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Abstract: [Objective] To reveal the molecular genetic mechanism of 7 cases that suspected Maroteaux_Lamy
syndrome (MPS VI ), we analyze the ARSB gene of proband and their parents and identify the pathogenicity of novel
mutation, which lay foundation for prenatal diagnosis or preimplantation genetic diagnosis (PGD) in the future.
[ Methods] On the basis of clinical preliminary diagnosis, GAG urine test and the detection of MPS enzyme activity , and
the EDTA anti-coagulated blood was collected from proband and their parents then perform PCR amplification and Sanger
sequencing of the ARSB gene. After the novel mutations were detected and verified by databases such as HGMD , 1000G
and ExAC. At first, spatial conformation of mutant protein and normal protein were analyzed and compared by SWISS—
MODEL. Then conservation analysis of cross—species amino acids by Clustal X. What’ s more, pathogenicity prediction
methods including PROVEAN, SIFT and PolyPhen—2 were applied. Finally, the pathogenicity of the novel mutation was
comprehensively analyzed and identified by ACMG standard. [Results]1) The genetic test results of the 7 family proband
were as follows. Family 1, ¢.574T > C/p.C192R homozygous missense mutation. Family 2, ¢.160G > A/p.D54N (from
mother) and ¢.1197C > G/p.F399L (from father) compound heterozygote. Family 3, except for ¢.1072G>A/p.V358M and
IVS5 as(=27) A > C, no other mutations were found in the rest exons but the enzymatic and clinical phenotypes were in
accordance with MPS type VI. Family 4, c. 281C > T/p.S94L (novel mutation, from mother) and IVS5 as (-27) A > C
(from father) compound heterozygote. Family 5, ¢.1197 C > G/. F399L homozygous missense mutation. Family 6,
c.1197C > G/p.F399L (from mother) and ¢.1379C > T/p.S460F (novel mutation, from father) compound heterozygote.
Family 7, ¢.499 G > A/p.G167R (from father) and ¢.1325C > T, p.T442M (from mother) compound heterozygote. 2)
Identification results of novel mutation. The spatial conformation predictions for normal ARSB enzyme protein and p.S94L
mutant enzyme protein show that there is a clear difference between them, cross—species conservation analysis results
show that the amino acid at the mutation point has a high degree of evolution in the species conservatism. PROVEAN ,
SIFT and PolyPhen—2 predictions results are Deleterious, Damaging and Probably damaging. The predicted results of
above methods for p.S460F and the analysis results of ACMG also indicate that the mutation may be pathogenic.
[ Conclusion] 1) The new mutation in p.S94L in family 4 and p.S460F in family 6 may be novel pathogenic mutations,
which may be one of the intrinsic causes of children with disease. 2) Family 1,2,5,6,7 can be diagnosed as MPS type
VI, and its genotype and phenotype have significant correlation. Although family 3 was diagnosed as MPS type VI by
enzymatic examination, clinical symptoms and urine test results. We failed to find clear mutations at DNA level in ARSB
gene, so the correlation between its phenotype and genotype remains to be further confirmed.

Key words : maroteaux_lamy syndrome ; ARSB gene ; novel mutation ; pathogenicity identification

Maroteaux—Lamy ZEAAE (OMIM 253200) , B &L
Z Wl I BURE VI A (mucopolysaccharidosis type VI,
MPS VL), 43R %% (S B, 40w e 6 IR Bk
(autosomal recessive , AR ) igtf% , I 523 KR I
KR, AR MPS VI —F ™ EUR Bk
8 35t A VB R AR, R 171077 AR
FEEH T ARSB HE PR A A i BRI 5272, R BUL T
i B 119 5 75 FL A7 92 P 14 B (arylsulphatase B, ARSB)
il = B PR R, 2R 5 0 2 66 220 | RV e SR b
(glycosaminoglycan , GAG ) A H: H [a] £ 35} 7= 1 i iR
2 e &£ (dermatan sulfate, DS) Fl &% I8 ffi i &£
(keratan sulfate , KS) [ B A , 5 250K 28 7 Py 7E 14
SRS E R HER, B LRI A L,
REIRGE FRIRTIZS G VB S M TR IE

[J SUN Yat-sen Univ(Med Sci),2018,39(6) : 844-853 ]

JE PR B TR R BT, S
O B, B EAEE TR T, KR ZE 8
A 2 Pl R R St BE, PR IE L 5
BHYE" . MPS VIZYHAT T2 B R 53 sV Fn g A%
SR AR RfOE A [R] B A TR 505 1) 5 7 26
TAFNG PRAEARTETEAFAE2E 570 FE45 M MPS 2
R VIR I R R B T B fe g AR, {E T
JIIEH  MJE R P RS2 A E
SATCN A BIMGRT Tk, BRI, SR JA X
WA W m E G L (UG ) S 7 Ay (AR ACHT)
FEAZ W, By 1 ARG A (SO IR 225 ) 47502 H Al
BI7 363 AR I 1) di A O SR AR IS B R
MPS VI & 1950 1 1A 27 S LEBILRD , AT R 4 )i
B f TARBLE R4 At o



846 RS (RS2 RR) 5394

1 #M#R5E7%

1.1 WRIFH

REVRGIEHR B, 6% DK, mEsE, HA
%k IR BRI 25 55 E 2 R =
Lo KBS HoERRIER , SCERITE

KER2IUE B igh 1 2440 D%,
T . SR, BB VR JE , A ISV B g, &
LI /=3NS R I = S I N ST o
W A KR 5 B, B e . ACRE B A
ft, AU, TR

REIFGIUEH L, 128340 H 0, &R
FEL SRRV, MM, BRI AR R
JER I, 3B 0, A T 5 R AR S B R
BARAE, TOEF 8 I IEH o ACRERBIER AR
W, TR,
REREARUS @, 48 1A DG, &
FMETR 0, A B, W A S B, B O OE
o SCBERMUIER AR, TOH L o

KRESTUEH B, 88 14 H ,BUKR, T

B AR SRR, T RUANN ARSI D, R
MR AR RCEHERE  TUEF, A B, & 1B . &L
RERANE R, ART U, TR .

RAOHUH L, 29340 H WK, &K
FE. BRI MR, AT I A S B,
EH . CRERANER AR IS, TRIEL

FERTHAUEE &, 58 9N H UK, | K5,
BIIEH A, AR M s =F e, B Ak
B, b RCE(RhE , TORF, P 8 A 5 I
SETBE, ACRERRLIE R ARLIE, TR

TE R X HREH < H b Ll R 2 Ff e o — B Bt 4 7™
FHEHER) R BLE R JCHEE LR RIAL R, F i
TE22~30 % AAE ., il AN JE R K 2 ~ 4 mL,
EDTA $i#E.

AT SCIF SR O A 2 L RSB 3 51 23 At
e, T A 5246 34 58 4 T R 2
12 FRGAGEM#M

AR W = h B RIS i, R E O S
JiEXT IR CAG & B E AT/ M of e bk 4
B PR KU B (=) (55 B (=) L BHE
(+) SR B (++) FRE 5 FHE (+++)
1.3 ARSBEgE MM E

%ﬁ

H1 A0 B 0 E R L MG 25 2R . ARSB I E 1
VNI M A I S A TG PR A T I
FIMH 50% #, WL 3k = I E
1.4 ARSBEREHKREWRN

EDTA $TEE LAY )45 , DNA (942 L ARSB 5K
8NN TSI M BT A X I PCR 1S 2
ISR INEAT o PR RYIAE R
H IR 7 ) s 9SG  2% W) 3730 BN P ASCSE 1
XLl
1.5 HRTHHRELEE

KA 4 BILP R 2286 ¢, 281C > T, p.
SO4L F1 X & 6 ) ¢.1379 C > T, p.S460F £ £
HGMD ., NCBI dbSNP, 1000 Genomes Project Al
Exome Aggregation Consortium ZU 45 6 2, YK I
B, B AT BUR RS A R s LA R Y
AR, AL A BE A 2 1877 i ABAC T2 W 25 1)
TR
15,1 =g MR At FIHAEDE 5K
4 SWISS-MODEL (http : //swissmodel.expasy.org/ ) Til
I IF o3 A 728y 81) T FE 51 i 4R 2 1 5T Y
SREER SR
152 oAb adr  FIADE B2t
Clustal ~ Omega  (http://www.ebi.ac.uk/Tools/msa/
clustalo/) 75 2% 00 , Bifi 116 B A [A] 2F 6 55 9 i 4
i g 3k JE B (Aotus nancymaae) , B W (Macaca
fascicularis) . 4 (Bos taurus) . # & B (Rattus
norvegicus) /N Z § (Mus musculus) . 35 W JTCIE
(Xenopus) . B2IESE (Pan troglodytes) . 7% K (Canis

Sfamiliaris) . Z Wi (Felis catus) . & & £ (Danio
rerio) \ JFA X (Gallus ) 1 N (homo sapiens) £ 12 4>,
X AL f BT B R B DR ST MR AT 20T, AR A
PRSP A 55 335 Dk 4] i SRR BORHE I /N
1.5.3 PROVEN.SIFT #= PolyPhen—2 # A7  #]
T AR W5 B 57 5 PROVEN (htip : //provean.
jevi.org/index.php) | SIFT  (http : //sift.jevi.org/) F
PolyPhen— 2 (http: //genetics.bwh.harvard.edu/pph2/
index.shtml ) X 58 5 X578 1Y & 3 P HEAT T, LA
BEHIWTZ S R BORTE "
154 JA ACMG A% /& 2 #7 & & 64 Bom b 34T 27
PERE ARG OE I R oy g AR o 5 B I 4 272 2% (The
American  College of Medical Genetics and
Genomics, ACMGG 5 ACMG ) ¥F-FI b5 U , X 74 Ff 8t
FAERBOR MEHATEE S 0T AT 0EE o



6l SRR, %5 . Maroteaux—Lamy ZE511E A9 ARSB FE K 434 NGB 28 748 W 20k T 48 78 847

2 % X

2.1 RWEER

7 AN F B Je Uk A B AR Y PR AG 25 2R

%10

R1 EIRREMERBER

Table 1 Urine test results of seven pedigrees

Pedigree  Normal controls  Father

Mother ~ Proband

Nol = = = +
No2 = = = +++
No3 = = = +++
No4 = = = ++
No5 = = = ++
Nob6 - - = ++
No7 = = = ++
22 BBHEER

A B B o I e AR ZE R, T KR
ARSB RS ZE RNE 2 i . nl LKW . 7K R
() SCIE ¥ R MPS VIS (B 3% i H K 19 42 B
1) Wl 3% PR Y AR IR E A R — 2B A A B2 B

MPS VIEI A7 &

K2 EINXEHWARSB Esth &R

Table 2 Enzyme test results of seven pedigrees

ARSB activity in white blood cells[nmol/(h-mg) |

Pedigree
Normal controls Father Mother Proband

Nol 62.5+21.0(from GZ) - - 23.5
No2 >121 (from HK) - - 3.53
No3 108.1~261.9(from B]) 41.8  49.2 2.67
No4 50.4-175(from GZ) - - 19.6
No5 108.1~261.9(from B]) 482 502  18.7
No6 50.4-175(from GZ) = = 20.9

No7 108.1~261.9(from BJ) 563 645 214

GZ : Guangzhou ; HK : Hogkong ; BJ : Beijing

23 DNAMIFZR

MR 4l b v 55 75 8 I R A A ) 5 K R
ARSB 3 [K £ 1 i - DL S A1 87 5 0 % 7 28 A
Mg = FE X AR, KK R~ T
M AR LSRR 3 K1 s .
24 HRTETEER
241 EFEOFREERGZL/LEMGTAN  HE
I =AU, T LA Y p.S94L RAS R H 5 1E
WERAESMMWE L RE TR [E2, ik

£3 EIRREPWFER

Table 3 Sequencing results of seven pedigrees

Pedigree Father

Mother

Proband Mutation report

1 Not be checked
¢.1197C>G/p.F3991,

2
Heterozygous

3 ¢.1072G>A/p.V358M,
Heterozygous

4 IVS5 as(=27)A>C, Het-
€rozygous

5 ¢.1197C>G/p.F399L,
Heterozygous

6 ¢.1379C>T/p.S460F,
Heterozygous

- ¢.499G>A/p.G167R,
Heterozygous

No mutation found
¢.160G>A /p.D54N  Het-
€rozygous
IVS5as(-27)A>C
Heterozygous

c. 281C>T/p.S94L Het-
erozygous

¢.1197 C>G/p.F399L
Heterozygous

c.1197 C>G/p.F399L
Heterozygous
¢.1325C>T/p.T442M Het-

erozygous

¢.574 T>C/p.C192R, Homozygous
¢.160G>A /p.D54N and ¢.1197 C>G/p.
F399L, Compound heterozygote
¢.1072G>A/p.V358M and 1VS5 as(-27)
A>C, Compound heterozygote

c. 281C>T/p.S94L and 1VS5 as(-27)A>
C, Compound heterozygote

¢.1197 C>G/p.F399L, Homozygous

¢.1197 C>G/p.F399L and ¢.1379 C>T/
p-S460F, Compound heterozygote
¢.499G>A/p.G167R and ¢.1325 C>T/p.
T442M, Compound heterozygote

Have been reported

Have been reported

Has been reported as

SNP
p-S94L is a Novel

mutation

Have been reported

p-S460F is a Novel
mutation

Have been reported
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ARSBE2, pedigree 7

CTTTG

ARSBES8, pedigree 6

Up: normal; Down: proband
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ARBS E7, pedigree 7
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Fig.1 Comparison of ARSB in pedigree 1-7
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Wild type (94S)

Mutation type (94L.)

A': Normal ARSB zymoprotein; B: p.S94L mutational ARSB zymoprotein
B2 pSYL RELEFHMEE

FEAK = REETN E

Fig.2 The spatial structure forecast figure of p.S94L mutational ARSB and normal ARSB

Wild type (460S)

A': Normal ARSB zymoprotein; B: p.S460F mutational ARSB zymoprotein

Mutation type (460F )

3 p.S460F REFERQMEEEAQM=REHTNE

Fig.3 The spatial structure forecast figure of p.S
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460F mutational ARSB and normal ARSB
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p.S94
Danio DLGYWNDYGFHGSEIKT PHLDRLAAQGVRLDNY Y VAPLCTHSRNOLWTGRYQTRTGLOHIT
Xenopus DLGYNDVGFHGSEILTPTLDFLSGQGVRLAGY Y TQPLC THSRSQLLSGRYQTHTGLAHAT
Gallus DLGWGDVGYHGSATRTPRLDALGAGGVRLERYY TQPLCTHSRSQLLSGRYQIHTGLOHAT
Mus DLGYNDLGFHGSYIRTPHLDALAAGGVYLDNY Y VOPLCTHSRSQLLTGRYQTHLGLAHYL
Rattus DLGYNDLGFHGSYIRTPHLDALAAGGVVLDNY Y VOPLCTHSRSQLLTGRYQTHMGLAHYL
Canis DLGYHDYGFHGSRIRTPHLDALAAAGVLLDNYY TQPLCTHSRSQLLTGRYQTHTGLAHAT
Felis DLGYNDYSFHGSNIRTPHLDELAAGGVLLDNYY TOPLCTHSRSALLTGRYQTHTGLOHOT
Bos DLGYNDVGFHGSATRTPRLDALAAGGVLLDNYY TQPLCTHSRSQLLTGRYQTHTGLOHOT
Fan DLGYNDVGFHGSRIRTPHLDALAAGGVLLDNYY TQPLCTHSRSQLLTGRYQIRTGLAHAT
Aotus DLGYNDVGFHGSLIRTPHLDALAAGGVLLDNYY TQPLCTHSRSQLLTGRYQTHTGLOHIT
Homo DLGYNDYGFHGSRIRTPHLDALAAGGVLLDNYY TQPLCTHSRSQLLTGRYQIRTGLOHAT
Macaca DLGYNDYGFHGSRIRT PHLDALAAGGVLLDNYY TQPLCTHSRSQLLTGRYQIRTGLOHAT

IR SR * S A PO S S A SR R R R S R S

El4 ARSB B8E A p.S94 S EBME 12 M EDFHHRIRTES

Fig.4 The conservatism analysis of p.S94 amino acid in ARSB zymoprotein from 12 cross—species

Danio EDSLHSSSSSSSSSSSDVSAQFNISTHAAT RHKNWKLLTGY PGCPLYIPPPGGRPVIHI-——
Xenopus Q- APTHAATKWQDSPFNVSVHAATRHGRWKLLTGNPGCSHYFPPPSKH-—SEIP
Gallus D= LPQINSSPWDNTLFNISVHAATRHGKWKLLTGY PGCGHWFPPPSLSSESRIA

(- s AKDDSFPLEHSAFNTSITHAGIRYKNWKLLTGHPGCGYWFPPPSQS
Rattus ~ ——— EKNDSFPLEHSAFRTSTHAGIRY KNWKLLTGYPGCGYWFPPPSQS

Canis  ————————— AKDDSSHPGYFSFNTSLHAATRHGRWKLLTGYPGCGCWFPPPSQ P
Falix = = @ o AKDDSSHPAYLAFNTSLHAATRHGRYKLLTGYPGCGCWFPPPSPY | 4
Bos = - AKDESSLLEYSAFNTSTHAAVRHORWKLLTGY PGCGHWYFPPPSQY 14
Pan = - TAGEEGSIPPPPSLKPL-————————————————————————————— FP
Aotus - AKDDSSLPEYSAFNTSVHAATRHGRYKLLTGYPGCGYWFPPPSQY IP
Homo  ~  —=——————= AKDDSSLPEYSAFNTSVHAATRHGRWKLLTGYPGCGYWFPPPSQY IP

Macaca ~ AKDDSSLPEYSAFNTSYHAATRHGNWKLLTGYPGCGYWFPPPSQY

5 ARSB EBE R p.S460 ETE 12 N EWH PR RFES

Fig.5 The conservatism analysis of p.S460 amino acid in ARSB zymoprotein from 12 cross—species

VARIATION PROTEIN SEQUENCE CHANGE PROVEAN PREDICTION SlFl' PREDICTION

PROTEIN_ID | POSITION | RESIDUE_REF | RESIDUE_ALT | SCORE PREDICTION #CLUSTER | SCORE PREDICTION
(cutoff=-2.5) (cutoff=0.05)

1 P1584894SL P15848 Deleterious 152 0.001 Damaging

B 6 PROVEAN 70 SIFT R4EFiN p.S94L HILE R
Fig.6 Predicted result of p.S94L with PROVEAN and SIFT softwares

PROVEAN I SIFT K 4 15 I p.S460F (1) 4% 5 HE AR $ 5, HE LA e AR RN B A 45 R 5
53900 “ H 19 (Neutral ) " Fi1 “Ifif 32 [ (Tolerated ) ” MPSVIAHAE , FIF L2 T p.S460F 4 X 2 28 754K Al fiE
(E18) . PolyPhen—2 il p.S460F (14554 o KM SR BOR RS
1 (BENIGN ) " (&1 9) . A I p.460 130 1) 22 24 1R “S” 244 ACMG 24 R p.S94L Y ACMG 43 Hr&h
RN AR F R AR RS BT A1 A AE (PM2) A3 A4S 3 (PP, PP3
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This mutation is predictedtobe PROBABLY DAMAGING with a score of 1.000 (sensitivity. 0.00. specificity. 1.00)
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Var
This mutation is predictedtobe PROBABLY DAMAGING with a score of 0.999 (sensitivity' 0.09: specificity 0.99)
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Fig.7 Predicted result of p.S94L with PolyPhen—-2 software

VARIATION PROTEIN SEQUENCE CHANGE PROVEAN PREDICTION SIFT PREDICTION

PROTEIN_ID RESIDUE_REF | RESIDUE_ALT | SCORE PREDICTION #CLUSTER | SCORE PREDICTION
(cutoff=-2.5) (cutoff=0.05)

1 P15848460SF P15848 Neutral 152 0.532 Tolerated
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Fig.8 Predicted result of p.S460F with PROVEAN and SIFT softwares

This mutation is predictedtobe BENIGN with a score of 0.013 (sensitivity: 0.96; specificity: 0.78)

0.00 0.20 0.40 0.60 0.80 1.00

This mutation is predictedtobe BENIGN with a score of 0.014 (sensitivity: 0.95; specificity: 0.53)
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Fig.9 Predicted result of p.S460F with PolyPhen—2 software
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