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Evaluation of Add-on Therapy of DPP-4 Inhibitors for Two Cases with MODY3 under Insulin Therapy

Miho TAKIZAWA', Naoko IWASAKI'’, Makiko OGATA',
Risa IDE', Mitsue TOMIOKA' and Yasuko UCHIGATA'
'Diabetes Center, Tokyo Women's Medical University School of Medicine
*Institute of Medical Genetics, Tokyo Women's Medical University
*Tokyo Women’s Medical University Institute of Integrated Medical Science (TTIMS)

Maturity onset diabetes of the young (MODY) is the most common form of monogenic diabetes mellitus that
constitutes 1-2 % of the cases of diabetes mellitus. MODY 3 is caused by mutations in the hepatocyte nuclear fac-
tor 1o gene (HNF1A) which are the most frequent cause of MODY in Japan. Characteristics of MODY 3 are pro-
gressive insulin secretion defects and high sensitivity to sulfonylureas. Recently, incretin-related drugs such as
GLP-1 receptor agonists and DPP-4 inhibitors are also indicated for the treatment of patients with MODY 3. Here,
we report two cases of MODY 3 patients on insulin therapy who were given dipeptidyl peptidase-4 (DPP-4) inhibi-
tors. Patient 1, a 38-year-old man carrying P291fsinsC mutation, showed a remarkable reduction in daily insulin
dose (16 units to 8 units) without worsening of glycemic control after the administration of a DPP-4 inhibitor. Meal
tolerance test (MTT) revealed improvement in insulin secretion and slight suppression of glucagon secretion. Pa-
tient 2, a 67-year-old woman, carrying L584S585fsinsTC showed improvement in glycemic control after the ad-
ministration of a DPP-4 inhibitor, although the total daily insulin dose did not change (22 units to 20 units). MTT
revealed the same tendency as observed in case 1. Reduction in daily insulin dose and improvement of insulin se-
cretion were more significant in MODY 3 patients than in patients with type 2 diabetes. In conclusion, administra-
tion of DPP-4 inhibitors to MODY 3 patients who are on insulin treatment may be effective in improving glycemic

control because of improved insulin secretion and suppression of glucagon secretion.
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MODY (maturity-onset diabetes of the young)
&, H—BAFREIC X BHRE T, HEIE T
e L, EHRBREZED 1~2%% 505", Fikth
BV BAR 2R 3%, NFEH S TiE 2w
MODY J5l K {513 M 1213 6 A s S h
TEAS, AR 7 A 2 IS S, AT 13
BIZFAMONT NS,

RIFFOFAIZ X 5 &, HNF-loo (hepatocyte nu-
clear factpr-lo) #fa T E% 12 X 5 MODY3 23BE 4
» 13 il MODY JE #5112 & 5 MODY ©oHi T
D BFENE Y, HNF-lo 1k, FFBE, B0, /N,
Wl 7 EW2FBLT 2 BR-TH Y, BB Mo
LICBWTEELZMHE 2T 5. HENEETFICE A
YA ¥, GLUT2 (glucose transporter 2), IGF-1
(insulin-like growth factor-1), HNF-4o (hepatocyte
nuclear factpr-4o) 7 ED3HIF S, B MIfgIC BT
%, BEHUD AL, fdER, I bay ) 7, B
I, #aiz e, 4 Y2 Yo 3ESERA
TV T RMELTWE. £, HNF-lo #In 5%
WL, B MR ATP A TICL S 1 VR
) U OMEATEDIK T ORI & 2 5. BRKRIYIZ D
MODY3 B & TIZMETEICA ¥ 2 ) VWK
L, BHIMICIZA AU VIRBICRBITT 5 2 2 0%
W,

—75, MODY3 & TlE, AN 7 4+ Z)VIRFEHE (SU
) AT BB MEOTLESH SN TB Y, Hwb
OBV EETIILRERO SUERG 2 X VWl & %
7 L L, KD R LT Wil HERE
B0 BETH o7z

i, MODY3 134 27 LF U®hE2mes L TH
0, £ YA YBWOIKT, Zvh Ty 5nio
Ron, 4~ 7 VF v OsfREE# Td A DPP-4(dipep-
tidyl peptidase-4) {HEDEMHTH 5 Z EHHE S
7200 Ins XY, £ 7 LF I MODY3 Oz
IEH Y —7r v P LTHEHENTWS. MODY3
HBFIR9 % GLP-1 (glucagon-like peptide-1) 2%
APEESE & SU SEORRRILBGABR T, M %h
RICHEREER L, GLP-1 ZAEMAEEFE O F A SU 3
X DARIEE ) 2 7 MR E R IR Tw B,

DPP-4 [[1%##:1%, GIP (gastric inhibitory polypep-
tide), GLP-1 IZfR&EEN L4 ¥ 7 L F v D#ER %
G B U, IHARAF LS A~ 2 Vil &R T
ATP EAZ A EFICA VA Y32 HIE S8 5
728, MODY3 OiG# A M Th 2 W Retkdsme. 9

B%, MODY3 (2 DPP4 B3 % P b L 7z Bl e 1%
BRI, WIFNRLRRNTHo72L ).

A4 2 ViE#ETP O MODYS B 1233 % DPP-
4 FESEOEHAMICBT 20 B MRREGE, ol
FERE % GTAM 20 2 72 BRIR A I % it L 72 0 CTH#R
5T 5.

MR EHE

1. W&

BIETZWIC X ) MODY3 & Bl &, Wk
BRI R ekl R £~ 7 — AR EEE L T B 4
YA VEHPOBRNER 2 4. AR AREER
TN 2 FEAEZ R XOKREZ R THEES
M7z (R#F5 215C).

2. Bk

DPP4 [ ESLE LRI B L OG5 2 AR IcASH
BB % 4T L, HbAle, £ > 2 ) ¥ #4548, 1k
HOELZ AL 72, MBAEITITR T AV F— 400
cal DEF (F0Y) HV, BAIILEEBRERTEAG O IRIE &
L T 1. #* CPR (C-peptide immunoreactivity), o
HARREEFTOTREZ L LTV h T ViR EIE L
7z, Ifirp CPR Ol CLEIA #: OV I 7SV AT
LARMCARTFFEit (BLLES), Fuharo
%8 #:1% RIA2 ¥ (Glucagon RIA kit (SML)) 12 X -
7=.

E Bl

1. fERIA

BE 38 B BRI WG AR 15 7.

YVERRIRSRIREE © REHEE, B

BEFERE : 2o L.

TR © 1993 4F (14 %) 12 H &4 B i ikl k
Z0H Y, 19944 (157%) EHBRIEHSHB, 4
HEFRBIR CIRAER 2 e s, 5 ANty —
M L7z,

& W BMI 25.0 kg/m?, 2% i I Ifi 4 325 mg/dl,
HbAlc (JDS) 11.8 %, W7 > btk. 2 RUBEIRNG &
ZWEh, £ A 203 (R 7 40 30RVEIE
A 12 HAT, 4 &l 8 HfT) Z# BA SNz, ZDfk,
fbe DEH T IZH - 7RI MODY &l s h
7z ME S v b o — Ui BREFICHEE L Twz 2001
FLVHOY Ly —FHELRD, 2004 XD A ¥
A1) ¥ 3aE (R 7 4 v 30RVEAARET 6 Hify, B
Wi 7 WAL, AT 4 AL NS 7z 2006 47,
Bt vy —CTHRIETZW AT L, HNFIANT O
25 (Exon 4, P291fsinsC) #fERA L7z, 2014 4, 7
) = FEEOPEGC X 0 ARIMHE % A4 U 72888803 5.
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a: Case 1

Table 1

Clinical findings before administration of DPP-4 inhibitor

137

<Urianalysis>

<Blood cell count>

Protein (—) WBC (/ul) 4,540 CK (U/]) 70
Sugar (—) Hb (g/dl) 159 AMY (U/1) 77
Ketone (-) Ht (%) 46.0 BUN (mg/dl) 16.2
Plt (x 103/ul) 27.3 Cr (mg/dl) 0.67
<Diabetic examination> eGFR 106.7
FBS (mg/dl) 112 <Serum chemistry> UA (mg/dl) 4.8
HbAlc (%) 6.2 Alb (g/dl) 47 T-chol (mg/dl) 191
ACR (mg/g * Cr) 22 T-bil (mg/dl) 0.7 HDL-C (mg/dl) 73
Retinopathy none AST (U/]) 15 TG (mg/dl) 39
GAD-Ab (—) ALT (U/)) 6 LDL-C (mg/dl) 118
TA-2-Ab (—) LD (U/1) 132 Na (mEq/]) 138
ALP (U/]) 170 K (mEq/I) 5.3
<Genetic mutation> ¥-GTP (U/1) 9
HNF1A
P291fsinsC
b: Case 2
<Urianalysis> <Blood cell count>
Protein (—) WBC (/ul) 9,590 CK (U/]) 79
Sugar (—) Hb (g/dl) 127 AMY (U/1) Not tested
Ketone (—) Ht (%) 37.0 BUN (mg/dl) 174
Plt (x 103/ul) 188 Cr (mg/dl) 0.67
<Diabetic examination> eGFR 66.3
FBS (mg/dl) 112 <Serum chemistry> UA (mg/dl) 42
HbAlc (%) 6.6 Alb (g/dl) 37 T-chol (mg/dl) Not tested
ACR (mg/g * Cr) 22 T-bil (mg/dl) Not tested HDL-C (mg/dl) 61
Retinopathy Fukuda A1/A1 AST (U/]) 19 TG (mg/dl) 64
GAD-Ab (—) ALT (U/)) 22 LDL-C (mg/dl) 152
TA-2-Ab Not tested LD (U/]) 182 Na (mEq/]) 146
ALP (U/]) Not tested K (mEq/l) 45
<Genetic mutation> -GTP (U/]) 14
HNF1A
1.584S585fsinsTC

DPP-4 AEZERERIDKRET — 4 @ %, ALy
EHITHEE R L (Table 1a). MBE - BiE D RO %
Wy,

DPP-4 BHEERGFIE TOZEL (Fig la) @ &AiE
BlixA4 > 20 30k 1THA YA »&16~20
H AL T HbAlc (NGSP) 6~65%T & - 72. 2015
E2HXY Ty ) TF v 25 mg PEH EBIG L 7.
RIS A A U35 % 3m 5 2 IS H
L, 1HA YA y&% 16 Hfi o 8 HALIZHE L
7ohs, AT v b a— VI RAFICHER L 72

BEAMRE (Fig.2a, b, ¢) : Y%7V 75 25
mg BN, % CPR 0N, ZVvh T ob$h
RIS A SN T8, EHEARREBRICBIT 5 &k
B 120 S EIE R R AL L T 7z,

2. fEf 2

BE 67 k. WEIRINES WTIREAE i 49 7.

PEERIRSRIREE © RETHLC, B, BUOSHEE, 6.

BEAERE @ 1998 4F HUARRIE KA, 2007 4EHEH6 4 v 7
7 A FHESUIBRA.

IRREE © AERAEEE. 26 %, 28 ik D ATLHR Y ERE IR
WOHRIE 2, URIIMZEZIT T o,
KIGENITHERIREZ 2L RO D e DO E A
2L, 19984 (49i%) ¥ty sy —zM@H L7l

3 I BMI 18.6 kg/m?, 22 5 I Ifi b 249 mg/dl,
HbAlc (JDS) 106 % & b #EIRMm & B iz, £ >~
Z) v 2 [k (WIERT R > 7 4 v NV 8 Hifr, 4 f&hl
NV 7 4V 30RY 4 HAL) 12 X BiEHE BB S, I
BEa Y b a— i3 6 %R Lo L7z, Bid 12 O
PRI & WS, BRI HNFIA ZR B S T»
LT EMH LIz, 22T, KRANOFREZE THEIE
TRALZRIT L2 A, HEFLU HNFIANT O
72 5 (Exon 9, L584S585fsins TC) 28 [a] 5 S L7z, 2006
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a Case 1l
7.5 Insulin dose :19 (u/day) 16
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Fig. 1 Changes of HbAlc and daily insulin doses before and after administration of DPP-

4 inhibitor

a: case 1, b: case 2. MTT: meal tolerance test.

LA 2) v 3mE (WA~ Y 7 4 VN8
Hify, BAER /KTy U2 MM, 4 AER /KR
Z ¥y FU5HAT) ICEHE SN, HbAlc (NGSP) 6~
7%THMLTWA,

DPP-4 [HEZEREGHIOBRET — 4 5, ALy
& H IS 7 L (Table 1b).  HEILRE 34 H 48 Al,
FHE LR T\,

DPP-4 AEZER5RI% TOZEL (Fig 1b) @ A%
Blix A > A v 3EE, 1 HA Y A1) V& 22 HALHT
#% T HbAlc (NGSP) 65%CTdh > 72. 201448 H ¥

¥ 7)) TF v 25mg BPEH L7228, Db A v R
Y3MERREL, 4R yELIZIZALTRE
L7z, MifEa >y va— v ELLh o7,
BEAMHR (Fig2d e, ) : ¥ 27 7FF225
mg BN, MR IZIZIZRSTH - 7208 2K
- &k & b I2 CPR O8N, 7V A I ¥ O A3 A
b7z,

3. Yt H—02BIPERKREDLSE

Wy —DA YR RO 2 BUBER NG 29
BICxtd 5% 70 7F v 50 mg LG HEORFIC

—E272—



Case 1
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Case 2
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Fig. 2 Transition of each parameter in MTT before and after administration of DPP-4

inhibitor

a and d, plasma glucose; b and e, CPR; ¢ and {, glucagon.
a, b, ¢ were measured in Case 1. d, e, f were measured in Case 2.

M 28I g, BAm#ETBMI L 1 HA ~
A RIS AERELEEDT, HbAlc (NGSP)
T 83 %N H 76 %L EFELTAE. LirL, &
HAMGREBRTIXA v R ) Y HRCHEERELERD
hpolzZ b, VAT 5T I%RA L, 20
TREBTH-722 L5, 2TBRMFEICHIT 510
PELERI R A v A Y WEEMRTIERL, 7
VT PHNARIFT B L ERLTWD. Lito#

HTIE Yy 7 T 5haas 2 BB RHE T 50
mg TH Y, AREFD MODY3 Tl 25mg TH - 72
729, KE 1 kg H72DITHE L1 HA YA U %
HEL# CPR &, 7V H I & Tl 21T -
TH7z. #CPREIE, 4HOMODY3ID2H61E b
+30%, 2 HBERIFTIZ+7%TH Y, MODY3 EE
KAas2 Ble L¥Ciad 4%, MODY3 @ J5 A% 2 gk
PRI & R TR AR R O B Wil REYE2R &1

—E273—



140

Table 2 Comparison of MODY3 cases and T2DM patients

MODY3
T2DM*
Case 1 Case 2
Age at diagnosis (years old) 15 49
Duration of diabetes (years) 22 18 199
Current age (years old) 38 67 59.4
Dose of Sitagliptin (mg) 25 25 50
Changes in before and after administration of Sitagliptin
BMI (kg/m?) 239 = 236 224 = 225 256 = 255
HbAlc (%) 6.2 =63 6.6 = 6.6 83=>76
Daily insulin dose (u/kg) 024 = 0.14 041 = 0.37 053 = 052
(—0.10 u/kg) (—0.04 ukg) (—0.01 ukg)
¥ CPR (ng/ml)** (Rate of change) 252 = 330 481 = 6.27 441 = 471
(+30 %) (+30 %) (+7 %)
Y. glucagon (pg/ml)*** (Rate of change) 483 = 458 541 = 466 257 = 235
(=5 %) (—14 %) (=9 %)

* 29 patients with T2DM under insulin therapy (Nakagami T et al'?) .
** % (pre, 120 min) in Case 1, ¥ (pre, 60 min, 120 min) in Case 2 and in T2DM patients.
*** Measurement of glucagon was performed by Glucagon RIA kit (SML) for Case 1 and 2, Glucagon RIA

kit (Linco Research) for T2DM patients.

2. 1HA YA &%, MODY3 Tld& 4 —-1.0U/
kg, —004U/kg, 2BERHETIE-001 U/kg ThH
D, 206 LAETIEDH DA, MODYS Ol & g
T5EWHLNINERoTlz. —F, TV T U5
% BMI 13 MODY3 & 2 BUpE R CTHI & 70 75 % G2
WM o7z (Table2).
z =

N FE TOREBIFREFAEY, T4 DMEIIB VT
A R VBFEF O MODY3 E#E~® DPP4 [
LD BIMPE G IR TH > 72. MODY3 JERIC
%13 % GLP-1 EBy 3 0 &) % Wi L 72 16 JE 6 O #
F T, SU S L FEORRZ D, oY) 2
THRBALTOD, £ VAR YW T VAT
DWICHBEZZIRSATOWRWY, 413, 4 R
YiREEH O MODY3 @ 2 FEFICBWT, EHAMIC
BUF LW B AITLEERE, o MTLRERE 2 SRR 3RAG L 72.
FEBI 1 TldA » A Y5 85316 HAL/HA 5 8
HAL/HA~NE 50 %A L, IifE= > be— ol
ZFRO SN o7z, AHAMRAERTIX, &% CPR
D¥IMABD, TV T U WIIERERA L. X
I, A YA YESHEEIZ3IE2S 20E LD,
BEMOFEFPIAELE 722 06, BH QOL
e L7z, JERI2 TR, Yy ) TF UG HRO
AR YRIZ 10 %D ED, 1FEHKRIZIXIE
FRIE T TR0, Ifika s Fa— Vo[l
D o 7.

MODY3 @ 2 5l T %, # 5 ®i 2° 5 HbAlc 7%
6.2 %, 66 % & BIFCTH o772, frHEICA ¥ R

YRR L P ISIRInAE & A4 U 5 fE Rkt H -
7o RERIIC, 4 YA YEEIZE - TH HbAlc
DEALIZED Lh otz 4 v A Y HFREREOELIX
2 BUBE PR 9% 0 — 0.01 U/kg 126 L CHERI 1 TiE—0.1
U/kg (10 %), #EBI2 TIZ—004 U/kg (4 15) & W
L REDED bz, CPR KISOZEALIZE LT
1, 2 BBERR R T +7 %, MODY3 @ 2 4 6 T3k |2
+30 % TdhH o7z 72721, JEBI1 O CPR HMEIX 60
GWRELTVELD 2R, Y b F =7 ToOlERE
o T\WA, ZIVh I V4 E 2 B R %
T-9%, HEB1T-5%, EFI2T-14%THY,
CPR JUt & Heig LT 2 BB R 9% & MODY3 I B1F
53N E Do 72 HbAlc 1& 2 B RIE IS B W TH
ISR L72AS, 2D % d > 72 MODY3 @ 2 il &
WFRLVA VR U ERWE L Do 7B L EE S
NBHERETHLH. MAT, ¥ 27V 7F i3 HbAlc
EAEEGIA L DR TH D LHRENTED,
CORIIB T B BT HbAle 5383 % T
B o 72 2 BBERIE 12 B W TIE MODYS3 JERI & X
THADES L D FFCE 25600 Mb > Tz b
Zzbhb, B2, Yy TFXYUTFUoEGER
MODY3 Tl 2 BUFERIE CTOP- 2= TH - 728 % Z &
35&, MODY3ZBIFA Lk 5 7)) 7F D
CPR S &) 13 2 BRI & LR L TR W ER T
WAHREMEAH 5. Ll E2 S, MODY3 Tl SU 3o
AT, YIT)TF A LTH— o 2 B
PRI & Hi U CHANRZHEATCHEL T b EEZ D
iz, 20X H =Xk LTiE MODY3 Tlid CPR
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BERMRB TN A T WHIE LD L2 TH
0, ZIWh TR ERE %o T 5B 2 BURERSRE
DEFRE TR > Tz,

MODY3 ##& Tid B MifaN D ATP iEEDILT I
DA AY VHWMBKT L TWw3A, SUHIL
ATP Z A ETKF v A VEHHETHLIEICI DA
YA VrwE D259, MODY3 B SU SIS
f LB HEDSHBE LD s ens, £ 22 ¥
S REDERAE T A BE o0 MODYS3 J# 12 SU 381k
FERRIY 72805 & 72 o T\ 7228, RS, i Y
AR E ol — A4 v 7 LF VIR, B
MO cAMP %3N, ML Ca k% 5o
TA YR Y aEiET 5 (4 2 A VWi
BEMOMIE). L722%> T, MODY3 TIKTFLTWw5
BRI LT, 4 YA YW EEns 8
LI e ENG. 72, vy ) TFIRE
SN 5 DPP4 MES M GLP-1 B % LA 3¢,
GLP-1 & Kare F ¥ 3 VD ATP (255§ 5 &2 % B4
MEEDHL I ENS, TORKIZE - TH MODY3
WKBWTIETLTWA A VR V5 URe % BoR X
HZENMFEEI NG, X 51221 ST MBERAT
DOWIEREOBIGE TH B s, SUHKE L
TRIMAED ) 2 213K & 5. PLEA 5, DPP4 B
L L) RAeTHRMIC MODY3 ICHTX 51
VDL, AHICTHALEEZONS.

A v 7 VF 3% { OIBERFZE C RGP
iR, BAMEOIEHEE X V7 K~ — 2 A O] A
SHIEROBINCESELTWDA I EDN T vy P TR
NTW3Y, b MIBUZHEBEOREITFEH ST
W LA L, BNAE L7z 2 RUBE R B o s BE
T B % B PRI O JE P N L 72 12 & 5
L, AT VFUPEGEINTWZ84TIE, 1~
JLF G EINTWEPo 128 8 KL T
BB A XA RICHALTEBY, BHMRBAETIEW
HZEEROL o7z UbdS, DPP4 HERI
v MIBWTD BMITEZ B S 2T B BT
BHETE WY, 2 BIBERFFIZH 3 5 GLP-1 274K
TEENSE D512 L 0 B Hfa b RETREE Td % disposi-
tion index DYESR SN TE D™, MODYS JER T
EMEOTFHNTWS BMIKEREREOT, ML DR
VOMATEFIFICSELRROMETE L. MAT,
FEBI 1 TROZZ LI, BEEROAL ¥ A1) Vg
AX Y T TELUREMNED BED QOL O b E
BhRL VM EEZLND.

W MODY3 TH Y 2h 5, HEF1E21I2BWT
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A VA VEOWREIZENRO ONZBEE LT
1%, HNFIA ZRoZEREBFRIERT % B filating
BERE O, BUERED O HEE 3 5 Bl R AE R
MO BERENEZONL. FINE 2 6D
BN F 572720, SHLEBITORGENLET
Hb. S5, FVhH T oE A RIA(SML)
EEHWTBY, JEEREIZLWZ E2S, &
BOEALRIGHI X DAL T ICFHE T & Tz
WHEEZETLLEDND D,

#® =

£ A Vig#EETh o MODY3 B % 2 DPP4
EEBIMPEG- L7z, MODY3 Tl 2 U5 & L
L CHRYEA ¥ 2 Vb RIE e 25 & 0 &wlig
PR ENT, F2, My Fu— v EELT S
TERLA VR VEEHRETEZIEND,
MODY3 243 % DPP-4 BH5E 342 5 0 A H AR
BE .

RUFFENT T V7272 W72 B S ACE#H V2L F
R

R R & AT SIS 7 .
X ®
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