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[18]

1. GIPR(gastric inhibitory polypeptide receptor) mRNA <~<=; GIPR W12l o] 4=
T A £= GIPRE] 77 £ 4 A EAWol & gRlst= AAE 23
Stz Wit &l o ¢k A= 2 A Al (sulfonylurea) o] &4 o 58 24 &,

2.9 190 AofA, 7] BEAWH )= 1] M 2 (missense) EA W], & ol F &=
o1 ¥ o] (frameshift mutation), ' Al Z~(nonsense) &AW o] L= A Zglo] A~ H¢
(splice site) E=A W o] Q1 Gty ZHAof t] gl A EQ AA|(sulfonylurea) & EA4 <]
=g 24%.

3. 91 19 Qlol A, 7] A A= GIPR A Aol o] 4 o 7 Adtati= Zefo|n
T X2 Hl Ty 3ol ol gt A4 E 8 A Al (sulfonylurea) 2 <EA] o 58 24

—

e

4, H 1o 1ol A, 7] &1 W o] = 15550405192, rs13306403, 1513306402,
1s554179666, 151194979043, rs149510000, rs759654048, rs764005735, 15935395843,
1755629061, 15749728382, 15779198689, rs1271638992, 15775963892, 15778756249,
1s146268621, rs753645152, rs771165150, rs771830344, rs144328094, rs1159478274,
1rs1292381802, rs550405192, 15747395645, 151183524419 & 15757704281 % o] F
oA ol A A el s = 3k o] ke B ¢l Bl = W o] (single nucleotide
variation, SNV)Q! &35 3x}ol tf g+ Ad & @ A A|(sulfonylurea) & &4 o 58 =
qE

5. GIPR(gastric inhibitory polypeptide receptor) mRNA 5><=; GIPR T2 o] 425
L= 8AS 243 A Y, GIPRY o+ B A oA Hd ol & §-435 = A

Letoli Gty b o gt A E Q2 A A (sulfonylurea) & EA) 24 8 24

u rl
FH

=

LA

6. 9 59 A AA, 7] GIPRS] & W o] = 15550405192, 1513306403,
rs13306402, 1s554179666, rs1194979043, rs149510000, rs759654048, rs764005735,
1s935395843, 15755629061, rs749728382, rs779198689, rs1271638992, 15775963892,
18778756249, 15146268621, 15753645152, rs771165150, rs771830344, 15144328094,
rs1159478274, rs1292381802, 15550405192, rs747395645, rs1183524419 X
157577042812 o] Fo 7 FHol| A A x] = 3Fu) o] o] & FEE QL E| = o]
(single nucleotide variation, SNV)Q! &35 3+2}ol tff g+ A = Q 4 A (sulfonylurea)
o xAE 4=

7. MAZHEE W2l d A =84 Al Z ol A GIPR(gastric inhibitory polypeptide
receptor) mRNA =5; GIPR @2 o] =3 1= &4, £3= GIPRS] =¥ ol &
glet= @AE Eesh= Dt Sl A 9 @%ﬁﬁ:xﬂ o|EA d5S A
AW A v

8. 9 790 oA, 7] E AW o] = 1] 224l ~(missense) E AW o], B ol F &

o1 o] (frameshift mutation), ' 4l Z~(nonsense) & W o] L= ~Zglo] 2~ .9
(splice site) =AW o] Tty Aol A o] HFEQAA o EA o5& e AR
A& .
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[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

9. 91 70 hoIA, 71 A A= GIPR f- A A} ol] Eo] A 02 A3j}ali= 3Zefo]
E=xadel g Ao HEQ AR oEA] oS s AR Ay

10. 9 790 A A, 7] GIPRS] & 1 o] = 15550405192, 1513306403,
1513306402, 15554179666, rs1194979043, rs149510000, rs759654048, rs764005733,
15935395843, 15755629061, rs749728382, 15779198689, rs1271638992, 15775963892,
18778756249, rs146268621, 15753645152, rs771165150, 15771830344, rs144328094,
1s1159478274, rs1292381802, rs550405192, rs747395645, 51183524419 2
15757704281 % o] F-of %l Fho| Al A el E = sl o] o] v FE U QLB = WO
(single nucleotide variation, SNV)¢l =¥ 3hajoll A o] HFEQ 4L A oEA o F
S A3 AR A F U,

11. 9] 70 JAA, 7] =AW & 74 A7 A EQAA o EALES 7HE
= AR E AEshE 9ALE
o 2 gt HE AT

12. 91 79 hef A, 7
A AEQLA JEAES 7 H
= oA & U 2steE d e Ao Ao AEa s
WL

=

:

v
>
ol

- ¥k o] GIPR(gastric inhibitory polypeptide receptor)& WHA 2 AF-g-3fo], d &
$t A Zhet adrt Hold dt 1A o] BB o5, o] & 9
AR S A gt doll AR = ATk

SHel e A
S 18 Py o] HF aaA] OB A% Mol B BEety] AF Y WA =S

DM, diabetes mellitus; FPG, fasting plasma glucose; MAF, minor allele frequencys;
SNV, single nucleotide variant; SU, sulfonylurea; WES, whole exome sequencing

T2EAEQLA 8 S T HbAlc(F 3} 8| F S 2 H1) 1= FPG(fasting
plasma glucose)®] 5 555 &<l Aot

S B+ FFAAGE eI

% p < 0.001 between the 2 groups by 2-way repeated measures ANOVA

FPG, fasting plasma glucose; peak, highest measures within 6 months after SU
discontinuation; SU, sulfonylureas

%= 32 5iGipr A gl ol] & GIPR & 5= 2 GIP AF=¢f] &gk A=+ 1] A4
L5 gQlgk Aot
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[35]

[36]

[37]
[38]
[39]
[40]

[41]
[42]

[43]

[44]
[45]

[46]

[47]

[48]

INS1 F =g M 3El Gipr 2 negative control®l] o} $+ 80-nM siRNAE- <]
SFATE. (a) A2 RT-PCR: 18s 3 ko 2 B AR Giprel mRNA= siGiprol 2
& shaF 2 HAT (b) A2 B3 FEH TASoR BAE GIPR A
=5 siGiproll 93l AT} (c) ELISA: GIP A 2] (1A 7+ & QF 50 nM)°ll 2] &t <1
= ¥ X siGiproll o &l =315 A

siGipr, siRNA for Gipr; siNS, siRNA for negative control; siRNA, small interfering
mRNA; NS, no significant difference

% 4= GIPR & o] A 14 2] ==n} Al ¥ (insulinoma cell)ol| A S & 52
SU A} =9 u;}é ol ¢l F-H| Hﬂﬂé greol sl A o)t}

INS1 F 1 FE Al X siGipr 2 siNS (80nM)E = 3FaL #-8-% SUB0F-3H
50 nM F ¥ g =) 2 Qg S A=) 0%% ¥H|E ELISA 7| EZ
=480 () Al A A, () G A E Zete] 15-mM £ 5932 150-uM
Fn EARS 24412 F ot A A g g T (F A H =4,

S B+ FFAAGE eI

*, p<0.05 by Two-way ANOVA

%= 5% GIPR 23 o] A %] v} A 3E(insulinoma cell)oll A A 3 /$] 2]
ATP k& ﬂo] 3L 7 o]u}

INS1 A 390 siGipr 2 siNSE = 3FaL, 24X 3F 5o G XA 54 §-Fof uje}
A Gell= () R WA (b)o] ATP E2 54 At

*, p<0.05 by Two-way ANOVA

= 62 GIPR @ o] A A A ¢l =r} A 3 (insulinoma cell)ll A A
Vdacl mRNA %58 g1l Al o]t}

INS1 A 390 siGipr 2 siNSE F+ 8} a1, 244 7F E¢F A A2 A §-Fof ul}
Vdacl2] mRNAE 18s WAL o2 B At sk T)

*, p<0.05, by Kruskal-Wallis test

% 72 GIPR 7] 5 o] 9 AH <] w=r} A ¥(insulinoma cell)ol] A W& 55 2
SU 2=l W& Qg #l 1] ¥stE 22l Alolr},

INS1 # 1&E A3l GIPR €] A Al (rat GIP(3-30), 100 nM, 24 h)E = & $F

H
=

O

H, GIPel o] g dm 8|7 A A = =] Felslgloh A 8% SUB0R-ZF 50 nM
o g =)E lad B E A=) sl B8] & ELISA 7| EE 43
t}
g o] AAE 93 e

o} ¥ by -G A 3] A it} S8k A7) gl oF B WA Ao BE g
T 2 wgo] &5l T wok] B4 XA & 7 s A ) o sl el Wl &
o] o] AutA 9l on| o} FAJ}FaL TFefF B A A of] AbEH o]l o] e} F &35}
T A 5ol = B WA Aol ALRH on & uET
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[52]

[53]
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[55]

v & GIPR(gastric inhibitory polypeptide receptor) mRNA 5~<=; GIPR ©Ha &
g Y polypep p

BE= @A 1= GIPRO 7 = 84 oA AWl E FRIsh= Al A

= W Aol of ¢ A 2 A Al (sulfonylurea) o] &4 o 58 A&

o

lE}.

B
A

=

& oTOH of =3t tﬂ% s R F
gafof ahi= A& ofu] g},

g o) A 47| A E 8 A A (sulfonylurea) o] £ o 58 244 E-> 47| GIPR
mRNA =5, GIPR @} A o] =5 L= &4, 3= GIPRE] 75 L= 24 ¢
A EeAolE Amahz A olatol By Baprk 4] HERLA o £
2 7HA a0 QA ) 5% Qi A Bl AP e, A 4 0 2, GIPR(gastric
inhibitory polypeptide receptor) mRNA, T2 o F=Fo] gAY gk
o), B4 B 28 oA BelvolE b glo], el £
W o] 45 MELAAY JEY] B AT o 5T 5 Uk TRt o]
o A= AL okt

2ol 4 7] fAAS] Eelmol = el §17] Aol Rk, A

A Aolekd Ae glo] Houo] Wglo] ehe 5 ol o] F B, v 24l
Z~(missense) AW o], & o]& & ¥ o] (frameshift mutation), ' Al Z~(nonsense)
EAWo] Ei= Aol 2 H-Q(splice site) E AW ol 4= a1, vl 2 5| =
g o] FrRke] @) V] so] dEdE A= ol E sk A ¢
thrk ool | gk = Z1& of T

GIPR 7 2}, mRNA, @l 4L of = WACMVM MAde 2t Ad = vk 4
Soll e A7 AL ES 5 A 5o vk o & 5o, I B FH A=
Gene ID: 2696, nRNA= A EH & 19] H%ﬂ, T&H‘W e AT 29 AE S
71l 2= 9t}

v g ol 471 GIPR 1712l &AW ol= GIPR fr A Ae] o & = ahA] &
Al | A, 1 o] Azt = Aloleb Alg glo] 23 o, o E E
H 15550405192, 1513306403, 1513306402, rs554179666, rs1194979043, rs149510000,
1rs759654048, rs764005735, 1935395843, rs755629061, 15749728382, rs779198689,
rs1271638992, 15775963892, rs778756249, 15146268621, rs753645152, rs771165150,
rs771830344, rs144328094, rs1159478274, 1s1292381802, rs550405192,
15747395645, 151183524419 157577042812 o] o] 7 ol A 3o} o] 2] v

—Llo

> B

u
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H (Type 2 diabetes mellitus, T2DM) <~

FrEH Qe = ol & 7HX a1 9= A = Atk vhuk o] of] A|$HE = A2 of
U,
GIPR: SU 2| & 3A} o)l A &3 W o] 2 stop-gain variants
[3E1]
Fasiticn
r=lc Reference Alternate
(GRCh37/hg i
rsi3300403 tO0-AGEREIRG g B
5% 3356207 TR-ARF 77353 Z H
rsg5oangtay Te-£5i 85030 C A
re5o4% TORGE TR-ani T 2e3e < H
53 $9897A2ES P0-A51 73008 i H
I FREEEE t0_ARTTI0ND C H
re7aGeodoAl to 4G 73037 0 A
rsrE20Ga 733 Te-LGIT323R 4 H
re935305843 Te-451 74583 = A
ey oobs 06 PSR TERAS i A
rs7497 22582 tO-A5Y7AGPR = A
ref 21025249 B T rF A PR G A
527 538002 tO0-A53 775357 ¥ il
rsrraSe3802 P9-gRy T 229 E A
re7 72755249 04817 7YS08 C T
ATl et P PO-LRITEGIO C H
rar 23623332 POy TRGET C H
refriingiso Te-AGyTRLTT 4 Fi}
(577 183034L Te-AnR B2 TS { A
rgfiss 0L Po-Aftan2a%y C e
5330087 R2 74 TO-ARTRLS30 4 T
529238 807 10-A61 80624 C iz
reooss 0l HE- o o Z 4
reri7305545 oA tRIL0S = Fiy
5338330540 Te-sRIBIfEE Z H
re7o7 7 oa2i: TO_ALYEEA G 0 B
- ukrdo A 447] mRNA, T o] S, whude] 9 iz EolwolE gl
3= 41413 DNA, mRNA A2, thuld 42, vl 2h4) 5.2 ghelah 5= 9l
Aolehd 1 F R A glo] AR = Ik o) 5 Eelo]], E2H, g
A, B3z QFE| Al 2 8Ak9) = 9L, ofol] A §HE <] edizch 4y] Tefelv), TaH
iz obE Al 2 S AL ALgBle] Helvlo] Ao S U AE 7Hl Sl
NLg T2 1 EAE FAF 5 93, Y] GAE ALl 4] FA
Aol ol8) R E = v de] g S4e S5 9ok
g o A A7) W B2l o] Sl #A glol B g e H el &

e
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< &g 9| 4471 GIPR # A = GIPR 7R ALe] A eks 7 3)8hA] X
SHAl AW, 1 3ol AE= slolebd A gk glo] £3E o) o E &
A 15550405192, rs13306403, rs13306402, 15554179666, 151194979043, rs149510000,
15759654048, 15764005735, rs935395843, 13755629061, rs749728382, 15779198689,
151271638992, rs775963892, rs778756249, 15146268621, 15753645152, 15771165150,
15771830344, 15144328094, rs1159478274, 151292381802, 5550405192,
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o] B A& 24 AU, GIPRY 73 = 24 A AWl E #
= AeE o e AlolepH L&l Al glo] AFgE
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th ol & 5 A, Qe Al 2 B =, 3k sl 57 QAL o] el Al g

S E Y2 AR e E A
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[70]

[71]
[72]

[73]
[74]
[75]

[76]

[77]

o A Edo] oL A A 0 B i= 15550405192, 1513306403, 1513306402,
1$554179666, rs1194979043, rs149510000, rs759654048, rs764005735, 13935395843,
15755629061, 1s749728382, 15779198689, rs1271638992, 15775963892, 15778756249,
rs146268621, 15753645152, rs771165150, rs771830344, rs144328094, 151159478274,
1$1292381802, rs550405192, rs747395645, rs1183524419 2 15757704281 = 5}t o]
gol EARol S 7 QA A HAEQA4A EA L U= ARE AY

@ 4 . U olo] At Sle o

]Fﬂf AEQAATL ol & 9 AetA, d & &9
‘?J(Metforrmn), + H ¥l(Gliptin), ¥ 3%3] E}<=(Pioglitazone)
Q

- o o)
AL, = IS oo oA &

oje, ¥ W& Al e Agsty] fall A E Eof AAsHA ARt

AP 1. 54 o F7| 5 232 5

200918 20158704 A2 o =g 2l W el 9k, whe SRkl HEL
g2 = ks <2mg/HE & 4 &
o FAE o m F3F4 HEATE it

SU el &2 & Vo5 BF 5 2 Ao H A () W2 &52 su(=
g ¥ g = 7S < 2mg/day) H-88F= 7 4 &<t HbAlc <7.0%
ol A, Ad Aglo] gli=HbAlc < 7.5 %! o ) UHE A8 D X 5 A)
£ F7FeA Fol = A o Hof e, SU AAE T8 3, HbAlc7} 370
A o)l > 1.2% == 670E ol Woll > 1.5% 7 o+ (3) SU Al 58 2, (4) SU
A8 370 ol Hell HbAle 247 > 0.8% 1 A ¥4 1 74 7) > 40 mg/dL
A

i
-0,
ol T

HbAlc7} SU T 3ol 7.5% n|RFO & 2] %] 31 20191 o] & <& o] g 7} 4=
= w7k SUZF A 7H = A -2 2 $- UHHZHOEﬂTH 1T} SU H] 9] &4
ot 10 o4 Fxt 3k Foll A AelEglon 1, A4 E L g A

A= SU & sHabe} sl A o 2 A A Z . A7 s el(878 Aot
>1.4mg/dL 3= FA AFF-A] o] -8 [eGFR] <50mL/min/1.73m2), ¢734 0.2 f-2]
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SU-dependent Non-SU-dependent

=21} {n=19;
tale (%) &2 58 1.000
Age lyears) 66,1 = 59 BB3x 7.5 $.966
Duration of disbetes {years) B0 (5363 167+ 30 0.291
Body mass index (kg/m®) 247 x 30 255+ 46 0.524
T2DM in the 1*-degree family (%) 81 75 0705
Fasting. C-peptide (nmol/L) 099 = 057 (n=11) 054+ 044 (n=8) 0873
Dyslipidemiat 9%} Gi 95 1000
Hypertension {9%) L 29 1.060
ischernic heart diseases %) IE 11 {1381
lzchemic stroke (%) 19 11 381
Urine alburmin/creatinine ratlo img/g) 12 4~1273 23 {573 0154
eGFR nl/min/1.73 m9) 805 =187 822 & 180 3975
Retinopathy (%) 48 28 o144
S dose _
(mg/day as glimepiride-equivalent [2,3) 0502036 095 =105 o8
Anti-diabetic agents Metformin &6 a5 G607
before Gliptins 38 32 (.748
S discontinuation (95} Pioglitazone 19 3 1.000
Anti-diabetic agents Mettormin 90 100 1.000
during Gliptins &2 68 0.748
SU discontinuation (%) pigglitazone 29 21 0,721
Anti-diabetic agents Metformin 50
after Glipting 43 Not applicable
SU resumption (%) Pioglitazone 19

dlolEli= B + EEA B EARCHIE A,
eGFR-E A A4 o] 28 SUE A& Q2 44 T2DML 28 i o,
*, Student's t-test, Mann Whitney test, Fisher's exact test® A =

Ag o 2, A% £ Al A7 (whole-exome sequencing, WES)

kA, SU o &4 Ao §-H1 4 548 FA st A skSlt) 18- 7F =24
k7] wji-oll, effect size7} £ rare variantE 37| 9 5po], A Aol A ol Al
S Attt 2178 9] SU o & 3} 5, AP A S = A F oM E A=
17 7 9] 32 7E DNA 55 s A &S et e A4+ &
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[87]
[88]

[89]

[90]
[91]

’d 7] 4113} Good Clinical Practice 2] ¥ & of] upe} =8 = ¢l 51, 7] T4 4 5-2] 9
% 2] (insutitutional review board):= 3l & 1 G218 o} (#1407-103-596). )
& Al 7d S Macrogen(M <=, $F=r)oll A =8l H Qlv). 1hefatA|, d o M2
E| DNAE $%36}a1, SureSelect v4+UTR (Agilent Technologies, Santa Clara, CA,
USA)E Al-&3to] 9<% 71 %] © (exome capturing) 331 31, Hiseq2,000 sequencing
system (Illumina Inc., San Diego, CA, USA)< AF-835}¢] 100 vl A 2] X2 Al H A
SFATH Al 2 2] == BWAE AF-83Fo] UCSC genome assembly hg19 Tl o] E o]
defel &F3laL, ¥ ol A &2 SAMoll 7 ANNOVAR &XE 9o & AM&-ate] 29
2 o-gsk3l o

A3 FH Holo EE(XE1)

FrAZF 79k A& QlEl, W ER Al 7] 2 O EF A E d R o] 9l A
S 2 Harg 260 /N9l A RS AES T
Az ol A ofu] Ak M 2 MsA 7] = T | A (SNV)7F A
H A} 28 3w W -2 rare variant2] & 3Fo] - complex diseased ¥ o} 2HAm J
Hum Genet. 2001;69:124), b 7= 8k3i5%0] ¥ 9] 32 71 2tk A=
?13}o], uncommon variant (minor allele frequency < 5%, 1000 Genomes Phase 1)
A gtetle). A, o vhE fd R e] Woli= 1E ' Aol 7 & Ao ® el A
2 THGenome Med. 2017;9(1):117.) SU AF-8-9| 35 5ol A o} QI(EAS)o A HT=
AL FolA|o} FA}o] SU HE-g-o] £U}:= 718 A|A}SFH = (Diabetes Obes Metab.
2023 Jan;25(1):208), minor allele frequency 7} A Al 7| 33 o HI o] H] 3] F-o}A] o}
SHEAS) A =2 F o] 7} A ¥ ¢l Tl (Genome Aggregation Database(gnomAD,
v2.1.1).

o =, SU oA Sate) FE Wol & dEsty] A8, solAlof
¢l(gnomAD_EAS)¥} =21 T2DM 34} 5 E (SNUH X2 2 E http:// /
koex.snu.ac.kr) 7 W) &3} H| 1} o] 54HH](Odds Ratio)7} 2 ©]4}¢l ¥Wo)| & A
stk 2 A3, 7070 A Ae] 947] @ - E | @ EFo] = W o] (SNV)7F SU o &
A Td Wol A o] 1 A8 =TGR 3).

o

(@]

EX| gF&/olu| =4t M F oA A FH/SUL &8 A JFH SNV S H T
1{ABCC8:NM_000352:exon12:c.G1678A|5|KCNQI1:NM_000218:exon10:c.C134
:p-VS60M, 3G:p.P448R,

2|ACLY:NM_198830:exon18:¢c.C2093T: LBR:NM_002296:exon12:c.G1528A:
p-P69SL, ACLY:NM_001096:exon19:c. |2|p.AS10T,LBR:NM_194442:exonl2:c
C2123T:p.P708L, .G1528A:p.A510T,

3|AKAPS:NM_004857:exon2:c.G871A:p |5 |LRPS:NM_002335:exon2:c.C290T:p
.G291R, 3|.A97V,

[u—

N W
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APOAS:NM_052968:exond:c.G538C:p
.V180L,APOA5:NM_001166598:exon4
:c.G538C:p.VI180L,

PCT/KR2023/015061

LRP5:NM_002335:exon9:c.G1871A:

4|p.R624Q,

APOAS:NM_052968:exon4:c.G553T:p. |5
S|1T:p.A274V,

G185C,APOAS5:NM_001166598:exon4
:c.G553T:p.G185C,

MARCKS:NM_002356:exon2:¢c.C82

ARAP1:NM_001040118:exon18:¢c.G25
18A:p.ES840K,ARAPI:NM_015242:exo0
nl6:c.G1783A:p.ES95K,ARAP1:NM_0O
01135190:exon15:c.G1600A:p.E534K,

MC4R:NM_005912:exonl:c.G914A:
p-R305Q,

ARAPI1:NM_001040118:exon7:c.G883
A:p.G295R,ARAP1:NM_015242:exon5
:¢.G148A:p.G50R,ARAP1:NM_001135
190:exon5:c.G148A:p.GS50R,

SIMGEAS:NM_012215:exonl:c.G137
7|A:p.G46E,MGEAS5:NM_001142434:

exonl:c.G137A:p.G46E,

BLK:NM_001715:exon4:c.G252C:p.K
84N,

SIMICUL:NM_001195519:exon3:¢c.T21
8|5G:p.L72R, MICU1:NM_001195518:

exon8:c.T809G:p.L270R,

CACNA1TA:NM 001127222:exonl9:c.
C2759G:p.A920G,CACNATA:NM_001
127221:ex0n19:c.C2762G:p.A921G,

MYOSA:NM_000259:exon20:¢c.C249

9(1T:p.R831ICMYOSA:NM_00114249

S:exon20:c.C2491T:p.R831C,

CACNAID:NM_001128839:exon30:c.
C3854T:p.A1285V,CACNA1D:NM_00
1128840:exon30:c.C3854T:p.A1285V,
CACNAI1D:NM_000720:exon31:c.C39
14T:p.A1305V,

NNT:NM_182977:exonl4:c.C1987T:
p-L663F,NNT:NM_012343:exonl4:c
.C1987T:p.L663F,

CACNAI1E:NM_001205293:exon20:c.
C2731T:p.R911W,CACNAIE:NM_000
721:exon20:c.C2731T:p.RO11W,CACN
A1E:NM_001205294:exon19:c.C2674T
:p-R8I2W,

NNT:NM_182977:exon3:c.A188G:p.

1|K63R,NNT:NM_012343:exon3:c.Al

88G:p.K63R,

CACNAITH:NM_021098:exon10:¢c.C20
30T:p.S677L,CACNA1H:NM_0010054
07:exon10:c.C2030T:p.S677L,

NOS2:NM_000625:exon19:c.A2239

2|G:p.T747A,
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1|/CAPN10:NM_023083:exon4:c.C598A:

p-P200T,CAPN10:NM_023085:exon4:c
.C598A:p.P200T,

3

PCT/KR2023/015061

NROB2:NM_021969:exonl1:c.C100T
:)p-R34X,

CASR:NM_000388:exon4:c.G1192A:p.
D398N,CASR:NM_001178065:exon4:c
.G1192A:p.D398N,

4

OXCT1:NM_000436:exon2:c.C173T
:p. TS8M,

1|CASR:NM_000388:exon7:c.G2824A:p.

E942K,CASR:NM_001178065:exon7:c
.G2854A:p.E952K,

5

PAM:NM_138822:exon19:c.T2153C
:p.F718S,PAM:NM_001177306:exon
19:¢.T2153C:p.F718S,PAM:NM_000
919:exon19:¢.T2153C:p.F718S,PAM
:NM_138766:exon19:c.T2153C:p.F7

18S,PAM:NM_138821:exonl8:c.T18
32C:p.F6118S,

1|CCKAR:NM_000730:exon2:c.A305G:p |6 |PAX4:NM_006193:exonl:c.G92A:p.
6|.N102S, 6|R31Q,
1|CD38:NM_001775:exon3:c.C418T:p.R |6|PC:NM_001040716:exon15:c.A1702
71140W, 7|G:p. T568A,PC:NM_000920:exon14:

c.A1702G:p.TS68A,PC:NM_022172:

exonl3:c.A1702G:p. TS68A,
1|DIS3L2:NM_152383:exon13:c.G1448A|6|PCK2:NM_004563:exon9:c.C1379T:
8|:p-R483Q, p-P460L,

DIS3L2:NM_152383:exonl3:¢c.G1600A
:p-GS534R,

PDE4C:NM_001098818:exonl:c.C88
T:p.L30F,

O | O =

EIF2AK3:NM_004836:exon12:¢.G2014
A:p.E672K,

PDE8SB:NM_001029853:exon18:c.C2
084T:p. T695M,PDESB:NM_003719
:exonl19:c.C2144T:p. T715M,PDE&B:
NM_001029852:exon18:c.C1979T:p.
T660M,PDESB:NM_001029851:ex0
nl6:c.C1853T:p.T618M,PDESB:NM
_001029854:exon18:¢c.C2003T:p.T66
8M,

EPHAS5:NM_004439:exonl7:c.A2876G
:p-HISOR,EPHAS:NM_182472:exonl6:
c.A2810G:p.HI937R,

7

p—

PRKCE:NM_005400:exon9:¢.G1130
C:p.R377P,
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o0

AT FOXA2:NM_153675:exon3:¢.G
256A:p.A86T,

2|FAM3D:NM_138805:exon5:c.C178T:p |7|PSMD9:NM_002813:exonl:c.G31A:
2|.P60S, 2|p.G11S,
2|FASN:NM_004104:exon22:c.G3557T:p|7|RAPGEF3:NM_001098531:exon2:c.
3|.C1186F, 3|C79T:p.R27W,
2|FASN:NM_004104:exon24:c.C4127T:p |7|REST:NM_001193508:exon4:c.A224
41.A1376V, 411G:p.J747TM,REST:NM_005612:exon
4:c.A2241G:p.J747M,
2|FASN:NM_004104:exon34:c.G5809A: |7|RYR2:NM_001035:exon46:c.G7076
5|p-V1937I, 5|A:p.R2359Q,
2|FASN:NM_004104:exon42:c.C7301T:p |7|{RYR2:NM_001035:exon56:c.A8419
6|.T24341, 6|G:p.12807V,
2|FASN:NM_004104:exon42:c.G7192T:p|7|RYR3:NM_001243996:exon39:c.A6
7|.A2398S, 7(125C:p.N2042T,RYR3:NM_001036:
exon39:c.A6125C:p.N2042T,
2|FOXA2:NM_021784:exon2:c.G274A:p |7|SCNIA:NM_002977:exonl5:c.A235

9G:p.M787V,

GAL:NM_015973:exon6:c.C368T:p.S1
23F,

SIRT4:NM_012240:exon3:c.G703A:
p-G235R,

GHSR:NM_198407:exon2:c.G1070A:p
.R357Q,

SLC18A2:NM_003054:exon10:¢c.C&9
9G:p.S300C,

— W O W o o

GIPR:NM_000164:exonl1:c.G947T:p.
R316L,

— 00 | © o0 | o =

SLC24A6:NM_024959:exonl1:¢c.C10
72T:p.L358F,

GIPR:NM_000164:exon6:c.C406T:p.R
136W,

SLC2A2:NM_000340:exon3:c.G301
A:p. V1011,

W W N W

GIPR:NM_000164:exon9:c.C843A:p.Y
281X,

W o0 | N

THADA:NM_022065:exonl1:¢.G132
6T:p.E442D, THADA:NM_00108395
3:exonll:c.G1326T:p.E442D,

o8]

GLIS3:NM_152629:exon3:c.G951T:p.

4|E317D,GLIS3:NM_001042413:exond:c

.G1416T:p.E472D,

THADA:NM_022065:exonl11:¢c.T129

4|5A:p.V432D,THADA:NM_00108395

3:exonll:c.T1295A:p. V432D,

3|GLIS3:NM_152629:exon7:c.G1819A:p
5|.A607T,GLIS3:NM_001042413:exon8:

c.G2284A:p.A762T,

5

8| THADA:NM_022065:exon20:¢.C299

2G:p.R998G,THADA:NM_00108395
3:exon20:c.C2992G:p.R99GG,
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GLIS3:NM_152629:exon8:c.A2006G:p

6|.H669R,GLIS3:NM_001042413:exon9:

c.A2471G:p.H824R,

PCT/KR2023/015061

THADA:NM_022065:exon29:c.C415

6|0G:p.R1384G,THADA:NM_0010839

53:exon29:c.C4150G:p.R1384G,

3|GLPIR:NM_002062:exon2:c.G131A:p
7|.R44H,

8| THADA:NM_022065:exon32:¢c.C463
7(1G:p.S1544C,THADA:NM_0010839

53:exon32:c.C4631G:p.S1544C,

3|GPLD1:NM_001503:exon21:c.T2081C

8| THADA:NM_022065:ex0n9:¢.T776

.C149T:p.A50V,HNF4A:NM_178849:
exon2:c.C149T:p.ASOV.HNF4A:NM_0O
00457:exon2:c.C149T:p.ASOV,HNF4A
:NM_175914:exon2:c.C83T:p.A28V,H
NF4A:NM_001030004:exon2:c.C83T:p
A28V,

8|:p-M694T, 8|C:p.J259T, THADA:NM_001083953:
exon9:¢c.T776C:p.J1259T,

3/HLA-DRBS5:NM_002125:exon2:¢.C165 |8 | TRPM2:NM_003307:exonl1:c.A174

9|A:p.F55L, 9(18G:p.N583S,

4/ HNF4A:NM_001030003:exon2:¢c.C83T [9|TRPM2:NM_003307:exon26:c.C383

0[:p.A28V,HNF4A:NM_178850:exon2:c [0{0T:p.T1277M,

.C1517T:p.A506V,

4/HTT:NM_002111:exonl12:c.G1652A:p. |9|TRPM4:NM_017636:exon4:c.C290T
1|G551E, 1|:;p. T97M, TRPM4:NM_001195227:ex
on4:c.C290T:p. T97M,
4/INHBB:NM_002193:exonl:c.GI157A:p |9|TRPMS5:NM_014555:exon5:¢.G655C
2|.D53N, 2|:p.G219R,
4(IRS1:NM_005544:exonl:c.G2164A:p. [9|TRPV3:NM_145068:exonS5:c.G443A
3|G722S, 3|:p-R148Q,
4| KANKI1:NM_015158:exon3:c.C1991T: [9|WES1:NM_001145853:exon2:c.A41
4|p.A664V, KANKI:NM_153186:exon2:c [4|G:p.Q14R,WFS1:NM_006005:exon2

:c.A41G:p.Q14R,

4| KANK1:NM_015158:exon3:c.G1196A:

p-R399Q,KANKI1:NM_153186:exon2:c
.G722A:p.R241Q,

KANKI:NM 015158:exon3:c.G1915A:
p-V639L,KANKI1:NM_153186:exon2:c.
Gl441A:p. V4811,
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KCNB2:NM_004770:exon3:c.C2279A: |- |-
p-T760N,

KCNH6:NM_030779:exon6:¢.G1280A |- |-
:p-R427Q,

:p-D452N,

KCNJ15:NM_170736:exon3:c.A88C:p. |- |-
M30L,KCNJ15:NM_002243:exon4:c.A
88C:p.M30L,KCNJ15:NM_170737:exo
n3:c.A88C:p.M30L,

4
7
4
8
4| KCNH6:NM_030779:exon6:c.G1354A |- |-
9
5
0

[92]
[93] AA . Aed ER A XA Gipr F+AA LH A FSUA A wg AF
[94] 71 AR 70709 FA A 7he- ) GIPRAN A = 370 9] Wel 7t S E =
(1 31~33), ©] 5 33 GIPR:NM_000164:exon9:c.C843A ¥l 0] 3= stop codon

%) 5 &} = stop-gained variant 2 A1, 4627 2] o}v] =4k o 2 o] Fo] 2 GIPR
Elo] = 9] 281 A ¢ %] oll A *H 9 (translation) < 5 WA 71 THp.Y281X). ©] &
3t premature stop codon<> nonsense-mediated decay (NMD)&}+= 7] & -3l 3]
F FAAEe] mRNA AAFS A8k S0l & & A 9lvtk (J Biol Chem. 2022
Nov;298(11):102592). <5, 331 W o]= GIPR & & A5t o] 24 0|4 -& 7=
o}, U2 GIPR ¥ ©] 91 311 5 Polyphend} SIFTE AF-&-3 91 A )= 7]%5 o=
of A e} 7] ol @&kl JATFaL of Z ¥ ATHEE 4).

KeN
=

Off

[95]
[96] [34]
AR
GIFR 37 14 i330EA03 10-4REETIRE o I Ir;:,}%z {:_}’.é';S : deleterious®

32 153 3506402 F0-AGETT303 C I L8R3 822 tolershler

33 1522040502 39-A53 ORI C A 063 0.033 stop qained
[97] EAS, East Asian; MAF, minor allele frequency
[98] *n silico prediction by Polyphen and SIFT
[99]
[100] AT}7F, GIPR @2 Q1 A # ¥l & 2 - GIP (gastric inhibitory polypeptide) 21 &

G

- RS 7o 2 k= Fy AlA
DPP-4 A 2= SUSt A T 21-g-ato] A2 #8dhis Aol Barg vl GIPRE]
T A= HA e AR SU RS Aol GE&E v A = dnkaL /Rl

whebA, F AR SRS A S inviro B3-S T3 SU AEA T #AA S A
= otz st

& sk Axt
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[101]

[102]

[103]

[104]

[105]

[106]

[107]

Ab9] GIPRI &4 & A2 AL = 7HA AL Sd+= F(ran @] Gipr 72 2 &
A Aol H 2l&¢E Al X (insulinoma cell)oll A =8 ¥ AT} Gipre] mRNA 2
bl el & SIRNAE o] -85t 7987 A = 312 g<lsk 3l a1 (5 3a), ©]
= GIPll 9] gk Ql<&l ¥-H], = GIPRE] 7154 A& F3F 3 Th 3b).

ol 2, Gipr G A ool w}Z SU WA & Elel At} Gipr SA= Al A =
oM = SU Ab=3 F-ast Al 1E ™ vl o] e T4 el S5 4a), B
S A (FA A

sk Qe WH] & F7HA ZA TR 4b).
SU;cz Bt s = Qe WHl = Al E f ATPOl) o F 2 o] 7] wiitoll, Gipr &A1 7}
ATPo|| M 2] 3= Q32 F7hat et A2l 2 231 oM 3= Gipr G Aol &3 ATP §

woll M7} AR, B 204 = ke A2 RS S0, W

2, A Fo A Fe] ¥ = ATPE, G Z0AM Gipr 23 A & Q1&te] A&
A A HE 5b). 7] AAZFEH, Gipr 2 o] A HH, Gt el A=

ATP -2 7F S A Bl o A3 ) gheFo] 713t ar, o]3= SU B2 Z7A1Z A o

2 Ala

F7HA o2, Qlad Enl Al Eo A = At o EA Fol= A E 1(VDACH

H

o ste] M 3E W ATP o] 24 5 1= A o] H.a1% o] 1T (Cell Metab. 2019 Jan 8;
29(1): 64). 1-A| 4| Of’a At Aol A u] EZ = g]of o] hof] ¢ %] 5= VDACI
S, B AdEjol A W o] Frhetar Al O R o] ko] ATPE Al X 9] W
5 S38ta, Aoz e ¥u|E JA|sHA "t o], A JEdF
A 3 (insulinoma cell)*l| A Vdacl f-AA2] vtdl & F-24 6 A3} F ’“EH oﬂ A
Vdacl2] W&ol F71elSl a1, Gipr G A= 21 84d S7HE AT 6).
g, GIPR A A d o] o}yl GIPR @ 9] 7| 58 A5 o= ‘?Ml s &
7 o1 GIPR inhibitor(rat GIP(3-30), 100 nM, 24 h)E | &] 5= 45, G 27 9|
obyl el & E-akar SUoll o] gk ¥l WHu|7F Sk E = A o] FRIE TR T7)
AA & AeletH, GIPR e T 2 75 AA=(E 3, 5 7), Gt A e
A HE53= VDACL 23S A A 8% 6), ©]3= ThA] ATPY] A X 9] fd & %

)
oML 5b), Al 32 U] ATP §eo] Z-7FeHoh(% Sa). SU . 745= Al 3E9] ATPol| 9] &4
o] 7] w¥-oll, GIPR & 7+ 2o o3k ATPS] Z7}1= SUel| 9] 3 el el Bl 27}
of 71 FThaL A & = Urh(= 4, = 7).

S8k, 5 104 & 5= glel %‘*J*Jﬂ TR SRS 2N E $ R Ho 7t
FZHE(E3), ol & F GIPRS] 75 W 33 ¥lo]i= NMDE %3l AAME o
Ak 7Hs A o] Stk o] & 27 2 Al E50 A GIPR HAAY 758 <A §k 2
3, Suell gk Q1 # 1] ¥hg-o] 749 & A5kl vt whek A, NMDE & 3
GIPR A A 7 A o] 9l U2 SNV Suel tidh uhg-2 S 7k 2
T U2 A 07 o ZH (GIPR stop-gain variants: & * gnomAD v2.1.1. https://

gnomad.broadinstitute.org/) (3% 1)

3
¢

(o
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[ 1]

[7d - 2]

[ 3]

[7d - 4]

(%453 5)

[ 6]

[T 7]

Z o

AT
GIPR(gastric inhibitory polypeptide receptor) mRNA 5*<=; GIPR T 2 2]
T = 24 B GIPRE 55 = 24 A Aol & gdlskE

AAE E3tete= det SHatol] tf gk A & Q A A (sulfonylurea) 9] &4 <l

= X9
zg 24E.
AE8) 10 Qo A, 7] B ol = 1] 224 2~ (missense) A Ho], &
ol = =

o1 o] (frameshift mutation), %14l 2~(nonsense) & 1 ¥ o] L=
E ool & -9 (splice site) AW 0] 91 Fintg Fhxtol] th g HEQAA
(sulfonylurea) 2| =4 o 58 24 &

A8 10 QA A, 2371 A A= GIPR -7 Abell Hold o2 Adsl= =
dholm] iz T2 HQl iy hatol] o & 4 E 2 4 Al (sulfonylurea) 2] &
A58 2A4E.

AEk 10 oA, 7] B W o] 1= 15550405192, rs13306403,
1513306402, 15554179666, rs1194979043, rs149510000, rs759654048,
15764005735, 1s935395843, 15755629061, 5749728382, 15779198689,
151271638992, 1775963892, 15778756249, rs146268621, 1753645152,
15771165150, rs771830344, 13144328094, rs1159478274, 151292381802,
15550405192, 15747395645, rs1183524419 X rs757704281 & o] Fo 7l
oA Al ¥ = St o] Aol vl el B = W o] (single nucleotide
variation, SNV)Ql 33t $kxbol] o 3t A & 2 4~ A (sulfonylurea) 2| =4 <]
Z&24E.

GIPR(gastric inhibitory polypeptide receptor) mRNA 5*<=; GIPR T 2 2]
T EE A4S 2487, GIPRE] EA ROl E {031 = AA & 23
3l Dt 3xlol) thek A F Q & A (sulfonylurea) 2] &4 248 ZAE
A8k 50 Aoy, 7] GIPRE] & W o] 1= 15550405192, rs13306403,
1513306402, 15554179666, rs1194979043, rs149510000, rs759654048,
15764005735, 1s935395843, 15755629061, 5749728382, 15779198689,
151271638992, 1775963892, 15778756249, rs146268621, 1753645152,
15771165150, rs771830344, 13144328094, rs1159478274, 151292381802,
15550405192, 15747395645, rs1183524419 X rs757704281 & o] Fo 7l
o A A e ¥ = st} o] o] T & # LE &= W o|(single nucleotide
variation, SNV)¢Q! &3 #z}ol off 3+ A& Q 4 A (sulfonylurea) o] &4 &

Ag A=

WA ZHY Fe " A E8H4] A =5 A GIPR(gastric inhibitory polypeptide
receptor) mRNA “7<; GIPR T2 of =& = 24, = GIPRY| =<1
Hol 5 Zelslh= WA S E9sh= it shatoll A o] HEQ 4A o &4

=S A AR AT EY.
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T4 8] gk 70 QoA 7] B o] = 1] 224 2~ (missense) & W o], & 9]
5 & 1 ¥ o] (frameshift mutation), ¥ Al Z~(nonsense) &AW O] L= 2%
o] 2= -9 (splice site) =AW o] ¢ T hafoll A o] HEQ 4A] o EA]
d=& Y3 AR A U,

Q_—rL

Q_—rL

Q_—rL

Q_—rL

&

&

&

&

9]

10]

11]

12]

i
Ot
i

= GIPR #27}0] So] 4o
folv) i Tl B %%?]HA@%&&HQL*d

T«
o |
2y

ek 790 1ol A, AH7] GIPRS] & 91 o] = 15550405192, rs13306403,
1s13306402, 1554179666, rs1194979043, rs149510000, rs759654048,
1s764005735, 15935395843, 15755629061, rs749728382, rs779198689,
1s1271638992, rs775963892, rs778756249, rs146268621, rs753645152,
1s771165150, rs771830344, 15144328094, 151159478274, rs1292381802,
15550405192, rs747395645, rs1183524419 X 15757704281 % o] Fo] 7l +

o A A Bl ¥ = sl o] 4o v & 2 @ E] = W o|(single nucleotide
variation, SNV)Q! @ ¥ Aol A o] HEQ A A &4 o 52 %A
H A F H H]—m

AT 70 JofA, 7] Bl E 74l 7Hf<ﬂ7P*é% A o EA S

MR EARE AEste @S 0 ¥ 3t d e XPOﬂ e AE

[4A o EA d5S S AR AT W

%:rLffL 70 C”OW, A7) i B B o]l R o i Aol 1
& W2 A HEQAA AEAAE 7 s A o] tlzd vl & woheE
AHE A T8t A, & U et G FAoA o dEQ LA
EA oSS % 4R AT E.
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[5=1]

During 200972013, patients on low-dose U with:
HbAlc < 7.5% with hypoglycemia, or HbAle < 7.0%

- Discontinuation nf SU .
/ - . RS \\%
—

Maintenance of HbAlc: increase of HbAle:
< 7.5% until 2014 > 1.2% in 3 months or = 1L5% in 6 months
Resumption of 17
SU-independent patients: Reduction of HbAlc 2 0.8%,
# DM duration longerthan 10y orthatof FPG 2 48 mg/dl in 3 months
Matching Exclusion:
with Sii-dependent patients: impaired renal function, hepaticdiseases,
Age, sex, and and medications which would affect
anti-diabetic medications glycemic control
Sti-independent control (n=18]) SU-dependent patients {n=21)

DNA extraction

WES {n=17} {{{lumina Hiseq 2000}

Functioning variants in target genes
+ 260 genes related with insulin secretion, congenitat
hyperinsulinism, and pancreas development
+  Non-synonymous, stop gain or loss, frameshift,
unknown SNVs, and indels

y
Uncommon and ethnicity-specific variants

+  Minor allele frequency {MAF) < 5%
\ * MAF_Fast Asians> MAF_global /

Variants segregating {
with the S5U.dependent patients
= Oddsratio> 2 vs. Korean DM cohort
*  Oddsratio= 2 vs. EastAsians

94 candidate variants
in 70 genes

[5=2]
HbA1lc FPG
300 ’
104 e i @ SU-dependent (n=21)
250 £ non-SU-dependent (n=18)
9_
- 200+
2 8 e
s g 150
7 1004
6 50+
5 ¥ L] L] 3 ¥ H L]
0 peak 30 weeks 0 peak 30 weeks
SU use = — SU use =% —
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[5=3a]
Gipr mRNA GIPR protein
1.5 * Z 1.5+ * )

© P = | 3 siNS
a o siGipr
‘3 104 —L % 104 =

2 05 = 0.5-

5 2

Q [

o o

0.0 X g0
GIPR
TUBULIN
[5=3b]
GIP-induced insulin secretion

£
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GIP (50 nM)
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(a) Physiologic condition
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(b) Diabetic condition

g 1201 NS : £ 1201
£ et vl £
% 901 L3 siNS 8 90 3 siNS
B siGipr 'QS, siGipr
5 601 3 60
Q. Q.
o o
2 30 2 30
=5 o
o o
0 0
- + + SU (50 nM) - - + +  8U {50 nM)
[5=5]
(a) Cellular ATP contents {b} ATP release
Physiologic condition  Diabetic condition Physialogic condition Diabetic condition
2.0 1.5~
_N_S__ * NS ok =3 siNS
£ = siGipr
@ 1.5 v
g 10 T
o o
1 }
g £ L
'CE'x T B 0.5
£ 0.51 - g
0.0 0.0
[5=6]
Vdac1 mRNA
*
2.0~ *
i |}
1
E I
. 1.5
O
P
]
= T
T 1.0-
&
=
e
B 0.5-
o
o
0.0
- + + Glucolipotoxicity

(diabetic condition)
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[57]
Insulin secretion with/without GIPR inhibitor
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2 100
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