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LS

AWt FE R i L E (osteosclerosis) (& fidn - METTANSERAIRE - JebtEhE Rk
EEE A WNT pathway F#J SOST ~ LRP5 ~ LRP6 FER » iEfTRREF BT - 721 3
(BRI 2 555 B (L RG1R - i DL M- E [ (whole exome sequencing) » #EFT4{H
RELR 7E FF(next generation sequencing) - 45520 ~R E75 A CTNNBL ¢.1982G>A
(p.Arg661GIn) ~ &4 -1-(heterozygous):a#: 8 2 (missense mutation) - Wiz5E & CTNNBL £
R [ 25225 (de novo mutation) » 3% ZESE 0 B2 a8 E /E IR » 22287 ICAT ¥f WNT/beta-
catenin 51 S (FAEAAHIH] - EiMRE beta-catenin » FEEEE R F A ~ WEKE S HHE
b o BEEEG Ryt 55 01 ~ s E BHY CTNNBL AN THRERE 58 2€5# (gain-of-function
mutation)#y e -

Abstract

This study started from a case report of osteosclerosis, and detecting genetic mutations.
The gene sequencing and analysis were performed on the SOST, LRP5, and LRP6 genes of
the WNT pathway, the main regulatory mechanism of osteogenesis. No mutants were found
in these three genes. Through whole exome sequencing of next generation sequencing, the
results showed that the patient had a heterozygous missense mutation of CTNNB1
€.1982G>A (p.Arg661GIn), and it was confirmed to be a de novo mutation of the CTNNB1
gene, which affects the inhibition of ICAT on the WNT/beta-catenin signaling chain, which in
turn stabilizes beta-catenin, resulting in abnormal bone hyperplasia and systemic bone
sclerosis. This case is the second case in the world and the first in Asia of a gain-of-function
mutation in the CTNNB1 gene.



E— ~ AR B (A) SRR (B)RYEEES X JEiRA

AR 35 Bt R Bt BRI AT S B S B E(WE— A) - MEES
REFENIFIFT2EE - CRERIEM&GR(R - ERIVEEA - EHIEGE - S EEE s EE
FRFES - SleaEREiu s 162 A5 - #85 65 A7 @A bisE - BEOEA/
BkEH(4.5/2.2 g/dL) ~ B IIEE(0.6 mg/dL ~ £7%{H 0.6~1.3) ~ FFIRE(13 UL ~ 2%
0~41) ~ %% (85 mo/dL ~ 2-5{H 70~100) - lipMEmLEH(57 UL ~ 27515 34~104) ~ §5
(2.27 mmol/L ~ £%{f 2.15~2.58) -~ #§(3.6 mg/dL ~ 2#(H 2.5~5) ~ BIFRIEZ(117.4
pg/mL ~ £2({€ 15~68.3)  25-OH Vitamin D (34 ng/dL - £*%1f 30~50) - £ E%Z GH
(7.89 ng/mL ~ £%{F<8) ~ IGF-1 (126 ng/mL ~ £%&{F 71.2~234) - J)#.Z prolactin (13.09
ng/mL - 5.18~26.53) ~ (MK &R EIARREY - BEFR X G ine s FEaNE
(AN ) » BEHE S e WA SRS & 1S Z (B (BRI AE ER) 73 1 Ry 6.0 2 4.4 - [BH Al B ET e
HUNTH B2 VS R SN - SR E N R - SR 2 e
Werg K EQIMERIFLIAE > (ISR B RERRIANTEEE - B IR e &R REE -



B— RS FENE -

= Sk

W5 H 35 & 4Bt (osteoblasts) ~ A7 5 4 (osteoclast) - 455 'E (osteoid) f1 & £ EE N HY
4 A4 1 ) B8 4H B (Burr & Akkus, 2014) - i & 4 fifd (osteoblast) 2k 5 & #5 [ & & 41 B
(mesenchymal stem cell) » & E%LE 5 ESE (oone matrix) K2 FE % H F TS (LB » PR

b E e A ZEEE RS EEZ(EH (B = A) (Huang, Yang, Shao, & Li,
2007) - . HZ WNT/beta-catenin sHUE iR - 155 4R B A& 4Rt (osteocyte) » 43
A B (R (LB B AT DRI 8 _E AR T Bl A Y2 » WERIENE MRS TE - F 4
Hi i % e A F R B e B B (AR Y IR 7 IR B B AR - FEA1 > & QAR oo b HITeE
(sclerostin) EHlif WNT/beta-catenin sHUS S ARG - i [ol GRS S AR L - Bs 4Rl
& H g I #r4HAE (hematopoietic stem cell) 7 (LIZK » &2 AT ENGAIR - #5 Sl -8R
ST AN > B AR M EE MRS - A AR R R R AR S IRY)E o TR S
5 EEE B > T B2 BRI L] A F(Macrophage colony-stimulating factor » M-
CSPHfI#Z AT k-B =Z#lcfizZ&H (Receptor activator of nuclear factor kappa-B ligand -
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RANKL)AY E{E([E = B) (Boyle, Simonet, & Lacey, 2003) -

( A) Leptin = Hypothalamus

1]
-

(FGF2, 18, et al.) e
FGF: - SNS

\ Adl'ﬂz Wnt WIF-1
FGFR e
\\

(BMP-2, 1, TGF-B1, N 4 sosr @ Lrps

et al) [ Kremen .- X_

TGF-8 ~ - (2 o

'h_+m>:a—-¢ MAPKK ’ o
: v teoblast

EphB4
Hedgehog
ephrinB2
B ‘ sRANKL transgene (cytokine) l
- - SHIP (phosphatase)
me{v) (phosphatase) OPG (cytokine antagonist) l

.

Bone marrow Preosteoclast Fused Activated
precusor polykaryon osteoclast
OPG G o
CFU-S CFU-GM
F4/80 - M CSF F4180 + RANKL
TRAP -
CTR - CTR -
Pa- Ba- CTR+
[ I .
PUT 0p/CSF-1 mouse op rat Es
:gg[ls’r‘;"p“m (growth factor) fos (transcription factor) oc/Tcirg1 (ATP)
(f;gifr-]rr;r;?;s]}e p50/p52 Rel (transcription factor) src (tyrosine kinase)
f OPG transgene (cytokine antagonist) CATK (collagenase)
g i TRAP (acid phosphatase)
RANK [cy’tokm‘e receptor) B, (integrin)
RANKL (cytokine) CIn7 (chloride channel)
milMitf (transcription factor) TRAF6 (cytaplasmic factor)

=~ R HHRE(A)RIB B GHRR(B )/ ERVEE RS Heded - (LG dlhEs 5 A2 th S e SR (E A V2 (S 55k
L4 AEE WNT ~ (L4 RAF-B (Transforming growth factor-B (TGF-B) - Hedgehog ~ &E4EEE4H
R4 & [A+ (fibroblast growth factors » FGFs)#i1 ephrin Z2(Z5% 8% o 1 BG4S RIS A T
(M-CSF) HItZAF k-B ZHGHcliz & (RANKL) S5 AAE A Rl 2RSS - 558 7 H E Frontiers



in Bioscience. 2007;12(5):3068-3092 (Huang et al., 2007) and Nature. 2003;423(5):337-342
(Boyle et al., 2003) -

Ry T HEFHERAVERS - BAASTEENET RO o B E—(EEERERE - A S
MR S PR B 4Rt (Osteoclasts) 73 % » Zh1% His B 4fiff (Osteoblasts) TR « 4ERFE#RHY5E
BV AR R S B S WA AR AR AL R Bl - 1S BRI AR AR LR A A (Osteocytes) » 2
EE AR b S REUEEEECEE T - BFEEEE RS LAV IE ) B0E 58 TR
& - WREE EEAE - BBV E 5K B(Sclerosing bone dysplasias) g —BEEZ Y E# R
7 HR R R IS & T BE A - EEFRIZAVESBE - TR ENEREE - B
BTEL A FERURE EL R A2 (De Ridder, Boudin, Mortier, & Van Hul, 2018)(4135—) - = LbkL
PRI 2 AR 5 TP e e o AR A e S R e A A



R~ AEBEEERR - REBRR - BEOT - BIRERNERASHIBL -

Disease

Osteopetroses
OLEDAID

ARO

IARO

ADO
Pycnodysostosis
Osteosclerotic
metaphyseal

dysplasia

Sclerosteosis

Van Buchem
disease

High bone mass
phenotype

Worth disease
Endosteal
hyperostosis

Craniodiaphyseal
dysplasia

Osteopathia striata

Craniometaphyseal

dysplasia

Camurati—

Engelmann disease

Osteopoikilosis

Affected
bones

All
All
All
All
All
All
All
All
All
All
All
All
Long bones,

vertebrae

Craniotubular
bones

Craniotubular
bones
All
Craniotubular
bones

Craniotubular
bones

Craniotubular
bones

Craniotubular
bones

Craniotubular
bones

Craniotubular
bones

Focal lesions

Inheritanc
e

XD
AR
AR
AR
AR
AR
AR
AR
AR
AR
AD
AR

AR

AR
AR

AR

AD

AD

AD

AD

XD

AD

AR

AD

AD

Causative
gene

NEMO
TNSF11
TNSF11A
CAll
TCIRG1
CICN7
OSTM1
SNX10
PLEKHM1
CICN7
CICN7
CTSK

LRRK1

SOST
LRP4

SOST

LRP5

LRP5

LRP5

SOST

WTX (AMER

1)

ANKH

GJAL

TGFB1

LEMD3

Effect
mutation

Hypomorph
LOF
LOF
LOF
LOF
LOF
LOF
LOF
LOF

Hypomorph

Dom neg
LOF

LOF

LOF
Hypomorph

LOF

GOF

GOF

GOF

LOF

LOF

LOF

LOF

GOF

LOF

Affected
pathway/proces
s

NFkB

NFkB

NFkB
Acidification
Acidification
Acidification
Acidification
Acidification

Autophagy

Acidification
Acidification
Collagenase

Bone resorption

WNT
WNT

WNT
WNT
WNT
WNT
WNT
WNT
PPi
CeIIu_Iar _
communication

TGFB

TGFB

Affected bone
cell

OC-diff
OC-diff
OC-diff
OC-act
OC-act
OC-act
OC-act
OC-act
OC-act
OC-act
OC-act
OC-act

OC-act

OB
OB

OB

OB

OB

OB

OB

OB

OC+ 0B

OB

OB

OB



Disease Affected Inheritanc Causative Effect Affected Affected bone
bones e gene mutation pathway/proces cell
S
Buschke—Ollendorff | Focal lesions AD LEMD3 LOF TGFB OB
syndrome
Trichodentoosseou | Craniotubular AD DLX3 LOF Cellular OB
s syndrome bones senescence
Lenz—Majewski Craniotubular AD PTDSS1 LOF PTDS OB
syndrome bones
Paget disease of Focal lesions AD SQSTM1 LOF NFkB ocC
bone (PDB)
Multisystem Focal lesions AD VCP LOF NFkB ocC
proteinopathy with
PDB HNRNPA2B Unknown RNA-metabolism ocC
1
HNRNPA1 Unknown RNA-metabolism ocC

Juvenile PDB All AR TNFRSF11B LOF NFkB ocC
Early-onset PDB Focal lesions AD TNFRSF11A LOF NFkB ocC
Familial Expansile Focal and AD TNFRSF11A LOF NFkB ocC
osteolysis generalized

lesions
Expansile skeletal All AD TNFRSF11A LOF NFkB ocC

hyperphosphatasia

(47%5) AD: autosomal dominant Sy (e A 2 4 8 (2
AR: autosomal recessive f&JL  gais M5 {H,
XD: X-linked dominant 45 &5 14 4,
LOF: loss of function 2:5E,
GOF: gain of function I &E,
Dom neg: dominant negative =2 & [a],
OC: osteoclast i &4,
OC-diff: osteoclast differentiation f & 4HfE 571k,
OC-act: osteoclast activation F & 4R E 1,
OB: osteoblast 54l



=~ EhEhk

HRERSHEE et g T - BEEEFACDAERET  BHEARERRE RAYRE @ B
K FEBEAERRR B AR FE BN A EEHRE - A0 > ZAistE 5 LER R
RTFE - SOST JREVERYARINZEE - EEEHIBEER (sclerostin)il/ VERRINAE » 25 [58 B i
TEIERY RN 22— - 25 {8 5% 2 (e (o5 4% g e 5 411V 22 B #10) /) 4 BE Pk 71 42 (sclerostin-blocking
antibody) > W45 R NES ~ HUSBFEHGRFEST 7] - AREETHEEE - G E TS
4 o NIL > BB E A LEARANIZE - bR 7R B ERRNSL - BETE AT DUEHRL Ry 65
BE R FRTER AR -

Y~ BFEHEY

%

(—) ~ TSN L Be B gl g B R E S
(2) ~ BERHARS G E ko2 i E

(2) ~ OIS B 2



B BFEUTASGEE
— IR LR AR (DNA)

P R, JO A 6ml (9 1x RBC lysis Buffer JE&39%4) » J{E/K [ 5~10 538#1% » DA
450g(%y 3000rpm)fE(r 10 73 > GRE APk B - B NEEAY H MBI - HIlA Geno
Maker(1ml)zi A5 Z44HAE o

= BEER A E

(—)ea R Gl 8 S FE AT A Y 5 [F-(primers)

FeoURREERE - A H SO TR LYK - WS E RS MR B R B A5 [ 51 K
T Ol EREIE 2% - SFEHZEE] NCBI 445k - $1f LRPS ~ LRP6 ELRIVEE 2~ 26
3~ %5 4 SMEIT-(exon) ~ SOST EENAVMI{ESNE T skt EEBEHUEERS [ T4 - 1A > #E
SOST AR TiiEEH 52kb AYERGKAFREN S+ - AIEUHE AT (Balemans et al.,
2002) Aty 5 [ 51 -

()T BB A S FER S IR R T

Template 1 pL
10mM Primer-R 1 uL
10mM Primer-F 1 uL
10X Taq buffer 3 ML
2.5 mM dNTP 2 uL
Taq polymerase 0.25 L
ddH20 21.7 L
5

Total 30 puL
1 cycle 35-40 cycles 1 cycle
96°C | 96°C

5min | 30 sec 72°C | 72°C
61°C

30 sec 5 min

30 sec 4°C

o0

% EY primer (Y forward £ reverse Ii+% 1 yL ~ gDNA1 yL ~ master 387 12.5 L & 4K

9.5 pL ZEEILA(12000rpm R EE RIS ES DAE TEHR B LR S 41T PCROET T2
9



B R

(=)DNA 25K

H#YE H DUl <2 0 DNA 24552888 (741 > HIH agarose BBHGEVKAMnSR PCR #Y<ZH
DNA H R/ RIEE - BB A ATEE 0.5 g Agarose K 0.5x TAE buffer 100 ml fj1 & EEFF
o IR ORI b e (5 Agarose I - FF 2 IRIRUL AR IIA EtBr RIHHWGE RS 2
HAEREIARBS - R EEGES FanfaaEE T 30 sk - 30 7§ 2 IR TEE ARG 58K 0
FEARPGEER BEE 52 RAVIB RS AR KRG EIA running buffer 23 @EHG - 2% loading
sample - ladder - fgE—Vgis#1g & L& T DL 100 v 1 TRERE 18~20 736 - E52pig IR
BRI ERRARINEE S - BZ B EH DNA B - WHEHEE -

(MEF -

FIF ABI-1200 JHIFE - 25 EERR | gk ()£ (dideoxyribonucleotide chain-termination
method)AlE I P71 » (B S BERIE & 1000 {#igfk ¥ (base pairs)/2 A ANITEA F B -

=~ HNET4HELR E FE(whole-exome sequencing; WES)
()2

R E %X £ (dideoxyribonucleotide chain-termination method) @ R {E4E%0E E FFTy
flr » NHESEAEE e (Sanger sequencing) » W 50K H R R — B BRI RN » — B &4y
1000 figfL¥f(base pairs) » HIFF5E & AETTILY » BFEIR HEIGE TEE - MIAE AR
7EFF(Next generation sequencing, NGS) » PIEN TAZAYRIGRIFENSHZRE VIR N B > T14%
FERE T (adapter) » FEHEMRIRIE B G RGN ENACGE TR B RENER » A RFEHD)
RESR KRV ERNIE RS AT TP YR | Bt & ~ BRINAHAVEC AT BILH A -

—

HATREAERER - F2A 2AREEEF(Whole Genome Sequencing, WGS)H14:4/t
#1407 Fr(Whole Exome Sequencing, WES) fE#¢{i - 1 ASHERRGRER » €94 30 (e
B TE = TEEE - 180,000 {HAMETF-(FEHERISE) - HIEARE] 2%AER IS ME
T 0 2RI K4y 85% 1Y FIAM T B R A B (van Dijk, Auger, Jaszczyszyn, &
Thermes, 2014) - [t » AMNETE P HYREE SR Bl = N B A NES E P » TEER IR AR

10



B FE s RIS 2 -
()N H RN E Fr 8B oo A (BAE LA T 20 B R L (e FH AR

s E S BRI AT DU T RIS B - (EIRERIEA U (T— R
B » A BRI SRR ARSI - - % FRAOTEFFBIS S a0 TR

BWA BWA Sambamba GATK Annotator
Fastq I:> sam I:> bam | [ > [ > vcf I:> txt
TEfr/HE fir&HEF HERT BRI e

EPY ~ NGS EFBiR TR

(1) [RaasEFrHIRIERER (pre-processing of raw reads) - iR EEFFE (L FSH AR E
(mapping reads onto a reference genome): @i FE5IHHHE - B fastq SC{EFE L By fasta
P A AR ELRR fastq 81 fasta SCPEG G Ry bam S - 40FH Burrows
Wheeler Aligner (BWA)SAGHET T A5 IEESS -

(2) PEFIREREE (post-alignment processing): LERFISHFENH 2 1% » i —EREEH B
HIFFHI ~ EE P (duplicate marking) ~ EESTEIERNH ZAEN ERIFPY > HAFUGATEE
MR REORSE DO HTEESRAY AT SEME - AL H] sambamba #)EEEEH %Y sam/bam
S

(3) AT B4 - (Base quality recalibration): & 5LARIE R 4G bam SRV EH EEHH
N ARSERAEN M F4EE ZEREARYIEAY > A gl —(HAREIEAY - R BRI
AUl A B TICIE - AL E B AR - OFPRINESS BN R YilmE - BRI
PR — (i Bs - g2 AN oA AE - B2 HE EE bR Re A AT
AVEEIHERR - IEIRS AT DR Rt — (BRI #5355 - MIFEIERVEE SRS - BEPEREHH
GATK £ BQSR ##5 -

(4) BRI EFEH (variant calling): #7852 FAg Ml - & bam SCPFroe S A REFR T - B
FyErEEE B ENAY vef (variant call format) 24 - {iF GATK ) HaplotypeCaller -

(5) F R FH A1 (effect annotation of the found variants): i85 (& Annotator -

11



ZEEEEAEEHERA
SOST# B & # T #3. 5kb& 2.52%kb R
A B H% o #LRP5/LRP6 ) 4 K ¢ | > |:>
exon 2, 3,4
l | PO gk
R (co-segregation) RAE
o

" B AR
e I
2B TFRERER ZE A ERHa

B - BIRAEE -

H AT R AR 8 Ay =X P& % 2 F iz 158 25 R 75 72 (candidate-gene approach) =
thoes > P E] > B T RE ZIREEH U2 /NE T E P S B RS T 7 R S Bl s A R
Zest > N Rl B RN ARG (EE ~ oMbk - i BARSE AT AGH TPk EE i Bl A R R AR A -
HEGIE RS E -

1~ (BRI ZE S A M

2 52 M5 {LE (osteosclerosis) » 2R EMZEE R ~ HEITHIEEE A RWIE >
FTEEHE S SFHEEENE - BEEE - YoHE -~ HE -~ BE RS ERE > LHEE
HELTREE

i B RIAITZC R - S5iRHI 22N SOST - LRP5 ~ LRP6 RS E » HE; WNT
A ERSE A IEEE(E - EiM S S A E RS > SHEEEN R -

12



(ERE RSN T 'S

52 MEE LAY S > van Buchem disease(VBD)2 —fdfe AL G Fe s (1Y
BEEIN - HAER RS RAZHIH] » CEEAE N aE ~ BF TR - 222095 —[EER
T RN R - B2 N RAYE RS EAELT S HERY - H ARV ERE A e
17q I -~ SOST HEH NiFEE#ES) 35 kb i ¥ £ 72 52kb i[E % & F-(homozygous) B Al A (40
E7S) ¢ s 2 SOST ELRiEs% i 2% (sclerostin)Z& (4 - van Buchem disease ¥ B8 2k {1 {7
& Il EEEYZEEEE - DEEE N B AWM - 22 AR Z M E s by sm+
M —E RN SRR AAE N T, -

/7 + D1751326 — To

/

- D1751324 / MOX1

17p /
+21

| - D1751325 / +27

12 /

2 \ -+ urs73 / T78

‘ /
T D175858
T MOX1
+ sosT

\ -+ v

174 \ -+ DI7578 T3

\ 4 oi7siies ETSOST The

\_ + pi7siss T8
-+ p1751860 Z L‘Hg phosphatoss

+13¢

Telomere

[E7S ~ SOST A g4y 35 kb i P £ 22 52kb [1[H I &-F-(homozygous)F Al 4k
(EHERE) » &2 van Buchem disease HEZ ML o AEHVECREERE > DL kb
BB o (B 2JE : Balemans et al., 2002)

13



#iE SOST BN NiFESA 52kb WyAKNGRAFTRRZENS T (RE") - AIEUH T AT
(Balemans et al., 2002)FiHe L5 [ 751 - A 52kb ELRHJH5 & HIR 700 bp /Y PCR EY) »
J2H 52kb FLHGRAHIHIER 1200 bp £y PCR EY) - 528 &1-(heterozygous) B Rl 26 Al & [E]H
35 700bp £ 1200 bp /Yy PCR &) o

()EE5AE SOST ~ LRP5 ~ LRP6 SFALNYIMNE 1R -

BELAER A SOST BNV G285 ERI L OB E RN - BEREYMEE R
BEERERNS [T BPP R SR E R R (Whyte et al., 2019) - JfHEHIS<E] NCBI 48k -
k= A\JH LRP5 ~ LRP6 ~ SOST &5 NfF41 - Wigt#f LRPS ~ LRP6 FLNHYEE 2~ 55 3~ 55 4
I T-(exon) - SOST EANAYM R T - ST eEERUEERYS[7¥ -

R~ SRR NS TR S EE N B 5 [T R Rt

Primers Forward (5°->3’) TBE FEk(b.p.)
Reverse (5'->3’)
CATCCCAGGGCTGTGTATCT

LRP5-exon2 58 543
ACTTGGGCTCATGCAAATTC
GAAACCATACCTGTTGGTTATTTCC

LRP5-exon3 58 498
CACAGACCCTGACGCTGTTC
GAT GGC TCC TCCACCCCGCT

LRP5-exon4 62 250

GCG CCC CAGCCG GCACT

GCT CACTTAAACCGATITG
LRP6-exon2 58 551
GTG GTG TAT GTC AGT GGA GA

CAA GTG TGA GCC ACT GCG
LRP6-exon3 58 425
TCTTCC CCT CTG GCACTT AG

AAT GGG AGA GGT GAC GTT AT
LRP6-exon4 58 336
AAG CCA GAC ATT AGAGTG CT

SOST52kb-F1 | CAGAAGACAGGCAGATTTTGG 58.5
SOST52kb-R1 | AGAGGCCATCTCAGCTTGG 58.5 1.2k
SOST52kb-R2 | AGGTGGGAACCTATCCGTGC

14



CTGAGGGAAACATGGGACCAGC

SOST-exonl 60 510
CAGGCAAGACTGTTCCTCGACCA
CAAAAGCCTCTGGAGACAGG

SOST-exon2 55* 832
CTCCTCTGAAGTGGGACCAG

SOST-exon2' | ACAGGGTGCGCAGGAGAGCTT 58 243
CCCATCGGTCACGTAGCGGG

SOST-exon3 ACTTCACCCGCTACGTGACCGA 55* 469
CACGCGCAGAGGACAGAAATGT

exon2’F-3R ACAGGGTGCGCAGGAGAGCTT 55* 686
CACGCGCAGAGGACAGAAATGT

*Tag for GC rich: Hotstart and dreamtag

N~ BINETHERNE

EAEAAE(EZE RSB - TR NS AR » Jedt B A s E A WNT SR
{EHEH Y SOST ~ LRPS ~ LRP6 A:A » METELAEFELIAT - SAELE 3 (BRI AR R
FALRSR - RS NETT-AH AN E P (whole exome sequencing) FREFLANSE BATLE -

15



2 ~ WIFREER IR
—  JME TR AR RN S R E R
()R SRR I 457

ladder | LRPS LRPS LRPS LRP6 LRP6 LRP6 | SOST | SOST | SOST | SOST | SOST | SOST

.ﬂ'“

Bt~ ORI N RBER -

(Z)%hEm -

T ESS TR SOST R N2 A% 52kb ARG - ik SOST(2 {[#7h
F)~LRP5 (585 2~ 3~ 4 4Mg¥F) ~ LRP6 (58 2 ~ 3 ~ 4 4N 1) KB Al H N FEIR NI EY) A5
N E FP(Sanger sequencing) » 7,975 23 3H 5 i1 Bh -

16



+ BINEATAEF T

FI A Agilent SureSelect Human All Exon V6 f% Bt =40 (T B & I & &
(enrichment) » DIELRIZEREIE S AN TN & 1A T Ay B iRl 28 A He Ry 7 = (captured-
based method) ~ T 99%HIIEERESNEH FAHFYIEE  ERBETEHEAEERT » FEk

llumina NovaSeq 6000 - 434k 5 BWA-GATK-ANNOVAR -~ FiE:E> JES % et f
A B GRCh37 #1 GRCh38 -

()l R RERY B 5 LR

e BE 2SN E P o i 0 SRR E% 552,048 {[E AL T & 2% & 14: (single nucleotide
polymorphism » SNP)&kF EZ71ATE A B3 (insertions and deletions - InDels)Z 88 FLE -

EPRAEEAEG Rt #EE (Genome Aggregation Database - gnomAD)H » ¥R
5% (allele frequency)fE A {E>1% 7 8 FEL 5 JRER: ClinVar BEPRELR M I Rl EH Bk
(Benign)/mTAE R :(likely benign) > 85485 o FelgRts SLBLE S RREDRILL S > [RIRF L0 FH BB A 7
H#RES SIFT K Polyphen-2 » FEHI 88 SEBEE 2 (VB AT R 2 18 5 - (R IE DL BATEHIAS S o )
Bre & B E0R

(=) AT RE R 2 S L A
17 EHORTE - 3530 14 (FA N A - nRERV SRS BT TR (RS) -

17



=~ INETHEFREIRVERARS -

Gene Physical |Transcript Exon |Nucleotide|Zygosit|MAF/  |SIFT/ GER [ClinVar |ACMG |OMIM phenotype Inheritanc
Position / (AAchang |y TW Polyphe |P e
Intro |e) n-2
n
TMCO1 |GRCh37 [NM_019026.4 |Exon |c.A154G |[Het 0.0006/ |0.0/ 5.15 |NA VUS |Craniofacial AR
1:16573798 1 p.M52V NA 0.924 dysmorphism,
8 skeletal anomalies,
GRCh38 and mental
1:16576875 retardation syndrome
1
ANAPC1 |GRCh37 |NM_022662.4 |Exon [c.C1247T |Het 0.0028/ |0.019/ 4.75 |NA VUS |Rothmund-Thomson |AR
2:11261998 10 p.T416M 0.00053|0.431 syndrome, type 1
1 5
GRCh38
2:11186240
4
CKAP2L |[GRCh37 |NM_152515.5 |[Exon |c.T637C |Het 0.0032/ |0.026/ 2.07 |NA VUS  |Filippi syndrome AR
2:11351431 4 p.S213P 0.002 |0.763
1
GRCh38
2:11275673
4
CTNNB1 |[GRCh37 |NM_001904.4 |[Exon |c.G1982A |Het NA/ 0.004/ 4.82 |NA VUS |Exudative AD
3:41278106 13 p.R661Q NA 0.999 vitreoretinopathy 7;
GRCh38 Neurodevelopmental
3:41236615 disorder with spastic
diplegia and visual
defect (Mental
retardation,
autosomal dominant
19)
COL10A |[GRCh38 |NM_000493.4 |Exon |c.C221G |Het NA/ 0.004/ 4.66 |NA Metaphyseal AD
1 6:11612189 3 p.P74R NA 0.938 chondrodysplasia,
5 Schmid type
SFRP4 |GRCh37 |NM_003014.4 |[Exon |c.G206C |Het NA/ 0.001/ 4.36 [NA VUS |Pyle disease AR
7:37955934 1 p.C69S NA 1.0
GRCh38
7:37916332
WHRN |GRCh38 |NM_015404.4 |7 c.G1543A |Het 0.0045/ |0.007/ 3.86 |Uncertain Usher syndrome, type [AR
9:11442339 p.D515N 0.0025 |0.999 2D; Deafness,
7 autosomal recessive
31
PCDH15 [GRCh37  [NM_001142763 |[Exon |[c.G4049A |Het 0.0006/ |0.004/ 5.75 |Uncertain [VUS |Deafness, autosomal |AR/Digeni
10:5559122 .2 30 p.R1350H NA 1.0 recessive 23; Usher |c
8 NM_033056.4 syndrome, type 1F;
GRCh38 Usher syndrome, type
10:5383146 1D/F, digenic
8
CEP290 |[GRCh37 |NM_025114.3 |[Exon |c.A2174C |Het 0.0013/ |0.042/ 5.79 |Conflictin [VUS |Leber congenital AR
12:8850551 21 p.E725A 0.0015 |0.997 g amaurosis 10; Meckel
4 syndrome 4; Senior-
GRCh38 Loken syndrome 6;
12:8811173 Joubert syndrome 5;
7 Bardet-Biedl
syndrome 14
BMP4 GRCh37 NM_001202.6 |Exon |c.G485A |Het 0.0026/ |0.004/ 431 [NA VUS |Microphthalmia, AD
14:5441749 4 p.R162Q 0.0015 |1.0 syndromic 6;
2 Orofacial cleft 11
GRCh38
14:5395077
4
TICRR |GRCh37 NM_152259.4 |Exon |c.C5573T |Het 0.0006/ |0.003/ 3.97 [NA VUS |Acrocallosal AR
15:9016926 21 p.T1858lI NA 0.956 Syndrome and Meier-
3 Gorlin Syndrome
GRCh38
15:8962603
2
AXIN1 |GRCh37 |NM_003502.4 |Exon [c.C2215T |Het 0.0019/ |0.001/ 3.57 |NA VUS |Caudal duplication AD/
16:341269 9 p.R739C 0.0025 |0.999 anomaly Methylatio
GRCh38 n
16:291269

18




NF1 GRCh38 NM_001042492 |18 p.G675R  |Het 0.0006/ |0.011/ 4.93 |Uncertain Neurofibromatosis AD
17:3122645|.2 0.0005 |0.448 type 1,

6 Neurofibromatosis-
Noonan syndrome;
Watson syndrome

TRIM37 |GRCh37 NM_015294.6 |Exon |c.C1739T |Het 0.0039/ |0.002/ 5.57 |Likely_B [VUS |Mulibrey nanism AR
17:5711918 17 p.A580V 0.00350|0.617
8 4
GRCh38
17:5904182
7

(455 AA: Amino acid f#EEfig, B: Benign E 14, Conflicting: Conflicting interpretations of pathogenicity ¥f
R MERIAE B P G2 FE, D: Damaging A%, Het: Heterozygous ##14F-, Hom: Homozygous [E]%I4
T, Hem: Hemizygous &1, MAF: maximal minor variant allele frequency fz A2 EHE ELIR 8 BEAER,
NA: Not available &%}, P: Probably damaging m]gEmZ 4%, TW: Taiwan &7, T: Tolerated m] 7 5ZHY,
VUS: variant of uncertain significance =35 g Y8 5

=~ 57 HE(co-segregation) 73T

F—{EP& Y candidate gene approach AR I EIFEFAA - EiEEE —fEELH WES
b5 - FELASHEEL N ISR EREE L 14 (EALN o FRIEAL DN S8 FE SRR 5 B AR IR R oA (A
A HHPE SRR AT RAVER - 2500 EE th a2 e E e - BHE
BERPARNAEE 72— LT - HBREEVMEEE - f bR AEREER T 4 AN SRR > hlE
CTNNBL1 ¢.G1982A(p.R661Q) ~ SFRP4 ¢.G206C(p.C69S) ~ AXIN1 ¢.C2215T(p.R739C) K
COL10A1 ¢.C221G(p.P74R) Fy il AR AL NSRS - g = (A NEEERHYEH 77772 Beta-
catenin ~ Secreted frizzled related protein 4 -~ Axin 1 > & WNT/beta-catenin i 2 {H & 1 1Y
F#E(F R E&EH - Il COL10AL A N#EEE X BEJREH alpha i## (alpha chain of type X
collagen) » HEANZH A EHAE—RIBIREN - HHE R RS BHVER LR 25K
SERRANECT R E AN B o FTLURIEEEEE 4 (WA RS AR T4 0 B4 - Fralny 30 -
ETEARERN AR @ E AR E R - MR RE A A WA NS - e 520,
A2 S I BE I AT HE R BO i RG

PHENE 4 (BN R ARG T R Sl S R R Y5 1 - Akl -
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RV ~ F SRR AR R H R S N T RS [ TRy IR E R -

. Annealing
Primers Forward (5'->3’) Reverse (5->3’) T
Temp
CTNNB1-
TTTTCCTCAAGGGCCTTTTT CAAGCCAGGGAAACATCAAT 58 274
exonl3
COL10A1-
3 TGGTAGCCATGGTTTTGTGA TCCCTGTTGTCCAGGTTTTC 58 546
exon
SFRP4-exonl ATAAATAGGGTCCCGCAATG CCTCCCTCCATCCTTCCTAC 58 782
AXIN1-exon9 GCAGTATCGGGTACCACCAA | GAGACAGGAGAAGGCTCTCG 58 487
(A) Wild Type Wild Type Wild Type Wild Type
/ﬁl \ : e e {,.
f A f . \ oo w Maonl
it I \ A |‘ |l .[l f ) | ‘I'\ A {‘I i
I VA VA UYL AR A ARAIE IV VR A f L
AV M‘I\"\(I‘.‘}"‘ I‘I‘w‘g\"'\ A i ;/ A }‘I\“I"\I\‘N‘I“”“\M ("‘.J;UI.‘;‘;\'M 1|
ARSAEANUARSANARA NSRS AN AR AN BURRASARNANAARAAEANE RS NNAR AR AN
CTNNBI c.G1982A COL10A1 c.C221G SFRP4 c.G206C AXINT ¢.C2215T
| | Lol
| .‘ v N YA ol
( | \"‘ . i “" ol f A \'\ H { |(\ "n' N ‘|
n ,w‘l ‘”"“#‘* | Y ‘H\ i /’M ‘-“‘-\‘.‘".‘J'E\"‘u‘“" / "I"H‘m.“" r\lw‘ \‘I‘,e“\,w'lw“l‘ ||
CALLE VUV | AR VA AR AR B A D AN
(B) o~
| CTNNB1 | COL10A1 | SFRP4 | AXIN1
1] 2 €.1982 221 c.206 €.2215
| * Lo 1.1 (50) G/G c/c G/C c/C
A1 2 3 4 1.2 (&) G/G C/G G/G /T
ni(xE) | 6/mA c/G G/C /T
DRy 2 21 13 (&x%) | 6/ c/c G/G c/c
\3]2/ a0 %) | G/G /G G/C T

[\~ HoEE TSR o (A) LR B A RIE NI BEEREL - i o S AL - FR
CTNNB1 ZRENKFEFI - H =(EERNE EAER © (B) B CHF AN e &R EER
& - AERINET-HE AT A VUEE N B RAF N - DI — DR 2N T E PR - I
S ARG E N CEEHE—T -

IR E RS E BE A CTNNBL S& T[N85 (cDNA 5155 1982 (i B G 1
(transition) i A) - 3 B R SCBE KW AL 265 56 B IR - R H R4 8 F 2 R 9% 2€ 2 (de novo
2 SR SR EEL beta-catenin fE ML P IHYES 661 (1 - HIlEHEL Arginine L

Brfin b % Glutamine o

mutation) -
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SIS SRR + [ CTNNBL c.G1982A (p.Arg661GIn) 2 4E e HI » A7
NSRRI R TS B R A 2 R AR5 » % CTNNB1 c.G1982A
(0. Arg661GIn) T By B L -

g~ 5w

ffl 22 2 CTNNB1 At [X(NM_001904.4) fr4I1E 5 1982 {E % H Mk ) ¥ = 4 &
(heterozygous)#% Hii 7 FIIE % (€.1982G>A) » HEEHE 5 661 fdfz Akl ¢4
(p-Arg661GIn) - [ & S EEHY " E ALK AU AR | (allele frequency) 1E BN S E et &
Genome Aggregation Database (gnomAD) B aaHhI&AY IF & HEEE PR ph s &l © (F =8 A fe
AYrERHE Taiwan BioBank skl iiEiE ; fEPHERE ClinvVar iz 28miiacit iy &
B o JREIR R B ARG - H LSRR SIFT 55 D » PolyPhen-2 5 D » TR RS
AIRE e B L E AL - 5590 - GERP {HFy 4.82(K1Y 4.4) » ForEsYfERT DNA #EEFP5ITE
BEATRRARORSFIT—2Y - AL CTNNB1 ¢.G1982A (p.Arg661GIn) fii HJHE Ry 2P ik -

5
e

CTNNB1 EH4RHRESELZE beta-catenin [ > [fij beta-catenin T WNT =F S (8 g B8 i
ZHRCER Sy o MRS F AR S - WNT SRS IR S A AL b L 22 8% - (2)8H
WNT ZREEIEHEE T > AXIN ~ APC 1 GSK3B TR &) > {4 beta-catenin EliHHT
TE AL B 4R R e T kB BR R B (L ~ BB 1202 /L (ubiquitination) 1 #% & [ B #& (proteasome) 73
fif o £ WNT BCREFAERYIEDL T - beta-catenin N &l (LBLUT 2 4L - MAEAIPRER
FuE TCFILEF #EigkA1#yHE LA (co-activator) » fEifiif{t WNT ZEfERA(Wnt responsive
genes) » &S
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Liganded state
Extracellular space

A

_ APC
: Proteasomal APC
O degradation . @
o G
.9
<Cm@ Cat@
[-Catenin
—
Nuclear
localization
Cytoplasm Nucleus
Altered transcription
of specific genes
ﬂ‘\L/ A/

B/ : WNT ;R E 3% (WNT signaling in osteoblasts) o

GSK-3 and CK-Ta

(S33,S37,T41) (S45)
1 138 Armadillo Repeats 664 667 683 781
—om—— 1| 23(4/5[6[7|8/|9/[10/11]12—{Helix-c
— B—TFCP E-cadherin (Arm 3-10; K312, K435)
(K19, K49) TCF (Arm 3-10)

TCF

BCL? (Arm1) ICAT, Chibby, Parafibromin, ...

(Arm 11-12 + Helic-C)

Axin

APC I:

Post-translational modifications to stablize beta-catenin

(1) Phospholation: JNK2 (S191, S605), AKT (S552), PKA (S675)
(2) Acetylation: CBP (K49), p300 (K346)

(3) Ubi (K394)

B+ - Beta-catenin #y ¥ E&EHE K HEL H MR TR TIEFRR -

H TI%EQ Q Tianru Jin, Endocrine Reviews 2016;37(3):254-277
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Beta-catenin #yFZ4EME (40[E ) (Jin, 2016) > EFEH 140 {EEAREHY S H K EIT(N-
terminal domain) ~ L& By 12 (AEEITURSERE(armadillo 12 repeats) ~ DL —{# 47 100
[l A B 4H B A B Ui 2 B T (C-terminal domain) » i oayffiffésglE nl45 & cadherins, TCF,
APC, Bi Axin Z##E5% 5 (LK F-(transcriptional coactivators) » i Ha Il &l 5 bl 2k B8 7T Ry
#% 5 Gl (transcription activation domains) o KH VIR S (G » ERELIARGS S & K E il
Skl X BT [ERF4S & 5 B LB R ESS & - 40 CBP/p300 ~ Brg-1 ~ TBP » HEilfjk
IFYIARESHE 11 Bl 12 455 - [hh - @8RZEHVEERATE beta-catenin X G {FH1Z @ 2
#E WNT 2RI -

FfH¥R, - ICAT (Inhibitor of beta-Catenin And Tcf-4){{]If] beta-catenin #1 TCF/LEF ##g%
AP G /F &R WNT ZERARRTRE - O FER% - @RZEIEIeME WNT ZEAN
HYZ2FR « ICAT HIIFHE - JHETS LR 8 Beta-catenin Y32 B » m#lik] WNT ZEfEELR
HIRER - K WNT SRS SR n I HIEHFAE -

Beta-catenin

E-+— - ICAT 454 Beta-catenin BYEE 11 BE5E 12 {EI RS

i JEE Graham, Mol Cell. 2002 Sep;10(3):563-71

ICAT (Inhibitor of beta-Catenin And Tcf-4) » X 44 beta-catenin-interacting protein 1 »
CTNNBIP1 ER4miBEEENEH - HRUIlEfZ A4S A beta-catenin » [H (|- beta-catenin 13- ZHY
ek S LT TCRILEF ZHYMHE(ER - MfER WNT S EIRHH S 5HE - Beta-catenin
Y25 11 ~ 12 (I SREERE 2 ICAT & &1 &I (Tago et al., 2000) (4@ -+—) » Mzt beta-
catenin 55 12 {EhJ&45RE) phe660 (F660)EL Arg661 » & ICAT AEA4ES | beta-catenin i
AV E (Daniels & Weis, 2002; Graham, Clements, Kimelman, & Xu, 2002) » phe660 £xEi
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beta-catenin 1 ICAT ~ [EJAYFi /K1 » T Arg661 RIFE{AL FEE a1 beta-catenin 1 ICAT ~ [Ei2
N RS

Beta-catenin 1y R661 5 iz fis (arginine) (HIl##7 IEZ& a1 » 1 ICAT Ay E37 £4f# 1% (glutamate)
(g S B AT - 18 WM e ARG < il i rT RE VAR A fF 2B 38 - BIE S &R 25107 - Z
AIBTFEREE ICAT [y E37 HJFUA VAL % (glutamate) o5 82 B P4 % 1% (alanine) > &7 08 Fk
ICAT/beta-catenin 2 HH97ER (Tago et al., 2000) » {5 ICAT 41454 beta-catenin Ak
i beta-catenin R661 HYHE A AL HU - EARRRE I Ko A7 SR AV AR MR R AR - 0%
B ICAT /Y E37 ki (glutamate) JE ik i+t » 5228 ICAT B beta-catenin 2 [HAY/ERT » 2%
ICAT #f1> WNT ZRUE BRG] > 40mE 0 WNT S EIER - S5 WNT SRS iR 5
TRE AR - e WNT SRS RGN TS S S B I AR BN - HOHE HEBHFE AT
2HY CTNNBL Ze8 n]gE R i p 2 S HE LIERY R A > RHESERTHREM B RGEE -

FIHAT R IE > SR EE —FIR CTNNBL EREAIS TiR#EE A (CTNNBL ¢.131C>T;
p.ProddLeu) [FE2E8 » i3 [#ERSZ BRI LAEAEZ(Peng et al., 2020) - N E
iR beta-catenin 55 44 {li g Bl H IE & Ay iz I (Proline) G2 i (1 i (Leucine) » TTAHABHY
5% 45 (EEEE (4% Serine) & beta-catenin & 2 BT T RIS (L AV RA S AL E - 1M
p.ProddLeu Y8 FAGEY Elm K BETBkBE (LR D - &iMTE7E beta-catenin o AN ZEHE 7 —
#1E CTNNBL £ [A (p.R661Q) thE AR & Tz R H BFE e aBE % - 2 8ERA
Iz A LERE > B IS A - s E Iy CTNNBL ZL[NTiRE #E 58 7€ 8 (gain-of-
function mutation) fJ57EH -
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B~ GEmBfEH

— ~ AW EEIRE B A CTNNBL ¢.1982G>A (p.Arg661GIn) 2 41 (heterozygous)za £ 8

F(missense mutation) - WEEE F CTNNB1 ERHF #2284 (de novo mutation) - 5%

fEfe 7 CTNNBL ALAIRYZESEGE - s 2 R ARVELRE - R MIPrA » Bt iE
I~ BEINEFIHT CTNNBL LR TAE 5422 4% (gain-of-function mutation) FIFEHIE 4 -

T M B IE N EAE LRPS ~ LRP6 ~ SOST 45 (g8 AL N ZE 8 201 - [l 2 AT
CTNNB1 ¢.1982G>A (p.Arg661GlIn) » i g2 2% 480 (/B 7235 - Beta-catenin fJ R661 >
ICAT Bl beta-catenin = G {FHAYRBHFENIE » Ifi p-Arg661GIn FyE & ICAT ¥
WNT/beta-catenin H S EIEFIAVHNG] - HMIEE beta-catenin » EEEE B4
e g (T
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¥®3Z ] 090016

poiEs s WES 5 3% B A it % ¢ > CTNNBI c.G1982A )

1L

= £h missense mutation p.Arg661GIn % ¥ it 5 F = Fl o 4

A

REFLATRE el © bR B RPT A EME

&

ICAT ehjd-v 2 3 {F% » @ B> Hfrd|iF* » H R beta-catenein §
EERF VP RATRE-HBRAF AT EFRAET G
B o EaERN TR GT TR A El B &Rt
AEFTH N BERAE CEOREATFEZ CINNBL A F > A4

e

= »

B 0] CINNB1 A FIR 508 2 F A g » azdwm® 5 &I

v

AP RBE 3 (}?ﬁ%}ﬁﬁf R I B AP TET O REFLEF TR AP

B el B RATER B -6 A A e 3 -
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