is the
major mechanism for expanding the f-cell mass in adult
mice [3, 4, 7].

When B-cell mass is decreased by a disruption of bal-
ance between cell growth (replication and neogenesis) and
cell death, glucose intolerance develops. Indeed, human
studies have shown reduced f§ cells with increased a-cell
proportions in the islets and remarkable heterogeneity of
morphological changes of islets in patients with type 2
diabetes mellitus and suggest that insufficient f-cell mass
could be the basis of the impaired insulin secretion [9, 17—
19]. Since the expansion of §-cell mass in vivo is crucial in
the regeneration-based therapy of diabetes, it is important
to investigate the physiological conditions and mechanisms
that promote f-cell increase and survival.

Previous studies have shown the slight improvement of
insulin release and the only partial increase of fS-cell ratio
in the islet in weakly S-cell damaged rats using low doses
of streptozotocin (STZ), when treated with short-term
injection of lente insulin [20, 21] and islet transplantation
[22]. However, little is known about whether new f-cell
formation occurs when f cells face being severely
destroyed and hyperglycemia was restored by the long-
acting insulin injection or islet transplantation. In addition,
it is not clear whether replication of the remaining 8 cells
or neogenesis contributes to the recovery of fS-cell
formation.

We therefore investigated the ability of f cells to have
new formation when hyperglycemia was prolonged in
which residual B cells were severely destroyed by high
doses of STZ (180 mg/kg) and when normoglycemia was
achieved thereafter.

Materials and methods
Animals and animal groups

Male C57BL/6 mice aged 8 weeks (24.8:+05g)
(n = 27) had a single i.p. injection of STZ (180 mg/kg;
Sigma), freshly dissolved in sterile citrate buffer (pH 4.5)
or sterile citrate buffer (pH 4.5) alone, according to the
Animal Models of Diabetic Complications Consortium
(AMDCC) protocol. Blood glucose levels were measured
by an enzyme-electrode method with ONE TOUCH
UltraVue (Johnson & Johnson K.K.) on whole blood taken
from the tail vein. Only those mice with a blood glucose
concentration greater than 400 mg/dl within 3 days were
used as diabetics in the experiments. One week after STZ
injection, the diabetic mice were then divided into three
groups (STZ 1 week group, hyperglycemic STZ 8 weeks
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group, and transplanted group). STZ 1 week mice (n = 4)
were killed 1 week after STZ injection to confirm the
destruction of § cells. STZ 8 weeks mice (n = 17) sus-
tained hyperglycemia and were killed after 8 weeks. Mice
in the transplanted group (n = 6) received islet transplan-
tation under the left kidney capsule, which sustained nor-
moglycemia throughout the 8-week course of the
experiment. Weight-matched 8-week-old male C57BL/6
mice were used as donors and recipients of islet grafts. For
insulin injection study, animals (n = 10) were made dia-
betic by a single i.p. injection of the same dose of STZ
(180 mg/kg). On days 3 and 7 after STZ injection, fed
plasma glucose levels were measured, and the diabetic
mice (22.1 & 1.2 g) received twice-daily injections of the
long-acting human analog, Detemir (NN304) [LysB29
(N*-tetradecanoyl) des (B30) insulin human] (1/10-1/50 U;
Novo Nordisk) for 10 weeks. Detemir is designed to have a
prolonged duration of action and provide a constant basal
insulin supply due to its unique primary structure and
mechanisms of reversible binding to plasma albumin and
injection site [23-26]. The type and concentration of
insulin were selected based on trial series such that the
blood glucose level was in the normal range about 8-12 h/
injection. Animals that kept normal blood glucose levels
during the study were analyzed (Detemir injected group).
Mice were housed in microisolator cages in a temperature-
controlled room at 24 + 2°C and at 50 £ 10% relative
humidity under 12-h light/dark cycle. Standard rodent diet
(CE-2; CLEA Japan, Inc., Tokyo, Japan) and water were
supplied ad libitum. All animal experiments were approved
by the Animal Care and Use Committee of Kyushu
University, and mice were handled in accordance with
guidelines for Animal experiments of Kyushu University.

Islet isolation and islet transplantation

Islet isolation and transplantation was performed as pre-
viously described in detail [27]. Islets were isolated by
collagenase digestion, followed by separation on Ficoll
gradients. After washing, 500 islets were handpicked and
transplanted under the kidney capsule immediately.
Implantation of islets was performed 1 week after STZ
injection to STZ diabetic mice.

Histological study

Pancreases, kidney, and livers were fixed in 10% buffered
formalin, embedded in paraffin, and cut in serial sections
(2 um). Kidney sections were stained with periodic acid-
Schiff (PAS) and periodic acid-methenamine silver
(PASM). Liver and pancreas sections were stained with
hematoxylin and eosin (H&E) using standard histological
procedures.
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Immunohistochemistry

The following primary antibodies were used: anti-glucagon
(1:500; Linco Research Inc.) and anti-insulin (1:500;
DAKO), and Ki67 (1:1000; BD Pharmingen). Primary
antibody was incubated overnight at 4°C and detected by
immunofluorescence labeling with Alexa 488 or Alexa
568-conjugated sécondary antibodies (1:200; Molecular
Probes) or by immunoperoxidase with biotin-labeled sec-
ondary antibody (1:800; Vector Laboratories). Staining
was visualized with diaminobenzidine. The sections were
counterstained with hematoxylin. For proliferation studies,
pancreatic sections (3-7 sections/animal) were double
immunostained for insulin and Ki67. Images of all insulin-
positive cells were captured on a Zeiss LSM 510 META
confocal microscope in the confocal mode and were eval-
uated for expression of the cell cycle marker Ki67.

Measurements of serum variables

Blood was obtained from the heart immediately before
isolation of the organs under pentobarbital anesthesia.
Serum parameters were determined using the following
methods: creatinine (high performance liquid chromatog-
raphy; HPLC), albumin (BCG method), BUN (urease UV
method), aspartate aminotransferase (AST), and alanine
aminotransferase (ALT) (JSCC). Serum insulin was
determined by enzyme-linked immunosorbent assay kit
(Morinaga Institute of Biological Science, Yokohama,
Japan). Total serum cholesterol (enzymatic assays) was
determined by enzymatic assays (Wako Pure Chemical
Industries Ltd., Japan).

Quantification of f cells and « cells

All islets, glucagon-positive, and insulin-positive cells on
one full footprint section were photographed on the Key-
ence Biorevo microscope; 4-7 sections/animal at least
150 pm apart were evaluated. Each section was evaluated
in pairs to match the quantification. Unpaired two-tailed
Student’s test was used for statistics. Data are presented as
mean = standard error of the mean (SEM). A P value of
less than 0.05 was considered significant.

Results

STZ diabetic animals and treatment 1
(Detemir injection)

We examined the f-cell ability to increase when normo-
glycemia was achieved by injections of long-acting human
insulin analog (Detemir). Animals were made diabetic by a

54

single ip. injection of the same dose of STZ (180 mg/kg
body weight). It is known that STZ causes the preferential
death of pancreatic f cells by its uptake in these cells via
the GLUT-2 glucose transporter [28-30]. On days 3 and 7
after STZ injection, fed plasma glucose levels were mea-
sured to confirm hyperglycemia (>400 mg/dl within
3 days). After 1 week, the diabetic mice started receiving
Detemir injections. Blood glucose levels were kept in
normal range with twice-daily Detemir for 10 weeks
(Fig. 1a). Blood glucose levels vary enormously along with
Detemir injection, but twice-daily Detemir provided stable
glycemic control during daytime (Fig. 1b). Seven days
after STZ injection, animals showed slight loss of body
weight, but at the time they were killed their body weight
was not significantly different from that of the control mice
(Fig. 26).

To assess the changes in islet morphology, pancreatic
sections were immunostained for insulin and glucagon. As
shown in the multiple pictures (Fig. lc), islets were
severely disorganized; there were few B cells (green) and
an increased proportion of « cells (red). This pattern did not
differ with animals, indicating that f-cell mass and islet
morphology were not recovered by Detemir injection.

STZ diabetic animals and treatment 2
(islet transplantation)

We then examined the f-cell ability to increase when
normoglycemia was achieved by islet transplantation.
Animals were made diabetic by a single ip. injection of a
high dose of STZ (180 mg/kg body weight). In this
experiment, only those mice with hyperglycemia
(>400 mg/dL) within 3 days were used. 1 week after STZ
injection, these diabetic animals were divided into three
groups, the hyperglycemic STZ 1 week group, hypergly-
cemic STZ 8 weeks group, and transplant group (Fig. 2a).
The control group receiving citrate buffer alone was used
as a positive control. For the transplant group, freshly
isolated 500 islets were transplanted under kidney capsules
(Fig. 2b).

Initially we investigated the effect of STZ on mice.
Severe f-cell destruction (almost total absence of f cells)
was determined by immunostaining for insulin and gluca-
gon in STZ 1 week mice (Fig. 2¢). There are few f§ cells
(green) left with an increased proportion of « cells (red) in
islets. Blood glucose levels were elevated after STZ
injection and remained high during the study in STZ
8 weeks mice (Fig. 2d). The plasma insulin levels were
considerably decreased, and body weight was markedly
reduced in STZ 8 weeks mice (Fig. 2e, f). In STZ 8 weeks
mice, similarly to STZ 1 week mice, there are few insulin-
positive cells (green) left in islets, and reduced S cells
remained throughout the 8-week course of the experiment
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Fig. 1 Effect of Detemir
injection. a Blood glucose
levels in Detemir-injected mice.
Animals were made diabetic by
high doses of STZ (180 mg/kg
body weight). On days 3 and 7
after STZ injection, fed plasma
glucose levels were measured.
Blood glucose levels of diabetic
animals were kept in normal
range with twice-daily injection
for 10 weeks (n = 6). Glycemic
control was stable, which is
comparable to islet

8TZ

600
400 4

200 ¢

Blood glucose (mg/dl)

Detemir

Detemir

Detemir (Insulin)

Blood glucose {mg/di)

transplantation. b Glycemic
excursion during daytime.
Blood glucose levels of
Detemir-injected mice (n = 6),
STZ-treated mice (n = 10) and
WT mice (n = 10) (from 9:30
am. to 9:30 p.m.). ¢ No f-cell
increase by Detemir treatment.
Dual staining of insulin (green)
and glucagon (red) was
analyzed by confocal
microscopy. All islets, small or
large, were severely
disorganized; this pattern did
not differ with animals. Scale
bar 50 pm

(Fig. 2g). The islets appeared severely disorganized with
an increased proportion of glucagon-positive cells
(Figs. 2g, 3), showing no pf-cell increase in sustained
hyperglycemia. Thus, the STZ mice displayed typical
features of insulin deficiency, including loss of B cells and
body weight, and low insulin content. In contrast, in
transplanted mice, blood glucose levels were completely
normalized and exhibited similar glycemic excursion to
that of controls (Fig. 2d). The plasma insulin levels
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Time (wk) Time (hour)

and body weight were increased after transplantation
(Fig. 2e, ).

Furthermore, islet structure was greatly recovered
(Figs. 2g, 3). The typical islet morphology of the core of
insulin-positive cells with a mantle of glucagon-positive
cells as seen in controls was found; this pattern did not
differ with animals. Scattered singlets-doublets of insulin-
positive cells were frequently observed in transplanted
Imice.
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Fig. 2 Animal groups and
effect of islet transplantation.

a One week after STZ injection,
animals made diabetic by a high
dose of STZ (180 mg/kg body
weight) were divided into three
groups, STZ 1 week group

(n = 4), STZ 8 weeks group
(n = 17), and transplant group
(n = 6). Control animals

(n = 4). b A photograph of
kidneys from mice with or
without islet transplantation

8 weeks after a single i.p. STZ
injection (180 mg/kg body
weight). Freshly isolated 500
islets were transplanted under
the kidney capsule (arrow).

¢ Severely disorganized islets
by STZ. Dual staining of
pancreatic sections at 1 week
after STZ injection with anti-
insulin and anti-glucagon
antibody was analyzed by
confocal microscopy. There are
few insulin-positive cells
(green) left with an increased
proportion of glucagon-positive
cells (red). Scale bar 50 pm.
Fed blood glucose levels (d),
plasma insulin (e), body weight
(f) of mice with or without
transplantation at 16 weeks of
age. d *P < 0.05 versus STZ

8 weeks mice. g No f-cell
increase in sustained
hyperglycemia in STZ 8 weeks
mice and f-cell increase by islet
transplantation. Dual staining of
insulin (green) and glucagon
(red) was analyzed by confocal
microscopy. Scale bar 50 pm.
Results are expressed as

mean + SEM. STZ-diabetic
group (black), islet transplanted
(IT) group (gray), control group
(white). *P < 0.05

STZ
STZ 1wk group

STZ —3> - STZ 8wk group

- Gontrol group

1.8 1
154
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f-cell increase in the transplanted animals

To evaluate the f-cell increase, all insulin-positive cells
on the cross section were photographed and counted.
Compared to STZ 8 weeks mice, total B cells in the
cross-section were increased in transplanted mice
(Fig. 4a). Dividing by islet size, only small islets (6-20 8
cells in the islet) were observed in the STZ mice group,
while in islet transplanted mice, not only small islets but
also many larger islets (21-100 and over 100 f cells)
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were found (Fig. 4b). To determine the changes of pro-
portion of islets, all islets (collection of insulin-positive
cells at least 6 cells in cross section) on the cross section
were photographed, and the number of « cells and B cells
in the islet were analyzed (Fig. 4c). In STZ 8 weeks mice,
the ratio of f cells in the islet was reduced, and most of
cells in the islet were o cells. These morphological
abnormalities were not changed in hyperglycemia. In
contrast, in transplanted mice, the ratio of f cells was
recovered, as seen in control mice (Fig. 4c), indicating
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Fig. 3 The changes in the islet
morphology. In STZ-diabetic
mice, islets appear severely
disorganized with a significantly
increased proportion of
glucagon-positive cells (brown).
In contrast, islet morphology is
greatly recovered and the
typical islet morphology of the
core of f cells is seen with a
mantle of « cells in islet-
transplanted mice. Scale bar

100 pm

. Control

that these changes are a direct result of the increased f
cells due to normoglycemia.

Since the f cell increases through neogenesis and pro-
liferation, these determinants of f-cell increase were
examined. Because pre-existing f cells were destroyed
almost completely with STZ as shown in Fig. 2¢, g, newly
born B cells and old § cells left in the islet with many o
cells are morphologically distinguishable. Newly born f
cells, as observed as scattered singlets-doublets of insulin-
positive cells or clusters less than 6 B cells across, were
frequently seen in transplanted mice (Fig. 4d). Dividing by
B cell number (1-3 and 4-6 f cells), both small B-cell
clusters were increased in transplanted mice (Fig. 4e),
suggesting that neogenesis of f cells was enhanced in
transplanted mice. Furthermore, using dual staining of
insulin and Ki67, a marker for B-cell proliferation, we
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found that Ki67-positive islets were increased in trans-
planted mice (Fig. 4f), suggesting that f-cell proliferation
is enhanced in normoglycemia.

Acute damages in the liver and kidney

Since STZ induces cytotoxicity in multiple organs, including
liver and kidney [31-36], we finally examined the recovery
from these toxicities in the liver and kidney from both the
Detemir injected group and islet transplanted group. After
8 weeks, STZ 8 weeks mice showed dyslipidemia (Table 1),
but both treatments significantly reduced the elevated total
cholesterol. Liver weight/body weight and AST/ALT levels
were significantly higher in STZ 8 weeks and Detemir
injected mice, but normalized in transplanted mice
(Table 1). The liver section also showed hepatic steatosis
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(Fig. 5). The severity of degenerative changes was lessened  Table 1 The liver toxicity by STZ
by islet transplantat.lon in the islet-transplanted mice com- Group Liver weight/body AST/ALT Total cholesterol
pared to the STZ mice (Fig. 5). weight (x10%) (mg/dl)
Renal hypertrophy, which is expressed as the ratio of the
combined weight of the two kidneys to body weight, was S’IZ. ) 7.0 & 0.39* 47£1L1* 1528 £ 11.2%
prominent in STZ mice (Table 2). Histologically, glomer-  1nsulin (Detemir) 64 & 0.10* 3.8403* 108017
ular hypertrophy, the characteristic phenomenon of diabe-  Islet transplant 4.3 £ 0.04 1.6 4+ 001 1069 +38.2
Control 4.5 +0.02 19+02 1088 £43

tes, was prominent, and glomerular size in the superficial
cortex is small in STZ mice (data not shown). BUN was
also significantly high in STZ mice. These acute damages
of renal function were restored in transplanted mice, but
not in Detemir-injected mice (Table 2). There was no
significant difference in serum creatinine and serum
albumin among the three groups, STZ, transplanted, and
Detemir-injected mice.
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* P < 0.05 versus control

Discussion
In this study, we examined whether new f-cell formation

occurs when f cells face being severely destroyed and
hyperglycemia was restored with two different methods.
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