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Introduction: A lack of experience diagnosing and treating rare diseases contributes to delayed or incorrect diagnoses, and optimal
clinical treatment is often unachievable. Miller-McKusick-Malvaux syndrome (3M syndrome, also known as dolichospondylic
dysplasia) is a rare genetic disorder with unknown prevalence. It is inherited in an autosomal recessive manner and is characterized
by severe intrauterine and postnatal growth retardation, dysmorphic facial features, and skeletal abnormalities.

Methods: Whole exome sequencing (WES) was performed on the proband using Twist Human Core Exome Plus Kit (Twist
Bioscience) and sequenced with Illumina technology (100x depth of mean coverage). Alignment and variant calling were performed
with an in-house bioinformatics pipeline. The identified variants were annotated using the Ensembl VEP and multiple databases,
including ClinVar, dbSNP, HGMD, and GnomAD. XHMMv1.0.

Results: This article presents the diagnostic process in siblings diagnosed with 3M syndrome, caused by homozygous variant ¢.3523C >
T (p.His1175Tyr) in the CUL7 gene.

Discussion: This is the first description of a familial syndrome from a local population. Identifying new gene variants has helped
expand the spectrum of variations associated with the pathogenesis of 3M syndrome. The expanding database of genetic variants,
combined with knowledge of the spectrum and severity of a patient’s clinical symptoms, provides the opportunity to identify genotype-
phenotype correlation relevant to medical care.
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Introduction

Rare diseases occur in almost 10% of the population and are a major clinical challenge. The diagnostic odyssey often
experienced by patients with rare diseases reflects the complexity and length of the journey toward an accurate diagnosis,
frequently involving multiple specialists, misdiagnoses, and years of uncertainty. Moreover, optimal clinical treatment is
often unachievable.! Despite often distinctive clinical features, diagnosing skeletal dysplasias remains challenging due to
the complex genotype—phenotype correlations. The significant genetic heterogeneity, overlapping phenotypic presenta-
tions among different disorders, and variable expressivity within the same condition complicate the diagnostic process
and often require comprehensive genetic analysis to achieve an accurate diagnosis.

Miller-McKusick-Malvaux syndrome (3M syndrome) (MIM #273750) is a rare genetic disorder with unknown
prevalence. It is an autosomal recessive disease characterized by severe intrauterine and postnatal growth retardation,
dysmorphic facial features, and skeletal abnormalities.> To this date, approximately 300 cases have been reported
worldwide.” However, the prevalence of 3M syndrome is most likely underestimated due to the presence of typical,
similar clinical features, both prenatally and postnatally, in children with growth retardation and usually with normal
mental development and discrete facial dysmorphia.}5 Clinical diagnosis is also made more difficult because skeletal
changes in the spine, especially in the lumbar region, such as high vertebral bodies and reduced anteroposterior and
transverse diameter, become more prominent with age. Previously, the diagnosis of 3M syndrome was made mainly
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based on clinical symptoms and radiographic findings, which, although abnormal, are not diagnostic as similar radio-
graphic changes are also found in other growth disorders.>*

The pace of development and increasing availability of molecular techniques offer the opportunity to link a patient’s
phenotypic characteristics to the genetic basis of the disease. Advances in genetic technologies have led to the
identification of variants in the CUL7, OBSLI, and CCDCS8 genes, which are responsible for 3M syndrome.>”
Identifying pathogenic variants, in conjunction with the clinical presentation, can lead to earlier diagnosis, indicating
new treatment plans and/or interventions, and providing families with information about the risk of the disease in the
family and options to avoid it in carriers of pathogenic alterations.'’*

In this article, we present the diagnostic process in siblings diagnosed with 3M syndrome, conditioned by the
presence of the ¢.3523C > T (p.His1175Tyr) variants in both alleles of the CUL7 gene (NM_014780.5). This is the
first description of a familial case of the 3M syndrome in a local population, contributing to the existing literature on rare

diseases, such as the 3M syndrome.

Material
Siblings of case IV:1 and 1V:3 and related parents: III:4 and III:5. Figure 1.

Case (IV:I)
The patient was born from a first pregnancy at 42 weeks of gestation, with a birth weight of 2750 g, a length of 50 cm,
and a score of 9 points on the Apgar scale. The head circumference was 34 cm, and the chest circumference was 25 cm.
The mother’s pregnancy was complicated by toxoplasmosis, treated from the 18th week of pregnancy with Rovamycin.
Postnatal physical examination revealed dysmorphic features, including a triangular face, low nasal bridge, prominent
forehead, epicanthal folds, downward-slanting palpebral fissures, bilateral transverse palmar creases, shortening of the
proximal long bones of both upper and lower limbs, a narrow thorax, and a prominent abdomen. Additionally, general-
ized joint hypermobility was observed. Based on the clinical presentation and radiological findings, a clinical diagnosis
of 3M syndrome was established at the age of 6 years. From the age of 8 to 16, the patient was treated with recombinant
human insulin-like growth factor 1 (rhIGF-1).

The boy began to sit at 8 months of age and started walking at 15 months. He exhibited learning difficulties and
completed vocational school. At the age of 18, his height was 155 cm. Clinical examination revealed a sunken chest
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Figure | Family pedigree. Affected homozygous individuals are depicted with a fully filled symbol, while individuals carrying the variant in a heterozygous state without
clinical symptoms are represented by a split symbol.

Notes: White symbol (square or circle) — healthy individual. Black symbol (square or circle) — individual with 3M syndrome. Half-black, half-white symbol (square or circle) — carrier
of the CUL7 gene variant. Half-gray, half-white (square or circle) — obligatory carrier (not tested). Oblique line through a symbol — deceased individual. Arrow — proband.
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(pectus excavatum), thoracolumbar scoliosis, and marked hyperkeratosis on the dorsum of the hands. His hands are
frequently very cold. Additionally, he experiences recurrent knee dislocations.

Orthopedic examination and radiographic imaging at the age of 18 revealed short stature and a scoliosis-compensated
body habitus with a broad and stocky build, a short thorax with a funnel-shaped sternum, and flattened anteroposterior
chest dimension, and loss of normal spinal curvatures. Additionally, features of dolichocephaly with reduced interorbital
distance (hypotelorism) were noted, while overall head proportions remained normal. The patient also exhibited a short
neck with prominent trapezius muscles. Limb proportions were preserved with slightly increased foot size. Gait and gross
motor function were assessed as symmetrical, with no significant deviations from physiological norms. Figure 2.

Radiographic findings demonstrated thoracolumbar scoliosis with vertebral torsion and wedging in the thoracic spine,
increased vertebral body height in the lumbar region, and reduced anteroposterior diameter of vertebral bodies. Ribs
appeared slender and horizontally oriented on chest X-ray. Figures 3 and 4. Additionally, the pelvis was narrow with
decreased size of the pubic bones. Figure 5.

Case (IV:3)
The child was born from the third pregnancy, a triplet gestation as Triplet I at 36 weeks of gestation via elective cesarean
section. Birth weight was 1780 g (<3rd percentile), length 38.5 cm (<3rd percentile), and the general condition was
assessed as 6 points on the Apgar scale.

The mother’s multiple pregnancy was complicated by threatened preterm labor, cholestasis, and anemia. Prenatal
ultrasound raised suspicion of chondrodysplasia and intrauterine growth restriction (IUGR) in one of the fetuses. Triplets
IT and III demonstrated normal body proportions and no other abnormalities.

Figure 2 Patient (IV:I) aged 18 with 3M syndrome.
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Figure 3 X-ray of the patient (IV:1): Thoracolumbar scoliosis with torsion of the vertebrae and their wedging in the thoracic spine. Increased height of the vertebrae in the
lumbar spine and reduced anteroposterior dimension in the cross-section of the vertebrae.

Figure 4 Patient of the patient (IV:I) and chest X-ray: short chest with funnel-shaped sternum, flat cross-section, and reduced curves.
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Figure 5 X-ray of the patient (IV:1) narrow pelvis with reduced size of pubic bones. Spine with features of growth cartilage disorders.

After birth, the female infant was diagnosed with intrauterine hypotrophy and disproportional body features,
including a distended abdomen, narrow thorax, short limbs, and a large triangular-shaped neurocranium. Figure 6.

Newborn screening for metabolic disorders and hearing assessment were within normal limits. Head circumference
was 34.5 cm, chest circumference 25 cm and body length 38.5 cm.

At 20 months of age, clinical examination revealed low body weight (<3rd percentile), increased head circumference
(>97th percentile), elongated skull with a broad, prominent forehead, triangular face, slight hypotelorism with a midline
flat hemangioma, a saddle-shaped nose with a fleshy tip, narrow thorax with a prominent sternum, a distended abdomen,

Figure 6 Patient (IV:3) aged 10 weeks with 3M syndrome.
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large hands, and prominent heels. Figure 7. The child was not walking independently at the time of the examination. At 4
years of age, the biological age was delayed by 6 months.

An orthopedic examination revealed delayed motor development, preserved limb proportions with symmetrical
mobility, and slight cervical hypotonia. The postural assessment showed a tendency toward trunk axis deviation.

Radiographic imaging demonstrated a long-arc spinal curvature with its apex at Th8—Th9, horizontally oriented slender
ribs, and no distinct dysmorphic changes at this stage of development. The pelvis was narrow, with mild hip dysplasia. Due to
the incomplete development of the skeletal system, periodic orthopedic and radiological follow-up was recommended. The
child began walking independently after the age of two. Intellectual development is within normal limits.

At age four, the child presented with short stature (<3rd percentile), macrocephaly (>97th percentile), a triangular face
with a sad expression, prominent lips, flattened zygomatic bones, and downward-slanting palpebral fissures. Figure 8.
Additionally, generalized joint hypermobility and genu valgum were observed. Radiographic findings included horizon-
tally oriented ribs, a narrow pelvis with reduced pubic bone size, and valgus deformity of the knees. Figures 9 and 10.

Methods
Peripheral blood samples were collected from the patients and family members.

aCGH was conducted using a commercially available array (CytoSure, Constitutional v3 (8x60k), Oxford Gene
Technology (OGT), Oxfordshire, UK), according to the manufacturer’s protocol. The CytoSure Interpret Software (OGT)
was used for genomic copy-number analysis.

Next-generation sequencing (NGS). Whole exome sequencing (WES) was performed on the proband using Twist Human
Core Exome Plus Kit (Twist Bioscience) and sequenced with Illumina technology (100x depth of mean coverage). Reads were
aligned to the hg38 (GRCh38) reference genome. The obtained QC value was <99% for Q30. Alignment and variant calling
were performed with an in-house bioinformatics pipeline. The identified variants were annotated using the Ensembl VEP and
multiple databases, including ClinVar, dbSNP, HGMD, GnomAD. XHMMv1.0 algorithm and in-house scripts were used to
search for small, rare copy number variants (CNVs). The American College of Medical Genetics and Genomics (ACMG)
Standards and Guidelines for the interpretation of sequence variants were followed in this study.”

Figure 7 Patient (IV:3) aged 20 months with 3M syndrome.
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Figure 8 Patient (IV:3) aged 4 years and 7 months.

The presence of variants detected by next-generation sequencing was confirmed by Sanger sequencing. Additionally,
Sanger sequencing was performed for the patient’s family (parents and siblings).

The skeletal assessment and bone age were based on radiographic examination and compared with norms for the
patient’s age and gender. Vertebral body heights were measured along their longitudinal axis and in the lateral projection.
Vertebral body widths were measured in the anteroposterior (AP) or posteroanterior (PA) projection. Lordosis angles
were measured in the cervical and lumbar spine, and kyphosis angles in the thoracic spine.

Results

Due to the presenting symptoms, molecular testing was performed in patient IV:1 during infancy. Firstly, diagnostic testing
was performed to detect common variants in the FGFR3 gene (NM_000142.4): ¢.1138G > A and c.1138G > C (exon 10),
associated with achondroplasia, as well as ¢.1620C > G and ¢.1620C > A (exon 14), associated with hypochondroplasia. No
pathogenic variants were identified. Additionally, a normal constitutional karyotype of 46, XY was obtained.

In patient I'V:3, molecular karyotyping using array comparative genomic hybridization (aCGH) from peripheral blood
lymphocytes revealed no genomic imbalances in the analyzed regions.

Subsequently, whole exome sequencing (WES) was performed, with variant analysis focused on genes associated with the
observed clinical phenotype, including skeletal dysplasias, facial dysmorphism, and limb shortening. A homozygous variant
¢.3523C > T (p.His1175Tyr) in the CUL7 gene was identified. Variant has been reported in ClinVar as VUS (based on the
single submission). This variant was absent in control chromosomes in GnomAD project (v3 and v4).

It has been submitted to the Leiden Open Variation Database (LOVD) under the ID CUL7:0000931619.

The Application of Clinical Genetics 2025:18 hetps: 205



Pasinska et al

Figure 9 X-ray of the patient (1V:3): horizontal ribs, narrow pelvis with reduced size of pubic bones.

Figure 10 X-ray of the patient (IV:3): knee valgus.
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Additional variants of uncertain significance were detected but are not detailed in this report due to the current lack of data
regarding their pathogenicity and correlation with the patient’s phenotype (data not shown). No CNVs were identified.

The presence of the ¢.3523C > T (p.His1175Tyr) variant in the CUL7 gene was confirmed by Sanger sequencing
using a second, independent blood sample from the affected girl (IV:3), her older brother (IV:1), who had previously been
clinically diagnosed with 3M syndrome, and their healthy parents. Sanger sequencing confirmed the homozygous
presence of the variant in both siblings and the heterozygous presence in both parents (II1:4, III:5).

Considering the patient’s and family’s clinical data, the variant was classified as likely pathogenic, as it fulfills the
ACMG criteria: PP1 (co-segregation with disease in affected family members), PP4 (patient’s phenotype is highly
specific for a disease), PM3 (for recessive disorder, variants detected in homozygous state), and PM2 (absent in
population databases).

Discussion

Understanding disease pathogenesis and establishing genotype-phenotype correlations is essential for developing effec-
tive therapeutic strategies.'” Modern high-throughput genomic DNA analysis in patients presenting with clinical features
of rare diseases enables the identification of novel genetic factors and additional variants in genes with confirmed clinical
relevance. Previously, the diagnosis of 3M syndrome was based on the presence of characteristic clinical and radiological
features.'”'? However, although these abnormalities are typical of 3M syndrome, they are not diagnostic, as similar
radiographic changes can also be observed in other growth-related syndromes.>'®'* Currently, the identification of
biallelic pathogenic variants in CCDCS, CUL7, or OBSLI can confirm the disease and facilitate an earlier diagnosis,
particularly when clinical and radiographic features are inconclusive.*'* In patient IV:1, a clinical diagnosis of 3M
syndrome was made at the age of 6; however, molecular confirmation of the diagnosis occurred only at the age of 18,
following the diagnosis of the younger sister (IV:3).

Establishing a diagnosis is further complicated by the fact that skeletal abnormalities of the spine, particularly in the
lumbar region, such as tall vertebral bodies and reduced anteroposterior and transverse diameters, become more apparent
with age.>'*!* Takizaki et al described a case in which the major skeletal features of 3M syndrome were identified both
prenatally and in the neonatal period, including elongated long bones and tall vertebral bodies. However, these features
became less apparent by the age of two years."!

Both siblings were found to carry likely pathogenic ¢.3523C > T (p.His1175Tyr) variant in a homozygous state in the
CULY7 gene. Pathogenic variants in CUL7 account for approximately 77.5% of genetically confirmed cases and are associated
with 3M syndrome type 1.*'> 3M syndrome is characterized by severe pre- and postnatal growth retardation.™'"'® According
to observations by van der Wal et al, the final adult height in affected individuals ranges from 5 to 6 standard deviations below
the mean, corresponding to approximately 120~130 cm.'” The described patient (IV:1) was treated with recombinant human
IGF-1 (thIGF1) until the age of 16 and achieved a final height of 155 cm (<3rd percentile). According to the same authors,
growth hormone therapy in patients with 3M syndrome has shown variable efficacy.*'®!” In a Tunisian cohort, among seven
patients with 3M syndrome carrying pathogenic variants in the CUL7 gene, a positive response to growth hormone therapy
was observed in only one case.® CUL7 is involved in chondrocyte growth and proliferation. Pathogenic variants in this gene
impair the ability of the cullin-7 protein to interact with components of the ubiquitin—proteasome system, which is responsible
for the degradation of unwanted proteins.®'> In 3M syndrome, reduced cellular mitosis during early pregnancy may contribute
to growth restriction, while impaired ubiquitination may play a role in the pathogenesis of IUGR.*'>'® Moreover, CUL7
pathogenic variants may disrupt insulin-like growth factor 1 (IGF-1) and growth hormone (GH) signaling pathways, further
contributing to impaired growth.'®!8

Both siblings presented with IUGR and low birth weight. In the case of the girl, [IUGR was more pronounced due to
a triplet pregnancy. Infants from multiple pregnancies are generally smaller than singletons and represent a naturally occurring
model of TUGR."® Previously reported cases of children with 3M syndrome exhibited prenatal growth restriction and low
postnatal weight. Growth delay persisted throughout childhood and adolescence, ultimately resulting in short adult stature.®
Moreover, patients described in the literature, similar to the siblings presented here, showed joint hypermobility, an increased

risk of hip dislocation, and abnormal spinal curvature, such as kyphoscoliosis or hyperlordosis.>®!%2%-2!
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IUGR is associated with an increased risk of a range of adult-onset diseases, including cardiovascular disorders,
obesity, and type 2 diabetes.”*** It remains unclear whether the long-term health consequences of prematurity and TUGR
will be the same for the brother, born from a singleton pregnancy, as for the sister, who was part of a multiple pregnancy.

Both siblings exhibited dysmorphic features characteristic of 3M syndrome; however, similar features are also present
in several other conditions, such as Silver—Russell syndrome (SRS). SRS shares many similarities with 3M syndrome,
including TUGR, short adult stature, a triangular face, relatively large head, asymmetry of the trunk or limbs, and
clinodactyly.>>® In contrast to 3M syndrome, SRS is associated with mild developmental delay but lacks skeletal
abnormalities.*®!" According to numerous reports, 3M syndrome should always be considered in the differential
diagnosis of patients presenting with prenatal growth retardation.>'":'?

The identification of novel variants in relevant genes has expanded the known spectrum of changes involved in the
pathogenesis of 3M syndrome. Moreover, the widespread sharing of data on known variants, combined with detailed
clinical information, may, in the future, contribute to the development of a predictive model for genotype-phenotype
correlation, as well as to the establishment of effective therapeutic strategies. Identification of a pathogenic variant in
a family also allows direct diagnostics to exclude or confirm the disease in the fetus using traditional invasive prenatal
diagnosis. It is also possible to use an alternative method, Preimplantation Genetic Diagnosis (PGD), after in vitro
fertilization, which prevents pregnancy if a pathogenic variant is detected in the embryo.® Fetal diagnosis is possible in
families with a previously identified pathogenic variant causing this syndrome. In the described case, the diagnosis,
supported by genetic testing, was made after the birth of another child, who was born from a multiple pregnancy (triplet),
which could also have caused the observed symptoms. The prognosis for 3M syndrome is usually good and not life-
threatening. It is an autosomal recessive disorder, with a 25% risk of recurrence in subsequent children. After diagnosis
of 3M syndrome, the child should be followed by a pediatric endocrinologist to monitor growth and puberty and consider
growth hormone therapy. Growth monitoring every 6—12 months is recommended until final height is achieved. Hip
ultrasound should be performed in newborns to detect hip dysplasia. Patients should be under the ongoing care of an
orthopedist. Assistive devices for short stature and physical therapy should also be considered. Semen analysis should

also be discussed and offered to male patients near the end of puberty.®'"!3

Conclusion
The expansion of the database of genetic variants, combined with knowledge of the spectrum and severity of a patient’s
clinical manifestations, enables the identification of genotype-phenotype correlations that are crucial for medical care.
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