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Abstract: [ Objective] To reveal the molecular pathogenesis of Hunter syndrome in three families in southern China
and to clarify the correlation between phenotype and genotype, so as to lay a foundation for future prenatal or preimplanta-
tion genetic diagnosis. [ Methods] On the basis of initial clinical diagnosis and pedigree analysis, qualitative detection of
glycosaminoglycans in urine was performed first, and then anticoagulant blood samples were collected from the children
and their relatives. DNA was extracted and the IDS gene sequence was analyzed by PCR and Sanger sequencing. Various
methods such as RT-PCR and bioinformatics analysis were used to identify the pathogenicity of the new variants.[ Results]
The urine test results of the patients in the three families were all strongly positive (++). Probands were all male, with hemi-
zygous mutations in IDS gene from their mothers, and the mutation sites were ¢.615_622delCATACAGT, ¢.847_848delGT
and IVS7 ds+1 G>A, respectively. The cross—species conservation analysis showed that the amino acid of IDS gene muta-

tion site was highly conserved during species evolution. Compared with the normal protein, mutant proteins exhibited
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significant differences in the predicted results of advanced structure. The variants identified in the three families were clas-

sified as pathogenic by ACMG criteria. [ Conclusions] The three probands were diagnosed with Hunter syndrome. The
¢.615_622del (p.11206Valfs*18) , c.847_848del (p.Val283Alafs*57) and IVS7 ds+1 G>A (p.G336Dfs*12) of IDS gene

are all novel pathogenic mutations, which are the underlying causes of morbidity in children. This study has further en-

riched the mutation spectrum of /DS gene.

Key words: Hunter syndrome; IDS gene; iduronate—2-sulfatase ; novel mutation
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PR X 3% SRR 54590 , IDS & K] K A o P 9842
S BOZIR A A BIRA NN . Ak KL A,
AR LRIRAER (2 T2 2 e A dis) ek ™
PR, BUR 22, Fan i, — IRTE T BT A8
TP T R B0 T B, R A B AR 5
MRIT AELXRZE B R ZAAZ I EBE R
I, & o AR SRR I PR A A
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Xf FEE B G R M AT R 2 W5 4 s Ho o
TR, E A b, X A8 iR LS it i Ei
T BTEE 2 W, By 1E I A=A 02 B A T3R5
R A Y e A SR s A e AT B i . AR TR SR AT
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A: pedigree map of family 1. B: pedigree map of family 2. C: pedi-
gree map of family 3.
E1 HE=/1#li25 Hunter ZEIER B RiEE
Fig. 1 Pedigree map of three Chinese families with pre-

liminary diagnosis of Hunter syndrome
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132 ##FZPCR(RT-PCR) M2k & Btk ohH
1P HEBUEL RNA (Magen 8055 &5 ) , {6 FH 390 %% S35
(Yeasen) 2 [1] 7% 5% 1 000 ng RNA . F415 3] %) cDNA
£ RT-PCRBEAR , 514 F: 57 ~CGTTGGGTAT-
CATAAGCC-3" , R: 5 -AAGTCACGGAATC-
GAAAA-3" . PCRJZBLZ&FIR] 1.3.1, %) %% 5% PCR
7 AT XU I 5 HF A2 B cDNA 2 81 %6 HE A
TP B DA 1 528 X i 53 i s A 520
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il 33 45 & HGMD (http : //www.hgmd. cf.ac.uk/ac/
index.php) . ClinVar (https://www.ncbi.nlm.nih. gov/
clinvar/) .dbSNP F1 T- A JE PR 41 1 0) 45 4H 5C £ s 2
LRI 5 4 (0 RH DG SCHR A A T & B 58748 Ry R G
WA #7485 , {# H Clustal Omega 84 % 104~
ASTR) Ak B B 1 4 Fl i) IDS B 57 B A T B W)
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Table 1 Name, sequence, annealing temperature and amplified product length of gDNA primers of IDS gene

Primer Sequence(5—3") Annealing temperature/C Product length/bp
IDS-1F AGCAAAGGCAAAAAGACG

IDS-1R GGAGAAGAGATGGCAGGG 0 i
IDS-2F CTTAGTAACCTAGCACCTAC

IDS-2R CTGACAATAGCTGAAGCTC i 300
IDS-3F GCTGTTTGCTAGGAGCCTCG

IDS-3R CACTTTGGGTGAAAACGTGGC > ot
IDS-4F TCCACTTGCCCATTTGTT

IDS-4R TGAAGCCACTGCTCCTGT %0 71
IDS-5F CTGTCTTAGTTCTACTTCTG

IDS-5R CATCAGGCAACCATGGTGC > s
IDS-6F GCTTAGAGGAAAGGCAGTA

IDS-6R GACATTATAGGTGGAGTTGTG > 04
IDS-7F CTGAGAAAATCATTAAGGGC

IDS-7R TTCACAGGAAAGTTCAGATG > 310
IDS-8F TCTGTGGTAATTCCAAGTG

IDS-8R CCCCCAAAGCCTATGATTC > 7
IDS-9F ATGTAACCCATTCTGCTCTG

IDS-9R GCTGGAAGGGAGCACATC » 4
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PERE AR, KR 1 ~ 3B IE R LK GAGs ¥R
“+7 (R BHME) o
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MIDS FEP B P25 1T J, K& 1 ~ 3810k
FH A ¢.615_622del CATACAGT (K1 2A) , c.847_
848delGT (& 2B) M IVS7 ds+1 G>A (& 2C) k4 T
AR HREAR AN AR 61, A 5 1EH
X B AR TC I AR

TERFR 3T R —BIUIN R AF IVST ds+1 G>
AVIZRAENL T IDS FENEE 7 N & T4 (donor
site) o RT-PCR M 725 5 7R | 1% 58 A48 S Wl e AR

TR o DI T T UL 2E A% ) cDNA J7 51) 3
hn T 3L “ATAAGCATTTTGAAATTCCCTG” , 3% &
M T RAS S B R B 5 ot R A T AL, B
FNILJG 22 PMIEFLAL B 5 — At " Kb, mRNA 341
T 22 AE (1 3) o i FAeiE & A 2 ok 42
IBURNA , BRI T 1E 4 AL SE M A T RE 5, Lt
O ) W7 93 288 X6 P S AR Y R
23 REHHFMEEER
2462 HGMD | ClinVar , dbSNP 1T~ A 3 K 41

TR B P2 25 DL RZAIT 5 A7 A AH S SCHR , i AAR R 5T
KILH IDS HE Y ¢.615_622del Fl ¢.847_848del 2%
SEYRWEIRIE . VST ds+1 G>A 78 5 B T 7E 2006
SRR A AL, J5 W B BE 2 A AE Clin Var 2040
Vi F AR AR S B RAR AT . LT 91 LG T
TE LKA Clustal Omega XF 10 /™54 F 119 IDS 25
JO () B FE TR )7 5 HEAT 43 B HeXE, AN [ 1) g o A 3
BE 5 i (Danio) | #4417 JTUIE (Xenopus) . J5U I (Gal-
lus) . # FR (Rattus) . /)N R (Mus) . 4+ (Bos) . K (Ca-
nis) . fH {7 % (Macaca) , 22 J2 8 (Pan) . A (Homo)
B YRR ST PR 3 Hr 4 2R oK p.2061 (58 2
12 ) 75 10 /™9 b 34 g BE LR ST (1 4A) , p.283V (4l
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A: results of mutation detection of family 1. (D patient”s father: normal @) patient’ s mather: ¢.615_622 del CATACAGT mutant heterozygote carri-

er 3 patient: ¢.615_622 del CATACAGT mutant hemizygote. B: results of mutation detection of family 2. (D patient” s father: normal @ patient’ s

mather: ¢.847_848delGT mutant heterozygote 3 patient: ¢.847_848delGT mutant hemizygote. C: results of mutation detection of family 3. (D patient”s

father: normal @ patient’s mather: IVS7 ds+1 G>A mutant heterozygote 3 patient: IVS7 ds+1 G>A mutant hemizygote.
B2 =ARZRIDSERNRFEE

Fig.2 Alignment of IDS gene sequencing in three families
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@ patient s father: normal, the underlined peaks show normal ¢D-

NA sequence. ) patient” s mather: carrier, the underlined peaks show

normal and mutant cDNA sequence.

B3 RHEZIDSEE cDNA il b XTE
Fig. 3 Alignment of IDS gene cDNA sequencing in Fami-

ly Three

GRS 1AWl b s BEORSF (K1 4B) ,p.336G (H
AR TE 10 b s BE GRSy (1 4C0) , HEATE
SL MR IR T S PRST

AN GE AR Y5 | ) A ) AR I sk
AR B A X R AR R 1 — RS T
AT, c.615_622del 275 23 3 ELIDS 4 1155 206 1if
R IR 5 AR 5 78 Ry B0 IR T 7= A B ) D 2
HE, 2 1E T R U7 18 52350 T4k, P20 IRKEE 4 1l
223 N BEETR , LR e 327 s B
c.847_848del 2 7E 2 FHIDS HH 115 2mﬁﬁﬁm
FH 40 280 1R 578 SRy TN IR I 77 A i 1) e A, 2% 1
ST SR T AL, T IR KR 339 Ak
Fig , FUIE & 2R D 211 MR FER . TVST ds+1 G>A
RAF 2 FELIDS 8 1156 336 v &R i H &R 2878
Ry R A G R 7= A B I ) A 20k F R E 125
WA, T B IS RN 347 A E LR L e
R D 203 SRR . IR B A T AE
2 iduronate—2—sulfatase TN EEZ B ™= E T8, 5
HPA R IDS B (B SA)AH L, =P 9848 85 1 1Y 25 1)
%3 kA B2 A (B 5B-D) .

HL A ACMG/AMP 45 1 , 15t % 28 S AR 4 A W] 1

p.2061
Danio CKDKDGT[.HSNI.I.CF\'X‘{SENPLGT[.PD\“EXTEE.—\TR[.I..’(S\IKC—SQKPFF[.S\'GFTKPHI
Xenopus  CHGKDGKLHANLVCPVDVSEVPEGTLPDIQSTEEAIRLLKTVKQQNASFFLAVGYHKPHI
Gallis  CRGKDGRLYANLVCPIDVIEMPGGTLPDIETTEENTRLLNVMKTKKQKFFLAVGYHKPHI
Rattus  CKGQDGKLHTNLLCPVDVADVPEGTLPDKQSTEENTRLLEKMKTSVSPFFLAVGYHKPHI
Mus CKGQDGKLHANLLCPYDVADYPEGTLPDKQSTEEATRLLEKMKTSASPFFLAVGYHKPHI
Bos CRGPDGELHANLLCPVDVVDVPEGTLPDKQSTEQAINLLGKMKTSASPFFLAVGYHKPHI
Canis CRGPDGELHANLLCPYDIADVPEGTLPDKQSTEQAIRLLEKTKTSTRPFFLAVGYHKPHI
Macaca  CRGPDGELHANLLCPVDVVDVPEGTLPDKQSTEQATLLEKMKTSASPFFLAVGYHKPHI
Pan CRGPDGELHANLLCPVDVLDVPEGTLPDKQSTEQATLLEKMKTSASPFFLAVGYHKPHI
Homo  CRGPDGELHANLLCPYDVLOVPEGTLPDKGSTEGILLERNKTSASPFFLAVGIHRPHI

e, ek s s e o, s gl e ® esfesd 3 o A

p.283V

Danio PFRIPQEYLKLYPIENMTLAPDPDVPEKLPDVAYNPWTDIRKREDVQALNLYH

Xenopus  PFRFPKEFLKLYPIENISLAPDPDIPKKLPLVAYNPWTDIRKREDVQALNISFPY
Gallus PLRYPQEFLKLYPLENITLAPDPWVPEKLPPVAYNPWVDIRQRDDVEALNV]
Rarus PFRYPKEFQKLYPLENMTLAPDPHVPDSLPPVAYNPWMDIREREDVQALNI

Mus PFRYPKEFQKLYPLENITLAPDPHVPDSLPPVAYNPWMDIREREDVQALNI

Bos PFRYPKEFQKLYPLENVSLAPDPQVPTGLPLYAYNPWMDLRQREDTQALNLY

Canis PFRYPKEFQKLYPLEXITLAPDPEVPAGLPPVAYNFWMDIRQREDVQALNLY

Macaca PFRYPKEFQKLYPLENITLAPDSEVFDGLPPYAYNPWMDIRQREDVQALNT!

Pan PFRYPKEFQKLYPLENI TLAPDPEVPDGLPPVAYNPWMDIRQREDVQALNIS

Homeo PFRYPKEFQKLYPLENITLAPDPEVPDGLPPVAYNPWMDIRQREDY Qil.\ IS
i et b g B

Danio DFQLRIRQHYFASYSYVDAQVGKILQTLDDVGLAKNTIVVLSSDHGINSLGEHGEWAKYSN

Xenopus  HFQLLIRQSYYASVSYLDDQIGQLLNAVEDLGLSNDTIIVFSSDHGIVSLGEHGEWAKYSN

Gallus DFQRLIRQSYYAAVSYLDMQVGLLLNALDYVGLSNSTIVVFTADHGNSLGEHGEWAKYSN

Rattus DFQRKIRQSYFASVSYLDTQVGHLLSALDDLRLAHNT I TAFMSDHGIWALGEHGEWAKYSN

Mus DFQREIRQSYFASVSYLDTQVGHVLSALDDLRLAHNT I TAFTSDHGIWALGEHGEWAKYSN

Bos DFOQRKTRQSYFACYSYLDTQVGRLLSALDDLQLASSTIVAFTSDI ALGEHGEWAKYSN

Canis DFQRETROQSYFASTSYLDTQVGHLLSALDDLOLANSTT IVFASDHGIWALGEHGEWAKYSN

Macaca EFQREIRQSYFASVSYLDTQVGRLLSALDDLQLANSTIVAFTSDHGIWALGEHGEWAKYSN

Pan DFQREIRQSYFASVSYLDTQVGRLLSALDDLQLANSTIIAFTSDHGNALGEHGEW: %HS\

Homo DFQREIRQSYFASVSYLDTQV! GRLLSnLDDLQL-\\STII-\FTSD £ J C

o o

CEE bk koK

A: The amino acid at position 206 of the protein is highly con-
served among the ten species. B: The amino acid at position 283 of the
protein is conserved among the last seven species. C: The amino acid at

position 336 of the protein is highly conserved among the ten species.

E4 10MFREFHIDS EQREBFENRTES
Fig. 4 Evolutionary conservation analysis of IDS protein

amino acids from 10 different species

B T 3G “BOR A7 AT REECR Y7 SO
IR CRTRE R PR A PR g, Hod, 14
JEH R+ A AF+1 S SCRFIESE RIA] ) AR S 3
W o X AR S Y BOR R ST E  FATT
) 1A R 5 R B0/ MRS (PVST) 14> 458k
g MEIE B (PM2) #1103 /> 32 #5 M HiE 85 (PP1. PP3,
PP4) , At AT ] W ¢. 615_622del | c. 847_848del FlI
IVS7 ds+1 G>A AR R BUm 5 A8

A: The wild type. B: ¢.615_622del (p.1le206Valfs*18) mutant type. C: c.847_848del (p.Val283Alafs*57) mutant type. D: IVS7 ds+1 G>A (p.

G336Dfs*12) mutant type.

E5 IDSEAMEFERFRETR =L
Fig.5 The wild type and mutant type tertiary structures of IDS protein
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Hunter Z&51iF 1917 4 H & K Charles Hunt-
er B UCHCIE"™, R —Fh ™ B0k B VAR
IEARUAE , - R MPS Hhif—— i XR J3H% 10 35 2
B CRIVE e S, GAGs) R PE PG | L2 42 4135t
TR T HEE “NO27. £ B B B T 8 2 i S TR
B Z K EREARA P —F, ERXR
SO N S G o N T B RS S
SR, T A SR B B i A s dgt A
LT R R 50% . T A RA 18X 3
Ak, A RIS AL PR, R0 A 14 B
P 0 e PRI AL 23 0 o A B A7 R o J R
X2 e, U 22 85 5 0% 77 B A= LB %228 (0.13
~ 0.71)/10 J7 , M 7PN R 5 U AR =y 28, 4 H
AR E BV P A LB R0 0.84/10 T
F1.07/10 57,

IDS B R R HE BURPE R AR = R BUZ W K A
WA IR IDS BE PR 98 78-S B SRR —2— it 122 T
(iduronate—2-sulfatase, EC 3.1.6.13) it = mf 15 P 5%
1%, 7 EURL R B2 Ik 2 (dermatan sulfate, DS) F16 2
B WEHF 2 (heparan sulfate, HS) A BE B 176 4 &
JUE 4% R ZH SN ORI &0 , 2R W 0y Z2 JIE 4% R ZH 40
A B G R E TARTE IS P T R O
JIREREREIR

Ao HA o B 5 A4 S SO, 978 SRR 4 i L
RAZ TCX R BYIGAE AT AL (R SR A
82 ARG b B S0 R AR R R R AR
Ao 1991 4F Wraith 55 GBS 1 NRAL S, 24
N FE R = AR B0 48 22 (HGMD Professional 2023.1)
E B ) 1DS B[ B S AR A 835 ol , G A 4t
SCRAZITE L7 39T B, PREAL JU AL 75 T, P4
PGS 1R, /N AR 5748 (2R v B/INT 20 bp) 149
Filt, /N T3 R, /N BB R AR 21l R 67
T, KAGA T, 52 JR 9878 22, K BE 5878 e AR TE
BN T BT RV 1 4 AR R AN IDS B
L W EPEANE T3 89, HAP LIS 94
TRA 2 W, 2 Exon 3, FRKUE Exon 817,

IDS FE R 5E A T Xq27. 32 - Xq28, 4 i i 550
AR TR A E B B % B Asp334 Al
Lys347 #B /2 5 2L 1IG VAL U AR AL , AT 028 1 26 7%
PEAL RS HRAT T BRI A 45 A I T RE , 2L
IDS i il B4 , 325 175 5% W8] GAGs (19 1E 1R 1f 3 B DS

HS ZER K& A, e 2851 Hunter ZES1E . 5
Ab TETE AL i 2 A1 AT Bl ) ] K R T
/U S5 G Rk i 2 728 W AR SR 3R TR AT, TP 3
A TR 53 I 37 8 v 1) 28 BE R 5 720 AT 1 1 2
F R A R E £ R RIS

ARG R BRI 2R IG GE AR F LA B Y] 8 AR 1
RAFERG 51 R R HE AR AR AL, , 3545 5 %2 gl AR
JR PR S AL A FR L o F T T A A S e M A7 )
T Y 3D A1 B RS A7 B B IR AN/ 20 i
RAEGREE BT A2 B0 S PE AT, 3X 2 = Hunt-
er ZEGAE R FR SGUE R R IR I ARA 20, A
SAEFR U B n R R B R A IR
GAGs o ] 2 56 BH P LAF 2TE S

KT 3 cDNA U FE HE X & T VE— A AR FE 16
Wi, BR(FEAQ) BAEGF, KT EE— 126G
XU, A o T R VT &, W) 5 98 A8 B I T AR
AR o X T A& T IVST ds+1 G>A 1
splicing 2842 J& , 5 B 5% 19 mRNA /5 Jl it W] b
VRN 3 O R S IS RN ok i N S VB B
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