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Treatment of Diabetes Mellitus

8 498 BIFTREYS

H B FRl645A218 (&) T8 385105~ 5 85104
& B  HEKEEESETLAM

B & W\EEH (FEREKEBD)

R OE LERER (BB, & KT B, REME BB, BEEE (RPERERARD, SARE
EBpEh, FHEE (FRARNEER), SFRBET (ERERBTSRER)

REE BESET KW, EEER Bty a-)

e “hhbyvRYTLARKRDET. BRFEOP TwWAbZEEBVEST. SHRBRATIIERBOZE
EohT, BrRRcBELE LT, STEYERNnF ETHIERD 7T ADXEF L BEOF LLoBH A2 &)
ERRVELT, hROIDBERSr->TEE L. —7, T, RoTRLNIABEEABHL WL BV
BERFRZEOF LD - D TRH D ETHFEV-A . 9, E—ARollEas BEV-B LT,

AleZ b ->TEE LT, BELABEN-TE



874 FREELHE F108% $£128 FH6 FI2AH

1) EEEBRE L TOEKRK
— T HEER TR L RITOMR, —

FRAFEELE AR (EE EE BEE)
g Hef - PR ER
-3

Diabetes Mellitua as An Inheritable Disease
— Recent Results Obtained by Molecular Genetics —
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Although non-insulin-dependent diabetes mellitus (NIDDM) has been widely thought
to be an inheritable disease, the identification of a major gene in NIDDM has not been
demonstrated by the classical genetics. One of reasons for the failure to find any clear
trend was due to the fact that NIDDM is a multifactorial disease, in which several major
genes are involved in the onset and progression. This fact was partly demonstrated from
monozygotic twin studies. However, we now can have a cue to identify the major genes
of NIDDM by virtue of molecular biology (recombinant DNA technology). There are
at least three major approach to identify a disease susceptibility gene; classical approach,
reverse genetics (positional cloning) and candidate gene approach. Mutations in insulin
gene in patients with abnormal insulinemia were identified by classical approach, in which
abnormal insulin was firstly isolated from patients’ blood, and secondly, the gene coding
the abnormal insulin was isolated by molecular cloning. Positional cloning is a method
to identify a disease susceptibility gene based on the linkage analysis between various well-
known genetic markers and the disease. By this method, it has been demonstrated that
gene for maturity-onset diabetes of the young (MODY), a from of NIDDM with an autosomal
dominant inheritance is linked to adenosine deaminase gene locus on chromosome 20q.
Candidate gene approach is the method to examine whether the genes which are thought
to be involved in the abnormal phenotype of a disease, is related to the disease or not.
In 1992, close linkage of glucokinase gene locus on chromosome 7p to MODY of French
families has been revealed, and furthermore, non-sense mutation in the glucokinase gene

has been identified in one of the families. Although the tremedous progress in molecular
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biology is of benefit to us to obtain various genetic informations of NIDDM such as described

above, the cases in which mutations in genes were identified until now in Japanese patients

with NIDDM are quite rare.
abnormalities in all patients with NIDDM.

Therefore, we might have a time identifying all gene

Key words: non-insulin-dependent diabetes mellitus (NIDDM), molecular biology, a disease

susceptibilty gene, reverse genetics (positional cloning), Candidate gene approach,

maturity-onset diabetes of the young (MODY), glucokinase gene
A v A VIREMEERE, oT4%Y¥ ERREERET, WTHERES, HEHE
EF7 S e—%, MODY, ZAahA{ x—ARET

I. & L & (&

FEOY Y RT Y ATHES 2 b T -2k 5F4E
WERFHTH HH, molecular biology L W4 H
TR LML ENTERFRCED 2T XTORETFR
B oL TERT A IMRE EOFRI L B 5100, K
TR, ERFENEEERETH S LORBAFIIC
L, &k, kA v 20 vIERFRERS (NIDDM) o
— OO TH 5 maturity-onset diabetes of the young
(MODY) THRREShICRIETFRELEHLLT, &F
EYrE TR & A BERFREZMRET (susceptibility
gene) OREHE >V THEHT 5.

II. ERH\EBER

1981 ED A F Y 2D & 1992 FOMAED vk 5 —I0
WX A RRF9EC NIDDM RBEOC—HEFIZ L hth, 91
%, % EBHTHGZ EHPHBLTVS. ZOBRE,
EECE, FTERBBCLAEEBLTETERLY, —
DA RO T - TWARETRRALTH L Z &
m 6, NIDDM ZECBEHERSBRCBES LT3
LEBFHEEELLOTHL. M, HEAO—FIENAE
Boprse T, NIDDM REEN—FK LAt
&, NIDDM FFE—EFhC I, BFE0RED BMI (body
mass index) AL VBT ELHBLTWEY., T
2 2 OFFIE, NIDDM RfECRIEMERYE < BS
LTwWB4b00, Bl sBmRKHEZELES LTV
TEERFELTS. bbb, NIDDM 11 ~HER
DEHERETFHHETLIERL, &2 TEEBESEOR M
DBERKHET M LLRETHERTREEREELD
5. Doty nEAOMIC, © Bl Ay FAoRk
Rt @ BEO heterogeneity 75 5 ZEDHE
Bz kb, 1970 1% F Tk, BEEOREGIREREE
DEEL X2 EbNBIRE, *ORGRFEROLDT

Lohbirhof., UL, 1980 AL, ST4%
FORNE®RT /b, recombinant DNA technology
DRSS X W ERFRIERGTEA~OT T o —F
MATEERBRE L e 0, BRRRECEE T A RETOR
FinsER, BREH T35,

II. |RBESBEETERE

LIFHE, S FEWEOFHRC L SEEETD 5 VIR
FHBETFORER © AHEREATEDEHE, ©
FORBEFBREELAOT  /BEEORE, @ 0
EH%a—FLTW\w% DNA BETOFERYRAET S
HETITbh T, BREOZETE, BEA 2
v MEDHREFEROFER Z O L5 i HETiThhic®
O

D XS eFEIR LT, TED recombinant DNA
technology D#EEATREIC L4 0k, BHEEMNEK
PR DEBENTE T T u—FThi Tihbb,
HITMEEY (Reverse genetics) &%\ it Positional
Cloning &M 53D THA. Positional Cloning
st BHIEBOBREEREBEAFRLESCERL, B
Rt TOMBIHBE LT A RETY— I —LOH
HE T 5 - L TRERETOREBEKCOMBYRE
L, ¥Hicid, KEEETOREERE (cloning) % L
L3 ETELOTHE. ZOFERHAGT, Duchenne
B dystrophy OFEBRZMRETHEZE S . B
RBOGHTL, MF, NIDDM oFERTH Y, B
BAREEREEHERE &0, TOREFBIGEET T,
DA VAR VIRERBEB TABRD L 57 ICA
7 virnv 2 EHR) hatE, HLADR3 kXU DR4
ZHiofew NIDDM O#EETH 25 MODYHS &2
T, Positional Cloning #8& A4 Hhiz. 1991 &, Bell
B, 7T9FEI b EBBETF~—H—% AT MODY
EDBEFB R, 0BREBERBCHETT/ vV
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77 3+ —+ (ADA) BEF L MODY BEDTHWL
HEEAHHZERFEHA LY., Zoz ik, MODY #
ETMR0EFLROEERDO ADA BETORBCHEET
LT EHTRBTHADTH LY, BET TOWETI,
ADA BIZFHBCIIBAHMAF 2EAY 2 - VT3
EFiie <, 47, MODY BETFHMAED cloning &
T,

Positional Cloning 3% OfERIZH T 2 FK A% H
ELNLBELTHIE, BELOBMOBETF~—H—%
DEETHIE, BITCEM, %0, k@&ibphdics
OElEM S, BE £ OBEETE, Candidate gene
approach fTbhT\wa. Zhid, EErioERE:
hAHARYE (REESE BT s88RA0EE
TFERENDEHELRALLFETHS. BERTH,
BT ebb, 7 EORBMRENRESRAcH
B f-T, TOFRRELTE, 1) Blarsof
VA VYHWARE, 2) KBHBRCET ST FUESE
SFFAORY, 3) Fck0 57 K oEELDOREN
BEIhTwb BMlCEIL VA YHUTRE
LD E, B 1 ERTEHE, 7 FoBEYEaT
% Glucose transporter 2 (GLUT2) iz UE v, @&
BRELOCh b 2B#, ATP ARHRO I b v
FU7, ATP BEHKF + 20, BAKERE Catt ++
K, A VANV EELGRGWENRD Z EXRERLH
El o7 3 U VERENT FTEAHOREIZEES L5
BEEZLNL., IOLSR, TEYHEORERE L

ILHABEFEE Y IT7 9 7L, FEBHBEKR 1O
m<fe b,

IV. MODY & Glucokinase s&f&¥

E1ohkht, BEEILOL V2 v HURE
EH B0 5 7 FOBELORBEIFCHE g X
TV 5 Glucokinase (B 1 £8) #ET & MODY
oW TREM I & e, Glucokinase @EF 041
v —Hh—&FIH LB X 0, 1992 & Frougel
bit, 77 v AOEKAE MODY FREZEWT Gluco
kinase BET & OB» THEVESEELTEH LY. &5
iz, Glucokinase BET @ exon 7 @ SSCP (Single-
strand conformational polymorphism) ##7 (—>®
EEOBR L CERAYR . LLRET AT A0S
OFLERI TS, FERERY 720 FrVESKE
b, EEARIGRETFRAZ AV FE L THRIEERS &
WHRBK & &9 BITEE) T, ERBEERELET I v
AD MODY EFZDOFD—FFT, Glucokinase Rz
FO exon 7 IEXRFTIOFEROFANTRE S hY,
EHE, ZORBEMET% cloning L, EH# DNA »—
yxvAR LD DNA OEERFIEZRH~H L, 279 %
BHO7 3 /B%a— NT58EN GAG »5 TAG ©
7% nonsense mutation DFFFEH RS iz L7c?,
TAG &id, 73/ B~O8R% stop THHHLVEF
THAHI, 6507 3 /BEL Vs 523D Glucokinase
FEEMN2ZBE LM VWEANERL LIt S, ZOF

%1 a BEFORERANCcHL 7 P oBABRE A RTTESMOS L BRET Y. BiMarso1 vy
YOUWTE, 2. KEERCEU 57 FoBZASHHEORE, 3. FRBCEI 57 FoBELORT S
?%g{glﬁ:. b. 7V VEREREL R TAERNOLIIRETLS4T TAAATRETRELZIYIS L

a. Candidate gene of NIDDM

b. Candidate genes of NIDDM and reported Japanese cases

1. Impaired insulin release from pancreatic 8 cells.
insulin gene
glucokinase gene
glucose transporter (GLUT2) gene
amylin (IAPP) gene
mitochondrial gene

2. Abnormal glucose utilization in the peripheral organs.
=insulin resitance.
insulin receptor gene
glucose transporters (GLUT4) gene
mitochondrial gene

3. Abnormal glucose production in the liver.
glycogen synthase gene
glucokinase gene

(4. A minor modifying gene?)
apolipoprotein D gene

insulin gene

glucokinase

glucose transporter (GLUT2)
amylin (IAPP)
mitochondrial gene

insulin receptor gene

~10 cases (families)
4 cases (families)
NONE

NONE

1~2 % of NIDDM

~20 cases (families)

glucose transporters (GLUT4) NONE
glycogen synthase NONE
apoliopoprotein D gene NONE
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OHERN~ORADBEL Wb T W3, FLEELF TR T FofrR
14 % Glucose transporter 2 (GLUT2) il U¥ b, MERBLUC
N b o EEE, ATP £HBDOI ba v FUY T, ATP BEHKF + %
N, BRERFME Calt Fr 24, A VAV Y EELQEHWERL Z &R
BERALhE LTIV v ENBEETE. ChbdTn, A M
B BFHA4 v RY VRWALCEPSEE 2 bR A, (Thorens, B. and

Waeber, G. Diabetes 42: 1219~1225, 1993. O % HE)

Rk, »< FTH single allele DERTH M LTEH
7t Glucokinase ZTH I 7 L L50% 11521334 TH
5. Bo<, BEBETHIEYR alele LhoBEH~D
HRAIET 5 BoBhc L, BEEHETO Gluco
kinase BEREMOREOLET AR L, 7 F7EK
BMEE, Tihbb, BRFLRETHILOLELLAT
W5,

Vo s » Y (T
BlER~TEL Lo, BETTH¥ORSEESC LD
BERARE RS T 2 BET O IR EA TV S
7, T Ib CWRT Lo, §REBXAOEY% IS &
Lbh b NIDDM ikt X Candidate gene approach
CE DR E hBEHERETFORER, Lo bay



878

N 7RETFOREYBROE, BOTHELEMCBESh
THWLZ EREBLTELENRDL. ZDX5E,

Haiz,

WE RS LBEFI¥OBEI LY NIDDM

FEBHOADOLE Lo ElATHY, 5HD
SR APFROBERLNATRES.

1)

2)

3)

4)

5) Tattersall, R.B. and Fajans, S.S.:

6) Tattersall, R.B. and Masell, P.I.:

2 £ X MW

Barnett, A.H., Eff, C., Leslie, R.D.G. and
Pyke, D.A.: Diabetes in identical twins: A study
of 200 pairs. Diabetologia, 20: 87~83, 1981.
WEXF: FHIFE WERBRFOWEWL.
FEaAERFREFTERRESE, 1992
Shoelson, S., Haneda, M., Blix, P., Nanjo,
A., Sanke, T., Inoue, K., Steiner, D.,
Rubenstain, A. and Tager, H.:
insulin in man. Nature, 302: 540~543, 1983.
Nanjo, K., Sanke, T., Miyano, M., Okai, K.,
Sowa, R., Kando, M., Nishimura, S., Iwe, K.,
Diabetes

due to secretion of a structurally abnormal insulin

Three mutant

Miyamura, K., Given, B.D., et al.:

(Insulin Wakayama): Clinical and functional
Characteristics of [LeuA3] insulin J. Clin.
Invest., 77: 514~519, 1986.

A difference
between the inherit ance of classical juvenile-onset
and maturity onset type diabetes of the young
people. Diabetes, 24: 44~53, 1975.

Maturity onset

FBEEXSME $108% F12B FH6F128

diabetes of the young (MODY): One Condition
or many? Diabetic Med., 8: 402~410, 1991.

7) Bell, G.I., Xiang K-s., Newman M.V., Wu,

S-h., Wright, L.G., Fajans, §.8., Spielman,
R.S. and Cox, N.J.:
dependent diabetes mellitus (Maturity-onset
diabetes of the young subtype) is linked to DNA

Gene for non-insulin-

polymorphism on human chromosome 20gq. Proc.
Natl. Acad. Sci. USA., 88: 1484~1488, 1991.

8) Froguel, P.H., Vaxillaire, M., Jun, F., Velho,

G., Zouali, H., Butek, M.D., Lesage, S.,
Vionnet, N., Clement, F., Fougerousse, F., et
al.: Close linkage of glucokinase locus on
chromosome 7p to early-onset non-insulin-
dependent diabetes mellitus. Nature, 356:
162~165, 1992.

9) Vionnet, N., Stoffel, M., Takeda, J., Yasuda,

K., Bell, G.1., Zouali, H., Leasege, S., Velho,
G., Iris, F., Passa, P.H., Froguel, P.H. and
Cohen, D.:

kinase gene causes early-onset non-insulin-

Nonsense mutation in the gluco-

dependent diabetes mellitus. Nature, 356:
721~722, 1991.

Bl& HONEHIXE L TREEECEOHE

OB IMED v b o—AOFE - BRIC>VLTBE
FLET.



