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Established Facts

tures, and normal intelligence.

o 3M syndrome is characterized by severe pre- and postnatal growth deficiency, characteristic facial fea-

Novel Insights

and hearing loss.

o 3M syndrome should be considered in the differential diagnosis of patients with short stature and
typical facial features even in the presence of other inconsistent features such as developmental delay
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Abstract

Introduction: 3M syndrome is an autosomal recessive disor-
der characterized by characteristic facial features, severe
pre- and postnatal growth restriction (<-4 SDS), and normal
mental development. 3M syndrome is genetically heteroge-
neous. Up to date, causative mutations have been demon-
strated in 3 genes, cullin-7 (CUL7), obscurin-like 1 (OBSLT),
and coiled coil domain containing protein 8 (CCD(C8). Case
presentation: Here, we report a patient who was referred to

our clinic due to short stature and developmental delay.
Physical examination revealed prenatal onset short stature,
low birth weight, and normal head circumference. She dis-
played several dysmorphic facial features in addition to de-
velopmental delay and bilateral sensorineural hearing loss.
The physical findings were suggestive of 3M syndrome. Ge-
netic assessment revealed a novel homozygous frameshift
€.418_419delAC (p.Thr140Cysfs*11) variantin the CUL7 gene
and a previously reported pathogenic nonsense homozy-
gous ¢.942C>A (p.Cys314Ter) variant in the ILDR1 gene. The
parents were heterozygous for the same variant. Discussion:
3M syndrome should be considered in the differential diag-
nosis of patients with short stature and typical facial features
even if in the presence of other inconsistent features such as
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developmental delay. In addition, it is important to take into
account the co-occurrence of rare autosomal recessive ge-
netic disorders especially in countries with a high consan-
guineous marriage rate. ©2022 S. Karger AG, Basel

Introduction

The Miller-McKusick-Malvaux (3M) syndrome is a
rare autosomal recessive disorder characterized by severe
intrauterine and postnatal growth retardation with dys-
morphic facial features as gloomy face and skeletal abnor-
malities. Microcephaly, intellectual disability (ID), and
organ malformations are not observed [Van der Wal et
al., 2001]. 3M syndrome is grouped under “Slender Bone
Dysplasia Group” according to Nosology and Classifica-
tion of Genetic Skeletal Disorders [Mortier et al., 2019].
Slender appearance of long tubular bones, tall vertebrae
with shortness in the anteroposterior diameter, and nar-
row pelvis are among the radiographic features [Spranger
et al., 2018]. The genetic aetiology is heterogeneous,
CUL7 (MIM 609577), OBSL1 (MIM 610991), and CCDC8
(MIM 614145) variants have been identified in the aetiol-
ogy so far, with CUL7 mutations representing the major
gene defect [Holder-Espinasse, 2012]. Nevertheless, it is
suggested that some other genes, probably in the same
growth regulatory pathway, might be involved in the ae-
tiology [Clayton et al., 2012].

Case Presentation

A 26-month-old girl was referred with short stature, global de-
velopmental delay (GDD), and dysmorphic facial features. The pa-
tient was the second live-born child of first cousin parents follow-
ing an uneventful term pregnancy with a birth weight of 2,000 g
(—3.02 SDS) and a birth length of 38 cm (—4.58 SDS). Her head
circumference was not noted. After birth, she had respiratory dis-
tress and required neonatal intensive care unit support for one day.
In the postnatal period, Bera (brainstem evoked response audiom-
etry) test was performed owing to bilateral hearing loss. Auditory
brainstem response trace showing no V wave at 100 dB nHL, indi-
cating at least bilateral profound hearing loss. Her family history
was positive for deafness since her aunt had bilateral hearing loss
as well. Before admission to our center, she was evaluated for
growth retardation and recurrent bronchiolitis. Karyotype analy-
sis was consistent with 46,XX, and FGFR3 sequence analysis was
found to be normal. Growth hormone levels were normal as well.
Due to GDD, the Denver Developmental Screening Test (DDST)
IT was performed to screen the patient’s development at the age of
3 years 7 months. In this study, the Turkish version of DDST was
used [Durmazlar et al., 1998]. The development of fine motor,
gross motor, personal-social, and language was compatible with
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the age of 21-22 months, 20-21 months, 21-22 months, and 19-20
months, respectively. Due to a moderate-to-severe speech delay,
the patient was referred to speech-language therapy, and physical
therapy was offered for mildly delayed gross motor developmental
milestones. Physical examination at her admission revealed a head
circumference of 47 cm (—-0.54 SDS), height of 69 cm (-5.03 SDS),
weight of 6.9 kg (-6.93 SDS), and arm span of 64 cm. She had a
triangular face with pointy chin, frontal bossing, depressed nasal
bridge, pectus excavatum, and prominent heels (Fig. 1la—c). Car-
diac evaluation with echocardiography and abdomen ultrasonog-
raphy were all normal. Radiographic evaluation revealed slender
long bones, tall vertebral bodies, and delayed bone age (Fig. 1d-g).
After informed consent was taken from the parents, molecular
tests were planned.

Materials and Methods

Genomic DNA was extracted from peripheral blood using
standardized protocols for salt precipitation.

Sanger Sequencing

Exon-specific primers for CUL7 and GJB2 were designed using
PerlPrimer (http://perlprimer.sourceforge.net/) and used to am-
plify the coding exons 1-26 of CUL7 and exon 2 of GJB2 and their
flanking regions (online suppl. Table 1; for all online suppl. mate-
rial, see www.karger.com/doi/10.1159/524703). Amplification was
done with 1 U of Taq polymerase (Qiagen), 0.2 mM of each of the
dNTPs, 1x PCR reaction buffer, 1.5 mm MgCl,, 5 pmol of each
forward and reverse primers, and 50 ng of genomic DNA template
in 25 pL reactions.

PCR was performed by an initial 5 min denaturation at 95°C
followed by 40 cycles of 95°C for 30 s, 58-62°C for 35 s, and 72°C
for 45 s with a final elongation at 72°C for 10 min.

Sanger sequencing was performed using the BigDye Termina-
tor v.3.1 Cycle Sequencing Kit, and sequencing products were ap-
plied onto ABI 3500 genetic analyzer (Thermo Fisher Scientific,
Waltham, MA, USA). The Sanger sequencing was also performed
to evaluate cosegregation within family members. Variants are
designated on the coding CUL7 and GJB2 sequence with reference
to Genbank accession number NM_014780.5 and NM_004004.6,
respectively, with the A of the initiation codon ATG as number +1.

Chromosomal Microarray Analysis

Microarray procedure was performed using the GeneChip®
CytoScan Optima Array (Affymetrix, Santa Clara, CA, USA) ac-
cording to the manufacturer’s instructions. The data aligned to the
human genome build 37 (GRCh37/hg19) reference genome. Chro-
mosome Analysis Suite 3.1 (ChAS®3.1) software (Affymetrix) was
utilized for the analysis. The CNVs (copy number variations) found
in the patient were analyzed with in-house data and public data-
bases, such as Database of Chromosomal Imbalance and Pheno-
type in Humans using Ensemble Resources (DECIPHER), ClinVar
Variants, and Database of Genomic Variants (DGV).

Exome Sequencing (ES)

Ion AmpliSeqTM Exome RDY Kit (Thermo Fisher Scientific)
was used for exome library preparation. Emulsion PCR was per-
formed on Ion OneTouchTM 2 instrument using the Ion PI Hi-Q
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Fig. 1. a—c Clinical pictures at 26 months of age. Note the triangu-
lar face with pointy chin, gloomy face, relative macrocephaly, fron-
tal bossing, depressed nasal bridge, pectus excavatum, and promi-
nent heels. d, e Radiographic evaluation revealed wide and broad
chest, tall vertebral bodies, and shortening of posteroanterior di-

OT2 200 Kit (Thermo Fisher Scientific) according to the manufac-
turer’s instructions. Enrichment of Ton Sphere Particles (ISPs) was
performed using the One TouchTM ES module. ISPs were loaded
on Ion PI chips and sequenced with Ion ProtonTM platform
(Thermo Fisher Scientific).

Bioinformatic Analysis

ES was performed for index case. Variant filtering steps were
performed as outlined previously [Utine et al., 2017]. All variants
passed the quality score filters and were annotated with the Ion
Reporter™ 5.10 software. Exonic and non-synonymous rare vari-
ants (minimum allele frequency [MAF] < 0.01) were selected for
in-house filtering. After that, the alterations which were in the
boundaries of runs of homozygosity (ROH) regions =1 Mb within
all chromosomes were extracted. We used HomS], a software that
performs mapping of disease loci by SNP genotyping using VCF
file obtained from exome sequence data, to identify the ROH in
index cases. As a final step, variants which were observed in ExAC
Browser (in homozygous state) were ruled out. After selection and
filtering steps, we identified candidate variants. A novel homozy-
gous frameshift CUL7 variant and a homozygous previously re-
ported pathogenic nonsense ILDRI variant were detected among
these candidates, which was compatible with the patient’s pheno-

type.

The Co-Occurrence of Two Rare
Conditions in 3M Syndrome

ameter of lumbar vertebral bodies. f, g Mild slender appearance in
short and long tubular bones. h Pedigree of the proband. The oth-
er family members with short stature and hearing loss are indi-
cated in the pedigree.

Results

DNA sequence analysis revealed a novel homozygous
CUL7 (NM_014780.5) variant; ¢.418_419delAC
(p.Thr140Cysfs*11) in the patient. The length of the ROH
including CUL7 is nearly 20 Mb (chr6: 37,446,163
57,244,893). The parents were heterozygous for the same
variant (Fig. 2a). The detected variant is submitted to
ClinVar with accession number SCV001334147.1. The
chromosomal microarray and GJB2 sequence analysis
were all normal. ES was performed in the patient in order
to identify the genetic aetiology of intellectual disability/
global developmental delay (ID/GDD) and sensorineural
hearing loss, however, except for a homozygous nonsense
ILDRI variant no other pathogenic variants were detect-
ed. Variants that remained after filtering in the exome
sequenced patient which might contribute ID/GDD are
shown in online suppl. Table 2.
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CUL7 accession number: NM_014780.5
Clinvar accession number:SCV001334147.1

ILDR1 accession number: NM_001199799.1
Clinvar accession number: SCV000999826

Fig. 2. a Sequence analysis of CUL7 showing the c.418_419delAC (p.Thr140Cysfs*11) variant in exon 2. b Se-
quence analysis of ILDRI showing the ¢.942C>A (p.Cys314Ter) variant in exon 7. Sanger sequence analysis con-
firmed that both parents were heterozygous for the 2 variants.

Discussion

In this study, we further expanded the mutational
spectrum of 3M syndrome in a patient presenting with
short stature, sensorineural hearing loss, and develop-
mental delay, and also highlighted the co-occurrence of
rare autosomal recessive conditions that lead to the pa-
tient’s phenotype.

3M syndrome was first clinically described by Miller
et al. [1975]. To date, approximately 100 patients with
3M syndrome have been reported in the literature [Hold-
er-Espinasse, 2012]. Many newborns with 3M syndrome
are initially diagnosed with achondroplasia as was the
case in the present patient. However, the clinical and ra-
diographic findings are quite distinct. Achondroplasia
can be easily excluded with the absence of typical radio-
graphic findings and the presence of less severe short
stature compared to that of 3M syndrome. In addition,
children with 3M syndrome are significantly shorter at
birth than those with achondroplasia. Another differen-
tial diagnosis of 3M syndrome is Russel Silver syndrome
(RSS). The characteristic limb asymmetry of RSS is ab-
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sent in 3M syndrome and the facial features are different
as well. In Mulibrey nanism, which is another diagnosis
to consider, J-shaped sella turcica and hepatomegaly may
be distinctive. The other disorder to consider in the dif-
ferential diagnosis of 3M syndrome is Dubowitz syn-
drome which can be distinguished by microcephaly, skin
lesions such as eczema, characteristic facial features
(small face, sloping forehead, broad nasal bridge, road
nasal tip, short palpebral fissures, telecanthus, ptosis,
dysplastic ears), and ID [Huber et al., 2011]. Due to
coarse facial features and small stature, most patients
with 3M syndrome have been suspected of having stor-
age disorders such as mucopolysaccharidoses in the first
year of life. Patients with mucopolysaccharidoses display
hepatomegaly, hearing loss, dysostosis multiplex, and ID
in addition to coarse face and short stature, which are
absent in 3M syndrome [Clarke, 2016]. ID/GDD is not
among the expected findings in 3M syndrome. However,
3M syndrome patients with mild motor developmental
delay and normal intelligence have previously been re-
ported [Hu et al., 2017; Jacob and Girisha, 2021]. Inter-
estingly, only a 3-year-old patient with mild develop-
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mental delay particularly in speech was reported. This
patient had fetal distress after birth which required resus-
citation and admission to the neonatal intensive care unit
for 3 weeks. He also had seizures and feeding problems.
During the investigation of developmental delay, cranial
MRI revealed cerebellar atrophy with brain stem and su-
pratentorial volume loss [HabibUllah et al., 2019]. Inter-
estingly, the present patient had GDD, and the diagnosis
of 3M syndrome was not considered as a differential di-
agnosis in her previous admissions before her referral to
our center. According to DDST, while her gross motor
skills were mildly delayed, she had a significant delay in
language and social developmental fields. In addition,
she had bilateral sensorineural hearing loss which was
detected in the early postnatal period. G/B2, mutations
of which represent the most common cause of non-syn-
dromic hearing loss, was found to be normal. Chromo-
somal microarray analysis was also performed due to ID/
GDD, however, no pathogenic copy number variations
were detected. Finally, we performed ES to elucidate the
molecular aetiology of ID/GDD and bilateral sensori-
neural hearing loss, however, no pathogenic variants
were found except for the variant in CUL?7. In order to
explain the patient’s phenotype, we further expanded the
filtering, which canlead to ID/GDD and bilateral hearing
loss, and we finally identified a previously reported
pathogenic homozygous nonsense variant in the ILDR1
gene. The length of the ROH including ILDRI is nearly
1.5 Mb (chr3:121,527,902-122,647,891). Sanger se-
quencing confirmed that the parents were heterozygous
for the same variant (Fig. 2b). The patient’s aunt, who
had bilateral sensorineural hearing loss, was born to first
cousin parents. Molecular test could not be performed,
however, due to consanguinity, the aetiology of hearing
loss was considered to be the same as in the present pa-
tient. ID/GDD has many causes with a contribution of
both genetic and environmental factors. Since some of
the genetic aetiologies of ID/GDD remain still unclear, it
is possible that other genetic causes yet undefined and
various environmental factors might have contributed to
the patient’s phenotypic features.

Radiographic findings in 3M syndrome may not be de-
tected in the first 2 years of life [Huber et al., 2011; Clay-
ton et al., 2012]. Typical radiological findings include
slender long bones, shortening of the posteroanterior di-
ameter of vertebral bodies, delayed bone age, and narrow
pelvis. Distal shortening of the ulna and kyphoscoliosis
are rarely reported in these patients [Hennekam et al.,
1987]. It has been suggested that bone abnormalities are
less common in patients with CUL7 mutations [Maksi-

The Co-Occurrence of Two Rare
Conditions in 3M Syndrome

mova et al., 2007]. The present patient had radiological
findings suggestive of 3M syndrome.

The genetic aetiology of 3M syndrome is heteroge-
neous. Homozygous or compound heterozygous patho-
genic variants in CUL7 (MIM 609577), OBSLI (MIM
610991), and CCDC8 (MIM 614145) have previously
been revealed in the aetiology. Nevertheless, the presence
of 3M syndrome patients with no CUL7, OBSLI, and
CCDC8 pathogenic variants suggests that other gene(s)
yet unknown might be involved [Dias et al., 2002]. Huber
etal. described CUL7 pathogenic variants as the first gene
variants associated with 3M syndrome. More than 40 dif-
ferent CUL7 pathogenic variants have been reported in
3M syndrome patients so far, including frameshift, non-
sense, and missense mutations [Huber et al., 2011; Hold-
er-Espinasse, 2012; Simsek-Kiper et al., 2019; Isik et al.,
2021].

The present patient has a homozygous novel frame-
shift variantin CUL7 considered to be pathogenic accord-
ing to the ACMG 2015 criteria [Li and Wang, 2017]. The
protein alteration caused by the CUL7 c.418_419delAC
p-(Thr140Cysfs*11) results in a premature termination
codon at position 140 of the CUL7 mRNA. The variant
has not previously been reported in neither gnomAD nor
HGMD public databases. The parents were heterozygous
for the same variant, supporting the autosomal recessive
inheritance.

CULY7 belongs to the cullin family, which is composed
of 7 cullins (CULL, 2, 3, 4A, 4B, 5, and 7) playing a scaf-
fold role in assembling a multisubunit ubiquitin ligase
(E3s). CULY7 interacts with other cellular proteins (SKP1,
FBXWS8, and ROCI1) to form an E3 ubiquitin ligase com-
plex that promotes ubiquitination [Dias et al., 2002;
Maksimova et al., 2007]. It is important for normal func-
tioning of a number of vital biological processes such as
cell cycle progression, cell proliferation, apoptosis, and
signal transduction pathways. CUL7 plays a fundamental
role in in utero growth and development including lung
development, endochondral ossification, and chondro-
genesis. Variants in CUL7 may contribute to disruption
of the GH and IGF-I signaling pathways through IRS-1
deposition; this accumulation results in increased activa-
tion of ACT and MAPK, and overstimulation may lead to
cellular aging. Recently, variants in OBSL1 and CCDC8
were identified in 3M patients that do not harbor CUL7
variants. Importantly, the variants in these 3 genes oc-
curred in a mutually exclusively manner, strongly sug-
gesting that OBSL1, CCDC8, and CUL7 work in the same
pathway and this is called the 3M complex. The dysfunc-
tion in this complex leads to serious defects in microtu-
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bule dynamics, chromosome separation, cell survival,
and organism growth [Xu et al., 2008].

In conclusion, 3M syndrome should be considered in
the differential diagnosis of patients with short stature
and typical facial features even in the presence of other
inconsistent findings. Moreover, co-occurrence of rare
autosomal recessive genetic disorders should be kept in
mind especially in countries with a high consanguineous
marriage rate.
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