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(FE] BE S35 (nephronophthisis, NPHP) K2 AH G454 1F B LI PR 28 25 1 5 PR A 5 f A
W F7iE BT 2018 4 1 3 —20224F 11 AL EE R A5 & B JLEH2TR I 8 Il NPHP K AHDCEESTEE L
B R GERE, S LG RAFAF R AR 285 St A T b . S5 R SBINPHP UL, B56, @36, EMER15
MHERY, PSR R B RESH . STIRILH, 2B ATERE &, 20T E K&, 260k
R E IS DIRe o MRS M S0 24, BHRE R 20, FFOIReSE L], PO AR A 1
B, PREEETEAE AL 16, 8GR LEIE BB A LS, 4BIIRE ML RAAE R B PR AR, 56N NPHP1 3
248, NPHP3. IFT140. TTC21BIEH AR 1], HEIMAANFGFANE . i NPHP ARG S IEE L
IR BEIRS AN E AR, 3B ILA ISR, SERIR R B hae S5 L, % [EF] NPHP M A SE4F
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Clinical phenotype characteristics and genetic analysis in children with nephronophthisis
and related syndromes caused by different gene mutations
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Abstract: Objective To improve the understanding of the clinical phenotypes and genetic characteristics of
nephronophthisis (NPHP) and related syndromes in children. Methods A retrospective analysis was performed on the
medical data of eight children with NPHP and related syndromes who were diagnosed and treated in the Department of
Pediatrics of the Second Hospital of Hebei Medical University, from January 2018 to November 2022. The clinical
characteristics and genetic testing results were analyzed. Results Among these eight children, there were five boys and
three girls, with an age of onset ranging from 15 months to 12 years. All 8 children exhibited different degrees of renal
function abnormalities when they attended the hospital. Among the eight children, two had the initial symptom of
delayed development, two had the initial symptom of anemia, and two were found to have abnormal renal function
during physical examination. The extrarenal manifestations included cardiovascular abnormalities in two children,
skeletal dysplasia in two children, liver dysfunction in one child, retinitis pigmentosa in one child, and visceral
translocation in one child. All eight children had renal structural changes on ultrasound, and four children had mild to
moderate proteinuria based on routine urine test. Of all eight children, five had NPHPI gene mutations and one each had
a gene mutation in the NPHP3, IFT140, and TTC21B genes, and four new mutation sites were discovered. Conclusions
Children with NPHP and related syndromes often have the initial symptom of delayed development or anemia, and some
children also have extrarenal manifestations. NPHP and related syndromes should be considered for children with
unexplained renal dysfunction, and high-throughput sequencing may help to make a confirmed diagnosis.
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Y P47 B85 (nephronophthisis, NPHP) J&—
P LR B, LU M /INVE R BT A | B R
BOR EZRE S, 8T YRR AR, &L
T R WL E R R 2 — Y. Y NPHP &
JEE AR BLEE, R NPHP A OGZ5 A 4F . NPHP
KA RLEA RIS , I KR PR A H 2R
b, Rzl ok FxE, RZEILIZEC 2
W B ThRE SR o ARG B ST T 2018 4F: 1
HA—20224F 11 At BERNR =5 — & e LRHZ iR
(1) 8 151l NPHP S AR XCZ5AAE LRI R B8 Ak e SE 1A
Rl 25 5, B AR B S R B2 A 0 I 28 8 LG R 2%
RURIFERUES S AIAGR, DBl 2T
1 BER5HE
1.1 HRXH
[l 4 A 2018 4F 1 H—2022 4F 11 HinfdL =
BER2EE BB ) LBH2IR IS S A B 121 8 1]
NPHP MARCLRGAE BB G, XEHIG R
Aok K DR ARG 0 45 SR E A 7 Bt 3 #r o AR SE B 3R
Wb BE R K 55 R B AR B 2 B 4 A L
(2023-RO12), FAHHINE R
1.2 IEERERE

WA LG IR Bk, AL . sz
W% RIVE DIRE R AR . s . BEfEE L K

He o+
. AR A
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£ SN I 2o U N
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ERR KNG R 5, IBUR L S LA B
JoK I 2 mL,  ph b 2 e e PR R e 0y A R B AT
O3 BE ARG I A A T BE PRGN . R T QTAamp 42 1fil
DNA $2 U5 & $2 O R 2 DNA, % JH Nanodrop
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M P, i GATK . Exome-assistant 25 8 {28 33
TTRARFER . Ja, KM Sanger i AHMEBERAZ AT
BAlE o MR 35 I BE gt L o 5 AR R A e 2
(American College of Medical Genetics and Genomics,
ACMG) 2015 4F4 & R 15 A8 7 JE bR S5 g
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2.1 IeRBE#

8BINPHP L, FBS5Hl, &3fl, EpT
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76 R/ ERINPHP, 26DV E B E &, 210
TMAE K, 2B K 2 B hRE S % . Bk
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B ILH, 6BIAFAEIRILTERHIC, 4IRS
HIEEEIR, 80 Lt I W FEAEAS R R B B o)
=y =

e (AR S R AR R ET ), 18
PEEER (chronic kidney disease, CKD) 343 i,

CKD 4 146, CKD 5141, 8H6i& JLENEBEYY
A B TSR ERAR , FEIA B [ P b a2 A 2K L,
SEIEAEI/NES , 3B AR UR/N, UG 2 BifF
TE B PR A . Bl 2 2022 4F 11 A 30 H A7 5
SBT3, BRG], XSHRERT 4. W2,

F2 BHIBILMLRERE. BHLEFRETHITER

24hpREH IMKREA MG CKD

Wl PRLGEE v B @241)  (mmolL) (wmolL) 4} B E B AR (EiliE3 gy TRIT R
1 1005 - - 0.05 9.6 199 30 OBUMNE ST AR, A2 A EAREEM (0.9 emx  XPIEIRYT
' 82cmx44em, A E  08cm)
6.8 cm x 3.5 cm
2 1017 + o+ 0.94 50.1 693 5 BT ¥ JiE A
R RoAH
3 1.005 - +4/- 0.22 22.6 378 LA S 5 [ 75 e Jc ¥ 15375 A
4 1020 - - 0.08 7.0 94 XU S [ 7 g e ¥ IHRETRYT
5 1008 - - 0.14 17.4 299 7% 8.5 em x 4.0 em, 155 ¥ i WS 325 B
8.3 cm x 4.5 em, A'E 2R
Il 7 b g
6 1010 + - 0.07 24 217 4 WEK/DNIER, 5ZFL SEZ KM, 48K XHERT
H 208 cemx0.7 cm, /&
B RE20.5 cm x 0.6 cm
7 1010 - 4+ 1.14 27.3 246 4 FH'68.0cmx27.0cm, i ¥ SR M
"B 79.0 em x 31.0 em, B
SERZETL, S TTHR IA] R 4
ik, SEG RGN RN
8 1010 +  ++ 0.24 9.2 156 3 BUB S e B, B T XHEVRTT

SYRR

0 WIEFIE# M (umol/L) : 28 d~<2 %, 13~33; 24 ~<6%, 19~44; 64 ~<14%, 2766, RERIEFME (mmol/L): 28 d~<2 %,
0.8~6.7; 2% ~<14 %, $27~70, % 25~6.5. JRILEEHE: 1.003~1.030, 24 h JREHIEH(H: 0~0.15¢24h, BEPEERARE X :
0.15 g<24 h JRIE <50 mgrkg. [CKD] MEVEEFIERT, CKD AR 2012 4E M35 40 5k B s TS 2B 2 R S B /e B, —mBAME; R BATE,

23 EREKMNLER

8 NPHP £ L, 561 NPHPI £ 2875,
WA BEEAR LA, 1B A R R A 2R
1 9l NPHP3 3£ N 2 & 42 & R4 (¢.3775C>T Al
¢.2694-2_2694-1delAG) ; 1] IFTI40 8RN E &4
75 (c.4088T>A Fl c.443A>G) ; 15 TTC21B 5L A
BEERAE (c.497delA Fle.1552T>C), kM4
MRIIEF GBS . WA 3.

B, B2, F13, Fl4¥ gk 2q13 XK
R B A g, & NPHPI R (NM_000272)
LA T 5k NPHP1JER 2% 4 B g T4
FRAS (T 1-20 6125 FT c.1937_1938del), H

. 1937_1938del -5 T R A NS5 4E , HGMD

AR (https://www.hgmd.cf.ac.uk/ac/index.php) F
ClinVar % #i& & (https://www. ncbi. nlm. nih. gov/
clinvar/) RA LA A CHIE , RIE ACMG 45
F . HIE R EEEORTER A, IR 3.

6 L 3 5 YL 4K NPHP3 3N (NM_1532)
R BN ARAE, — AR TN F 26 B JC LR
A% e.3775C5T, F3— el TAMNE 720 Y By 458728
¢.2694-2_2694-1delAG, #RHE ACMG 57, YJHE
JEuEtES A, ILE 1,

) 7 8 JL 16 5 B 4K [FT140 B P (NM_
014714) kKB HARAE, —DRALTHMNEF 30
(58 SLRAR ¢.4088T>A, 7 —A e FAMNE 7 5 1)
G LCRAR 0. 443A>G, BIRA M A, WRIE
ACMG 8RS, ¥IHE G IR SR, WLIE 2,

B 8 HJL 2 5 Y A {k TTC21B 3 A (NM_
024753.4) fFER GHRARA, H c.497delA Ky

ERZ NN
PR, SHIRERE R BRI A, K WAH SC SCHRHR

S eaINy

i, WRIEACMG 5, HlE N EERIBURMERA .
c. 1552T>C R & He il i 8 LR AE, R ACMG 18

Fa, FUE IR SORM . LA 3.
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Jalil  EERARR mfE Il WA AR B AR AR GFRE ACMGZRAE RIE A LiE
1 NPHPI AR AT 1~20 Bl A B (NM_000272) alify B 578 ARk H
2 NPHPI AR SN T 1~20 Bsk FE B (NM_000272) gy oty R HE H
3 NPHPI AR SN T 1~20 Besk EH B (NM_000272) alify otk 5 s AT A
4 NPHPI AR AN 1~20 Bl FE B (NM_000272) gy o it 5 s L H
5 NPHPI1 AR AT 1~20 B E B (NM_000272) e otk ges LU H

¢.1937_1938del p-Lys646ArgfsTer13 PETF O BEUBUEMERAE R J
6 NPHP3 AR ¢.3775C>T p.R1259X e oI s B8 H
¢.2694-2_2694-1delAG splicing ey Btk AR ALY H
7 IFTI40 AR c.4088T>A p.L1363H G IR SR LR J
c.443A>G p.Y148C S MRZESCRIY AR Jc
8 TTC21B AR c.497delA p.K1668fs*36 R=E EREuEtERAE AR Jc
¢.1552T>C p.C518R EA IIRE SR LR H

: [AR] W QEikpatEst .

E1 fle BILREXR

¢.3775C>T

¢.2694-2_2694-1delAG c.497delA c.1552T>C
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B3 #l8s)LEEXRE TTC21B% A Sanger il ¢
B BJLAELE TTC2IBIE M c.497del A(p. K166Sfs+36)Fll ¢.1552T>
COp.CSISRYEAMERA, WA KA, FERARE, Sk

PR | .
i¢ i e c Tl

£ NPHP3 £ & Sanger il FF & TR KGR A,

LA #E NPHP3 3E 1R ¢.3775C>T(p. R1259X) il ¢.2694-2_2694-

NG A, AR, RRRAR, XFR o
RGN o TITE
.4088T>A CA43ASG IR AR ER & A BRI BEANTE], NPHP 43

R BELJLAL . DAERL AR 3 FRRAL, DI AER
WL, NPHP B R LI A BE . IR, £K%Z
PR F0IM . Bl . B, 109%~20% ) B4

BILRER

A BAMIER 2 B, T3 A% AR R R 7Y
Fr g NPHP AR CEEAAE 7

AWE5E 8 B IL T LR B &R ML A&
2, BANERMEZEE, U OmELE . &
BRERE (W2, M%), FIEsH .
LR B R AR PR R IR 7 . B AN RERAY &

S A N A SR T I KT

B2 517 8ILEELE FTI40%E Sanger Mg @ JLBLE B NPHP. 8 BILEUL P U4 2 477 E 2

$LAFAE IFTIZ0IEIA ¢ 4088T>A(p. LI363H)Fl . 443A5G(p Y 1480y TEIRZE, 4BIPRFE MEEAIE R, [HI NPHP B 4%
GAGREZE, HERARSE,
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HNMFEZ WD BA BORBE 2 A o AN 7EARE IS AR BEIReSs . LN TTC21B

¢ 8 Bl LY I A2, IR B 4B AR
P, FE T IR RIS

NPHP HA W B 5, HAliC &EaA
25 A NPHP BUR £ K ', [Ali & BLZ 1k 90 Z Fli 3t
IR A7 5 58 4% i) S 30 NPHP A ¢ 25 &5 1F "', NPHPI
FEHEA F Ytk 2q13, 520N T, Ko
FBILM AN R R Bl Ak, /Ny M alif
A A R AL ST ZAE , J& NPHP 5 UL 350
e AREFSEH 5 ) NPHPT LR 2838 L, 44
KRR Bai Ak, 16 22 A ik frE G TR
AZ SR R AR BRI MAN, ToIHAh AR
L. NPHPIFER AR IR AENE, #1219l

UH A& NPHPT LRI ZEAE , 15113, 151] 4 S bl ik

AHFFE ] 6 Sy NPHP3FL [ 2848 . NPHP3

AL T Yk 3q22.1, A 27 MR 1, bR
I nephrocystin-3, ¥ 1H & 15 - 81 NPHP 5 UL
AR R 1 TR E O RGE 9 NPHP3 JE R 5875 32
TN ELLAY, R 25 52 S R AR OC T
NPHP3 H K 98 7% By 22 LAY NPHP 5 £ A 33 1L
JFohfe i . O 55 HAE A JoH
i AR, RS Al R] e A S A I R A
K, HE NGB AIRE S AERIAN G, T Ak e AN 5T 42
SR W) 5 B ) L AR P R SR ALAROC T AR R
LR [ P9 /0 DL i) NPHP3 JE R 58 48 /0 4F- 7 NPHP,

14-15]
b

FAAE— DX R —DIIERA, FIeREL
e . B DRERREAL . AT hRE SR, (HIAT AT

ALY T R, ) B R SR AR S B R
FAAH DG o

AW 5E WP ] 7 S Mainzer-Saldino 2 & 1, N
IFT140 R E G A G R, BILB P AS AL A
¢.4088T>A(p. L1363H) Fll ¢.443A>G(p. Y148C) 14 g 8
RIGEAE . Mainzer-Saldino ZE G 1iE X 44 55 [ W B &2 5
NRAEMAEZAELEAAE O/, 2 IFT140FEH %
ARG Y, ZEERRET BN E ST AR
g%, KBS THELE Bzt . DL CKD, HL R E 5
AR FEEHEIE B GRS HAb iy D
UWAREALEE B M RE /N . BRSSP 2
AN ST R PRI LT b5, 2T 13 i AL
KIE =y, FIEEEZ BB, 2kILRiE 50
BB, A7 AN 29 5], TFT140 3 F %€ 7% 23
fa 7, B E AR CE 2 F1GE (A o

AT 8 g NPHP 125, I RAHE N R E
e . BmmEAAG . WIS R AL, 2RI,

FEHEEERA, ¢.1552T>C(p.C518R) N T A%
A5, ¢.497delA(p.K166Sfs*36) Kt & 2878 . TTC21B
BN Tk 2243, 529NN T, HES
IFT139 "%, HAj4EkiiE i 60 61 ™, EHALE 8
BilHi3E . NPHP 12 % 58 1 B S48 32 S5 0
FARPINER AL . #REPE ORIk Z K |
H2 | LB AN R S 55 5

H 57 NPHP AP JC & X A6 I7 %€ 2. E Al
JEAIE CKD BIF & 0E, —HARMERE S k4,
BHTRE RAR EERYT 715 . NPHP 5 B
Wa R, S5AENPHP &ML, S4EF 104 FH
YITER R E = (¥°895.5%) ), K ILIRGE B A A4E
JE R B AL

ZE LTk, NPHP EAHRZEAIERILE IR E
IR N AR, JLEARKEFRNE L
Flgtisnd b i Sk A B ek, #80 BJLA I E S
T XA ETRe SR B IL, N ER
NPHP K AHSCLEAME, il sy AR Bl 1 B
I RN 3T 12
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