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Abstract

Monogenic diabetes is a distinct subtype of diabetes caused by mutations in a single gene, with path-
ogenic mechanisms that differ significantly from those of classical type 1 and type 2 diabetes. With
the advancement of high-throughput sequencing technologies, an increasing number of causative
genes associated with monogenic diabetes have been identified, gradually shifting the diagnostic
paradigm from a clinical phenotype-driven approach to a molecular genetics-based one. Moreover,
different genetic variants not only influence disease onset but also, to a certain extent, determine
patients’ clinical phenotypic characteristics, the rate of disease progression, and differential re-
sponses to pharmacological therapy. In recent years, in-depth investigations into genotype-pheno-
type correlations have progressively clarified the disease spectrum of monogenic diabetes and have
provided a crucial theoretical foundation for the development of precision diagnostic and thera-
peutic strategies. This review systematically summarizes the genetic basis of monogenic diabetes,
major causative genes, genotype-phenotype correlation features, molecular diagnostic techniques,
and precision treatment approaches, and also offers perspectives on future research directions,
aiming to serve as a reference for clinical practice and basic research.
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1. 5|8

B PR 75 (Diabetes Mellitus) 3= ZELHE 1 ZUBE R (Type 1 Diabetes Mellitus, TIDM). 2 B R J%(Type 2
Diabetes Mellitus, T2DM) 44 4% PR o3 S HAdRR IR S BB R i « For, B AR PR J (monogenic diabetes)
J& TR BRE R 1 — 28, FOR o — B RAZ P 88, ml 51 SR & B 40 M D e 2 4 sl ik & 7 -
HAlCSEE 40 RANHRBURER, B0 55 %7K i 848 FR i (Maturity-Onset Diabetes of the Young,
MODY) 2 #74E )L JR 9% (Neonatal Diabetes Mellitus, NDM)ZE 1 #4[ 1] [2].

LI DRI R 95 T I PR AR AN o A0 PR 3 R 3 2 1%~5%, (LG R R IR & 5 1 Bok 2 M RIS A
L, 55 RAERZEE IR  TFE K E A7 (Next Generation Sequencing, NGS). 4= 4h & 1l 5> (Whole
Exome Sequencing, WES) & 4= K 2H ] 5> (Whole Genome Sequencing, WGS)Z5H A (s & gk, X T
FAELDRIRE PR B T L HE NS HELS 2B B . H AT F B 28 G AT A [ 1 425 DR A S PR B0 LA A L PR
B TR B IS W 5 AMEIR TT B EEAME.

2. BRERERFEIELFREM

LK DR PRI AH DG HE (R 2 B0 I R R A R & A TR B PR o AR S R e AR

U JER B 3R G S A AR [3]. K24 MODY A% 77 30 Ge ik VRt , 3000 307 A ) LW PR W) 36 B0

Y AR B E L BUHUR MR R SRR . AHOCIERI T KRB AR LIS B AT AH G 2E A B3 4 HNF1A.
HNF4A. HNFIB. PDX1. KLF11. NEURODI %; % diRamMeFER, HACERER N GCK; &
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JHIEAHOCIEE, LG KCNI11 F1 ABCCS %55 R R A AU FHSCHE R, Wl INS. PCSKI1 JE[A; fiffiR
KREMEIE, 3 GATA4. GATA6. PTF1A. PDX1 & RFX6 25 N5 P 7 801 8 (5 97 B A0 e 3 A
(WFS1, EIF2AK3, IER3IP1); ZeRifAkD)EAHCH ], 55 mtDNA 3243A > G RAZ K POLG [4]-[8].

3. TEHHREER DTG SEED - RECRKARETER
3.1. GCK £H

1) GCK-MODY (MODY2)#2 H.Jk [FI§E /R i WL MODY WA 2 — . GCK J i i 2 B B (g lu-
cokinase), & BEER(GCK) /&R 5 p 4UMOURIF AR it « bR 2 HEAL R AR o- BRI &
B, AR AR B — 20 OB, A A B AR G5 1 R W I R IR . M GCK B R R A Th Rk 5
Y (Loss-of-function) RAZ, 7] T3 GCK B £~ [ 5555 1 2 0% (IS5 A0 J1BRAR, IR B 24H 0 6 267 47 (1) B
JENEVA 58 ST (Setpoint) Fh Ry, AMMABME T &, HIUNE T IR R R, B B 4UMA S AN I R B 5 3 il
[9][10]s GCK-MODY 4% o FFIE & X T8 A HE A “ e s ” B8, GCK Jmht ¥ 2 e 2 p 4l
FI BRI

2) FRAFH| I A AR RSN ) R, A5 i 52 A (Set-point) B A LA (G 2 I I 5 vk £ A
2 5.5~8.0mmol/L). I PR b KHE 7 Bl W Ry BARERE M2 s b . HbAle BET (%
H<8%). TRt RGNS | TR A KRS A HA MR 11] [12] SR FE i BRI« BHR 5 iR L2
PRIZYPCHC " XA TT HA TR S5 LA BEE GCK ARG )L ASE A% (i i T8 617 Ji B LA NIPT £2A),
0 ) LTE B RESR = S R T 20l R R R BB XL, RERW A2 RS =67 k2, #RIL
FIREAE T AR, WTERE T T0[13] [14]. T Homa B AR S5 o8 20 08 B BB 5, i ARREAT M B 40 M 3 v,
R 2 58 R AT, o id FERYT e HAZ O IR E

3.2. HNF1A EHF

1) HNF1A-MODY (MODY3)& BRI A B i i WL#) MODY WALz —. HNF1A 4afilh /-4 i i% 5+
(1aHepatocyte Nuclear Factor-1a, HNF-1a), &S g I REM E BT, S 5HARAT, HE
By 3B O AR IS A SRR R By 42 15] [16]. fEB AR, HNF1A WSS 515 i /N H = s
HINEI IS A (SGLT2), A A M R [17]. AR A G RE AT, 5 g AT
1B, HEMEN, REESWA L8]

2) HNF1A-MODY ‘& # ¥ 2 1)Ff m R AT PEIR S g A Thae a8, HAZ O AL AT B MR % 5 1 45 )
SR, BRI S 3 A WA R R A AT [ 19] 123 IR ) 848 ] R 2 3 1 — i i 4 W 338 4 1 SR A 1)
HEAT VR LS, R INE 2 2 PRI 3 /N SGLT2 (B - A& B SL 512 IR (1 Q)M RIA[17]. B SR IR IR
FRAEAAs . EFEN IR BT VERO S s . W A SR SR bk DL B IR 2K 24 W v FE AU 200 3K
HoR$erR, SRR Z [MAEEE & S L R RN, 3k A2 BT iR R 25457 25 IR 57 5 1% (allelic heter-
ogeneity). HNF1A-MODY 35 38 # X IR 25V (Wt 515545 . MBI 2E 0 BA B Ui, R FI= 24
BV AT Ik 21 [ 47 P AR

3.3. HNF4A EH

1) HNF4A-MODY (MODY 1)/& % A% Wi MODY T —. HNF4A B 9010 FF40 ju i K T 4a
(Hepatocyte Nuclear Factor-4a, HNF-4a), FELEFNE. RS g4l "Bk, I RiA. B E A
I, HNF4A f7 T HNF1A () b, v BRI, A RAS AT Re 8 T i B 2k R 45 i i 3 40
WATRIAH O 25 [N D) RE B SR e o [R]INF HNF4A BRE 2 5 IR BT S R B A me, HoRs 2 R m &
1k, RAERAZF R FECEE B> WA M AR R I 18].
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2) A AR R R R U S BRI E R ZE S REAERRIL, WRAEMKRRAE R R 5]k
RS, o 50%RAR LI AR E B m TR 2L, A AR S TR AR R S KT
JESF, A LR S R A E . RREEI R R AR LR, O T A K S = s i e B
(Diazoxide)FATFH[21] [22]. BEAGEFRE A, T I B o ilh 20150 p Al 5od), B REN
PRI o

ALY, EIR HNFAA-MODY 53 A 5 & HA ™™ 50 R 5 22 70 MR g, 20 IR 2R 25 W A
JERRURR, AR R AT SR AR R A R P AR

3.4. HNF1B £H

1) HNFIB-MODY (MODY5)2Z 588 B K & Mk 1, maERaiiR o ifisnr, 53 %
MR B AN IHAE R HNF1A 1 HNF4A A% MODY AsA, HNFIB-MODY &ML Z RGi 450 7
HONFRIE 1R B g [2].

HNF1B #0748 5 32 ZLALFE B k% 17 R A8 S5 L 6 % D14 4R 55 (Copy Number Variation, CNV), ) RESRE
A S SR T 45 3R L, S BRI B R AT AR AE R L UL R R R R S E R B E L MR E LR,
A PR T HEAR M 75 (23] HNFIB 805 2848 0] Geid IR A B A R A g aifu g, 51k s &Ry
WG . HIRE 5 H R B RS (PAX2/RET)KEL, B FEM . 5 Ihfe 55 55 5 M 2 i o8 1 R I
I PR - R 00 5 8100 JR A 5 R B e 1 AN P T Th B 55 [23] [24]

2) HNFIB-MODY J& T $t 84 f¥1 % & B fig AL s FEDRUBE JRo B IO SUm ML) 32 B2 PRIGAR A BT R & it
TR A G, AN Bl 5 D) BE BRI 25]. HNF1B-MODY J& T 8L B [y 5 7 P fi 284 B Ik (R
PRI, B RS0 WL 1] 3 2B B AR A I R A I R R AR R S AT O, T AN Bl ) i % T e B R 26
Hogt AL 22 R AE DA D1 5048 5% (Copy Number Variation, CNV)Y AT, FrbARKR RIS S E KSR, Hil
RPIGARRBESE: PR E N R E BRI RSWAR .. FEMEIDRERE . WREEAZERE
FHE. RERESES. BEANTRE-MNZRAREEG, —BFEERLRYEFFORERE. BEER
—AFERH, AFEEARAE AT R R I SR G KRR, X IR T 8 N 3 S AS U DR TR 1) 3
kR R F e E E R

3.5.KCNJ11 5 ABCCS £H

1) ATP #UE 4 J8 i (ATP-sensitive potassium channel, KATP) HH P AN EFE2H . PN [m) 3 i 0 I 1
Kir6.2 (1 KCNJ11 4afd) 5 IR 2552k SUR1 (1 ABCCS8 4wfd), LA 4:4 PLB 2200 i fik & B 4 it fis
ERREEFIEEE A, RS RS R R G IREER27] (28]

ABRET, MU m4E N ATP/ADP LUE, 1 KATP IEE M, 51Kk p B2 tiit, b
Ji B AR AT R TR, R BRI/ 4 KCNJ11 B ABCC8 KA TNREAL i, KATP 3@ i)
ATP BUBME FRRBR 224 TP BOIRAS , 18 % B AU B RR 2Bk, AT BRI FELAS 5 AR ad 7, AT
191 5 R oy WA P RS 91 51 &A= ) LK R 9% (Neonatal Diabetes Mellitus, NDM) [8]. 53 & H. A5 W A 1) 24 # a]
Wk, RIREIRS 25 ATiE I B LE A SURI W56 ] KATP JBiE, Migeid ATP iR EE, KE B 41
EME RS = ThRg, WA 1.

2) 2 KCNJ11 8% ABCCS &Kk A Th g $RA5 1 SR AR ] S 2 ATP S0 F 8 18 R s P i, X 75
B AR AL T B AIRES , AT 3 250560 260 B 50D 8 5 2R 2 i e 4TI [29] 0 LI PR ) BRI B4 AR
Ja 6 NHWKW, AIfEA DEND 254 iE(Developmental delay, Epilepsy, Neonatal Diabetes), H 4B+ 1
KELRHRZE. W RE, XETHRMEARE . XM RIER KATP EENMUS 5K hae i,
W5 WA R T YA 9% [29].
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K, JEEHEHE ER RS R EE
K.l KA
° S TIETHE I 1 Kir6.2 SURI S jf?li””é‘??“
40T ATP/ADPtMm IR B L ATPHUSHE T %
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ey , | A
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() pmn: ek N Ty =) ﬁzaaﬁw okt 1L
!
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Figure 1. Schematic illustration of the pathogenic mechanism underlying KATP channel-associated neonatal diabetes

B 1. KATP BiE R X#H % ) AR RS R E

3.6. INS EH

1) INS AH K LI DA B PR3 It HL e AR 512 10 4 8 R s 714 B BE [X) 4 PR /5 (Mutant INS-gene induced Dia-
betes of Youth, MIDY), IR E 2 A B vi VEREAIK, 1 /2 25 F1 5 A4 509 (Protein Conformational Disease)
Sl AId s . INS 55 H7E P 5 P (Endoplasmic Reticulum, ER)H KA 45 7T & R E, SECRIT
S RITEE ARSI R, IMEEE W5 RI(ER stress) & A3 & 8 H [ . (Unfolded Protein Response,
UPR) [30]. = ZEid A Joi 9 SEISORT R 47 B B2 F SORZ(ER Stress) 5 (UPR)IUE, BT RAR SR IHFEE ™4,
IR S TCVE KR, AT E R IEIE I8 T 4% 5% [ -7 CHOP (DNA damage-inducible transcript 3, DDIT3) %
15, CHOP NF$HLIHT-HEH W Bel-2), FM{EMT-E A (W Bim. Bax. Bak), ¥ Caspase KB,
RS B I TE[31].

2) INS JEHRAS K AME NDM, 8l & A& 5% 175 S N NS g4I T, & PNDM
BUBAE IR N [2] [26]. IRRIE T R: 5 6 SHAKRME, RS, %K% DKA, fFE 5 WEE{UEQ)E
HHT INS JE R RAS A ST A2 R 5 p AR T, D] b 2 2 0 250 A/ i 5 2 okl I W, 35 1 R P
BELG TR

HAE JLBE PRI AL FEBERS B (TNDM) A1 K A ZY(PNDM), Hst AL 3L al HA H B2 . 25 7 liEAa
KHUH], H KATP BIEBAETE K. B ERERRE T HT INS HERRLER. ERE4E 6q24 XK,
PLAGLI1 Fl HYMALI ffEic 2 (R B o 2 1 e B s PR 1 R 5 p 4R BB Th RERRAS, 1X /& TNDM fi i WListfE
JE 2 —[32] [33]

3.7. RFX6

1) RFX6 (Regulatory Factor X6)/2 /RN I RGIK B S B AMHE R ke 0% R+, J&T RFX
SRR F %, 1% PDX1. NKX6-1 Fl MAFA 58 5% K7 [34]. WIS RFX6 Hlle, A4 tH 4 ikt
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TCENR) 534 A B abf, DRI B o e e 2 7 B ik b o e TR ek A FH A DG 25 BRI (4 SNAP25
ABCCR), MR & 2 A s, B0 BURAF I 5 B 20 M 52 581 267 0 U 5 35058 8 22 70 WA Dy g ™™ B 52 4%
[35]o WAk, REX6 WIENI7IE N WAL 405 ik, HEEa{Ef3 GLP-1 (B M 2 AL IK-1)F1
GIP 55 17 {2 J5R & 2% 73 Wh ¥ 3 PR AIK 35 ]

2) ARSI, RFX6 7] 5 PDX1. NEUROG3. NKX2-2 &[5l & 5 A0 55 5% R 7 [7) 4 i J
By o3 WA IR A AR AR IR 2%, FE4ERRIR S B DhReAR My T K BRI [36]. Rk, RFX6 FrEuhl iR
FLs B At 2 B ek > AN R ERAG,  FAZ IR TT R MR PRI B 23K, o GLP-1 243 71(GLP-1
RAs, WIFHIE K. 7] 34 & KB DPP-4 HIHI| 70670 REX6 Sk 51 IRHUR B0 FR v H A B i A4k
FNVEITBOR, RE o aME LG IE S D) REBR I . 32 BEEEDR KA G 7 AL BT LA 2.

1. Glucose sensing defects Monogenic Diabetes (MODY) Mechanistic Network 3.K,,, channel defects
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Figure 2. Network of pathogenic mechanisms underlying monogenic diabetes (MODY)

E 2. BEREPERBMODY)HLEIMLE

R H BIEZP RN« IED - R WA [ R A BeAR2] [32], AR A
FeAg, F THRERMERSHE S WA MAIRTT, R B RGBT,
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4. BEEBERRN S FISHER
4.1. Sanger JIFF

Sanger MFAENE —ARBPIEEF M TEA, ERIAZ 0 Ji7 BEE XRS5 2% 1E3%:(Dideoxy Chain Termina-
tion), Sanger W /7 [FI7H i 0 =118 99.99% (Q40 43H), XK EMEE I EL K AWML, AR
KA A RIFEENE, [ A PUET PCR ¥ 51 B AR i BOAT S, ARG = KRG R ZE -
H AT 2 B AE QAN E0R AL R (I 5E . SRR 2 W R R ARG AT, BT ARSIy 2 DR e i 43
(1) “EhrdE” o SR T IX MR B v BRI 97720, Sanger I A7 A2 — L83 77 0d S HAK . RBUE
B A BRI B 43 B 22 1 ik R 4 DA R KRS s A A v 46 il it o

4.2. i@ EEA Panel N F

1 7] 3£ [X] Panel #ll 7 (Targeted Gene Panel Sequencing) 2 J& T —# —AXill 7 (Next-Generation Sequencing,
NGS), ‘B ] LAJR] I i 38000 A 00 1) 2 AN R, 22 I PR b B3 o0 Bom 2 R = 20 &, e S
22 SRS DN B R B PRI AE 12 T 1 B B A 3R 7 V[ 19] 0 R Panel W PRSI AR B, HE REHT
H AT A B H R Bom 2 B 1 E a5 8 . H A E A AN R, T AT (NGS) A& S0 2
B AR HCT AN L DA [F] I, AT DA D e ALL B0 6 DRURE PR R85 1) Bk 1 97 A D7 K [37], #F X Panel B
PERVE N 2 W ), T DA 25 R4 8 BE R RAR AT 3, Sanger I 7k — DRI, $2 sk I () v
TR

4.3. £NBTFIF

44Tl ¥ (Whole Exome Sequencing, WES) & — 178 ot 4= &% (A 4 X 1 ml & P HoR, ] BA
[l TN e 3PS AR S i S A e A o B i VS = N = e a4 AT L il B T T O R - 35 P e 7
PR 1 P 2 FE P S P DR P L2 A ] 2[R Panel 2k DRI ARG B 14 F0 12 W IR S P 55 %, WESS wl ik —2b &
TR R TR T 2 — 2 B B2 BT [38]

4.4. VUS T B RES BRI

H i E BroR H ACMG f5 1748 7 7028, Ui (Pathogenic), W] AEEUIH (Likely pathogenic), = XA HH
(VUS), mlfig R (Likely benign), K14 (Benign). HAIBEHE NGS J iZNH, KEHHBEET R R,
HAPAH 24 —#B4> & Variant of Uncertain Significance (VUS), Rl & X ARHA ., VUS ANFE BN N2 EL
RECERNET B FIH gnomAD ¥, w] DLW AR S A2 00 N T o 0T Tt 2 B R el 38 ot 2
FI DI RESENA 2 JU O H B, G SR RS 45 5 A8 e (B IS A 22 AW PR 5% J 0485 7 1T A B 1) K B A AN AT, X
XFEZA R EAEUORERM . IR, SAHB LA GIRRERI ., BEFIENE . SRR A 4R
G AT I

5. ST AT R g
5.1. EEIESHWIERE

AN RIS (1 BRI DR PR ER T BOR L AR, oL I AR I L SR T SN AR — e 22 57
PRI, BEXIANRIZER 3, SR SEAR R R 5 . AN RIEOREER SRR B 40 D) RERR G S T 2 R
BB R ZIIR R SI[38] [39], T Es A BARBUREE KRR UL B A SR g N DRENS oL, AT REAT A
AR, WA 1.
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Table 1. Major pathogenic gene categories, underlying mechanisms, and matched precision therapies in monogenic diabetes

1. PEEVEKRER EZBUREE 2R RE L mALEIFIX N BRI T R

S L ST R e v K eV 20
GRS, 25 o oy FREHTTEEWOT: B eppesom
Wilh p A e BERVEMERIN Do e g gy o IR AT
GCK PAMRTETRRE e gk R R IR 3 LR Gt T, DS
N N Ry s RSl e
W R T 7 e GCK JEF A7 fp sy 0
WS F Lo FDESEERINR e o0 pmgssmmnr a3 4T BA 25
S B ANNOHISCIE B s WS A o W
HNFLA e rTiik, % HUb# b MREL STk
o SRR AR T MBRRSIE s nmastyi (RS B 7 2
BT 40 TRINE I W o BT AR
HNFAA 55 g ANRBA RS L e % i gfﬁ;gwa@’mﬁﬁﬁzﬁﬁﬂﬁ%%ﬁﬁ
AN KE: AR S H IR BRI " ik
Gl ATP USRI BPAJURRIRA: S0 TRIRISZEMITT IS KATP Ml FE0EF4 Tk
KONIIT  Kir62 W3k, W p 4N Z 9% DEND 2 fE 5, LEOBETScBbG 2 SR A2 2
Wb S S R SIS RAIL 1 D IREIATT A e 4
il ATP HUBMEETN B4 LR S B SNSRI, SRR B
ABCCS  SURI WL, i KATP WHR: ISHELZIUR  (B97 Rtite M R, 90 IR
S PO A K] B4 H AL T N
GBS R, FLoe -
s ETSEURICEAS AR g s g 0
B ARSI pA R BRI Bes izt ou R b R
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IEEESR, N RE(ADAE FIE PRSI 2 W LA BRI, BRI O AE T RIEZ M sdE, Bk
R ISFEhR AT WAL B Aok, X1k MODY #iRAITE S As . AL AIELE R B 7E:
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R LR 5, DAL 8 B DG T HEDL SE 72 [40] [41]. A HEFRAEH, LA )AL AT DA HNFIA-MODY
1 BURE R EY 2 BBE RO B AT HLIX 20 TF, B RS RS W IR B2 b . T2 5 MODY 28 Je ik
BB, BE YRR BN EIE 50%. HRXAMAERE: REMRIUES, MilhsoE T
it s el B I AORE R A

6. REKRRE
6.1. \Z# MODY ZiEIER & &%
H A A B3 R R 5 12 Wik RIEZ LR “— AN ER S8 —Fogi 7 X LR E, (HlORiEZ

WA KDL, XFEFRBA TR, HIR 20 AR — AN ES AR, A TIS T LU B i 1 o ik R R AR
B, B2 BB IR, AR — P LR AE B 4R 00[32] o FBEDRBE PR 12 T 253
fRI “BAIEDRD 7, 1SS R — AR EE R AR “ ZEER” BE[19]. UTEE4E, X RFX6. NKX6-1. MAFA.
PAX6 & MNX1 XL K 7T Ui, EAEMRS K E . p i LRI BegERE - thife s B ZAE
F, XS R AR S AR A AN R BRAIG, RALZERIMARK[42], R EER B A A& R — NI R 98248 i A 11
It SR RIS PRI AT, IEAE N “BRIEDRIBOG 7 el “BE SR M40 7 [43] [44].

6.2. p ARERY AT EB M 5B/ A RS S AN AL HIRER

TG FEN RS B AR ARR B — A4 A, SR T IE L 20 RNA TP A8, 1By B 4 N A7
FEHR R, 2R, SRS RFEWAE. ROECRAS TR A GRS R . T8 g 405 fhrF
ST M AN A2 22 2R A PR L A B 28 FE . MAFA. PDX1 25558 i S IR 7 D) g 57 3 7T 5 5 Ly B
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HAi.

6.3. BFEA - RECEIRBHFRE
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6.5. AL EReEREETSBECHENNA
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