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Abstract

Microcephalic osteodysplastic primordial dwarfism type I (MOPDI) is a very rare and

severe autosomal recessive disorder characterized by marked intrauterine growth

retardation, skeletal dysplasia, microcephaly and brain malformations. MOPDI is

caused by biallelic mutations in RNU4ATAC, a non-coding gene involved in U12-type

splicing of 1% of the introns in the genome, which are recognized by their specific

splicing consensus sequences. Here, we describe a unique observation of immunode-

ficiency in twin sisters with mild MOPDI, who harbor a novel n.108_126del mutation,

encompassing part of the U4atac snRNA 30 stem-loop and Sm protein binding site,

and the previously reported n.111G>A mutation. Interestingly, both twin sisters show

mild B-cell anomalies, including low naive B-cell counts and increased memory B-cell

and plasmablasts counts, suggesting partial and transitory blockage of B-cell matura-

tion and/or excessive activation of naive B-cells. Hence, the localization of a mutation

in stem II of U4atac snRNA, as observed in another RNU4ATAC-opathy with immuno-

deficiency, that is, Roifman syndrome (RFMN), is not required for the occurrence of

an immune deficiency. Finally, we emphasize the importance of considering immuno-

deficiency in MOPDI management to reduce the risk of serious infectious episodes.
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1 | INTRODUCTION

Microcephalic Osteodysplastic Primordial Dwarfism type I (MOPDI;

OMIM 210710), also named Taybi-Linder syndrome, is a rare autoso-

mal recessive syndrome characterized by severe intrauterine growth

retardation, dwarfism, skeletal dysplasia, microcephaly, brain malfor-

mations, dysmorphic features and reduced life expectancy.1-3

Dysmorphic features include round face, sloping forehead, bulging

eyes, beaked and large nose, micrognathia, short neck, sparse hair,

and dry skin.

Our team and others have shown that MOPDI is caused by bialle-

lic mutations in RNU4ATAC, a non-coding gene transcribed into

U4atac, a small nuclear RNA component of the U12-type minor spli-

ceosome, which is essential for the splicing of the U12-type

introns.4-6 We described genome wide retentions of U12-type introns

in various cell lines derived from patients with RNU4ATAC bi-allelic

mutations7 and designed methods to predict RNU4ATAC variants

pathogenicity.8

Bi-allelic RNU4ATAC mutations were reported in two other rare

autosomal recessive diseases with a distinctive and milder phenotype,

namely Roifman syndrome (RFMN, OMIM: 616651) and Lowry Wood

Syndrome (LWS, OMIM: 226960). RFMN is associated with immuno-

deficiency mainly related to B-cell lymphocytes maturation.9–12 Our

team recently reported on an additional RNU4ATAC-associated dis-

ease reminiscent of the Joubert syndrome ciliopathy in five patients

harboring at least one mutation in stem II of U4atac snRNA, a region

consistently mutated in RFMN, among whom one patient had a B-cell

immunodeficiency.13

Interestingly, immune deficiency has been reported also in

three unrelated MOPDI patients,14,15 but systematic immune

investigations have been hampered by early unexplained death in

most MOPDI patients. Here, we report on mild B-cell immunode-

ficiency but no T-cell anomaly in MOPDI twin sisters, still alive at

5 y.o., who harbor the compound heterozygous n.108_126del and

n.111G>A RNU4ATAC variants, that we studied elsewhere.16 The

data presented here strongly suggest that immunodeficiency

should be considered as a MOPDI feature, which may possibly

trigger infectious episodes either initiating or causing early

death.4,17

2 | CASE REPORTS

Case 1 is the first twin born to unrelated parents with no informa-

tive family history. The pregnancy was bi-chorionic bi-amniotic,

marked by intrauterine growth restriction (IUGR) below the 3rd

percentile. Cesarean section at 34 WG was due to abnormal fetal

heart rate and breech presentation. Apgar scores were 5/8/9/9,

with a birth weight of 1235 g (�4.5DS), height of 36 cm (�5DS),

and head circumference of 26 cm (�4.5DS). Dysmorphic features

included retrognathism, receding forehead, small low-set ears,

prominent nose, nuchal plane angioma, clinodactyly of the 5th fin-

gers, and bilateral skin syndactyly of toes 2–3 (Figure 1A). At

3 months, growth retardation persisted, accompanied by develop-

mental delay. Gastroesophageal reflux and a right hip dislocation

were noted. Hair abnormalities and facial xerosis were observed.

At 22 months, surgical interventions addressed tracheal stenosis,

reflux, and hip dislocations. By 3 years and 5 months, she had basic

motor skills, and wore glasses for mild myopia and nystagmus. Thy-

roid workup, GH, IGFBP3 were normal. Skeletal radiographs

showed ossification delay and platyspondyly (Figure 1B). Brain

imaging showed partial corpus callosum agenesis, cerebellar atro-

phy, and gyration simplification (Figure 1C). CT scan revealed pre-

mature closure of metopic, sagittal, coronal and lambdoid sutures

leading to brachycephaly and mild trigonocephaly (Figure 1D).

Sanger sequencing identified compound heterozygous RNU4ATAC

mutations (n.111G>A inherited from the father, newly described

n.108_126del inherited from the mother).

Case 2, the second twin, had also marked IUGR. Her birth

weight was 1475 g (�3 SD), birth height was 37.5 cm (�4.5 SD),

and birth head circumference was 27 cm (�3.5 SD). Clinical exami-

nation revealed facial dysmorphism, including a round face, stra-

bismus, microretrognathia, short neck, occipital plagiocephaly,

sparse hair, dry skin, short limbs, bilateral varus feet, short fingers

and toes, clinodactyly of the 5th fingers, and small hemangiomas

(Figure 1A). Despite vaccinations, she experienced viral infections

and respiratory issues. Immunoglobulin or alternative immune

therapies were not initiated due to the benign nature of infections.

At 18 months, she said a few words and stood with aid. Kyphosis

and joint hyperlaxity were observed. By age 3 years, she could

walk with help and wore orthopedic shoes for varus flat feet.

Immune abnormalities were identified (Table 1). Brain imaging and

CT scan revealed similar abnormalities as those found in her sister

(Figure 1C,D). Abdominal and cardiac ultrasonography, electroen-

cephalogram and evoked auditory potentials were normal for both

sisters. Both RNU4ATAC pathogenic variants found in case 1 were

identified.

3 | IMMUNOLOGICAL REPORTS

At 12 and 24 months, both twins exhibited similar immune alter-

ations, revealing normal T-cell counts but a moderate increase in

total and naive CD4+ T-cells. B-cell lymphopenia was marked, but

elevated proportions of transitional B-cells indicated partially effi-

cient bone marrow response. Decreased naive B-cells and elevated
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memory B-cells suggested naive B cell consumption and proper

peripheral B-cell maturation. Both twins displayed normal serum

immunoglobulin levels and circulating antibodies. Serum protein

electrophoresis was normal. Serum protein electrophoresis dis-

played normal protein distribution.

4 | DISCUSSION

In this work, we describe immunodeficiency associated with a mild

form of MOPDI in twin sisters harboring the combination of the

newly described n.108_126del RNU4ATAC mutation and

F IGURE 1 Clinical features of the patients twin 1 (T1) and twin 2 (T2). (A) Clinical features showing microcephaly, round face, sloping
forehead, prominent eyes with sparse eyebrows, eyelashes and hair, beaked nose, microretrognathia, thin upper lip, small and low-set ears and
short neck, short stature, short limb with brachydactyly, mild flexion contractures. (B) Radiographic features showing short and mildly curved long
bones, mild platyspondyly with marked retardation of epiphyseal ossification, small and round iliac wings and coxa. valga. (C) Brain MRI showing
simplified gyration pattern of the brain cortex, brief and dysplastic corpus callosum, marked hypoplasia of the cerebellar vermis. (D) Volume
reconstruction of brain CT scan showing premature closure of metopic, sagittal, coronal and lambdoid sutures leading to brachycephaly and mild
trigonocephaly.
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the n.111G>A RNU4ATAC mutation. The maternal n.108_126 RNU4A-

TAC deletion encompasses part of the 30 loop and the entire Sm

protein-binding region (Figure S1) known to be essential in the activity

of U4atac.18 The paternal n.111G>A, located in the apical 30 stem-

loop, may account for the milder phenotype. Brain gyration anomalies,

major ossification delay of the epiphyses, severe antenatal and post-

natal growth retardation, microcephaly and characteristic dysmorph-

ism, together with biallelic pathogenic variants located outside stem II,

confirms the diagnosis of MOPDI and excludes RFMN.

Since a partial block of B-cell maturation was already reported in

RFMN patients with mutations in RNU4ATAC,12 we investigated the

hypothesis that immunodeficiency could also be part of the MOPDI

phenotype. Variable combinations of severe combined immunodefi-

ciency with sometimes low platelet counts may be observed in RFMN

and are possibly linked to U12-type intron retention.10 Several

patients with MOPDI showed decrease amounts of total lymphocytes,

CD4+ T-cells, regenerative T-cells and antibodies.14,15 In contrast

with the patient described in Hagiwara et al., the twin sisters reported

here have no severe infections nor autoimmunity. While T-cell counts

and functions were normal in both sisters, mild but consistent B-cell

anomalies were observed at 12 and 24 months including low B-cells

counts, elevated fractions of transitional cells, low naive B-cells, and

elevated memory B-cells and plasmablasts. Interestingly, an increase

in plasmablasts was also found in RFMN.10 These observations sug-

gest insufficient B-cells production and excessive activation of naive

B-cells rather than a blockage of B-cell maturation, which, if any, may

be partial and transitory. Along this line, this increased activation pro-

cess would not be completely compensated by increased B-cell lym-

phocyte production by the bone marrow. In total, B-cell changes

observed in the MOPDI twin sisters reported here and combined

immunodeficiency observed in the three other MOPDI patients13–15

suggest that variable immunodeficiency may be observed in MOPDI.

Our observations favor the idea that immunodeficiency can occur

even if RNU4ATAC mutations are both located outside stem II. An

independent work from our team using lymphoblastoid cell lines from

the twin patients revealed that the g.108_126del RNU4ATAC muta-

tion is unstable.16 Levels of the mature g.111G>A mutation and minor

di-and tri-snRNPs were decreased compared to control cells, suggest-

ing the occurrence of a splicing defect in U12-genes vital for immune

system development (Table 2). The pathophysiology linking RNU4A-

TAC mutations to immune dysfunction in RNU4ATAC-associated

disorders is still under investigation. Finally, we strongly recom-

mend to perform early and thorough immune investigations in

RNU4ATAC-opathies including MOPDI to design adapted thera-

peutic strategies.
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TABLE 2 Immunological profile of the RNU4ATAC-opathies.

Phenotype

Roifman
syndrome

Lowry-

Wood
syndrome Joubert syndrome-like

MOPD1

Heremans
et al.10

(3 patients)

Farach
et al.9

(1 patient) Khatri et al.13 (1 patient)

Hagiwara et al.14

(1 patient)

Sirohi
et al.15

(2 patients)

MOPD1
twins
(2 patients)

Immunodeficiency +++ +

(subclinical)

+ ++

T cells abnormalities N ND Profound memory T-cells

deficiency. Lack of

proliferation

in response to antigens

CD4+ lymphopenia.

Inverted CD4+/CD8+

ratio

CD8+

lymphopenia

N

NK cells

abnormalities

N ND ND N N N

B

cells

B cell & ND & N & &
Transitional

B cell

↗ ND ND ND ND ↗

Naive

mature B

cell

& (1

patient)

ND ND N ND &

Mature B

cell

& ND & N ND ↗

Plasmablasts ↗ ND ND ND ND ↗

Immunoglobulins & & & N & (1

patient)

N

Note: N: normal absolute and relative values; +, ++, +++: degree of the immunodeficiency, &: decreased absolute and relative values; ↗: increased

absolute and relative values; ND: not done.
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