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Abstract

Primary Kidney disease (PKD) is genetically susceptible, with familial aggregation and racial differ-
ences in its occurrence, and is a complex polygenic disease. Genetic factors play an important role
in the development of PKD and are also important causes of chronic kidney disease (CKD). Follow-
ing genetic analysis studies and genome-wide association study (GWAS) analyses, genetic factors
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and multiple susceptibility genes have been found to play important roles in the pathogenesis and
progression of PKD. Genetic studies have helped to elucidate the pathophysiological mechanisms of
PKD, and the study of related cell type-specific susceptibility genes has provided new possibilities
for the prevention and treatment of PKD, new ideas for the development of related targeted drugs,
and the development of new strategies for early diagnosis and prevention.
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1. 5|

JEURAE 'S IE (PKD) AN 1gA B BRI BRLRaAt. B/ADEREOR . 2REMSE, HRHERINZ
B, SRR ER IR IR (CKD) K 2 —. ZUWFFEY, CKD AA I 7 &k, Higftk 5
ST D 30%2 75% [1] 38 A% R 2R A JEUA M P S0 AN 0 Ak B RS o R A RIALAR S 2 2, 9 o
S DRI A% A0 22 R 3R A% O IR R SSTLAE o SRR AR Ake i B R0 2 1 N 22 5 P 37 i A PR 3 O T2
BURMLEIZ —. Bk, A% R PKD AR HLEIANG YT, AU TR 2 WiEite, 3k
TRV E BEATVRTT 20 T B K S .

2. PKD HiB{EEMRE =

JEURAE VS T (R 3845 22 T 1S S e 2 AN 5T, BRI R . AR AR (HLA) RIAH G L 4
e PRI QIR 7T (GWAS) MR A “AF TT 4% o IX LRI FEANOUAT By T B S 5 8 5 AR £ A L, 38 T
DPIR FRS1E WT RIR I 3R BT (0 SR

AR AR SRR A AN R RO, X L8005 e 25 1 22 e o 1 B (K B PR R AR B, 04 324K
WIEFHEE A B B RIGEH R4E[2]. GWAS FIHARE AL R T HE /R T 2 AN 18H% KU R 3
PR G ISR T K BT R3] HLA )2 25 S8R & DhRE 20 (A LE MR R A % - 3 E H HLA
LM, 40 HLA-A02. DRB104 %%, #A BN Dhat i i) 2 IR R [4] . IX R BIAL 7 SR DR
R S AR SCBEAE T R 5 (A% i v BES T 1A R 10 RS

3. IBEZRMMEESTM

Wt G IECELE PKD A8 FR Py B M e, — 658 L& 261 40 Fabry %% . COLA4AL Alig A&
P P« AR R A L B AR XL, BE R 51 CKD AT 5] 4 36 R 41 C BEHT 72 (GWAS) Il GWAS 7T
ST AR H S CKD M2 AN BB 45, A3 UMOD. SHROOMS3. i /A Ml E3 12 RiEHIS
FERIAR S [1]. IXEERIIER T CKD [ R EAL T 5t M 2 FhoRE D8 508 M B e 1R DG TG, AR 7oKk
WHFRITT . B, MYH9 JEEH 1 2 25 5 RN 56 BN 2RI E A DR [5] . FRBE S iR e A S
4 CKD B3 i sk R R R ) EiAr 2 —[6]. fEIEM A EE Ad, APOLL £ K4 € FF 548 55
I G PR 28 AR 1S 978 0 Je P B /N R A 1 XU 398 I 5% [ 7]
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e EAE T ABEF, 1IL-10 -1082G/A. -819T/C F1-592A/C £ 251k 5 HE IR B o B o<, JtH
#&-1082G/A 1) AA LRI T 25 38 00 1 BE PRI 503 (1) 5l [8] . TNFa 25 [K]-308A/G Z 45145 PNS 3411
G R A BARHE A G #5707 AA JERIAY ) PNS B i697 A R B m T AR R Y, 278 TNFa ZE[H 2
SHERTRERLIT PNS FIVEYT OB[9].

e IR E R NFET, ST6GALNAC? (1) rs3840858 £ &M 5 IgA B ) it 5 [10]. | PEH%
ANBEF, HLA-A, B, DRB1, DQBIL K 12 &M 518 B Th RE 5 b 5t 4% 5) B 92[11]. eNOS 4b/a
LR 22 25 1 5 08 R0 B 03 B 1003 A1 AL ) G S VE AR O, U FLRAE W A B8 D (B35 [12] o IX Pl (R AR S
(AFEAE UGB T 384 22 M Ao 52 0 AS ) NS B 8 1 A SR A 1) 5 SR o Rl R A N 7 56 BN ol i 4
FPRAH R IBEAIE 78 (GWAS) A I 187 1) 5 B JIE D REAH OQ IR AR A f[13], IR 3R/ FRAT AT BEAFE M AR IR B )38
FEAR S, X EEAR S ] BELEAN [F) AN B A R R BUE

AR AU ) 2R RN R S 7 E 1gA B (IgAN) I BUR L e 5 AR . X — sAE 2 WIHT 7T h
33 TIESE. 15 %6, BAE R ZAE 1gAN (R Am L th it EEAE R, X — ptilad 445 K2 G2 AT (GWAS)
BT BB B, vl RS B JE B — B e B N RREAT B b DU HE 1I9AN GWAS HF 58 K 30
TR I8 G RO, DA IgAN &l R R AUAH ORI 1) 24> ) SR BE R [14] o 5B 5 IBGaB A A iU R IR
LRI T IS RTTIUG B T3 AL T 3T 3R T B [ L5 b B L R 2 S Mt i 75 5 CKD 1 5 B M A
Koo R UIRL FE 5508 1 B T 1R R0 RN B ) 96 2R AN B A, ELIK R IR TR 22 25 (U 5 D B A
1P B U (1) 35 A SRR AL T B LR 2R [16] . X LI R AR S AT 72 45 SRR 0, AN [RI RISt A% PR 22 T BB ZE AN A
(I NBEFXT CKD 1R A AR i A AN [H] 1 52

R, BE G EYETE PKD PR e A B OREEER . sk R A B AR X L gL R &, AT DL 4
HFF I L5 AMA T RE R e CKD,  H 51132 W FVA T 3R AR .

4. RBEFMAR

FAIBAL 2% /2 i Waddington B KR H, FFF SR RESE R 5 A58 2 (M (9 AH ELAE FH o R WIS 2% 18
5E SUNHIEFE DNA 7 BIAN R AR AR I T 2 DR 30 R AR I AR o5, RIS A% A 42 32 B A 45 DNA H
B, HEAEMR RNA FHOCHINLHI[L7]. RVLIEE AR — B85 % 1) 2 Tk DR s (B Jie 4 A B s ) ) A 0
WU R i 3G AR A . RAEAE 22 1E PKD w1 B ARAE ML 48 2 AN 05T, Ik Fidis 7 —2%
ORI B, RIBELEM DNA FEAL, HE B ATEHEG IS RNA (118 78 B AE 0 1 R A F0
R J v T A E A FH (1813 e A i v L5 1 35 [ F) 2 08 17 S O3 AL PR P 810, AT FEAS 5048 266 R 4
(IR O R BE R T e

RAEAL FTE 1gAN HHFEFBE 200, HHLH| = 2205 DNA FEAL. 48 AL, MicroRNA
2 Gu e i WIS [19] o IX R BHBR 1 A% Gu i) 2 TR SR A, e WIS 2% (1) AR AU AR S M B IR 1 B L R 5
FESE DRI 20 PR 20 AR, Ak DR 2B Py 7t 98 (WGS) it — 28 1 AR 5 R A B IO s PR A% A S i T SR R
BT R 2 18 5 AT i [2]s DR 2 22 S5t SO B, SR R R 1 5 A A % R 4 it 2R B o S v 5
JERBE R D B m) W0 O e AR L SR B o TEARE R (B RS AR T, il 2 FE S, BRI SRR T —
A CRMERRL” , HrP B R AN NE R AN P T RE Y polycystin FIEAK T — A 5 B firh
RII[20].

F N IBAL DR 2R AT el 5 M R o 2 DR ) 3R /KPR AT B I R B o TR 2 2T b, SRR
A B PR AH R FL(GWAS) B 7R 15 B I AH G (1438 1) R0 266 DR R DR SR8, X e B R 5 i S M e
i R DR [21] o 1K SR 5T 45 SO FRMR B WEBE (1 70 FHLAIBR AL T A IR, JF 7T Red S AR R IR YT SRIE I
Ko
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5. EEISEHRANZRMNA

AR HE AR (NGS) SRR 7 A A PR — A FLFRA8, %4 AR T LU 4 E J5 4~ DNA 27 R}
DUFF o IR ALAGXF — AW Fh 00 7t S RN DR 2 3R AT A B A3 00 A O AT RS TR R Ry DR RS~ 470
FP o ERBEN e m B R Y, HASE R T A Gk [22] . BEE NGS (R, AL 2 A A8 15 5
BNATAT . NGS TESHEME B BER 2 Wb 1) A sl R R A 6 . 5%4010 Sanger MIFPAHEL, NGS &
W R IZAT 2 MREAR,  HAG SE J I A e B () R BEAR R AR o 94, 7E Alport ZE S 1ETiZ T, NGS FT LA
Y52 Wit M 4550 2 6 K, R A BRI E 40% [23]. 1% 136 203 A5 B 550 A1 < (1 22 (4] (R 48 1) NGS
FEDRITHIRR, DA SR T MRS B i R DR, X e ] BE A IR B FIE 2 (DB AR o I o 4 T 14) i PR Al
TR LE JEAR N AN 2512 W SR ALLER A% 1 W55 I 0 7 T S R AR 34 [24]

W FL R, TGFAL £:[K-509C/T 2 2515 Ji & 1 1B s 7 & AR (PNS) I R A BEARHAE A 26 - 18 NGS,
WEFEN G2 R BT 3 O 0% B AT BESUR A8 5+, Wi7E PKD1.PKHD1. COL4A3 Fll SLC12A1 F: K+ (AR 5,
X A BT B8 G b ER AR (1 2 T AL i AT SRS [24]. NGS HR KR B2 827 T8 WS
BB IZ W AR AR &, S TR L R 1) 4 st 2R R . R R R A B PR R T Uy U
T 75 [25].

BEE NI DA TR P 58 AN AR R R, NGS E A% 1 5007 (1912 Wi v 44y 36 35 ol bk 78 1) £
o, FEA ARSI VRIS, s v IR s Wty ok 1 SN BkAR [26], Rk T RS HERR T
(STt AT DASR ' R0 I PR I2 I 28 FNE YT R, Shagt A 14 W T o PR Y o AR 18T I i 5t

6. EEMRBIIAEREEE ARG RS

TR YT VA AR VR B B VR T R BRI AU £ AP AE CRISPR/Cas R4t K HLATAEHA
IS F. CRISPR/Cas £%4t, 4%/ CRISPR/Cas9, [KILmRk. fi 8 RISk i i A, 7EBAR B
IR I EE DR A T B U ECK #9377, CRISPR/Cas9 R 4iAE L@ ksl DNA PIEIRE & sifs M aum
B[R, MTTA BT W1 Alport ZEA R 238 T S G B BN [27] [28]. B4, BExF s e ik B 135 1E
2R, UEREE SEZR I RAR IR . R, WS BARE A —Fh LT CRISPR/Cas & 4t HT
RUBE[R G S, AR AR PR B R (1R T AR s tH R AT 5o BlE R AR AN T DNA XU
2, Wk BAHE W R mE, &R T BRI R R 55 [29] . RE X RIS =
WS T R R, (LI RS R AT T — ek ke B A5 7 1 XU & A8 R (0 A e 1 DA
FAGH I A5 [30]. DR, AR AU ZE — Db X Se B R et TR, AR e g &k, o
FRVAR MR B 0. 2, CRISPR/Cas 4t K HAT AR B ARAE 1 A% 14 5 WE B3 6 97 o R B P I Ak T Rkt
RIBM B, R ERBG T i8 1RRT 5t
7. INEERE

B T R PR B I N BB A, TR BLIR YT AR LR IR, RIS AL S AE PKD R 7T LR
TRERE. B E )2 AR R RS AT B, MRS TR RS ERA T, I8 R
o3 IR B AR T SR TR SRN . SRR T 5@ B E A SUR RN TR B, N R PR B R S T
BNEIT FB . BB BT I IIAWIRN, AR I T gk SRR R B 2 5L 5 Bt AR AL 22 R 3, DAIR
NI B 0 S A ML, F R S AR T Uik, DAME R AP de SR R A

SE

[1] Cafiadas-Garre, M., Anderson, K., Cappa, R., Skelly, R., Smyth, L.J., McKnight, A.J., et al. (2019) Genetic Susceptibility

DOI: 10.12677/acm.2024.14123040 4 I IR 2= =23t e


https://doi.org/10.12677/acm.2024.14123040

(2]
(3]

(4]
(5]
(6]

(7]

(8]
(9]
[10]

[11]
[12]

[13]

[14]
[18]

[16]

[17]

(18]
[19]
[20]
[21]
[22]
[23]
[24]

[25]
[26]

to Chronic Kidney Disease—Some More Pieces for the Heritability Puzzle. Frontiers in Genetics, 10, Article 453.
https://doi.org/10.3389/fgene.2019.00453

Zhang, J., Zhang, C., Gao, E. and Zhou, Q. (2021) Next-Generation Sequencing-Based Genetic Diagnostic Strategies of
Inherited Kidney Diseases. Kidney Diseases, 7, 425-437. https://doi.org/10.1159/000519095

Levinsohn, J., Li, S., Ha, E. and Susztak, K. (2023) Combing Genome-Wide Association Studies and Single-Cell Anal-
ysis to Elucidate the Mechanisms of Kidney Disease: Proceedings of the Henry Shavelle Professorship. Glomerular
Diseases, 3, 258-265. https://doi.org/10.1159/000534678

XUk, #=5, B ANEEGURER 2 S S8 T DR s 1)Et% 2 B AL 0], EFEEFRER T, 2009,
33(1): 33-36, 54.

Divers, J. and Freedman, B.l. (2010) Susceptibility Genes in Common Complex Kidney Disease. Current Opinion in
Nephrology and Hypertension, 19, 79-84. https://doi.org/10.1097/mnh.0b013e3283331e50

Granhgj, J., Tougaard, B., Lildballe, D.L. and Rasmussen, M. (2021) Family History Is Important to Identify Patients
with Monogenic Causes of Adult-Onset Chronic Kidney Disease. Nephron, 146, 49-57.
https://doi.org/10.1159/000518175

Genovese, G., Friedman, D.J., Ross, M.D., Lecordier, L., Uzureau, P., Freedman, B.1., et al. (2010) Association of Tryp-
anolytic Apoll Variants with Kidney Disease in African Americans. Science, 329, 841-845.
https://doi.org/10.1126/science.1193032

IR, Rz, fs. IL-10 FE 2 251 5 [ A6 T NHERE IR B0 2 AR 9% R [3]. EKEE 4%, 2018, 47(26):
3390-3393.

TUHT, 1SHRAH, BHF2UR. TNFo B:F-308A/G £ A5 J5 R ME B MR 4R G AE M AH YRR 7T [3]. IR B s 2k &5, 2017,
17(10): 585-589.

2, fhfR, X4 ST6GALNAC2 HHF LM 545 /RIK IgA B 5 BRI, RSt e i SR &
£, 2014, 28(9): 854-857.

B TR HLA R 2351 51810 5 D Re seol L 5 AR 5E[Z]. BT P BE 2R %%, 2016-10-10.
W B S - 5 T R £ A A 2 R BRI 1) Meta 43 BT 2% T 20 7B FH 3 (1) - UM LA 5 [D]: [T L 26018 5], =240
=R, 2016.

Liu, C.T., Garnaas, M.K., Tin, A. and Kottgen, A. (2011) Genetic Association for Renal Traits among Participants of
African Ancestry Reveals New Loci for Renal Function. PLOS Genetics, 7, €1002264.

ZH, REE. IgA BRASERA STt AL [ o E ST AFRERE, 2014, 34(3): 220-223.

RER, KA, 5P IgA B 5 Rk F G 2 MR 5EZ R T[] A6 R 4R (R hR), 2019, 51(3):
459-466.

TN i i R 8] 22 A5 1 S AR 1 IR 2 SRk (R SR IR A [D: [ L 228 3], BFmg: LhZR K%, 2018.
Sapienza, C., Lee, J., Powell, J., Erinle, O., Yafai, F., Reichert, J., et al. (2011) DNA Methylation Profiling Identifies
Epigenetic Differences between Diabetes Patients with ESRD and Diabetes Patients without Nephropathy. Epigenetics,
6, 20-28. https://doi.org/10.4161/epi.6.1.13362

TR, VAL AN IEAOR[I]. B AT B R 2%, 2012, 21(2): 164-169.

FRKE, ER. 1gA BRI L A Fod R [0]. SR ERRIG IR &, 2022, 19(2): 218-221.

Lanktree, M.B., Haghighi, A., di Bari, I., Song, X. and Pei, Y. (2021) Insights into Autosomal Dominant Polycystic

Kidney Disease from Genetic Studies. Clinical Journal of the American Society of Nephrology, 16, 790-799.
https://doi.ora/10.2215/cjn.02320220

Morris, A.P., Wu, H.J. and Lu, Y.C. (2018) Trans-Ethnic Genome-Wide Association Study of Kidney Function Provides
Novel Insight into Effector Genes and Causal Effects on Kidney-Specific Disease Aetiologies. bioRxiv.

Gu, H.F. and Brismar, K. (2012) Genetic Association Studies in Diabetic Nephropathy. Current Diabetes Reviews, 8,
336-344. https://doi.org/10.2174/157339912802083522

Liapis, H. (2014) Role of Next Generation Sequencing (NGS) in the Diagnosis of Hereditary Renal Disease. Pathology,
46, S39-S40. https://doi.org/10.1097/01.pat.0000454222.14383.98

Oh, J., Shin, J.1., Lee, K., Lee, C., Ko, Y. and Lee, J. (2020) Clinical Application of a Phenotype-Based NGS Panel for
Differential Diagnosis of Inherited Kidney Disease and Beyond. Clinical Genetics, 99, 236-249.
https://doi.org/10.1111/cge.13869

BET, B NI EARAEE WS R RS H[). R E 2R R R R AR, 2022, 44(3): 484-490.
AT, BALYE S AL B2 W SR s [J]. B 5T B AR 4 &, 2023, 32(3): 247-248.

DOI: 10.12677/acm.2024.14123040 5 NS


https://doi.org/10.12677/acm.2024.14123040
https://doi.org/10.3389/fgene.2019.00453
https://doi.org/10.1159/000519095
https://doi.org/10.1159/000534678
https://doi.org/10.1097/mnh.0b013e3283331e50
https://doi.org/10.1159/000518175
https://doi.org/10.1126/science.1193032
https://doi.org/10.4161/epi.6.1.13362
https://doi.org/10.2215/cjn.02320220
https://doi.org/10.2174/157339912802083522
https://doi.org/10.1097/01.pat.0000454222.14383.98
https://doi.org/10.1111/cge.13869

ARG, IR

Xuiq

[27] PRk, {38 KA CRISPR/Cas £ 4t 1Hk BH 4 B A TE B WS 07F 70 b (V) R 3R R 0], WIVLEE %%, 2022, 44(7):

777-780, 786.

[28] #HMLEE, XUfEHE, 44 CRISPR/Cas kK gmH A6 YT NI B MG R 7 gt Je [J]. Az w4, 2022,

34(10): 1250-1263.

[29] PBR%Z, BRFHF, P BERTE RAIEEME MR IBIT HIRI[I]. 2555253k, 2020, 55(7): 1562-1572.

[30] #NE. DAY AR LB AL VL B R b At et e (0], [ B LA

2L
IR,

2020, 47(2): 73-76.

DOI: 10.12677/acm.2024.14123040 6

[MANFSE St A/


https://doi.org/10.12677/acm.2024.14123040

	原发性肾脏病遗传学研究进展
	摘  要
	关键词
	Research Progress of Genetics in Primary Kidney Disease
	Abstract
	Keywords
	1. 引言
	2. PKD的遗传学研究背景
	3. 遗传易感性和基因多态性
	4. 表观遗传学研究
	5. 基因诊断技术的发展和应用
	6. 基因编辑疗法在遗传性肾脏疾病治疗中的研究
	7. 小结与展望
	参考文献

