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Clinical and Molecular Genetic Characteristics of Korean
Patients with Smith-Lemli-Opitz Syndrome:
A Report of New Patients with a Literature Review

Jung Min Ko, M.D., Ph.D.

Department of Pediatrics, Seoul National University College of Medicine,
Seoul National University Children’s Hospital, Seoul, Korea

Smith-Lemli-Opitz syndrome (SLO) is a rare, autosomal recessive disease caused by an inborn
error in cholesterol synthesis, Patients with this disease suffer from multiple malformations due to
reduced activity of 7-dehydrocholesterol reductase (DHCR7), which increases 7-dehydrocholesterol
(7DHC) and 8-dehydrocholesterol (8DHC) concentrations and decreases cholesterol concentration
in body fluids and tissue, Here, we describe Korean siblings with SLO who were diagnosed re-
cently, and performed a review of literature about Korean cases with SLO to date, Microcephaly
and syndactyly of the second and third toes are the most common physical finding in SLOS pa-
tients, Other malformations including growth failure, cleft palate or bifid uvula, various heart malfor-
mation, genital ambiguity in males are also accompanied, Not all patients showed low levels of
serum cholesterol, so DHCR7 mutation analysis can be helpful to confirmative diagnosis, Two
mutations on p.R352 locus (p.R352W and p R352Q) are commonly identified in Korean SLO
patients, Although rare in Korea, SLO should be considered in the differential diagnosis of growth
failure with intellectual disability, especially in patients with multiple congenital anomalies,
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Table 1. Clinical and Molecular Characteristics in Korean Patients with SLO

Present study Kang
(siblings) Lee Ko Chae Parky) et al.%”

ot al 1o ot al” ot al® et al. Total (%)

Patient 1 Patient 2 Patient 1 Patient 2
Karyotype 46,XX 46,XY 46,XX 46, XY 46,XX 46,XY 46,XY 46,XY M:F = 5:3
Ptosis - - - + + + + - 4/8 (50)
Microcephaly + + + + + + + + 8/8 (100)
Height (<3™ percentile) - - + + + + - - 4/8 (50)
Weight (<3 percentile) + + + + + + + + 8/8 (100)
Developmental delay + + + + + + + + 8/8 (100)
Ambiguous genitalia - - — + - + - - 2/8 (25)
Hypospardia - + + - + 3/4 males

(75)
Cleft palate or bifid uvula + + + + + + + 8/8 (100)
2M—-3" {pes yndactyly + - + + + + + 7/8 (87.5)
Polydactyly - - - - - + - - 1/8 (12.5)
Heart anomaly - ASD - PDA, ASD — TOF - - 3/8 (37.5)
Cataract - - - - - + - - 1/8 (12.5)
Gastroesophageal reflux - - + — - + - - 2/8 (25)
Hypertrophic pyloric stenosis - - - + - - - - 1/8 (12.5)
Cholestasis - - - + - + - - 2/8 (25)
Brain anomaly - - Periventricular - - - - - 1/8 (12.5)
white matter
volume loss
Seizure disorder - - - + - - - - 1/8 (12.5)
Serum cholesterol (mg/dL) 107 119 64 21 47-63 12 124 35
Serum 7DHC (ug/mL) NC NC 3493 567 176 NC elevated 129
DHCR7 mutations p.R352W p.G303R p.P227S p.R352W p.R352Q p.D116N
p.R352W p.R352W p.G303R p.K376Rfs*37 p.R352Q p.R352Q

Abbreviation: NC, not checked.



= 2R gl Anja-He-oux ST Fxjo
Hol A5 &4 A5/t Hesith | 944 A
APE HAFANAT A W AR HASRTE B
= 19 (12.5%) o1 e, A1) 718-& Fwkst g
A= Ak 5 9 FA B BE xjeA] AA
soj 9llor HugAsoz zdy A= 19
(12.5%) ©130t}. oJo}(46,XX) &= B A4 95 444
715 Belou Hoh46,XY) 5% 29 (40%) oA &

A oRelEE 471% Beor] 1% (20%) & Liwskes
S FEagke] sRkE o] QU FHA e Al A 2t
7¥eke] BB $AZe 7(87.5%) 9 FolSelA gl

H1, TAEE 195 (12.5%) 9 Solela] Futwgct.
2P FoRE 19 (12.5%) 9 37t 283
SO Fug wgron 21 (25%) 9 A7t A 9}

Q3L 27 (25%) o] BAl= Ao &
2 Yol gk

% cholesterol 12—124 mg/dL7}A] )
£ tpeFalglon, 5% (62.5%) 2] A= % chole-

sterol A7} weront 3% (37.5%) 2 A= A

cholesterol £X& EIt}h 7DHCE 534 =4o)
7Fe3l =0 (129-3,493 ug/mL) S48 57 FE5Fo
A A2 FA1(<2 ug/ml) ol vl AT d-S Bl

3. 8t=Ql SLO X529 E¢HO0| EM(Table 1)
Wl A 233 771 F 67150lX DHCR7 ++
Azl o] AAE=, 12712 tigfaatels =
T U EAHo7E I GI) FRlE EdRlolE F
6507, 7H &3] BE 5ol pR3G2WE 4
M (33%) €] thg bl A HAE 13, p.R352Q7} 3

71(25%) & HF-ZAA A, p.G303RE 278(17%) ]
Azl gelE it} p.P227S, pD116N Y
p.K376Rfs*37 2+2t g+ 71(8%) & s frd kol A
BAEGom, A EAMe] BF 7]ES] Ryt gldd

g EARo] T,

= s

2

i

SLO%= cholesterol AE43E] viA|EF Ao -85

(

FAF Wl O %

P 2 FHAE A2

+ 7DHC reductase®] 2302 WA= £/ o
AF Agolt}, o] & Qlste] oA cholesterol
27} #A8kaL 7DHC B 8DHC 42217} 23] Hok
7DHC-2 7DHC reductase®] 2534 Q1 7]z 8DHC
= 7DHC?] o] A4 (isomer) o]t} . wheba], SLO2]
AgetA] Ak JoAoA 9] 2 TDHCE ERlste
whHo] 2 AR AR thekst A npA oFEe o3|
ME Ao s veRd 7 Q7] wiitel sl f-<Jst
ofof 3k, o]2st A T FAfobAEeA TDHCE

S75ke stol w80l @ % Aot Al chole-

sterol A& tht-ES] StellA= BHA] glEA|nk
A oF 10%0M4 = B 215 =2 ] | mE] %
cholesterol 52]9] 7o) SLOS] zcte] B2 ¥
HE ohrl?. & Aol 2413 89 9] #51el SLO
2 5 3% (37.5%) 8] A gk FF cholesterol

F2)7F AAro 7 FelE )
Cholesterol theFst A=82 7]& S
27 Froh 3 AlEEre] FE APRARY Bk oy
o} A Ao glo]
raft) ¢l 23 FAQ
T g219] cholesterols AR2 Ttk SLOM
/‘1 Hol= @& 574 9 713 E cholesterol?) ¥,

Z sterol®] = 9 7DHCE] Ao u}2 =4 9=
o] A4l Az Pzt wE FA cholesterol
T2 9} ARl 2 o $9le] AeAo] W3]

= 5.0 =]
TH s sh=

2otk B HEAR} A RO

Z=Z1
5o -

gH=o] A= ot iR ATEeA dF
cholesterol X8} 412 =5 Alo]e] o] Abatst
A7y Jes BAT 4= 911, 53] cholesterol F4]7F

10 mg/dL w9kl A ApgEo] e w=r}b 12

DHCR7 %1}4 =i o) oﬂuﬂqf_} A5}erA
27% Bolt $hbellM SLOY 2 HALR ARg-FILh
DHCR7 5% % 919) excn .2 4519 exon
19} 2= @S dEgkebA] obs F-91= exon 35
B 971x)7} 9% godo ]D} dxﬂﬁ}x] B3E SLOY €
9l EddWol= oF 150
exon 6%-E 9 Afo]e
+ ¥}2 (missense)

=
Aska glep 9. gl



7o E9dWo] 5 p. pK376Rfs*37S A 2|3t
(83.3%) ¢] EAWoI7} He EAo|glom,
o) 94 p.D116NS #19]3k 557 (83.3%) 9|
o]7} exon 64-E 9Atolell |8t SISt
5] BAEE SRl Tl Az <l
7F S, wleA= IVS8—1G>C (28.
151% (6.0%) <] + 714 =AHo|7} 71
Huh dEoME p.R352Q BRI &
2 BIEAH Y A B4 A at
715X p.R352W (33%), p.R352Q (25%), p.G
303R (17%) =el7} + 719 -7} o /delA
FRIH QT p.R352WE WIQloA % 3.2%2] tiy -+
Aol A BAEE vl &3 FARololtl p.R352Q
(25%) 2} p.G303R (17%) TRl A e WA
WIE7F 1% nREOR vho} QIF7e] EARio]
2ol 7} gl el 5= g,

Agle] e AelE g o® A2 07 cholesterol
o] F7} Fwol SLO9 8 A5E AlgEo] gor
o] oA 3%, A3l oA 2 23]
2, FHRGL A
499 71 & oF
tH?. cholesterol
=, kA= vHEof
5 gtk o] X159}

L
T

5T
9]

T=

= &l

ul 3’
1 34

s

o
=
<)

[e)

Rl

krtl

by
2
P>
i

i
oy
olN

ot

B
o
)

o

N
y
ot I
1o

D)

ofx
oz

=2

o

B
i)
ko
i

o
Y
2
>
ol
Y
ry
o
& of

B>

=
ol
=

ol

Hﬂﬁr}ml:ﬂlJ
f
u T )
ol
w
[y
(@)
2

Moo o
tlo 2

o
Hopx

ot
+ 2

0 oZ o
oS

(ST VY
Mo

o

o
(<0
-

=)

o

>
o,
=

~
o

i)
ot
N

rr
5
e
oft

ot

ox i Jo o X o E

o3
N
rQ

m
o
-
O

c Al 149 Al 1%, pp48~53, 2014 —

o2

oz

1) Smith DW, Lemli L, Opitz ]M. A Newly Recognized
Syndrome of Multiple Congenital Anomalies. ]
Pediatr 1964;64:210-7.

2) Porter FD. Smith—Lemli-Opitz syndrome: patho-
genesis, diagnosis and management. Eur ] Hum
Genet 2008;16:535-41.

3) DeBarber AE, Eroglu Y, Merkens LS, Pappu AS,

Steiner RD. Smith—Lemli-Opitz syndrome. Expert

Rev Mol Med 2011;13:e24.

Nowaczyk M]J, Irons MB. Smith-Lemli-Opitz syn-

drome: phenotype, natural history, and epidemiology.

Am ] Med Genet C Semin Med Genet 2012;160C:

250-62.

Kelley RI. Diagnosis of Smith-Lemli-Opitz syndrome

4)

5)
by gas chromatography/mass spectrometry of 7—
dehydrocholesterol in plasma, amniotic fluid and
cultured skin fibroblasts. Clin Chim Acta 1995;
236:45-58.

6) Nowaczyk M]J. Smith-Lemli-Opitz Syndrome

=

Available from: http://www.ncbi.nlm.nih.gov/books/
NBK1143/#slo.REF kelley.1995.45.

Ko JS, Choi BS, Seo JK, Shin JY, Chae JH, Kang
GH, et al. A novel DHCR7 mutation in a Smith—
Lemli-Opitz syndrome infant presenting with neo-
natal cholestasis. ] Korean Med Sci 2010;25:159—
62.

Chae JH, Kim KJ, Hwang YS, Ki CS, Kim JW.
Identification of a novel DHCR7 mutation in a

7

8)

Korean patient with Smith-Lemli-Opitz syndrome.
J Child Neurol 2007:22:1297-300.

Park MR, Ko JM, Cheon CK, Kim GH, Yoo HW.
A case of Smith-Lemli-Opitz syndrome diagnosed

9)

by identification of mutations in the 7-dehydrocho-
lesterol reductase (DHCR7) gene. Korean ] Pediatr
2008;51:1236-40.

Lee HJ, Lee JH, Lee JS, Choe YH. The Smith—
Lemli-Opitz syndrome with a G303R/R352W mu-
tation: in an extremely irritable child responsive to

10

=

cholesterol supplementation. Genes & Genomics
2010532:9-12.

Zed, A=, AQu], Z49d. Smith-Lemli-Opitz
S35+ 22, J Korean Soc Inhert Metab Dis 2009;
8:3-6.

Waterham HR, Hennekam RC. Mutational spec-
trum of Smith-Lemli-Opitz syndrome. Am J Med
Genet C Semin Med Genet 2012;160C:263-84.

13) Yu H, Patel SB. Recent insights into the Smith—

11

~

12

~



= TR gl AnA-HE-eu 2 S B Y P E FHAY: AR T Bo 9 £ 13 -

Lemli—Opitz syndrome. Clin Genet 2005;68:383-91. Smith-Lemli-Opitz syndrome patients. ] Hum
14) Witsch-Baumgartner M, Fitzky BU, Ogorelkova M, Genet 2005;50:353-6.

Kraft HG, Moebius FF, Glossmann H, et al. Muta- 16) Correa—Cerro LS, Porter FD. 3beta—hydroxysterol

tional spectrum in the Delta7-sterol reductase gene Delta7-reductase and the Smith—Lemli-Opitz syn-

and genotype—phenotype correlation in 84 patients drome. Mol Genet Metab 2005;84:112-26.

with Smith-Lemli-Opitz syndrome. Am ] Hum 17) Svoboda MD, Christie JM, Eroglu Y, Freeman KA,

Genet 2000:;66:402-12. Steiner RD. Treatment of Smith—Lemli-Opitz syn-
15) Matsumoto Y, Morishima K, Honda A, Watabe drome and other sterol disorders. Am ] Med Genet

S, Yamamoto M, Hara M, et al. R352Q mutation C Semin Med Genet 2012;160C:285-94.

of the DHCR7 gene is common among Japanese



