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AARN2ERERIREE 2B 5 FHMREET-1 « BIRTFER
(B8 5 o RRFEIAFE

SRRERFRELAFAHBERENFERME N TRIZE
(IHEBEES @ MRS58 T ShIE)
(EEBH R#d0)

% BB &

EERAENR ABME R (maturity-onset diabetes of the young, MODY) I3 ¥ §: o B EERA 2 B L, BEBEUTT
RIETHERFO—EHTH 5. FERBHEESEIIBVT, MODY B —BZTREI L 2RFE EUEBNITONE.
INETIISERORHERETFFRZE &N, MODYS£1H (MODY1) A5 MODYSIZAH SN TVwa. HEARICEWTIE,
FRIRETIZMODY & ZHf S M7z fEFID 60 %A MODYS T 5 L MIZFHUF S TH Y, ZOEEIFB VI EARELNT VA,
E7-MODY ZBE—RIEFREICLZRETH A, FORMERIZHTH 2 LEMbATVS, KIEFFRCIE, AARA2E
BREORGHERLRMT2 /0, SSEUTRECRELTRELF T2 0 R 2HERRAE 2161812, MODY3SORER
BETFTH B FMIEHEETF1 o (hepatocyte nuclear factor-1 alpha, HNF-1 o) MIETOEROEEZHAEL, HLVWEROHEE
ERELLZ. SHIIEOBRRMSMMEL BETL0, FREROERIZoWT, Bl AV REFREACCERE
HOBEEHEZFML, ERHEOBRESE OMBEEEHRE L d51E, 58U TFTRETIHA T I i o[f
RUCHERBREE AT HRAHBRBELE0LEEINL L, FEEIE IROBM 4/ 2\ 35 LTINS
TR, RO RE TSR E AR TR O RMICERR R IRE S A A5 R 283 0L L3784 ThA. I
FEOFMMEAMI L ) B3 FDNAZAMH L, HNF1 o« BREFOTHE— 5 — 5L 2105 Y ¥ 2DV TPCRIEI & )
DNAKTH ZHIEL 7. E0fk, BHEERFIRESREHVCCGHEFERELFEL, PCR FIRBEFLMSBE L ) ERE T
BLL BIMW0ET2E 67%) KBVT, 2WOHNFL o« BRIEFERFHRE L. 20MORTILREFERITRE s/
Llrolz, BBESNAERO—DIE, 27V 4020 EHDOPro% Ml HEETEEY) S b o (polycytosine, polyC) FiF| M
WC—IREYHEA L72ER (Pro 291 frameshift insertion C, Pro291fsinsC) T ), ZMEMBOLETH 7. b5 —Fii,
L7V 6D4BEROThr 23— F¥5I FYACCHIle® I — K952 FUATC~LZ{b+ 28 (Thra33le) Thh, =
NETEREORVHFLVWERCTH o7z, BARHNFL o cDNAZIEA L7252 & — % §5,2 PCRE % V> Thrd33lle
EREHNF1 o« BREANY ¥ — /68 L, HeladiBICRHE 2 ¢/, Thrasslle ERAEOEEIFMEEIIT AR L THEIKE
THY, FEROBEZFBRFEOICHETZ FIF2 AT 4 7ERK (dominant-negative mutant) T - 7-.
Pro2flfsinsC & 72 K3+ > bAH T 1 7ERTHY, ZORREEH T2 MODYEARBEEM LY 4> 2 ) Y HMOET
TELTLMESN T, FHEI BT IALEECISESRFIE BA D, 122 VbR eSS, &
7=Thri33le REAEFITIZ, RRAICEA—DBEFERLEH, FBICEDLDY, 2hs0KEEEEIIEAL Thor. KH
FELY, NP1 o BIEFOR~LREFTIERAB LURRNIIBWT, 20ORBEREDTH —MAGR 2N

Key words maturity-onset diabetes of the young, hepatocyte nuclear factor l-alpha, gene mutation,
gene expression, dominant-negative mutant

BIRBIEEME RO b e RBHERTH D, 12 DERLES L ) ERFRETOMPACEEY T T —F2
YHFURA A ANEAOBEDERBREND. FOREC WL B o/ FHIZA Y FVRERROBRFEETFORES
BIZRTF & RERTFINGTIEETH L, RERTFICEE BT, BEFRCHOERBTIC X AMEBs o—= v 7k
BTRRAT BIES ¢ E—RERET L ERORETFFHS TEASN, B—RETREICL - TEL 2 BREOEENY
T2 ERTREND 5. KRS OBRBHSEFRIZICHEL, Y NNE-¥ (ARl
BERTFOBREZILE CHETSH -7, EEOSTFRESE TeBRESE BH5MUT) CRAE LB ek EhREn

FEL134F12F 3 HEft, FR14E2 8 13HSH
Abbreviations : GAD, glutamic acid decarboxylase; GIR, glucose infusion rate; HbAlc, haemoglobin Alc; HNF,
hepatocyte nuclear factor; ICA, islet cell antibody; MODY, maturity-onset diabetes of the young; OGTT, oral glucose
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% & BERBRZDI960EM & b #iEE & , 19754 Tattersall
& Fajans 2 & ) BEFER ARMERA (maturity-onset diabetes
of the young, MODY) & fy& 84722, MODYBE DK
Wik A v 2) Y BUAEHOMRB CTH o722 L0, M
o 2 BETREIRES A, 1995 FE L%
MODY B REETFAKk 4 12k s vz, T4bh, MODY#2
B (MODY2), ¥ a%+—+¥ (glucokinase, GCK) HIEF? ;

MODY3, [Fila#EF (hepatocyte nuclear factor)-1 « B{Z
T, MODY1, HNF4 o #{5F®; MODY4, {1 ¥R ¥ 70
%£— ¥ —[FF1 (insulin promoter factor-1, IPF-1) #fET9 ;

MODY5, HNF-1 g B{EF 0 5HMTH 5. HNF-1 o BIZTE
1996 4£1Z Yamagata % 12 £ ) MODY3 D B{ZT & L CHE
e, ZOMEBETE, BB 12q24 2B FEL 10EO T
7O EEDO L POy T B, HNF-1 o 1, 6311H
DT XIS BT 67kd 0 MR SRR E R T
ELTRABENTWAYD, MODY & DRIEATR S Lotk ORF
FIZk Y, WA TOA > A Il {ET-opE, #ECEH
B4 2REFOERBLTI by P 7REOOWEIC
BVCHBEET 2 Z LA L .

1996 4E LA, & AFEIZ3 VT HNF-1 o 5T IS B9 2 Hdd
D ENTFER N CHE T TTHORE T ERISRE S
Nz®, ThALETNTAFUEARTHY, RBETREIZ
DNTREFRESEDOIE L. MODY3 M E O GREILIEE
MR A ¥ R YHAMBEEOETICBWTAH—TH L, #
ET-EROMIE & BRGEE L L 2R3 TR mE o B E Y
LB RV ER Lo 2P, T TTHOERG 19T
HRMAR TOERRER A OWMBEIRAT AT b 7zhs, BROMH
CERBHOREEEROBICS ERES A . KAFET
12, 35FUTRET, ST 324 » o ABIZEIRFER
HREEHTAARAEHERBEE B VT, HNF-1 o BIEF
BROBRELITo7:. MODYSEE DKM EIRELRET 5
ZEEEWC, M SN EREAOEBEEIFEERERONEERTV,
LEE) EF QBRGSO TR L.

WEELUHE

I.x =

FEIE, 1997 25 200040 IC, SIRAKEEFEHE N
BB LOMERHRTE SN HAAERFEEN S b, #(E

Table 1. Characteristics of the study population

FRECET B CEIC L AEER, RERNSTETD
Sl BEOREPLHEIEE LTISHU THRETI/HA T T
He Ao RMICHERNREE AT 5 B830%, F2HLELT
RGBS I HOER+ A8 2V ISHUTREL A,
SE3RE L LT 36D BT IHAL F A 2 i {UhoRRIC
WRFREEEL AT ABB 5RO 78% R, BLUEHR
W IRE 50 % (CPIERS3.9 £ 13.25%) CTha. KHETIHE,
TNy 3 BLREEEREE (glutamic acid decarboxylase, GAD)
AR E IS R SR L.

WRBIOBWHE, 1999 4E3 A K H LIATIZ 1982 4 H A HRIEFE
S hHESRE HREODHCMT 2 BRARE] Wick
SE, £7:19994F4 A MBRIIASERIC L ) KET &N THERA
DAL BRI ICET 2 RRSME ] Pt

BEWAO— IR THE R L Rt S h Ty Bl
HRRTH - 205, RHEERLT 2 I & TR RPREE
SMIIRBEE X BV EE LA, FAENEREERIIEL
FHENY, REINTYWE. P EDEII2WTEHIRARE
FMERENGHBREOREL B/ EFRFTEAL, 13
EARTH L HUES, 167 5 BRER, DARNREMEHIRGGIC
BB HTFRHOBETEROBH). MM
DNAEEIZo VT, PlR114E4 )] 15 B SRR
DNAEBREERRAROKRE G GREs, WIRHEOMETH
7).

.5 &

1. ¥5-T-DNA DI

3B E O R HIRIL 10m] % EDTA-2Na % {igtH# & L TR
WL, F94 b2 X100 MR- CHSTDNAT HHEL 2.
T4 320mM ¥ o3 BEEH, Triton®X-100, 5mM MgCl,
10mM Tris HCI, pH7.6% & ¥ BUARHLIC THRM Bk Z H £ &,
EAMIL D MEE LTHLRE®ED . Zhe s ur7—+F
(Proteinase K) (P6556, Sigma, St. Louis, USA) |2 CiH{L?,
Tz /= -yunkibs (1:1) TLE, T r7oaRIL A
£2FTINTLA—L (24:1) ICT2HEMHL, Rz /
— Lk OVDNARSHELA. T LTHEHLNZDNAL
Tris EDTA#E# i (10mM Tris-HCI, 1mM EDTA-2Na, pH8.0)
IZEERO 1 260nm 12 BT AWEERIEIC L DiIREL KD,

2. PCRiE

Factor Group 1 Group 2 Group 3 Total
Subjects (Male/Female) 30 (18/12) 33 (23/10) 15 (8/7) 78 (49/29)
Present age (years) 37+ 14 39418 55x11 41£16
Age at diagnosis (years) 236 236 44+8 27+10
Duration (years) 13%12 1615 10t6 14+13
Number of affected generation 3.0£0.3 1.6£0.7 3.0%0 2.4+0.8
Insulin therapy 11 22 3 36

Group 1 includes diabetic subjects who were diagnosed before 35 years of age and have a family history
through three generations; Group 2, diabetic subjects diagnosed before 35 years of age; Group 3, diabetic
subjects who have a family history through three generations; Total, all of subjects. Values are expressed as

X=*SD orn.

tolerance test; Pro291fsinsC, Proline 291 frameshift insertion cytosine; PCR-RFLP, PCR-restriction fragment length

polymorphism
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Table 2. Sequence of PCR primers for promoter region and ten exons of the HNF-1 @ gene, and an exon 6
mismatch primer for PCR restriction fragment length pormorphism

Oligonucleotide PCR product size
Exon name Sequence (5'-3") (bp)
Promoter PF 5’-TCCCATCGCAGGCCATAGCTC-3’ 385
PR 5’-CCGTCTGCAGCTGGCTCAGTT-3
1 1F 5-GGCAGGCAAACGCAACCCACG-3’ 483
IR 5-GAAGGGGGGCTCGTTAGGAGC-3
2 2F 5’CATGCACAGTCCCCACCCTCA-3 390
2R 5'-CTTCCAGCCCCCACCTATGAG-3’
3 3F 5'-GGGCAAGGTCAGGGGAATGGA-3’ 304
3R 5'-CAGCCCAGACCAAACCAGCAC-3’
4 4F 5’-CAGAACCCTCCCCTTCATGCC-3’ 397
4R 5’-GGTGACTGCTGTCAATGGGAC-3’
5 5F 5’-GGCAGACAGGCAGATGGCCTA-3’ 346
5R 5'-GCCTCCCCTAGGGACTGCTCCA-3’
6 6F 5-TGGAGCAGTCCCTAGGGAGGC-3’ 322
6R 5'-GTTGCCCCATGAGCCTCCCAC-3’
6MM 5'-CCCCACCAGCTTACCGATGACCATG-3’ 284
7 7F 5’-GGTCTTGGGCAGGGGTGGGAT-3’ 347
7R 5’-CTGCAATGCCTGCCAGGCACC-¥
8 8F 5’-GAGGCCTGGGACTAGGGCTGT-3’ 229
8R 5’-CTCTGTCACAGGCCGAGGGAG-¥
9 9F 5'-CCTGTGACAGAGCCCCTCACC-3¥ 287
o9R 5'-AGGACAGCAACAGAAGGGGTG-3’
10 10F 5-GTACCCCTAGGGACAGGCAGG-¥’ 248
10R 5'-ACCCCCCAAGCAGGCAGTACA-3’

F indicates forward primer; R, reverse primer; MM, mismatch primer; bp, base pair.

Kaisaki 5 PO &+ B#£12, GenBank D7 — ¥ N— A ILE
HENTwAHL FHNR o« EETEFE D L2, TOE—F—
HEEB LYY T RTIZDOWTERE L2 1825 EED
75 4= 11 EER L (D). 794 73R &t7
FAT Y7 (KR CAEREEELL.

DNAWFF ®#181213 Saiki®® 512 X 5 PCREEZ W7z, B9
FDNA1ug®##HDNAL LT MOTI/<—1ky b &
WIBE200 MO ZFF ¥ %7 L4 F F (dATP, dCTP,
dGTP, dTTP) & 25 HAIM Taq:R) A 7 —+¥ (Perkin-Elmer-
Cetus, Norwalk, USA) %, 0.01% 5 ¥ % &tefffiif (#
# ¥ 10mM Tris-HC! (oH 8.3), 50mM KCl, 1.5mM MgCly) 2
A, FREEEKEEH0 b L TmAfL. &
L LTRISHEZED S0 x10 2 2T 4 1)V (Sigma) 7T L
THEREEHE, 95T 14, TRENOT T 1 v — ORFRET
1%, RTCTCLsFEERIIENEADOLy MEICHELER
ELEOLE, 30V A4 2 VDORBEITo 7.

IR L - DNABT A IZ15% T AT — A5 VIZ, HE~Y—h—
& LT dX174/Haelll{H1b4 (Toyobo, HI) & & b IZikEI L
TR EEER L.

3. HELEBEIEEETIREFE (direct sequencing)

PCREW DU H £ A%, BMNET5DNAMFONYF
PEODHSEWIHRLL. M 70aTivwdraar-50
(Millipore Corporation, Bedford, USA) Z#lAAHLET, D
DNAKTH % 10,000rpm T 10 4-B1&E.0 U7z, BB HEE K25 ¢l
FINZCHEERLL, EHTLEABIIEDRTI/<—, B
TR LAFFERELHFEDNAL L2, ZhiZyq -4
—3Fk—F— -4V v—=r A Fy b (Perkin-

Elmer) # WA 2 Vv — 0 T AEERTo 72,

B B A F ) g ik & LT ABI PRISMTM 377 Genetic
Analyzer (Perkin-Elmer) 2\ 7z, 4% RV TFZ7IUNVT I FT
W(TZINMT IR EA, 191 1) 2EV, KETERERIEL
TBE % AV CEIRT1680V, 7TREMEIKE) L7z, kB3 1258
WL —HF—¥E—bilEoTHEALD, N=VFrarda—7
— Power Macintosh 7200/120 (Apple, Cupertino, USA) A&/
WMOBEET 4 AV IBET—% & LTRIES L, UBRTH
(AR 7 A BT, B2 CET - 2 B L TR
Dy57ELTHILA.

4. PCRHEIMREEZLINTZ T (PCRrestriction fragment length
polymorphism, PCR-RFLP) i

BEREFIARE S NIk, EROFEDHERBLUTAS Y~
=V T O EEDRIRREERE CHIRTEAIATE LS L9127 74
T —%BE L (F2). —HICBENT T 1 v — & FHHIICE
BS54 <w—"EWT, 95C, 14;567C, 14, 72C, 15
BaltA470EL, 3044 7 VOEETOPCRIEICEY, i
I EREF 4 EA L - DNAME 2 HIEL /2. FOLETYE
Ry MITIFINVAAVOTRE L) PCREW % 12 1Y
L, 10 X HIBREEE Neo 1 (Toyobo) Al RUSBE L2 11 & il REAR
Neo T1plZMABENOEERETHH37CTRHRITEYE
0. FLTI020% 727 VNVT 2 RENVICRICED = #HE~Y—
# — &-X174/Haelll b & $£120KE L T, YIlTOAETER
DR E{T o7z,

5. HNF-1 o Thrd33le 2 B A DO AT

1) HifasrsE

b N FE BB & BRI & N7 HeLa Mz i& A K {4 HNF-
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1o # BB LV, ZOMBERAL(L 22— Y1 2y Rk
B ERZEEE S Y 7, KB, 10%0518 7 ~ M (HyClone,
Utah, USA) 3 &0 by oA — 7L EH (Dulbecco’s
Modified Eagle Medium) (Life Technologies, Rockville, USA) %
VIS (e L, 25cm®FE 7 5 A3 (Iwaki, F3)
CCREfURERE L 72,

2) BHHEBHNF] ¢ FRNY §—~OEREALTFAIF

i BRI R A HER (site-directed mutagenesis)

LB FHAERHNF-1 « cDNA % pcDNA3.1/HisC AN
~ & —(Invitrogen, Carlsbad, USA) (Z# A L =¥ 4= T HNF-1 «
RIS ¥ — (WHHNF-1 « -pcDNA3.1/HisC) % #8112, Quick
Change™ site-directed mutagenesis kit (Stratagene, La jolla,
USA) # B\ 7= PCRIZ & 1) Thrd33lle 8 R HNF-1 o 53N ¥
—%{EE L7, PCREEHWIEI50ng D Wt-HNF-1 o -
pcDNA3.1/HisC DNA%H!, T4331% %% & U % 4 8pmol D7

S A v —1t v b (¥ RTF7 A=< —, 5
CGTTCACCAACACAGGTGCCTCCATCCTGGTCATCGGCCTG
GCCTCC-3'; 7 vF Y AT I 4 <w—, 5’-

GGAGGCCAGGCCGATGACCAGGATGGAGGCACCTGTGTTG
GTGAACG-3), #2000  MERBROETHFIAILT
# ¥ (dATP, dCTP, dGTP, dTTP), 2.5H L @ Pfu
Turbo®DNA K1) 2 5 —¥ (Stratagene), 5 pl5IG R #
(100mM KCl, 100 mM (NH,)2S04, 200mM Tris-HCl (pH8.8),
20mM MgSOy, 1% Triton®%-100, Img/ml 7 ¥ [T 7 V7' 3 ¥]
BXUBREEEARENRBEENZS0 %5 EHITLTH
HUA. ELHB30 10325 VF 1)V (Sigma) E#HT L.
PCROBELMEIXI5CTIHKIEHE, 95C, 308 5 55C, 1
& 68°C, 1565% 1244 2 bk L1z, HiRL 7 PCREWS0 4
1% HIEEEZ Dpn 1 10 4212 C37CCLRFRREE L, $#EIDNA
ZEIHT L 7.

i TV hufL—YaviEERVAEKEEI Y ET b
v DT E R

KE® I ¥F ¥ b (XL1-Blue) (Toyobo, HE) 40 xl
¥ERCRM LM, BUIEIC TR Lo Thre33lle BRER 75
A3 FLplemel@Elz. Zhi V-0 — (BioRad,
Massachusetts, USA) O F 2~y ML, J—r/9b¥—
FFAVTLKVOEECTHEE L. #ER A ZSOCHE M 1ml %11
%, 15mlFz—7IicBL, 37CTIRMEELL. TOFE
WD 100 xl%7 > ¥ 21 ¥ (Ampicillin, Amp) A) 7L — }#&
K b z® Y [, 37 CTL2EMEEL .

i, TAAYBEEICEETTIAI FORHR

12BREREO T L — b L Y E—naO = — % 10EZER L,
Amp2 y1 % &t LB (Luria-Bertani) ¥4 2mliZ 2 W ZNARE L,
7 CTI2BRIREEERE L /2. BB E 1L5mlF 2 —TEL,
BB EERET, mEYE2mIORET [50mM 7V T—
ZVETE, 25mM Tris-HCl (pH8.0), 10mM EDTA] IZ#FH#HL,
Sk ETI54EE L. S5 CRED (0.2N NaOH, 1%SDS)
% 04mlinz, L5mlF=—7 % KiE LB Lok, KETSS
BB L. 0.3mlOKED (FEEE Y 7 & 2945 g, FRlR
120ml, EREZEEA 530ml) #MA, KECI0GHEEL,
4°C, 15000 [HEE T 155 FRELFHEL 7. BLOSEES NI LE
RO 15mlF2— 7B L, RNASEER2 p1%Mx, 37T
CI0FEMELE, /= zoOFkiba (1:1) TLE,

BWT 7 OOR VA VT INT LI (24:1) 12C2[EH
HL, 0%xy /) —VCHBWERELL =8/ - LEES]
L, il %30 OB RERFKHEBRALL. R
0omlDAEY ZFL ¥ 7)) I—IViEH (13 %RV TF L7
2—)b, 0.8M NaCl) #hnAk ETIRMEEL, 7=/ -0 -
yumkRILAME, T8/ -Vt B EERSE30
AOEREAL A CEEER L. 2) i Ll ORBRTHRAL
rREHa Y EF v e, SOCKH, Amp AN FL— hE
REEMB L U7V EEECER L RECEEE, SRR
SRS TR S 5, AEsdtL ) ftssh
7.

Thrd33lle ZEEF HNF-1 « B~ 2 ¥ — (Thr433lle-HNF-1 e-
pcDNA3.1/HisC) i, E#uiEs% SO HREPCRICK DHIEL,
LB RS E VTR A Lok, &
E7AY UBEEICTHEIE, AELAL. WHHNF-1ea-
pcDNAS3.1/HisC 13 KBR A& LRI g+ & ) gt 5-a i,

3) Lf—# -~y & —Dig

LE— ¥ —BETFELTHE, v MEH®EE (elucose
transporter, GLUT) 2:#{ZF 0 7 1€ — & —ffiid (1296/+312) &
pGL3-Basic (Promega, Madison, USA) LA — ¥ -7 ¥ — [ 21
2k A7 O (GLUT2PGL3) % 7 b4 V) Wik THIME, AR
L4#fE L7, GLUT2-pGL3 MM AR MMM L h 52 5%
AR

4) HFF PEIEEE BV, Helafifu~oilfzF#A

HeLailla % MET B A 24 MM ATIC, 6 XTFERT L -}
(Iwaki) IZ&AMBELIX10°L 2D EIHE, BETFEHEARIC
ERTONMBEETH L Z L WAL, WE-HNF-1e-
pcDNA3.1/HisC 0.2 pg 7= {Z Thr4331le-HNF-1 « -pcDNA3.1
/HisC 0.2 ug %, HNF-1 « cDNAZHEA SR TR RWAY §—
(Empty-pcDNA3.1/HisC) 0.9 g, GLUT2-pGL3 1.0 g & =
v Fa—T#H%pRL-F 3 ¥ ¥ FF—+t (thymidine kinase)
50ng &£ &bz, AFF HEFEETH S Trans IT (Pan Vera
Corporation, Madison, USA) 6 1 DFFE T 2 HeLa I IZ B{R T
#A L7, ¥7:Thrd33le iENFKHEO TEEEEEEE RIEL
TVWEOT, TOBRAFFEMIHKEL TERREEEETS
WEeAEL N, FICEEREA+ AN L HRASED
SEInEh, BEBHAEERECRIETHRIIOVTLRE
L7

5) Vi 7xF—H) R~ —Tv+EA (luciferase reporter
assay)

BETEADT: HelaHIlL % 48850 37°C 5% CO, FlosEs
L7-%%, HeLaifa% XL 7>, #ABRAREIEIZ T Helafifn 2 42
# 1, DualLuciferase® Reporter Assay System (Promega) % HJ
W, RIWMNY 725 —EBIFVIVAI TN T T~
POREE IV I/ A— % — (Lumat LB9501 Measuring System)
(Berthold Japan, KIR) (= THlIE LIz, ¥ 725 —H¥YHK-%
— 7 v+ 4 DENEIE Promegatt®» 70 b 3 — WIlfEo 7.

6. ERPRELEMEEORE

1) MHEE{LERE

HEELHIC BV TBIRIRMLE T, W8, #k~Esoye
> Asc (glycosylated haemoglobin Aic, HbAic), 1 GAD Hifk % il
EL. MR Vva—A+ ¥ ¥—EBREEZ, HbAcEE
FEEEra< 574 —E%, iGADHRE IR I v 7#t
GAD ¥ v b (EH) # #HFhAVTIEL .
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2) 75g#E07 F 7 ER 35 (oral glucose tolerance test,

OGTT)

R AE S NERN, 75g0GTT %M L 7. HmETFMIL
El ﬁ*ﬁ‘fi—fiﬁ?—é L0 s THERRIG O 5348 & BT REE (2B

FRESWE] 1ZEo . MM & WIS, SRIERICHEA >

Z 1) > (immunoreactive insulin) # 3 Y41 AL/ Tyt {HE
THURFEICITHE L 7.

3) WA AN VIERWE S 7 Y 7k

Thrd33lle ZER5E0ME L akiz BV T, ALK STG22 (H 4
OO FHOAEA YA FIERWIES T 7LD A
AN YRR R L. AT IR DeFronzo S M 0 RE
FHBEIZERL, 7 F 7 #HEASR (glucose infusion rate, GIR)
?i"dj L7

. FEEtEaeEt

N’%’:%‘il BUF BRI sl £ B S TR Lz, b
72T —¥T vt A TORMOILEE, ANOVA GO
%, Tukeyi{:i & U Dunnett il o v 7z, FERFFENFERTEL
P<0.05& L7,

29 &

[. HNF-1 x @{5FEH
A AL sz i s B

5!'—*1?”%330 BH2K BT%) IZBWT, Ty 4k U6
IZHNF-1 o G ERE T LA, 528, fEs3 Tl
“f- K}“ﬂtiﬁ?‘l' %h ot U 40%EMIE, 1996 4F
Yamagata 5 * O s N RO HNFL o R{ETER T
h, 290 %ffH DPro® MLIHFEETHEET L b » (poly
cytosine) BEFIFIIZ, C—IE3EX AL LR (Pro 291
frameshift insertion C, Pro291fsinsC) Toh o7z (1), ZNDZER
FESHELEE L E L, T ACL 7L —4 0 7 b
DR, SI6FHD I N ELarr o, 2V 6

DERIL, 433FEOThr 22— F9T523 FXACCH, Nlex 2
= FTB53 N ATCA~E, —HEBERCIVEEORZ LT
I/BRICB LT AR (Thrdd3lle) Th -7z (M2). ZiUiEs

GNCCCCCCCCAGGGCCAG!

5 Pro Pro Gly Pro 3
Normal «- CCCCCCCAGGGCCA G
Variant - CC CCCCCCAGGGCC A

Pro Pro Arg Ala

Fig. 1. Automated fluorescent direct sequencing of exon 4 of
the HNF-1 « gene. The electropherogram is the result of the
proband in the Pro291fsinsC mutation family. The arrow
indicates inserted C peak of the variant allele and A peak of the
wild-type allele.

o}

(II|IHLV¢‘U'M4 f\Jl:ll:[, ‘1 ~F TIZ f r?‘
7.

2. PCR-RFLPiZ & 2 i K AN T OO

Thr433lle ZIZ2WT, 7J 1< —Ex6F B L I'Ex6MM 0
WA FEHEIZ L B PCRIEYIZ284bp & 4 1), BFAER D A A
% Nco 112 & 1) 259bp & 25bp (2 UIWT & 4L 5 (3). [H41:
Thr4331le ZE 84583 & O KA M & PCR-RFLP {12 & 2 28 S odfifiin
WRER L A L TO, B L OREL, WkFsh:

BV LWERTH-

G CCTCCANCCTGG TC

5 Ala Ser Thr Leu Val »
Normal =+ GCC TCCACC CTG GTCw-

Variant =+ GCC TCCATC CTG GTC
Ala  Ser  Ile Len  Val

Fig.2. Automated fluorescent direct sequencing of exon 6 of
the HNF-1 « gene. The electropherogram is the result of the
proband in the Thr433lle mutation family. The arrow indicates
T peak of the variant allele and C peak of the wild-type allele.

Normal -- 5. GCC TCC ACC CTG GTC 3-..

HNF1a-6M ---- G TAC CAG
Genomic DNA
sequence Mismaich

Mutant -- > GCC TCC ATC CTG GTC ...

1 v ]
Normal-- > GCC TCC ACC ATG GTC >-.-

Neol
PCR-amplified
sequence

Mutant -- > GCC TCC ATC ATG GTC ...

HNFla-6F —~ HNF1a-6MM

Normal

Fig.3. Rapid detection method for an exon 6 missense
mutation (T433I) employing the mutagenic primer-mediated
restriction map modification. Using a forward primer HNF-1
a-6F and a mutagenic reverse primer HNF-1 « -6MM, gene
amplification by PCR introduced an artificial Nco I site in the
PCR product only for the normal allele. Digestion of the PCR
products with Nco I generates polymorphic restriction
fragments of 259 bp and 25 bp. Heterozygotes show double
bands of 259 bp and 289 bp.
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Marker  control 25010 220100 20 Present age (age at diagnosis)
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281 g et 184
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Fig.4. The pedigree and result of PCR-restriction fragment
length polymorphism (PCR-RFLP) analysis of the family with
the Thr433Ile mutation. Digestion of the PCR products with
Neo 1 generates polymorphic restriction fragments of 259 bp
and/or 289 bp, The proband, her mother, sister, and brother
show 259 bp and 289 bp fragments, which indicate the
heterozygote for HNF-1a gene mutation (T433I). Normal
control, a non-diabetic subject as normal control. Marker, the
molecular size marker of ¢ X174 double strand DNA digested
with Hae III . Squares are males and circles are females.
Patients with diabetes are indicated by closed symboaols,
nondiabetic subjects by open symbols, and undiagnosed
sujects by gray symbols. The arrow in the pedigree
represents the proband who was examined for mutations. The
HNF-1a genotype is indicated below the symbols (N, normal
allele; M, mutant allele). The present age (age at diagnosis of
diabetes) is indicated as well.

71()

O

NM NN
48 (-) 48
/ NM HNF-1 genotype
19 (14) Present age
(age at diagnosis)

Fig.5. The pedigree of the family with the Pro291fsinsC
mutation. Squares are males and circles are females. Patients
with diabetes are indicatesd by closed symbols, nondiabetic
subjects by open symbols, and undiagnosed subjects by gray
symbols. The arrow in the pedigree represents the proband
who was examined for mutations. The HNF-1a genotype is
indicated below the symbols (N, normal allele; M, mutant
allele). The present age (age at diagnosis of diabetes) is
indicated as well. —, not examined.
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Fig. 6. Transcriptional activity of glucose transporter (GLUT)
2 in Hela cells. Two hundreds ng of wild type-HNF-1 « -
pecDNA3.1/HisC (WT) or Thr433Ile-HNF-1 « -pcDNA3.1
/HisC (T433I) were transfected with 900 ng of Empty-
pcDNA3.1/HisC (Empty), 1.0 2 g of GLUT2-pGL3, and 50ng
of pRL-thymidine kinase (TK) DNA. Luciferase activity was
normalized by the activity of thymidine kinase induced by pRL-
TK. Experiments were repeated three times. SD shown as
error bars. ANOVA and Turkey method were used for
statistical analysis. *P < 0.01.
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FHORHELHFHBILERFETH O, EHEEERAERIC X
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HLF—0METEE TR L.
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Thr433lle \ 22V THRET L7z, B6ICiE, Vo725 —ET v+
112 & % HNF-1 o DESIHFEEOBIEHREL R L 72, Ktk
N7z 7 —CEMIEEEEEEELRL, MEz > to—Liz
IO HIE S NERIMETSH 5. WEHNF-1 « -pcDNA3.1/HisC i3,
Empty-pcDNA3.1/HisC 2t L, FEIZEE G % M S 70
7%, Thr433Ile-HNF-1 ¢ ¢cDNA-pcDNA3.1/HisC O {ZE G VB
HEIIHIGL T,

4. TRHNF-1 ¢ OB £ HNF-1 o fER~O R

Thr433le Z#{Rix, EADNABFRRFMIZIEFBE OB
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Fig.7. Transcriptional activity of glucose transporter (GLUT)
2 in HeLa cells. Two hundreds ng of wild type-HNF-1¢-
pcDNA3.1/HisC (WT) was transfected alone or with
increasing amounts of Thrd33Ile-HNF-1 « -pcDNA3.1/HisC
(T4331) DNA. Luciferase activity was normalized by the
activity of thymidine kinase induced by pRL-TK. Experiments
were repeated three times. SD shown as error bars. ANOVA
and Dunnett method were used for statistical analysis. *P<
0.01 versus 200ng of WT.
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Fig.8. Plasma glucose and serum immunoreactive insulin (IRT) during 75g oral glucose tolerance test (75g0GTT) of the proband and her
sister of the Thr433lle mutation family. (A) and (B) show plasma glucose and serum IRI concentrations of the proband respectively. @,
performed at 11 years old; O, at 21 years old.” (C) and (D) show plasma glucose and serum IRI concentrations of the proband’s sister

respectively. @, performed at 10 years old; O, at 18 years old.
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Table 3. Clinical characteristics of the family members
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Factor 11I-1 II-2 -3 1I-1 11-2 I-2
BMI (kg/m?2) 216 21.6 20.8 - 20.8 -
75g0GTT
Fasting Plasma Glucose (mg/dl) 135 120 74 - 136 79
2 hours Plasma Glucose (mg/dl) 326 368 78 221 - 110
Fasting Serum Insulin ( 2 U/ml) 53 5.3 3.0 - 1.8 4.1
Maximum Serum Insulin ( zz U/ml) 8.1 10.5 22.0 - - 75.0
HbAlc (%) 11.7 9.6 4.8 - 9.7 4.8
GAD-Ab Negative Negative  Negative - Negative -
ICA Negative Negative  Negative - Negative -
GIR (mg/kg/min) 4.59 4.83 - - - -

BMI indicates body mass index; 75gOCTT, 75g oral glucose tolerance test; HbAlc, glycosylated
haemoglobin Alc; GAD-Ab, anti glutamic acid decarboxylase antibody; ICA, islet cell antibody; GIR,
glucose infusion rate; —, not tested, IlI-1 indicates the proband; III-2, proband’s sister; III-3, brother; I1-1,

father; 1I-2, mother; I-2, grand mother.
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Fig.9. Plasma glucose and serum immunoreactive insulin

(IRD) durinf 75g oral glucose tolerance test (75gOGTT) of the
proband of the Pro291fsinsC mutation family. (A) Plasma
glucose concentration. (B) Serum IRI concentration. @,
performed at 13 years old; O, at 17 years old.
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HNF-1 ¢ (55 2 %+ F X 4~ (homeodomain) % & T 5 iEE K
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Abstract

Maturity-onset diabetes of the young (MODY) is a monogenic form of diabetes mellitus characterized by an autosomal
dominant mode of inheritance, and an onset usually before the age of 25. MODY can result from mutations in any one of five
different genes. The aim of this study was to estimate the prevalence of the mutations in the MODY3 gene -the hepatocyte
nuclear factor-1alpfa (HNF-1 « ) gene - in early-onset Japanese diabetics with a prominent family history of the disorder. A
functional analysis of the mutant HNF-1 « genes newly identified in this study were performed to evaluate the contribution of
the mutant functionl properties to the clinical manifestation. Ten exons, flanking introns, and the promoter region of the HNF-
1 @ gene in these subjects were amplified by PCR and the base sequences of the products were analyzed by a direct
sequencing method. Mutations were identified in two (2.6%) of the 78 unrelated patients. A frameshift mutation resulting
from an insertion of a C in a polyC tract around codon 291 for Pro, Pro291fsinsC, which would generate a mutant truncated
protein of 340 amino acids, was found in a subject who was diagnosed as diabetes at 13 years of age. A novel missense
mutation of Thr433lle (replacement of Thr by Ile in codon 433) in the transactivation domain was found in a patient who
developed diabetes 3 years after the first diagnosis at 10 years old. The proband carrying the Thr433Ile mutation had a more
severe form of diabetes than that of her mother, who had the same mutation of the HNF-1 a gene. These mutations were
identified in a heterozygous form and were not detected in 50 non-diabetic healthy controls. Transfection experiments using
the reporter assay in HeLa cells revealed the Thr433Ile mutation had no transcriptional activation activity. When the wild-
type-encoding plasmid was cotransfected with increasing amounts of the Thr4331le construct, the Thr433Ile mutant interfered
with the wild-type HNF-1 « activity in a dose-dependent manner. This suggests that the Thr4331le HNF-1 ¢ mutation can
generate a dominant negative effector. Based on comparison of the functional data with the clinical information of the family
members possessing the Thr4331le HNF-1 ¢ mutation, there is no evidence that the patients with the HNF-1 « dominant-
negative mutation have a more serious disease. Variability of the severity of the phenotype has been observed within family
members with the same mutation, suggesting that other factors contribute to the phenotype.



