
Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

 Mol Syndromol 2012;3:215–222  
 DOI: 10.1159/000343923 

 Mutational Spectrum of Smith-Lemli-Opitz 
Syndrome Patients in Hungary 

 I. Balogh    a     K. Koczok    a     G.P. Szabó    b     O. Török    c     K. Hadzsiev    d     G. Csábi    e     

L. Balogh    f     E. Dzsudzsák    a     É. Ajzner    g     L. Szabó    h     V. Csákváry    h     A.V. Oláh    a  

 Departments of  a    Laboratory Medicine,  b    Pediatrics and  c    Obstetrics and Gynecology, Medical and Health Science 
Center, University of Debrecen,  Debrecen , Departments of  d    Medical Genetics and  e    Pediatrics, University of Pécs, 
 Pécs ,  f    1st Department of Pediatrics, Semmelweis University,  Budapest ,  g    Central Laboratory, Jósa András Teaching 
Hospital,  Nyíregyháza , and  h    Department of Pediatrics, Markusovszky Hospital,  Szombathely , Hungary 

cases. In 1 case only 1 mutation was detected in a heterozy-
gote form. One patient was homozygous for the common 
splice site mutation c.964–1G 1 C, while all other patients 
were compound heterozygotes. One novel missense muta-
tion, c.374A 1 G (p.Tyr125Cys) was identified. 

 Copyright © 2012 S. Karger AG, Basel 

 

Smith-Lemli-Opitz (SLO) syndrome is a monogenic, 
autosomal recessive, multiple congenital malformation 
syndrome which was first described by Smith et al. [1964]. 
The characteristic clinical features are mental retarda-
tion, behavior abnormalities, sleeping disturbances, fail-
ure to thrive, cardiac defects, facial dysmorphy, skeletal 
abnormalities (typical is the syndactyly of the 2nd and 
3rd toe), genital and renal anomalies as well as photosen-
sitivity [Kelley and Hennekam, 2000]. The clinical spec-
trum ranges from a mild disorder to severe appearance 
of the disease that often results in prenatal/neonatal 
death.

  The disorder is caused by the deficiency of the DHCR7 
enzyme which catalyzes the conversion of 7-dehydrocho-
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 Abstract 

 Smith-Lemli-Opitz (SLO) syndrome is an autosomal recessive 
disorder characterized by multiple congenital abnormalities 
and mental retardation. The condition is caused by the defi-
ciency of 7-dehydrocholesterol reductase (DHCR7) which 
catalyzes the final step in cholesterol biosynthesis. Biochem-
ical diagnosis is based on increased concentration of 7-dehy-
drocholesterol (7-DHC) in the patient serum. Both life expec-
tancy and quality of life are severely affected by the disease. 
The estimated prevalence of SLO syndrome ranges between 
1:   20,000 and 1:   40,000 among Caucasians. Although the mu-
tational spectrum of the disease is wide, approximately 10 
mutations are responsible for more than 80% of the cases. 
These mutations show a large interethnic variability. There 
are no mutation distribution data from Hungary to date. 
Thirteen patients were diagnosed with SLO syndrome in our 
laboratory. As first-line tests, serum 7-DHC and total choles-
terol were measured and, in positive cases, molecular ge-
netic analysis of the  DHCR7  gene was performed. Complete 
genetic background of the disease could be identified in 12 
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lesterol (7-DHC) to cholesterol in the cholesterol biosyn-
thesis pathway [Tint et al., 1994]. Impaired function of 
the enzyme results in increased level of 7-DHC and de-
creased cholesterol level in plasma and tissues. Elevated 
concentration of 7-DHC biochemically confirms the di-
agnosis of SLO syndrome [Irons et al., 1993]. Cholesterol 
is an important component of the lipid rafts of cell mem-
branes, it is the constituent of myelin, the precursor mol-
ecule of bile acids, steroid hormones and neurosteroids 
and plays an important role in the embryogenesis/mor-
phogenesis as well [Kelley et al., 1996]. In SLO syndrome 
7-DHC replaces cholesterol to a great extent in the sterol- 
and caveolin-rich membrane regions and disturbs cell 
signaling [Ren et al., 2011]. Very recently, it has been sug-
gested that the neurological symptoms in SLO syndrome 
are associated with the oxysterols that are produced out 
of 7-DHC [Korade et al., 2010].

  The  DHCR7  cDNA was cloned in 1998 by 3 different 
groups [Fitzky et al., 1998; Wassif et al., 1998; Waterham 
et al., 1998]. The human  DHCR7  gene localizes to chro-
mosome 11q13 and spans 14,100 bp of genomic DNA 
[Fitzky et al., 1998]. It consists of 9 exons where the start 
codon is encoded by exon 3. The  DHCR7  mRNA is 2,786 
bp long with an open reading frame of 1,425 bp. No oth-
er disease is known to be associated with mutations of the 
 DHCR7  gene; however, SNPs within or nearby the gene 
affect vitamin D metabolism [Wang et al., 2010; Berry 
and Hypponen, 2011].

  SLO syndrome is relatively common in the Caucasian 
population with an estimated incidence between 1:   20 000 
and 1:   40 000 [Tint et al., 1994] and a carrier frequency of 
1:   50 to 1:   70 which may be the result of both heterozygote 
advantage [Porter, 2002] and genetic drift [Witsch-
Baumgartner et al., 2008].

  In the present study we investigated 13 patients from 
12 families with clinically and biochemically confirmed 
SLO syndrome. Molecular genetic diagnosis was per-
formed by standard methodology. In 1 case, where only 
1 mutation was found using the standard protocol, we 
analyzed the promoter and the 3 �  regions and the  DHCR7  
mRNA as well. The genetic background of the disease 
could be identified in 25/26 alleles.

  Materials and Methods 

 Patients 
 Since 2008 we investigated 13 patients from different parts of 

Hungary with typical clinical features of SLO syndrome. The di-
agnosis of SLO syndrome was established by measurement of 
7-DHC by UV spectrophotometry and further molecular genetic 

analysis of the  DHCR7  was performed. Clinical information was 
available in each case and the clinical score was calculated accord-
ing to Kelley and Hennekam [2000].

  Clinical Features 
 Patient 1 
 This infant was born at 37 weeks of gestation by Cesarean sec-

tion from the first pregnancy of her mother. The pregnancy was 
complicated by pre-eclampsia and diabetes. Her birth weight was 
2,510 g. Observed anomalies were as follows: generalized, mild 
edema; generalized muscle hypotonia; microcephaly; microph-
thalmia; short palpebral fissure; cataract on the left side; low-set 
ears; hypoplastic tongue; gingival hypertrophy; on the right side 
completely, on the left side incompletely atretic choanae; micro-
gnathia; on each extremity postaxial polydactyly; single trans-
verse palmar crease; assymetric labia majora; missing labia mi-
nora; imperforate anus; and sacral pilonidal sinus. She died on the 
first day of life because of respiratory insufficiency. It is to be not-
ed, that the mother has had 2 pregnancies since the birth of the 
abovementioned child and both terminated by spontaneous abor-
tion in the 7th and 14th week of pregnancy, respectively.

  Patient 2 
 This infant was born at 39 weeks of gestation by Cesarean sec-

tion for breech presentation with multiple anomalies from the 
fifth pregnancy of his mother who had previously had 3 spontane-
ous abortions and thereafter gave birth to a healthy female infant. 
Perinatal asphyxia required a resuscitation after birth. Head cir-
cumference was 32.5 cm; body length and weight were 46 cm and 
2,810 g, respectively. He presented with generalized muscular hy-
potonia and ambiguous genitalia (micropenis, bifid scrotum, per-
ineoscrotal hypospadias, bilateral cryptorchidism). Cytogenetic 
investigation revealed a karyotype of 46,XY. Craniofacial abnor-
malities were microcephaly, small nose with broad, flat nasal 
bridge, anteverted nares, micrognathia, high-arched palate with 
cleft of the soft palate, and broad alveolar margins. Among skel-
etal abnormalities on both hands and on the right foot, postaxial 
polydactyly and bilateral, incomplete, soft tissue 2nd–3rd-toe 
syndactyly and a single transverse palmar crease were present. 
Other anomalies were bilateral cataract, cyst of the corpus pine-
ale, enlarged lateral ventricles, and pyloric stenosis.

  Patient 3 
 This patient is the brother of patient 2 and was born from the 

sixth pregnancy of his mother at 37 weeks of gestation by Cesar-
ean section for breech presentation. Head circumference was 33.5 
cm; body length and weight were 46 cm and 2,700 g, respectively. 
Available clinical data were less detailed than in the case of the 
older brother but phenotypically SLO syndrome was soon pre-
sumed. He presented with typical craniofacial features like mi-
crognathia; high-arched palate with cleft of the soft palate; small 
nose with broad, flat nasal bridge; anteverted nares; with am-
biguous genitalia (hypertrophic clitoris or micropenis, perineo-
scrotal hypospadias and bilateral cryptorchidism); postaxial 
polydactyly on the right hand; clinodactyly of the fifth finger on 
the left hand; bilateral, incomplete soft tissue 2nd–3rd-toe syn-
dactyly; almost complete 4th–5th-toe syndactyly on the left foot 
and a single transverse palmar crease; vesicoureteral reflux and 
associated pyelectasis; muscular hypotonia; and adrenal hyper-
plasia.
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  Patient 4 
 This female patient was born at 35 weeks of gestation by Ce-

sarean section from the first pregnancy of her mother. Birth 
weight and length were 2,000 g and 36 cm, respectively; head cir-
cumference was 31 cm. Multiple congenital abnormalities were 
observed: facial dysmorphia (micrognathia, cleft of the soft pal-
ate, to the cleft attached tongue), postaxial polydactyly on the ex-
tremities, incomplete 2nd–3rd- and complete 5th–6th-toe syn-
dactyly, vertebral deformation, atrioventricular septal defect, 
open ductus Botalli, tricuspid insufficiency, and agenesis of the 
left kidney. The patient died at 12 days of age because of circula-
tory insufficiency. Resuscitation was unsuccessful. Postmortem 
examination revealed absence of lung lobulation and hypoplasia, 
hepatomegaly, bicornuate uterus, and pneumonia.

  Patient 5 
 This female infant was born at 38 weeks of gestation. Her birth 

weight was 3,090 g. Minor anomalies were observed: bilateral in-
complete 2nd–3rd-toe syndactyly; clinodactyly; on the right hand 
single transverse palmar crease; microcephaly; high-arched pal-
ate; bifid uvula; long philtrum; broad, flat nasal bridge; and mild 
hypertelorism.

  Patient 6 
 This female patient was born at 38 weeks of gestation. Birth 

weight and length were 2,840 g and 52 cm, respectively; head 
circumference was 32 cm. Facial abnormalities were low-set 
ears, midline cleft of the hard palate, postaxial polydactyly on 
the right hand, bilateral 2nd–3rd-toe syndactyly, club foot on the 
left side, 11 ribs on the left side, right ventricular hypertrophy, 
tricuspid valve insufficiency, gastroesophageal reflux, feeding 
difficulties, dystopic kidney, and brain atrophy. She died at 1.5 
years of age most likely because of an adverse reaction due to 
anesthesia.

  Patient 7 
 This male patient was born from the first pregnancy of his 

mother at 39 weeks of gestation by Cesarean section because the 
amniotic fluid was stained with meconium. Anomalies observed 
were microcephaly, cleft palate, retrognathia, low-set ears, post-
axial polydactyly, single transverse palmar crease, incomplete 
2nd–3rd-toe syndactyly, micropenis, hypospadias, incomplete 
dysgenesis of corpus callosum, atrioventricular septal defect, and 
feeding difficulties.

  Patient 8 
 This infant was born at 42 weeks of the first, uncomplicated 

gestation of his mother. His birth weight was 3,160 g. Minor 
anomalies were observed: micrognathia, epicanthal folds, short 
palpebral fissure, hypertelorism, high-arched palate, gingival hy-
pertrophy, bilateral single transverse palmar crease, 2nd–3rd-toe 
syndactyly, far apart nipples, bifid scrotum, micropenis, as well as 
flexible joints and skin. Somatomental development was slow; at 
8 months of age he died because of multiorgan failure of septic 
origin.

  Patient 9 
 This female patient was born at 38 weeks of gestation. Birth 

weight was 2,710 g. Observed anomalies were: muscle hypotonia, 
micrognathia, epicanthal folds, broad nasal root, anteverted na-

res, incomplete 2nd–3rd-toe syndactyly, single transverse palmar 
crease, bifid uvula, feeding difficulties, and enlarged lateral ven-
tricles.

  Patient 10 
 This male patient was born at 36 weeks of gestation by Cesar-

ean section because of pre-eclampsia. As a prenatal intrauterinal 
retardation had been diagnosed, amniocentesis was performed 
for chromosomal examination which revealed normal 46,XY 
karyotype. Observed abnormalities were as follows: intersex gen-
italia, hypospadias, hypertelorism, low-set ears, high-arched pal-
ate, on the right side postaxial polydactyly, 2nd–3rd-toe syndac-
tyly, patent ductus arteriosus, mildly enlarged right lateral ven-
tricle, and severe Hirschsprung disease.

  Patient 11 
 This patient was born at 38 weeks of gestation, her mother hav-

ing had 3 spontanous abortions and having given birth to a 
healthy son before. Birth weight was 2,350 g. Abnormalities were: 
postaxial polydactyly on all extremities, on the left side single 
transverse palmar crease, hypertonic extremities, limb shortness 
(upper arm, thigh), bilateral incomplete 2nd–3rd-toe syndactyly, 
high-arched palate, short neck, far apart nipples, intersex genita-
lia (karyotype 46,XY), pyloric stenosis, biliary cirrhosis, and 
atrioventricular septal defect. Pylorotomy did not solve the feed-
ing difficulty so he needed parenteral nutrition. He died at 3 
months of age after several infections.

  Patient 12 
 This male patient was born at 35 weeks of gestation (compli-

cated by diabetes mellitus and hypertension) by Cesarean section 
because of pre-eclampsia. Birth weight was 1,725 g. Anomalies 
observed were: inguinal hernia on the left side, bilateral incom-
plete 2nd–3rd-toe syndactyly, hypospadias, bifid scrotum, and 
atrial septal defect.

  Patient 13 
 This female patient has got the mildest phenotype of all. Clin-

ical signs are postaxial polydactyly, 2nd–3rd-toe syndactyly, atri-
al septal defect, mental retardation, scoliosis, strabismus, and 
hypacusis. She is 18 years old.

  She had had an older sister who was born at 38 weeks of gesta-
tion in the state of acute asphyxia, her birth weight was 2,500 g. 
She was successfully resuscitated. Because of minor anomalies 
(no clinical data, after her mother’s statement that as a newborn 
she looked like her younger sister) and congenital heart disease, 
Turner syndrome was suspected but chromosome analysis re-
vealed a normal karyotype. Severe cardiovascular anomalies were 
observed: atrioventricular septal defect, open ductus arteriosus 
(Botalli), incomplete pulmonary vein transposition, absence of 
lung lobulation, and gallbladder agenesis. She developed cardiac 
decompensation, failed to thrive and died at 1 month of age.

  Methods 
 Biochemical Measurements 
 Serum samples were used for 7-DHC measurement by the 

modified method of Honda et al. [1997]. Total cholesterol was 
measured by an enzymatic colometric method.
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  Analysis of the Coding Region of the  DHCR7  Gene 
 DNA isolation from blood leukocytes was performed using 

QIAgen Blood Mini Kit (Qiagen) and molecular genetic analysis 
of  DHCR7  was performed by amplifying exons 3–9 and the exon-
flanking intron regions. PCR primers used were as described by 
Fitzky et al. [1998] except for exon 7 (e7F: 5 � -GCT GGG CTC TCG 
CTA AGT AA-3 � , e7R: 5 � -GCA GTA GAT TAA GGT CAT GGG 
AAT-3 � ) and exon9a (e9aR: 5 � -ATG TAG AAG TAG GGC AGC 
AGG TGG C-3 � ). For DNA sequencing the PCR products were 
cleaned using ultrafiltration microcolumns (Microcon YM-100, 
Millipore). Purified PCR products were sequenced using BigDye 
Terminator v3.1 Cycle Sequencing Kit (Life Technologies). Re-
moval of unincorporated nucleotides was performed using gel 
 filtration (DyeEx Kit, Qiagen). Capillary electrophoresis was 
 performed on the ABI Prism 310 Genetic Analyzer (Life Tech-
nologies). Electropherograms of the sequenced PCR products 
were compared to the reference sequence of the  DHCR7  gene 
(NG_012655.2).

  When the mutations were found in the patient’s sample, sam-
ples of the parents were analyzed to prove that the detected muta-
tions are found in trans in the patient. In the case of patient 11, 
only the DNA samples of the parents were available.

  Analysis of the Non-Coding Exons and Regulatory 
Sequences of the  DHCR7  Gene 
 In 1 case (patient 13), where the abovementioned standard 

protocol was used, only 1 mutation was found in a heterozygote 
form. Therefore, the putative promoter region [Correa-Cerro and 
Porter, 2005] and the 3 �  polyadenylation site were also investi-
gated using the following primers: PM1F (5 � -CCT GAC ACC CAT 
GTG TTT ACC-3 � ), PM1R (5 � -CCG GAC TCG AGA TTG ACG-
3 � ), PM2F (5 � -AGC TGG GAT CCC GAA GAA G-3 � ), PM2R (5 � -
CAC GCC GCC TAC CCT CTA-3 � ), PM3-e1F (5 � -GCA ATC GCT 
GAC ATC ATC C-3 � ), PM3-e1R (5 � -CCT GTG AGT GGG CAC 
CTG-3 � ), e2F (5 � -GAG CTT CTG CCC TCT CCT G-3 � ), e2R (5 � -
TCA ACG CTG TGA AGC CAT AG-3 � ), 3UTR1F (5 � -CTA CAT 
GGC CAT CCT GCT G-3 � ), 3UTR1R (5 � -CCC CAG GGA CAC 
TGA TTA GA-3 � ), 3UTR2F (5 � -GTT CCT TGC TTT TGC CTT 
CA-3 � ) and 3UTR2R (5 � -GGA GGG GGA TCT AGA GCT GA-
3 � ).

  Sequencing of the  DHCR7  mRNA 
 In the same case the  DHCR7  mRNA was also sequenced. Total 

RNA was extracted from EDTA-anticoagulated blood samples 
using Trizol reagent (Invitrogen) and reverse transcription was 
carried out using High Capacity cDNA kit (Life Technologies).

   DHCR7  cDNA was amplified in 4 overlapping fragments using 
Pfu polymerase (Agilent Technologies). Following primers were 
used for the amplification: DHCR7mR1F (5 � -TGA CAG AAC 
CGC ATC TCA A-3 � ), DHCR7mR1R (5 � -CTC CTA CGT AGC 
CGG GTA GA-3 � ), DHCR7mR2F (5 � -TAC CTT GTG GGT CAC 
CTT CC-3 � ), DHCR7mR2R (5 � -ATT GGT CAC ATG GCT GTG 
G-3 � ), DHCR7mR3F (5 � -GAT CGG GAA GTG GTT TGA CT-3 � ), 
DHCR7mR3R (5 � -GCC ACC CGG AAG ATG TAG TA-3 � ), 
DHCR7mR4F (5 � -GAC TGT GTC TGG CTG CCT TA-3 � ) and 
DHCR7mR4R (5 � -AGG ATG GCC ATG TAG ATG ATG-3 � ).

  Assessing the Pathogenicity of the Novel Variant 
 For the possible deleterious effect of the p.Tyr125Cys muta-

tion, a SIFT analysis was performed [Ng and Henikoff, 2001, 

2002]. Alignment analysis of DHCR7 proteins were carried out 
using ClustalW [Larkin et al., 2007]. The presence of the c.374A 1 G 
(p.Tyr125Cys) mutation in healthy individuals was tested by 
  Sna BI enzyme digestion of PCR-amplified products. Exon 5 of the 
 DHCR7  gene was amplified in a 250-bp PCR product. In homo-
zygous wild-type samples, digestion with  Sna BI yielded a 121-bp 
and a 129-bp restriction fragment while this  Sna BI site is lost in 
the case of the c.374A 1 G mutation.

  Results and Discussion 

 Both cholesterol and 7-DHC levels were measured in 
the same serum samples of the suspected patients. Ex-
tremely elevated serum 7-DHC levels were measured in 
all patients, ranging from 87 mg/l to 302 mg/l.  Table 1  
shows a representative measurement in the patients that 
was performed before any therapy was started (i.e. cho-
lesterol supplementation). Cholesterol levels were gener-
ally low, in 8 patients lower than the lower limit of their 
age-specific reference range. Cholesterol/7-DHC ratio 
was abnormal in all patients (not shown).

  In 12 of the 13 patients, establishing the molecular di-
agnosis of SLO syndrome was successful. Genotypes of 
the patients are shown in  table 1 . In addition to the known 
nonsense, missense and splicing mutations, 1 previously 
unidentified mutation, c.374A 1 G (p.Tyr125Cys) was de-
tected. The pathogenicity of this mutation is supported 
by the following facts: (1) the affected residue is phylo-
genetically highly conserved in human, dog, zebrafish, 
mouse, and rhesus ( fig. 1 a); (2) the Grantham difference 
is 194 and (3) the affected residue does not tolerate the 
tyrosine to cysteine missense mutation according to the 
SIFT prediction. In addition, this was the only candidate 
mutation detected in trans with another known SLO-
causing mutation, c.976G 1 T (p.Val326Leu) in the affect-
ed patient. The closest amino acid positions that have 
been a subject to pathogenic mutation leading to SLO 
syndrome are 119 (p.His119Leu [Waterham et al., 1998]) 
and 138 (p.Gly138Val [Waye et al., 2005]) ( fig. 1 a). In the 
case of the c.374A 1 G (p.Tyr125Cys) mutation, RFLP 
analysis of exon 5 of the  DHCR7  gene was performed to 
exclude the possibility of being a polymorphism in the 
Hungarian population. The results showed that this mu-
tation was not present in 50 healthy individuals repre-
senting 100 alleles.

  As the elevated 7-DHC levels are specific for SLO [Por-
ter, 2008] and can distinguish between SLO and the 2 
similar rare disorders of cholesterol biosynthesis, lathos-
terolosis [Brunetti-Pierri et al., 2002] and desmosterolosis 
[Andersson et al., 2002], the diagnosis that was based on 
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the clinical symptoms and the measurement of serum 
7-DHC could be established in patient 13. In this unique 
case, a 3-tier molecular genetic analysis approach was 
used. First-tier analysis that involved sequencing of the 
coding exons revealed 1 previously described pathogenic 
mutation in a heterozygous form, namely c.452G 1 A 
(p.Trp151 * ). In the second tier of molecular testing, se-

quence analysis of the non-coding exons and the putative 
promoter as well as the 3 �  untranslated region (462 nucle-
otides downstream from the last codon) of the gene was 
performed. This analysis did not reveal any potentially 
responsible genetic alteration. Next, cDNA sequencing 
was performed in the patient’s sample. This analysis led 
to the following conclusions: first, no other mutation that 

Table 1.  Genetic background, 7-DHC and cholesterol levels in the Hungarian SLO patients

Patients Genotype Effect on protein level Severity 
scorea

7-DHC, mg/l 
(<0.15 mg/l)b

Cholesterol, mM 
(0–1 years: >1.3 mM; 
>1 years: 2.8–5.2 mM)b

1 [c.964–1G>C] + [c.964–1G>C] frameshift 55-S 109 0.31
2 [c.964–1G>C] + [c.1190C>T] frameshift/p.Ser397Leu 50-T 302 1.4
3 [c.964–1G>C] + [c.1190C>T] frameshift/p.Ser397Leu 40-T 253 1.08
4 [c.964–1G>C] + [c.1190C>T] frameshift/p.Ser397Leu 55-S 174 0.58
5 [c.452G>A] + [c.740C>T] p.Trp151*/p.Ala247Val 10-M 130 3.47
6 [c.976G>T] + [c.374A>G] p.Val326Leu/p.Tyr125Cys 40-T 205 2.1
7 [c.730G>A] + [c.976G>T] p.Gly244Arg/p.Val326Leu 40-T 155 0.72
8 [c.326T>C] + [c.452G>A] p.Leu109Pro/p.Trp151* 30-T 126 0.77
9 [c.1295A>G] + [c.1328G>A] p.Tyr432Cys/p.Arg443His 15-M 217 2.0

10 [c.452G>A] + [c.976G>T] p.Trp151*/p.Val326Leu 20-T 156 1.57
11 [c.725G>A] + [c.452G>A] p.Arg242His/p.Trp151* 55-S 215 0.8
12 [c.452G>A] + [c.1295A>G] p.Trp151*/p.Tyr432Cys 20-T 274 1.47
13 [c.452G>A] + [?] p.Trp151*/? 15-M 87 2.44

a  M = Mild; S = severe; T = typical.
b Normal reference values are shown for comparison.

a

b

  Fig. 1.   a  Amino acid sequence alignment 
of  DHCR7  orthologs (AAH00054.1: hu-
man, AFI36411.1: rhesus, XP_540796.2: 
dog, CAJ18485.1: mouse, NP_958487.1: 
 zebrafish). The affected tyrosine is under-
lined. The 2 closest known sites affected 
by pathogenic missense mutations are in 
bold.  b  The lack of the allele harboring 
p.Trp151 *  in cDNA analysis suggests the 
presence of NMD. Upper panel: cDNA, 
lower panel: gDNA.   
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affects the coding sequence could be detected which sug-
gests that rather mRNA quantity than quality might be 
affected by the other, unidentified alteration. Second, the 
analysis of the DNA and the RNA level confirmed the 
presence of nonsense-mediated mRNA decay (NMD) as 
the mRNA derived from blood leukocytes lacks the p.
Trp151 *  allele as judged by the sequencing ( fig. 1 b). NMD 
affecting the nonsense mutations in the  DHCR7  gene has 
been shown before [Correa-Cerro et al., 2005].

  The fact that this patient’s phenotype lies at the upper 
end of the extremely wide clinical spectrum of SLO syn-
drome makes these findings even more puzzling. It is 
known from the literature that in some SLO cases only 1 
mutation can be found and sequence analysis of all exons 
and all exon-intron boundaries detects about 96% of all 
mutations [Witsch-Baumgartner et al., 2001a]. Porter 
[2008] suggests that, at least in some of those cases, the 
second allele is not expressed. What we found is some-
what different as, according to the NMD, the other, non-
nonsense allele is the only that is expressed, at least in the 
blood leukocytes. We cannot exclude the possibility of a 
mutation present in some uncharacterized distant or 
deep intronic regulatory motifs that might modulate (i.e. 
decrease but not completely abolish) the expression level 
of the DHCR7 protein. The presence of another, tissue-
specific promoter at the more important synthesis site(s) 
cannot be excluded either. This speculation, however, 
cannot explain the strikingly different phenotype that 

was observed in the sister of the patient (although bio-
chemical and genetic tests were not performed in that 
case). In the case of SLO syndrome, the development of a 
sensitive assay system that is capable to measure the ac-
tivity of DHCR7, similarly to the one that had been used 
before [Shefer et al., 1995] rather to quantitate its sub-
strate, would be of great importance and might give an-
swer for the obvious question: how can the clinical spec-
trum be so wide? We believe that from the genetic point 
of view the wide range of symptoms in addition to the 
possible genetic modifiers [Witsch-Baumgartner et al., 
2004] might be attributed to the enzyme activity, i.e. 2 
null alleles are often associated with spontaneous abor-
tion or very severe phenotype [Witsch-Baumgartner et 
al., 2000] and some residual activity is needed to survive 
the prenatal period.

  Before this study, only 1 report of an SLO patient from 
Hungary was published [Szabó et al., 2009].

  Mutations that cause SLO syndrome show an interest-
ing geographical prevalence rate ( table  2 ). The literally 
most common c.964–1G 1 C mutation that is probably of 
British origin [Witsch-Baumgartner et al., 2001b] and 
frequently detected in the Mediterraneum [Witsch-
Baumgartner et al., 2005] but almost absent in patients of 
Slavic ethnicity [Kozák et al., 2000; Witsch-Baumgartner 
et al. 2001b] was found to be the second most frequent in 
our data set, being present in 4 alleles. On the other hand, 
6 p.Trp151 *  alleles were identified in our patients. This 

Table 2.  Prevalence (%) of the most common SLO-causing DHCR7 gene mutations in Europe

Country 
(no. of alleles):

Great Britain 
(44)

Poland 
(30)

Germany and 
Austria (44)

Italy 
(20)

Spain 
(40)

Czech and 
Slovak Republics (20)

Hungary 
(24)

p.Trp151* 2.3 33.3 18.2 5.0 2.5 50.0 25.0
p.Val326Leu 2.3 23.3 18.2 0 0 25.0 12.5
p.Arg352Trp 0 13.3 6.8 5.0 2.5 0 0
p.Leu157Pro 0 6.7 2.3 0 0 5.0 0
c.964–1G>C 34.1 3.3 20.5 20.0 30.0 5.0 16.7
p.Arg446Gln 0 3.3 0 0 7.5 5.0 0
p.Arg404Cys 9.1 0 0 5.0 0 0 0
p.Thr93Met 6.8 0 0 45.0 23.0 0 0
p.Gly410Ser 2.3 0 2.3 0 7.5 10.0 0
p.Phe302Leu 2.3 0 0 0 10.0 0 0
p.Ser397Leu 0 0 0 0 0 0 8.3
p.Tyr432Cys 0 0 0 0 0 0 8.3

Sum above 59.1 83.3 68.2 80.0 83.0 100.0 70.8

Reference1 a a a b b c this study

1  a = Witsch-Baumgartner et al. [2001b]; b = Witsch-Baumgartner et al. [2005]; c = Kozák et al. [2000].
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mutation seems to occur frequently in Poland, Germany 
and Austria, Czech and Slovak Republics as well as in 
Hungary but to be very rare in Great Britain, Spain and 
Italy ( table  2 ). The other typically Eastern-European 
p.Val326Leu allele [Witsch-Baumgartner et al., 2001b] 
shows a very similar distribution pattern. It was detected 
in 3 disease-causing alleles and, together with the 
p.Trp151 *  and c.964–1G 1 C were responsible for the 54% 
of unrelated pathogenic mutations in Hungary. These 
data show that the allelic heterogeneity is significantly 
different in Europe, similarly to other monogenic diseas-
es [Dörk et al., 2000; Ivady et al., 2011]. Testing for 7 
 DHCR7  mutations would result in 59% detection sensi-
tivity in Great Britain while this would be enough to 
reach 83% in Poland and Spain or even 100% in the case 
of Czech and Slovak patients. Hungarian mutation fre-
quency distribution lies between the abovementioned 
data as testing for 5 mutations results in a detection sen-
sitivity of 71%, which is very similar to Austria and Ger-

many, where testing for 6 mutations results in 68% muta-
tion detection sensitivity.

  In all but 1 family, the pathogenic combinations were 
either nonsense-missense, missense-missense or splicing 
(c.964–1G 1 C)-missense mutations, which means that a 
residual enzyme activity cannot be excluded. In the only 
case where 2 proven null alleles were present (c.964–
1G 1 C), the first affected child died at the first day after 
delivery and the second and third pregnancies ended in 
spontaneous abortions at week 7 and 14 of the pregnancy, 
respectively. Molecular analysis of the second fetus had 
not been performed, but in the case of the other 2, ho-
mozygosity for the c.964–1G 1 C mutation could be con-
firmed. Taken together, our results support the previous 
findings that the presence of 2 severe null alleles – with 
very few exceptions – is likely to be incompatible with life 
and the phenotype of the affected children depends on 
the genetic basis, the presence of modifiers and the envi-
ronmental situation (for example vitamin intake).
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