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B BFRB 0113 I M % B (CLGALTL) E H 4N BB H R £ & AL & (rs13226913 .

rs7790522. rs1047763. rs5882115)5IgAlll# % (IgAV) KIgAIN & % '&F # (IgAVN) KA. Hik:
AR ARFLEE A M5 % (IgAV) BUR LE 1566 BoAR B4 KI5 R LR DM TR ERN, HigAv
B JLERI VERBMEE X (IBAVN)A., JE R BT % (NIgAVN)A: #HBB)LEBHFERR. XHRER
B, HBREBRERE. TREIERA, AXRTERBERE. TRFTERIERE; MRIBIgAVNERJLE
REHNEERIAR, BHIANEEARAESLEEARA. WIMER1520@FLEERNEESRYA.

KA IMLDR™Z ESNPZ BIE R XF C1GALT1E:FH FI4 M R HRZ S AL R (rs13226913. rs7790522,
rs1047763. rs5882115)BHTHFE R, 47 & SNPEIgAV S BM: Kk & KRR ELZ F MM M. Z58.
C1GALT1EH Hrs5882115H TCEN R EEF A R H (44%) PR PR B T EEARA(13%), Z5F
BEZITFR X (P<0.05), C1GALT1ER L4 i B S B F 43 Ai sk, 1ERBIHSXTIRA L H
ERRIEG TR ENKFE(P>0.05); X Bk A B FHFR 2 A AL AT ESAPE R BAR A, K
BH Hrs5882115. rs7790522, rs1047763F M EFHBR M TCGGEE AR ARMAI MMERNTLE
BR4A, BESH%EN(P<0.05). %i: rs5882115HTCE A F AT RERIgAVN LE HIE A RK 5
BN ER, 5)LEIgAVE BEE A 1gAVNE JLZETCGG AR H3iA T 7 T I E B R K
Wi RERICIGALT1RErs13226913. rs7790522. rs10477634 SEBHMRE S 5IgAV 5 &
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Abstract

Objective: This study aims to explore the potential relationship between four specific single nucleo-
tide polymorphisms (SNPs) located atrs13226913,rs7790522, and two other SNPs (rs7843021 and
rs1000130) and their impact on immunoglobulin A vasculitis (IgAV) as well as IgA vasculitis nephri-
tis (IgAVN). Methods: A total of 156 children with IgAV were enrolled as the case group. Based on
the presence or absence of renal injury, these children were divided into the purpura nephritis (Ig-
AVN) group and the non-purpura nephritis (NIgAVN) group. They were further divided into ab-
dominal pain group, non-abdominal pain group, joint pain group, and non-joint pain group accord-
ing to the presence or absence of abdominal pain and joint pain symptoms. In addition, children
with IgAVN were divided into the proteinuria group and the non-proteinuria group based on the
presence or absence of proteinuria. Meanwhile, 152 healthy children were selected as the normal
control group. The iMLDRTM multiplex SNP genotyping technology was used to genotype the four
SNPloci (rs13226913,rs7790522,rs1047763,rs5882115) of the C1GALT1 gene, and the association
between each SNP and the susceptibility to IgAV as well as various clinical phenotypes was analyzed.
Results: The frequency of the TC allele at rs5882115 of the C1GALT1 gene was higher in the pro-
teinuria group (44%) than in the non-proteinuria group (13%), with a statistically significant dif-
ference (P < 0.05). There was no statistically significant difference in the allele distribution fre-
quency at these four loci of the C1GALT1 gene between the case group and the control group (P >
0.05). Linkage disequilibrium and haplotype analysis of the above four SNP loci showed that the
frequency of the TCGG haplotype (composed of alleles of rs5882115, rs7790522, and rs1047763)
in the proteinuria group was higher than that in the non-proteinuria group, with statistical signifi-
cance (P < 0.05). Conclusion: The TC allele at rs5882115 may be a susceptible allele for proteinuria
in children with IgAVN, but it is not associated with the susceptibility to IgAV in children. Children
with IgAVN have a higher risk of developing proteinuria in the genetic background of the TCGG hap-
lotype. No association was found between the SNPs at rs13226913, rs7790522, and rs1047763 loci
of the C1GALT1 gene and the susceptibility to IgAV and its clinical manifestations.
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1. 5l8

IgA Ifi7E 7¢ (Immunoglobulin A Vasculitis, IgAV) IHFR A B K98 5 #7454 4 (Henoch-Schonlein pur-
pura, HSP) & J L2 i #1551 RGeS IV 98 [1] o 2978 LA I /NBR 9B/ 1« ] A bk 3 70 afi P B 2 Dy i 7R i
RFEH, WAL ERZE: Wt B, HILE%. 30%~50%0 JLE IgAV ST BB Faz 521, B
IgA I % "B 4 (Immunoglobulin A Vasculitis Nephritis, IgAVN), F2& 5201 IgAV 1 HA TS i) 5 R A

H AT 1gAL 75T HE Ak 575 BT 80T G 25602 1gAV R I BEHLHI[3] o 45 7 PR T AR 7= A2 1
IgAL 7> TAFTERERAL S8, RERIUN IgAL 7 TEEEIX & & KRN O-FEIEAL AL &, X P H 1 1gAL &
FAGRENRIERR, BRI 50575 1gAL (119G JUiRFETE R s 490 it A VRIS 2S B 47
o 1gA 73 T IR FURE R 2 — DR R A RS, 202 53, 40 N- CBEE FUNE I 2 15 (GalNAC-
Ts). #ds 181,3- AU MR BE(CIGALTL). i CIGALTL 2 O-2FFURHAL (1 ¢ H B ik g [4]

H i M aE 70N IgAVN TE R HLI I PR R 0 DL R s BR AR i 55 2 7 T RRAE S IgA B R
(Immunoglobulin A Nephropathy, IgAN)F AR5, A 70 & B CLGALTL F A i) B k% 7R £ 251 (Single
Nucleotide Polymorphism, SNP) 5 IgAN % /& [AlfFfEAH K [6]; {HZ CLGALTL %X SNP 5 1gAV J
IgAVN 2 SAETEAHDCHE, HATHEHF. Bk, ABF AR A R 1gAV LS i FExt i 2H )L 2
CI1GALTL :[X SNP £ s )22 5, #R 1 C1GALTL FEPK] SNP A7 £ 5 1AV K AR, JHR S 1gAV
Il PR 24 1) AT e AH G

2. W&EE5H*
2.1. ARR

TN RIEEL 2021 4F 4 H 2 2022 4F 3 AR, 7£F 5 RFMEEREZAERISITH 156 4] IgAV
BURLEAE R BIAL, RIS EEE — N, TiZERSH TR A, HaER. M5 1gAV 9 JLEH
VCHECIY 152 e Rl )L A Xt i 4 .

2.1.1. ANFRE

5718 2023 FEHIRE RS LRBE S SR ARE Y (REDJLE 1gA M4 %2 W 59697 1676 (2023))
PR AR SRR [0 1gAV BEAT 2 W, BIERAN R 2, HBLLAR 4 WidrvErb ) 1 . O W, @ 4
212 FARAE IgA IR @ SRR @ Bhifh.

2.1.2. HipRRoEE

O A A B R 0 B8 L3R (B0 B 4 S S IR IRIES): @ RIS o e EO . .
MR % RGBSR BUEFEMERE N E L @ RFAT 3 AN T RS S BCE AT i 258, B
A IR . R IsIRE N EIL: @ TER S TR, SR S8 &)L,

2.1.3. HBRE

AN 2L A EEO )L, RO SR T BB . ST TRER, DRI AR AL S i
. TRA S TR . S 2016 FHEE T ) LR 2 B R S A E ) CREEEE %12
JEIEFEFE(2016)) [7], KOWBIALE 5670 IgAVN AL(& I B IEHE) 5 NIgAVN 41CEH I ) . Bkl
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SIARUELTR : E IgAV SR BERR 6 N N, LB R AN (E) & ERAEIR . e, fLpR AR IR AR I
PR, B AW 3 B MR A BORILR LN >3 AN G LB (HP); 8 A IR AR 2 DL MER — Ik O
1AW 3 R A & o BREE FUE TS ROV @ 24 /M JRE A EERIE > 150 mg, BUREA
SWUEFLEE (mg/mg) > 0.2; @ 1 A 3 YR F & FRCINE IR 3 VE . IRYE 1IgAV B EtfE 6 4
HWEILRE HILE AR 24 /N PR F E BRI S5 RO FIRTHER) . 76 IgAVN A A ES, R4 B 5
BT PR (LA 24 /NI PR 1 € SR 45 RO W bR), #E—Pa hE A RAS EERARA, KK
FRANDCRBUNIAR . AR HELE AR IgAVN L.

2.2. CAIGALT1 EFH SNP i 9% EX

AW 7T A5 B 1000Genomes %4 % (’A hik . www.internationalgenome.org) A1 NCBI % 4#% % (# ik: «
https://www.ncbi.nlm.nih.gov) ik H Ax SNP £z 55 o Ry, K H AR N doE b AL stDU%R, ZoRENE

PRI (MAF)AMIE T 0.05, e/ INEBEA T AH CFE BE () AMIK T 0.8 5 TG 16 2% 4, 7531 rs1047763,
rs13226913, rs5882115, rs7790522 iX 4 M si. FHxT Bk 23 HAL 34T Hardy-Weinberg ~F4i7 & 2k
5, RGN XTI JLE CIGALTL ZEK VYA SNP 7 4 rs1047763: P =0.865, rs13226913: P=1,
rs5882115: P=0.699, rs7790522: P =0.833 $i&/~AHF 71 &7 £ 55 DA B 43 A 565 18 4% P-4l 72 43 (P 3>0.05),
B2 AR AR ML

23. B

W EEREATE R A BEFR KM 2 ml, IR Flexigene DNA Kit (Qiagen) il & Mbr A H 2L DNA,
KA IMLDR™ £ 5 SNP 43 B R %) CLGALTL [ 1) 4 AN A% R 2 A5 147 /5 (rs13226913. rs7790522.
rs1047763. rs5882115)i AT R (K432, DASRIGZAL s BT A R A A e SRR L IR, LBt 24 5 TE 3 ) L [ 55
LR, [RINbEE e e, Rk BRI =g AR A0 P A ) LB ) B R R AR AT LU, e A
] @& AP AE 272 et

2.4, G ZENH

AHEFK A SPSS29.0 Gt AT R EUR S 7r 4, IR B Haploview 4.2 B4 S it HE 8f AN ~F- 47 ¢ .
5RO T Hardy-Weinberg 47 s HEIGIE 5 28 18] Ji PR BUA R K% 25 A7 ik DR 430 1) L 38 R F R 7 (%)
K. N FCI H AR ARSI T LUAE L (OR) . XU 6 /K HE o0 = 0.05. AR 56 % BE 80% [ N rf Ik 4%
P BE A% (MAF), i@ i Schlesselman 24 2UAh SRE AL Jl it A L (OR) & 95 B AF X 171(95% C1)iF-fli SNP
B A5 5 % 4L TR RIS, DA P < 0.05 )5 2 5 AT it 28 Lo

3. R
3.1 —f%iER

AT ST LN 156 1] IgAV B )L, Hrfr 5 90 . ik 66 s LRSI K 2 = 18
%, PRI N(8.1+3.3)% . IEH M IRALILANN 152 Gilfd e L8, Forh 1 86 Bl Lotk 66 il SEIRIE

FEALT 2 2 18 H X [H], “FIFRRB.L£3.9)% . KRG iHoHT, IgAV H5XHRAH ) LEAAEM R FET7 1
BIRIERGevt 2 8 2 /K F(P {534>0.05).

JTA AL IgAV o5 LE 32 1 &0 6 DA RIEEV, PRI KN(11.2£3.0) 1 H . Kk
IR I SRR . 62 B8 LR SR M BUIRRRE IR 74 B8 LAFAE— RS mAEIR; 48 41
IgAV FR LA U5 1) & 5 B IEE 35 (R 1IgAVN),  Forh 25 Bil 2B LB H R 23 /LB & H R

DOI: 10.12677/acm.2026.1631021 2268 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1631021
http://www.internationalgenome.org/
https://www.ncbi.nlm.nih.gov/

o3
i}
3
4

3.2. fRPIE 53R CIGALTL EEZ SIS

X Le 7 191 40 55 6 B8 2H )L 3 A 45 A7 3 (R R S FE DRI AR, B A5 e B (B . 7E rs13226913.
rs7790522. rs1047763. rs5882115 ix 4 NN A, RIS AL L2 1 3 R BB 2R 0 A 22 R 3R
ERNG it 22 BE K (P > 0.05), HAKILZE 1.

Table 1. Comparison of genotype frequencies and allele frequencies of SNP loci between case group and control group

5% 1. SNP i =2 Faf5l4R Fn st BR 4R B B R BU ST 2R K S B E SR ST b

X a4 S {91 2H 2 p X 2 I {91 2H ) p
(n=152) (n=156) (h=152) (=156) %
rs13226913 rs1047763
T 0 0 GIG 23 24
TIC 14 11 0.4813  0.4878 GIA 71 85 2379 077154
c/c 138 145 AIA 58 47
T 14 11 G 117 133
0.4609  0.4972 1.095  0.2953
c 290 301 A 187 179
rs7790522 rs5882115
AA 11 13 T 116 116
AG 57 67 1321 05165  T/TC 35 40 1282  0.5269
GIG 84 76 TCITC 1 0
A 79 93 T 267 272
1117 0.2906 0.05938  0.8075
G 225 219 TC 37 40

3.3. 1IgAVN B/LhEBRESTERRLE CIGALTL EEZSH S HIRE T

IgAVN HBJLH A E AR 5 TEE AR LELE rs5882115 A 3k R AL At an 18 1 s LRI &
FRA S TEE ARALE NS EFR, FR@ESLEE. B Bt =R e85 9y 4 ) L3E ) 2
DR 7R A AT LU, A TS R R A E A RS o B 1 PR LBETE rs5882115 A i Jik R Y A% 72 e 4
R (P <0.05). M TIHEAKRI, AEARMAEIL T/TC FER AR T/T 3 KRR R 5T 5,
P4 2 A B G2 8 % K F(% = 5.557, OR = 5.238, 95%Cl = 1.231~22.28, P < 0.05); Jf HZ& R4 L3
ST TC e TR AR L, W2 () 2 Sk B G v 5 i 35 7K1 (% = 4.608, OR = 4.043, 95%Cl
= 1.05~15.57, P < 0.05); IAZ5i3E/R TC E A FE AT HEN IgAVN B LI IME A RMER IR, T %
PEEF R R 2R, Bk 2.

3.4. rs5882115 i H b F4A CIGALT1 EEZ S FINE ST

ELAR rs5882115 A SCRAE FF R AL S AR SMIE W R 4L Bl 5 el 4 LR S A4l 5 JE 551
PR LB S A FE R S B PR R, W 4 R 2L ELAE rs5882115 i il (Y45 A7 & R e
BE DRI R AR 22 S B AR B 15 35 K (P (6 49>0.05), AR 3.

DOI: 10.12677/acm.2026.1631021 2269 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1631021

o3
i}
3
a8

rs5882115

group . case control

1.00
0.75
c
9
5
2
2
© 050
g
c
Q
3
o
L
0.25
0.00 y T +
/T T/TC TC/TC
genotype

Figure 1. Genotype distribution of rs5882115 in the case group and the control group
1. R f5I4E 533 BR4E rs5882115 f A EEE 57

Table 2. Comparison of genotype frequencies and allele frequencies of rs5882115 between non-proteinuria group and pro-

teinuria group
= 2. rs5882115 i m L E B R4 5 E B FR4A (B 2 FE BYST R B F (v B FE SRR IS b

BRI ESEAER TEARAN=23 HHEKHAN=25 7 OR (95%Cl) P
F 5 MY
TIT 20 (86.94) 14 (56.00)
T/TC 3(13.04) 11 (44.00) 5.557 0.01841
TCITC 0(0) 0(0)
TR
TIT 20 (86.94) 14 (56.00)
5.557 5.238 (1.231~22.28) 0.01841
T/TC, TC/TC 3(13.04) 11 (44.00)
R AR Y
TIT, TITC 23 (100) 25 (100)
NA NA NA
TC/TC 0(0) 0(0)
Sef LA
T 43 39
4.608 4.043 (1.05~15.57) 0.03183
TC 3 11
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Table 3. Comparison of genotype frequencies and allele frequencies of rs5882115 in other subgroups of children
Fz 3.155882115 (U M E K & 4R ) L EE E B RNF A EE R LR

R 3 LWEE 2 ARREEE A TRA  RTORA R

%Hn=48  #ZHn=108 n=62 n=94 n=74 Hn=82
Fh B A
T 34 (70.83) 82 (75.93) 48 (77.42) 68 (72.34) 55 (74.32) 61 (74.39)
TITC 14 (29.17) 26 (24.07) 14 (22.58) 26 (27.66) 19 (25.68) 21 (25.61)
TCITC 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
AR
T 34 (70.83) 82 (75.93) 48 (77.42) 68 (72.34) 55 (74.32) 61 (74.39)
T/TC, TCITC 14 (29.17) 28 (24.07) 14 (22.58) 26 (27.66) 19 (25.68) 21 (25.61)
[SHiZ i
T/T, T/TC 48 (100) 108 (100) 62 (100) 94 (100) 74 (100) 82 (100)
TCITC 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
S SE A
T 82(85.42)  190(87.96)  110(88.71)  162(86.17)  129(87.16) 143 (87.20)
TC 14 (14.58) 26 (12.03) 14 (11.29) 26 (13.83) 19 (12.84) 21 (12.80)

3.5. Bt mfER T4 CIGALTL EEZ A SIS

ELAL rs13226913. rs7790522. rs1047763 fir U5 ML B R 20 S AR S0VE B R AL IR AE S e I 4.
KTV S o T 2 DL R B A R AH 5 0 B A PR A ) L3 I S B TR A e J B TR LA %6, Wi & SR
IR: ) LEAE rs13226913. rs7790522. rs1047763 o s 45y 3k [R5 K Jik DR R AT 3R 72 S S R IE B G i
25 2 IKF(P {E34>0.05).

3.6. EUNFEHELERIH

M.F Haploview4.2 3 FXF FiA CIGALTL A i PU /> 3k (R 22 A5 PR A7 £ (rs13226913 . rs7790522.
rs1047763. rs5882115) AT B AT /M fE L EAIRA S EARAF, SALm R 2 Froxs MH
i/ plink [ hap-phase B FE A BEAT BLA5 T o0 T, S T AR B8 26 v (0 A6 s 1B AT B A5 R O A, o
rs5882115. rs7790522. rs1047763 7K 4 A TCGG %A (P = 0.0188, OR = 5.8056, 95%Cl =
1.338855~25.17411)7E B H IR A AFE K T RE A RA, HAE SRR SR ZaasRnT§8 8 1IgAVN
BLIHILE ARG R 2, 1gAVN B JLE TCGG 3 BRI (AL 5 N HIBLE (1 bR 1 XU 3
4. ¥1ig

IgAV HFONR B S, £ LEN MR ARG/ L K[1]; 1gAVN 8 b SmrE s &,
2 1gAVN 50 W IESZ BRI, FELUMIR . E AR T N2 B8 FZRI[8]. 1gAV K IgGAVN 1)K
WALH E AR M, HETT AN IgAV. FHlE IgAVN AR PLEITTRES IgAN 5 — & H L
PE, 5 IgA 7 TR 5 BRI 55 [9]. R B R LB R FEE 2 MR RIME T T, SRl R (2 R
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BB AT e S 5 B A R R I SR 45 B R JS 1B [10]: RSB T B A T IR I IR
TR EEEER:; NI L0808 AR TERI 3 5 20 75 Z AT RSB, 5 A S A 55 2 T [11]
FEARRRAMAS, 1gAL FEREEIX & & O-EREARE[12]. AWM, 1£ 1gAV I 1gAVN EHE &
P, 1gAL 7 FEE X e FUE AL A 2T i 7 o A0 1 19AL 40 F(Gd-1gAL) [5], BB £ N-
LT U % (GalNAC) R 13 AR e R I AN A 2 B M [13] . Gd-1gAL FIRAE A RESR S H A G40
et MBI % 2 -E5)(CIC), X LeyEH Fus E AW 7 F BB P4 BR[14] [15]
CIC 3 FUTAR T/ LA B, 38 3 ) 8 O 928 40 = A 9E TR (IL-6/ TNF-r) « S0 FIMAR 55 6 S i A, e H]
R 98 ) B BEA545 [15] -

= rs13226913
o rs5882115
w rs7790522
& 151047763

Figure 2. Linkage disequilibrium analysis of four SNP loci in the CLGALT1 gene
2. CIGALTL £[& 4 4 SNP {3 = E S L& 54

C1GALTL BIAZ 0 181, 3- - FUME R A RE I, TE AR RALBENIA 28RS, FEATTEATM
IR IER, 2 1gA 73T O-B Ak (¥ B ZE IR RF[16]. 7E O-FEHER) & it #2, CLGALTL 4131
B AUME L p1-3 MEHHERTE N-LWE AW - 2R BRI AR b, BEZ O 1 458 (Galpl-
3GalNAco-Ser/Thr, BI T $Hul) [17], T Prls£vr 2 & A FARENR 1 EZ AR 7y, EARERiR A &
Wb A5 S5 S At fE i 5 EEE 18], C1GALTL LR RARE 5 0 SN FiRd LA K 22 Fih 4 928
PRI R FE AR A A CIE[19], HETCAA H S 1gAN %% 5 AL RIS, Pirulli 55460 2 KH 19AN
NBEMBEFE R B, 365G/IG AR MM R EZETHR[6]: Li SRR CLGALTL FH K SNP A7 s
rs5882115 Z &M 1gAN Z ARG [20]. 40 ESCRTR, 1gAN 5 IgAVN MRIEHLE A1 2 AL 2 ik,
Gd-1gAL A BE K I F M K T, GWAS BF 7 &KL, C1GALTL PR AE4w % [X (1) SNP A% Gd-1gAl
KV 2 IR AEAE G B B A S [21]; H BT CIGALTL 4 SNP 5 IgAV K IgAVN I ST 588D

JLE 1gAV A 2 P SURLIG PR R, Forh Sk 2 75 H 30 G TR A2 R 1IgAV 3T T (1) 3 22 [
#[22]; MRASHFETEZR, LHELEHMIEARZTN IgAV KIS 1) HEF F[23]. A
R S BE PR R 491 473 R ISR 2E e TE R AL . DRI ZE I oo P s ARTEIAE 6 A N I e
52 BRIV 1gAVN Lo N E A RA KL AEE A JRA BRI 1gAV 55 R4 L AE_FIRPYAS SNP
7 15 (rs13226913. rs7790522. rs1047763. rs5882115) ) Kk P& 1 4l % 22 S By A A B 4 2% W KT (P
#5>0.05), XEWALL L 4 > SNP A7 g5 IgAV LG EVEToH DGPE . (HAEE XS IgAVN &) LI 73 2 AF 72
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i, BEARAS TR RA)LHEAE rs5882115 {7 s & RIS B 3% % 7 BMKRE, AEARAEIL
(1) TITC BRI BUS R A T T/T FER AR B E LT, K02, WAZEREBIG5 REKT (A=
5.557, OR = 4.043, 95%CI = 1.05~15.57, P < 0.05) . X —&5H#/r, TC 2547 FIR AT RE & S 3 1IgAVN 2L
HELE FR RS I, & 1gAV B USRI aie R, 1 T SRR NGES] T —2 fRER, fetg
FeeAC AR ) LR IR 1 PR ) XS o 0 T SR AN 487 S s B 40, FRATTR BN, rs5882115. rs7790522. rs1047763
AR TCGG BfE MR F R AL A b s TR AR, PABAAR IR, OREKRT
1, #2785 TCGG #5571 (rs5882115. rs7790522. rs1047763) K X PE R &, #EHAE TCGG HA5H 1) 1IgAVN
B, HHBUE AR RS T & EAHT 7 rs5882115 47 i % TCGG HA5 54 5 5 (1 JR AR <P 43 Bt e
131 95% B (5 X [AIVE [ %, St A RS EA L, RS IgAVN HNFEARER/MEK.

rs5882115 fiit* CIGALTL JE[AH )5 87 X Ik; JH 2T X2 DNA 71 b — B F% TR 7 41l
X3, EAr T EER gD X EiE, 2 RNA REEFRA . 456 7 8 2h 3 R sk ad BRI QB A s o BR3¢
KRS A2 R e YEAE FH[24] . rs5882115 1571734 5 IR (@ FR A FEAH LU T BEAA/E C1GALTL BRI
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