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Abstract

Objective: To summarize the clinical data of NPHSI gene mutation in a case of a child with focal
segmental glomerulosclerosis (FSGS), to improve the understanding of NPHS1 mutation pheno-
type, to study the relationship between NPHSI gene mutation and FSGS. Method: Medical history,
laboratory examination results and family history of a child with FSGS were collected. Exon detec-
tion (NGS) was applied to perform a full-exon high-throughout sequencing on the child and her
parents. Meanwhile, bioinformatics analysis was carried out. Sanger sequencing was used to verify
the results of high-throughout sequencing, and relevant literature review was conducted. Result:
The proband: female, 7 years old, onset on her age of six, developed nephrotic syndrome; result
did not turn to be negative when Glucocorticoid uroprotein was applied; renal pathology indicated
FSGS. Family survey revealed that the father suffered nephrotic syndrome with a pathological di-
agnosis of membranous nephropathy. Sequencing found that the missense mutations of NPHS1
gene c.803G > A (carried by her father), c.1339G > A and ¢.1802G > C (carried by her mother) were
found in child. The ¢.1339G > A, ¢c.1802G > C, which were predicted by Mutationtaster software as
harmful mutations, and ¢.803G > A mutation had polymorphism. The ¢.1339G > A and ¢.1802G > C,
which have to be proven as a pathogenic mutationamutation carried by mother on NPHS1, while
c.803G > A have not been reported at present. Conclusion: NPHS1 mutation can cause nephrotic
syndrome with FSGS in children. Mutation c.803G > A is probably the newly discovered and fur-
ther enriches the NPHS1 gene spectrum.
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1. 51§

FSGS J& JLE % WB/NERPZIR, & SEULE MR M B9 & &K 1'% (end-stage renal disease, ESRD)
(H MR R 2 — . FSGS 73 AR KRG R, J5 k1% FSGS 247 80%, H HiAYT LA iflHl e, H
W2 BFEIRITIRNZE . 4k R VE FSGS ¥R 77 W LA $05 RURYG 7 S5 A i 32 o BARIE 1 5K NPHS1 RAE 5
# FSGS HJLMIIGIR B R, Sh-GAHCSCHR, $&E% JLE FSGS AR, — HH IR B by 3 29 f
A E R B IREEAEIERIE R R I, SNSRI T B s A, LRI AL, #1012 FSGS, MRH
BEATHEIA I, AR T IR 7 A, e SRIT TS o BRI ¢.803G > A RAZHE—AF & | NPHS1
FERE, AlRR T/ERME TR S .

2. fmBlFER
2.1. FmHTEE

B, 7%, W CHEEKM 2 K, JRAERT UL CBIRGEIL” AT BIEES LR, BILT
ANBEHT 2 RIGH R IR IR B AR, ToR . k. MKk, 875, B2, R TRIRAEEE. R0
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KMINE, JREWD, RPEIEE, AR TR SRR EE 3+, JoLLgi, I Ak 2
. NP REREMRE N 4+, Btk 1+, JROIMBAE. BRAEL. PASE. AKREL LR, &
JUSCSEA B WA S (RARANTE), BESEARME. ABihf#fAk: ik 93/58 mmHg, fAHE 19.5kg, K& RIF,
H AL, S A AHRIG K, Ok &R WS S8, P, Bahtk g BIvE, XUF e K .

22. HEWE

Atk AEA 15.7 g/L, S HEEE 6.85 mmol/L, IR 2% 14.64 mmol/L, JJLEF 65.6 umol/L; Fit%i
R ENA BATE; #MA C30.76 /s L O FAM:; WHRRIEF R E R . 4T &N IRE krbd
BT, ZREERSNEAREN. 17BERERR, RZERR: 1gG: -, IgA: -, 1gM: -, C3: -,
Clq: -, x #f: -, A 8E: -, WHESW: RS RBIMAEEE/DRREL, G5 SaMmE. B 2
M RyRIE I A, TR TFEEMYI. S4B LINREERI, HEE) LT FSGS. 2 LA 1.

2.3. JAfTEE

BILABLES T 2 mo/(kg-d)IRJBRAIEIT 4 Ji o IREE AR, AT EIEZE Rl MRS 7R ss 4L,
BT 2 NMTRRMANR G e hiiayT, JEIREEETRE, A TSR, I BT, e HHRE
Vio PHEFHEER “ LIPRIERGY” B, e E RN AR: IRER 22.09 mmol/L, JLEF 302.3
mmol/L, #f 6.29 mmol/L, #&/R'EIhEEAN 4. WHITIE, BRI RS, WG 4ke: DRt w2 =], &5
BT, &)LHBEE 2R HE S hEeA R, ERM R EEE], HAr T IEeET.

A: HE Zefh, x400, Tiwg#! FSGS; B1-B3: HTEflEi. HEN: CAMERIREEHER, LHTEEYIR,

Figure 1. Histological changes of kidney
1. BERAERAFTL

2.4, EEEM

BLRWET 1.3 B LSCEMWIZ N BN A IE, BIhREER, BRI n it . Zrmbkss
AL BEZ RIS 25 SR IR, B A BESAT AT Jik A s U

T 7 ISR BH BN AL, (EAEA L REME SRR R SRR G, MET LR T 74
AMNE TN . B LM A BEER KL 2 ml, 7£ EDTA ikt R IR G, Tt mmaENy, 4
IR B LAEAE NPHS 4% X 9¢75 ¢.803G > A, ¢.1339G > A, ¢.1802G > C, AXEHETZ74E ¢.803G > A,
BESEHETRAL ¢.1339G > A, ¢.1802G > C. AFEHIRA % #E E(HGMD) H Rl iE ¢.803G > A (P.R268Q)-
P HGMD ##is EHikIE, ¢.1339G > A (P.E447K) 535 22 TR R TR 45 S iEA 9¢, €.1802G > C (P.G601A)
5 R R SR £ A MEAH D¢ . Mutationtaster R { U ¢.1339G > A. ¢.1802G > C NHERA,
.803G > A RAMFEZ AN, FIRTARTE NBEF KA MARIRG . HE R4 R A 0 F+ ¢.803G > A AL
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TEAR AT AN 0.0198. BT SCHRHRE I IX P o8 AR o 12 578 1) R PR B0 1 78 S AN e 5 3 Pk
(VUS). NPHSL1 J:PEN o Gt R Btk st ft . &5 -G ImPRFR AN E IE I ZH 2122 0408, ¢.803G > A RAZ A HE
R LE A —FE KL RAE . FER L RS WA 2.

3. 3CEkE

PL [R5 BEE B /N ERTEAL)OR (FSGS)] AND (NPHS1 OR gene)” Syt i) ol 3= @tia], 8+ [ 41
WL 5. 4R, o E A BE A . PubMed A1 EBSCO $uE E#EATHI R . Ak H AN 2023 4£ 6
30 H, AR NPHSL. f5rd. (&SRR MBI S50 SRR 1) SCHRISBE HEBRAEAb o 10 v SCHOH R 28 SCRF
A NIEFRAE . TEJECEAR A R B 23 WAL S, HP AR 10 . JLRI NPHSL 44 %
BEEGRERA 22 4], NPHSL 275 2 5], HAR A 441, JLE 16 #i, FEATE 2 #. Hr 11 4
RIERARIAE . AR LEITEN, 23 FIIEREHE L& 1.
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A: 1EH; B: BJL; C: BJLIIEREE; D: BILIAR. #ik&mRAL.

Figure 2. NPHS1 mutations in the family
2. ZIE NPHS1 8%

4. W1ig

7E ) L3 WL 1) B R 25 B iE(NS) &35, 80% (1) £ X S [ Bt , HEL AT NS Bl (1 4 412445
fiE. 10%~20%I1) PNS & )L0iE Ayt B Ry B L& 1E(SRNS). JLEBIANE ) SRNS
S A1 63%~T73%38 H FE A R h Y Bt N EREE AL (FSGS) M HL B I 4 2R 22 AIE[1] . FSGS =& —Fh™
H LIS AT M B N BRI . Rich F 1957 S8 kIRIE, 32 B3 U A3 0 B /N BR (<50%) R 43
B LA SR AT Btk 2 A R B A A A, IRIRRILLAVER ER . MR BEWRLREAE. m LR
[ BT 2 B AL o X R ) LB AR5 1 ESRD 1 32 B2 R R . AR 906 WL 7T 23 oA JE o ke (s A k)
Mgk FSGS: MBtEMIEE, M 0 NS EEAMECR EM A . BEE X FSGS 9 B K A AL T 7T
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RE DR R FBAE K ZAE FSGS R EZIER, 2 10%M) FSGS 18 KR E (1451 FSGS). X Ff
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Table 1. Mutations of NPHS1 in FSGS patients
& 1. FSGS 2% NPHS1 ERFE R

Fs B Fi MR 2B EK ESRD  HHBREE HAR ST 3CHR

1 rh 11 i@ NS FSGS & cl1339G>A p.E447K Exon: 1 17
2 r 2.7 5 NS FSGS #& 1c1339G>A p.E447K Exon: 1 17
3 £ E 025 H CNS FSGS & ¢l1223G>A P. Exon: 0 18
4 ES3Es| 37 5'8 NS  FSGS k%1 ¢.2928G>T p.A9T6S Exon: 22 16
5 YRR 15 R% NS FSGS R4 c.2215G > A P.A739T AN 19
6 YT 025 9 CNS FSGS & €.2143G > C p.G7:SR Exon: 6 20
7 YT 025 9 CNS FSGS 1§ c.1538T > C p.1513P Exon: 2 20
, 4~ €1099C>T; P.R367C;p.F. )
8 YT 6 4 SRNS FSGS i <361 GIA 121K Exon: 0 20
, 4~ €1099C>T; P.R367C;p.F.
9 [libZizn 1 5  SRNS FSGS 5 361 GIA 121K K50 20
. - €.1329G > A; p.R160Q; p.R .
10 [i2i%s 7 4 SRNS FSGS 7 ©2928G > T 97w Exon: 1.22 20
. e c.791C > G; c. p.P264R; .
11 FHEE T 0.67 4 SRNS FSGS i 2006C > T 0.PETW Exon: 7.15 20
. 4 C2475C>A;c. p.RO7TW; .
12 YT 27 4 SRNS FSGS & 2028G > T D.RE27X Exon: 22.18 20
. o c.1610C>T; p.T537M; .
13 YT 11 4 SRNS FSGS & c1223G > A 0 R409Q Exon: 2.10 20
14 UL 27 B SRNS FSGS & C563A>T p.N1881 Exon: 5 20
15 UL 29 4% SRNS FSGS & €.291C>G p.P264R Exon: 7 20
o c.379G > A; p.R460Q); .
16 RN 0.5 5  SRNS FSGS & 02928G > T 0.ROW Exon: 11.22 8
= c.48C > G; p.Y156X; .
17 PNl 3.8 5 SRNS FSGS & c.2028G > T 0.ROMS Exon: 1 8
o c.51delC>;  p.17126175X: )
18 PNl 3.1 B SRNS FSGS & c2028G > T D.ROW Exon: 1 8
19 rh 5 B  SRNS FSGS & 1358A > G p.Q153R Exon: 1 21
20 BERH] FEm k& SRNS FSGS & c563A>T p.N1881 FH0 22
21 el AN FSGS K& c.G928> A p.D310N 40 23
22 ENll REn o RE RHE FSGS  R& ¢.1802G>C p.G601 A Exon: 4 25
23 rh 6 4 SRNS FSGS & €.503G > A Exon: 1

F, Zctk; FSGS, Jkh Btk g /NskiEfk; M, B4, ESRD, LRMBH: Y, F; NS, BHRLEE1E; CNS, %K
PEFRREEAE; SRNS, [ FEHEHT R B 7 o8 &1

FIHAT AL, Sk 20 ZANFERRA A ES| E SRNS KAF, 7 A E 84 FSGS [2] [3] [4]. /A
FEAFE NPHS1. NPHS2. PLCel. ACTN4. TRPC6. PTPRO. CD2AP. APOL1. INF2. MYOL1E.
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WT1. LAMB2. MYH9. COQ2. COQ6. DPSS2. ITBG4. CD151. SMARCAL1. SCARB2. LMX1B.
ZMPSTE24, PMM2. ALG1. LMNA. MTTL1 £[2] [3] [5]. ', NPHS1. NPHS2. WT1 Al LAMB2
s )L SRNS 5 FSGS 1% WEUR A K . /T 1 51 NS BJLH, 2/3 [ffsl /& B NPHS1. NPHS2.
WTL Fl LAMB2 J:[RRAE 52 [ Carolin ¢ [514RIE 26 R NS i WA EUR B K & NPHSL, 1E 1~18 %
RIFT SRNS A, NPHS2 JeAZ 2 B i WL IR PR 58 4% (B 14 i K] NPHS1. LAMB2 Hi1 PLCEL 5 2 [#) SRNS
RIAES )L, SVEREP INF2 A1 TRPC6 AR E BUAE FL I 5 A8 ).

2000 4, Abhay Vats ¢ NFEALZE R FSGS Z% b4 A I NPHSL 2:[X, £7T 19913, NPHS1 %
KK 26 kb, 1% 29 MR T, 4ifid nephrin 2K 7. Nephrin f1 24000 wh Ak, 5 DU Rk,
FRALR E B . BRI R RS R E R .. 0 R RE 0/ RUBIAY IR H
HEARAVETRE R FERPUE RIS L RW2TH K. NPHSL B Ao R E NS (CNS)FIZE 24 1%
CNS 5% WL BUR LR KA. i AHRIERR, 78 )L AN IA & 4 1) SRNS HUR I T NPHS1 2R42[6],
AFRERR . AN T XRAR . B RARFINT S BT Y) RAFEE[7]. NPHSL 4l 5 RARRS, FERIThREER I, L
SR KEREAR, EKINE,

NPHS1 3[R 548 S8R A R Th REBRSE M e Ay . e 4l B oA i i 20450 . 5555, 4l
S, BORE/NERIEL BRE, SRR AK[8]. XHREMTE FSGS Mk & e e .

KREILT 6 K, WRRIAN “REEAR. MHEAMN. @AEE. & ME” « #EAT 8 A
Ja, FREEREN . Mhrasm TR RE. &6, ImRRICEIRELE R, 6 FSGS 1iZH.

WG FSGS HIREL oy Hbrite, T NARRERZY . RIS AR AL, Tim B ASRPa L. TRl FSGS
TN B INERFRAR T Bt AL B A M s 5, v WERFERGE, B/ NE RN AS . 456 BLIRN BRI,

X RS AL BT il I, R JLAFAE NPHSL & 745 L 5874F ¢.803G > A, ¢.1339G > A,
¢.1802G > C, H:H1 ¢.803G > A ZAF K [ & JLAX3E, ¢.1339G > A. ¢.1802G > C 3K [ & JLEE3E. ¢.1802G > C
RAAIE Z AN i, ENBER R ARG . N FER B H R 2 CRiE S5 SRNS A, HdEEC
iRif €.1339G > A 25X E RGAH KN RAL . P& B DR Tk {4 Phast Cons. SIFT. PolyPhen2
A1 Mutationtaster % BBs L T8 A HEAT 204 . 2RAF ¢.1339G > A fi7 T NPHS1 chr19-36339044 )55 11 4 &7,
FEERIR p.EAATK KBS 4% ¢.1802G > C fi7 - NPHS1 chr19-36336398 (123 14 47, S
I8 p.G601 A K AEARY . XA AR R AR EUR M. 4 ¢.803G > A fi T NPHSL1 chr19-36340175 (126 7 4k
B, FEEER p.R268Q KN, ZREAAFLEM. R4 803G > A, ¢.1339G > A, ¢.1802G>C
(% 549 NM_001009944 . 454 58 ) LIGARRIN, JET LSRR ¢.803G > A RAZTTHE& FSGS #HREL

AL SRR AL o
MICER MR, AE AR AAAER R E R IL) FSGS EUm I RARAE 1 [ FSGS i 1 AR A5 2
IREFHEE

BF SRR T R 1.3 SIS WOA B IREE At BRI R B . Ao 2 7 45
SORTEAE PKD1 %[ ¢.10102G > A, ¢.3931G > A. ¢.6704C > T 14 & 548 . PKD1 R H 47 T 16p13.3, 4=
K256 kb T H 46 NIMNE TR S RNA KRN 14135 bp, 4wfidh i 4302 N FERRAL R 2 R
fi% 1 (polycystin 1, PC1), PKD1 J:[HRAE 53 PCL AL R, SEEZEE . AUUEE9], £4E
H I PKDL HE RN & F XA 8 Md:, FEUZEAMILIX K AR, FHREZEED 1 BERITL L,
TEHUX H 2995 AN AEBRZH Al )k T 2 1 o AR IR B 1 |l T R DB R X AN N X, 5215 S e T A A i
MR, KFZIEF DIRe, SECE b R0 FE A o0 Wb 7, S50 BB Wi K 2E < ¢.10102G > A (p.D3368N)
F1¢.3932G > A (p.ALLLT) R LRAL, EAFEFIRD KA . NI RALHHRE F CiiE K5 2 3 5t
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Ko C.6704C > T (p.S2235L)7& — M LR . EMRALARLZEM S, EAFERRAERTLERML. A
TP TRAR KA PR R S iR IE . H e R B 2 B0 (ADPKD) & —FiR K 2 RGN, IRIRERI X
BRI JoE AEE. BRMESEAT SR . A BRI R R I L . IR Th R AN 4. 85%(1)
ADPKD 1 pkdl RAZ5[#2, 15%f%) ADPKD H1 PKD2 5848 5|#2. ADPKD J& i Jethfhk Bk fEm . K4
95%/1) ADPKD 3 AL BEtH 845 ADPKD; i HoAth 5% 1973 i & FoBi R A= I 98 51 e . MR 3 3L
I R R I AN B R B 45 R, B Al AN SCRF PKD1 K48 5 5 ADPKD &9 -

IRAE A SCHRZRIR, 69.6% (16/23) 9 JLE JAB LE IART AW, 55 2 bl 6 .35 72 57 (10:9) « %75 I A
FEAFAE BH S 1 1 X RO R 22 S, G rP BRI N 1R R 3 26.(56.5%, 13/23) 5 T-ME#H A (21.7%, 5/23). 55% (11/20)
H NPHS1 278 5] {2 1) FSGS HB#H KIUN'E IhEEA L . FEE R VI (B I RE K, A7 nT 78 o 2B 3 v R B0
FH, IXWIESE T FSGS J& ESRD [ 3 Ei Kl #k 2 H A, B N IL4RIE 1 3 9l i NPHS1 Z¥A2 5] S 1) FSGS,
BIRE ESRD (4 1) ASCHRIE B LIERINE DIREA A . FSGS AH I R I A% 43 A1 il 5 I - 8 1)
AFITTANE . BFFR[7]E, 1£0~3 Hi#&)LE, 5 ] E7 (100%)F45H NPHSL (n = 3)1 NPHS2 (n = 2)
RAF, fEANHAZE S BMEEY, 9BIEETE 2 41(22%)FILH NPHSL (n = 1)FWTL (n = 1), 3
] 6~12 & BE IR RKINBORTERAS . SR, MIXGE SCHREZRAR 1, FRATAT L 2 NPHS1 RAZA] LAE T
SERSI FSGS JLE R RBL. 1E 6~12 BJLEF, A 7 FIHILNPHSL R4, XE5UMAMREAR—, W
RE 5 g 2 AL B M 5.

HRAE [ Br 22 thoO BRI 9T, A2 RYEGE 3 AN H )24 LGE 3 > H~3 )SRNS Hrka Hh #fx 5
FIRT 5 ANFE 437 /& NPHS1. NPHS2. WT1. LAMB2 A1 PLCE1. NPHS2. WT1 A1 SMARCAL1 {45 H!
FLE)LFEA SRNS (KIRI[A1A 1~12 %) F e i[5]. %5 T\ FSGS, 2015 4 Gast [10]%54E 81 9 il A FSGS
Hriifik T 39 AMiEIE LR, 45 R COLAA 3~5 &M FSGS Hi iy W RAR . [RIt, J8 ik 5 R 1 A
S B AL R R R AR A B TR B e S5 R . Sl SRk B, 19 B CL kN4 1Y) FSGS B,
6~14 % (1 ) LE AR 23 508 11 B, $EoR Rl — 3 R b AN ) 25 R A i 1 SR8 RT3 BOAS [+) 1) R0 41

BT H NPHSL 4l &85 1 8 A A 512 R PE NS (CNS) B JLTE ARG 2~3 £k 8N ESRD,
8.7 FE K 2 ESRD, DAL 0 SR 2 NPHSL, m] LATII NS 58 )Lk J& 2 ESRD (1] 8] [4] [5] [6] [11]-[18].
Santin SZEWF KB, 5 NPHS2 S4B EAHLL, NPHS1 AR 4 &4 ESRD M B R, iy ix it
R EA S B ARHINE R R, WARETRL, T NPHS1 ZRA5] &M JLE A SRNS, &
MG IRE AR RKEN 28.5%. AP, BEERFES 9 M HIEDRA %, HELE, FE
%,

5. &hig

g L RTIA, — HOH IR B g I 2 i 25 5 SR B RS A IE IR KRR I, BT R AT
WAL, CABARAREERAY . — B2y FSGS, MR FEATHEEERI, AR TIRARER 25, 18S90 FT
Ji o BRATHIBF T KB NPHS1 2845 7] S35 ) LE A FSGS. 4% ¢.803G > A Al fiE /& [E FSGS H# AN i
LA S, AL S 938 ] Bl v B DU RER FSGS HH BUR AL . Xk, A B 52
PLRARAMIE L. e Rk, FRATR AT 40 M B ah ) S8 SR IS IE SR AL s ThEe, e B A F R L. B
KU €.803G > A RAFF—LF 5 T NPHSL JE[RIE, NIGK TAERME TS

&5k
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