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CASE REPORT

A novel likely pathogenic variant in the H1‑4 
gene c.139G > C p.(Ala47Pro) associated 
with Rahman syndrome: a clinical report
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Abstract 

Background:  Rahman syndrome (RMNS) is a rare genetic disorder inherited in an autosomal dominant manner 
caused by a de novo mutation in H1-4 gene. Since there are few cases described in the literature, the prevalence of 
the syndrome is unknown. RMNS should be suspected in individuals presenting mild to severe intellectual disability 
associated with behavioural problems.

Case presentation:  A novel variant in the H1-4 gene: c.139G > C p.(Ala47Pro), classified as likely pathogenic, was 
identified in a patient with a phenotype compatible with RMNS. Clubfoot and obesity were described in our patient 
and should be considered in future reviews of the disease.

Conclusions:  This case is added to the reduced number of publications previously reported regarding RMNS and 
contributes to understanding the genetic characteristics, clinical features and diagnosis of this syndrome.
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Background
Rahman syndrome (RMNS; MIM#617,537), also known 
as HIST1H1E syndrome, is a rare genetic disorder 
first described in 2017, when five subjects reported to 
have de novo heterozygous variants in H1-4 (formerly 
HIST1H1E) gene [1]. The prevalence of this syndrome is 
unknown, as only 47 affected individuals worldwide has 
been reported to date [2, 3].

RMNS is characterized by mild to severe intellectual 
disability (ID) associated with behavioural problems such 
as anxiety/phobias, obsessive behaviours, attention-def-
icit/hyperactivity disorder (ADHD), autistic spectrum 
disorder/traits (ASD), head banging, auditory hypersen-
sitivity and aggression. It is also associated with variable 

somatic overgrowth, which manifests as increased birth 
length, height, weight and/or head circumference. Skel-
etal involvement is also present, including scoliosis, 
kyphoscoliosis and decreased bone mineral density. As 
the phenotype is highly variable, some individuals may 
also have other minor anomalies, including dysmorphic 
facial features, strabismus or camptodactyly. Other find-
ings in some patients could be cryptorchidism (in males), 
hypotonia, seizures, abnormal dentition and hypothy-
roidism [1–7]. Abnormal brain magnetic resonance 
image (BMRI) due to corpus callosum abnormalities is 
also frequent [3].

The diagnosis of RMNS is established by conducting 
genetic studies in patients with these suggestive findings. 
The presence of loss-of-function mutations in H1-4 gene 
(MIM*142220), located on the short arm of chromo-
some 6 (6p22), has been defined as the molecular reasons 
causing the syndrome [1]. This gene encodes Histone 
H1.4, one of the epigenetic regulator genes’ family, which 
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acts as a linker histone protein and it is responsible for 
higher-order chromatin structure [2]. H1.4 is involved in 
epigenetic regulation, especially during embryonic devel-
opment [1, 7].

RMNS is inherited in an autosomal dominant manner, 
and it is caused by a de novo mutation. To date, 17 path-
ogenic variants in H1-4 have been reported in genetic 
databases associated with RMNS. All of them are ger-
mline frameshift mutations involving the C-terminal tail 
of H1.4 in exon 1 [7].

Differential diagnosis of RMNS comprises other ID 
syndromes associated with behavioural problems. These 
disorders present a high overlap of clinical features, mak-
ing necessary molecular studies to stablish the definitive 
clinical diagnosis.

We present a case of a child, 12  years and 4 months 
old, with intelligence quotient (IQ) limit, ASD, ADHD 
and obesity in which a novel variant in H1-4 gene was 
identified throughout a whole-exome sequencing (WES) 
Trio study. This case is added to the reduced number of 
publications previously reported regarding RMNS and 
contributes to a better knowledge of genetic characteris-
tics, diagnostic approach and clinical management of this 
syndrome.

Case presentation and genetic findings
We reported a clinical case of a male 12  years and 4 
months old, only child of a non-consanguineous cou-
ple. Family history of two first cousins (paternal branch) 
with ​​diagnosis of ASD. No previous abortions. Well con-
trolled pregnancy with echographic findings of clubfoot. 
Born at 38 gestational weeks, weight at birth 3,580  kg, 
size 52  cm., cp 34,5  cm., Apgar 9/10. Normal neonatal 
screening. No episodes of hospitalization in the neonatal 
period.

As a clinical history, he went twice (first time around 
2 months of birth and the second one around 20 months 
of age) through surgical interventions in order to cor-
rect clubfoot. Since then, he was from time to time con-
trolled by orthopaedists. At 3 years old, he was evaluated 
by neuropediatricians because of a language delay, motor 
clumsiness and ASD. Biochemical analyses and initially 
performed genetic studies (high-resolution karyotype 
and array comparative genomic hybridization (aCGH)) 
showed no significant results.

At the age of 10, he was again referred to the neurope-
diatricians due to poor school performance. After evalua-
tion, he was diagnosed with ASD, ADHD and ID with low 
IQ (80). On physical examination, weight (60.6 kg.,  > P99, 
2.4 SD), height (149 cm, P92, 1.43 SD) and head circum-
ference (56  cm., P91, 1.34 SD) indicated obesity. The 
morphological examination revealed thick middle and 
distal third eyebrows sparsely populated, large eyes and 

a downward ophthalmic inclination, astigmatism, hyper-
metropia, ogival palate, anteverted nostrils, thin upper 
lip and a coffee-and-milk spot in the right lumbar area 
measuring 2 × 3. The body examination revealed genu 
valgum, clubfoot and flat feet. The cranial nerves, force, 
tone and osteotendinous reflexes were normal, but he 
presented motor clumsiness. Biochemical and hormonal 
analyses were normal, so hypothyroidism and hormonal 
overgrowth were discarded.

Motivated by these nonspecific dysmorphic features 
and the phenotype being indistinguishable from others 
ID syndromes, he was requested to be genetically stud-
ied, so a WES Trio assay was carried out on the patient 
and her biological parents. In the study, an heterozy-
gous variant (c.139G > C; p.(Ala47Pro)) was identified 
de novo in the first exon of H1-4 gene (NM_005321.2). 
This variant had not been previously reported in genetic 
databases (gnomAD, OMIM, PubMed, ClinVar) associ-
ated with a specific phenotype. However, the presence of 
other mutations in this gene was associated with patients 
suffering from RMNS or autism [1, 2, 5, 7–9].

According to the American College of Medical Genet-
ics and Genomics (ACMG) variant classification guide-
lines [10], this variant could have been classified as a 
variant of uncertain significance (VUS), since it meets 
the following criteria: it is a missense variant that exists at 
extremely low frequency in general population databases 
(one heterozygote in gnomAD, and absent in 1000G and 
ESP) (PM2), it is predicted to be deleterious in 6 of 8 in 
silico prediction systems (SIFT, Polyphen2_HDIV, Poly-
phen2_HVAR, MutationTaster, MutationAssessor, LRT, 
FATHMM and MetaSVM), and it is found in a highly 
conserved residue (PP3). However, the variant was absent 
in parents and there was not family history. Thus, apply-
ing de novo criteria in a proband within the phenotypic 
spectrum of H1-4-related disorders (PS2), the variant 
should be classified as likely pathogenic.

There are no similar mutations in H1-4 described asso-
ciated with RMNS. Of the 17 pathogenic variants in H1-
4 that been reported to date associated with RMNS in 
genetic databases, no one is similar to that described in 
this report. All of them are frameshift mutations in exon 
1 (Table 1). Our patient’s clinical features were compat-
ible with RMNS. Therefore, we can consider this novel 
variant c.139G > C; p.(Ala47Pro) in the H1-4 gene, as a 
cause of RMNS.

The patient was treated with methylphenidate hydro-
chloride with great response. In school, he attended a 
classroom adapted for ASD children. Nowadays, at age 
of 12, he presents the following physical features: weight: 
81  kg (> P99, 2.62 SD); height: 156  cm (P94, 1.54 SD); 
head circumference: 57.5 cm (P98, 2 SD); and full puber-
tal development (Tanner scale-male = 5).
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Discussion
RMNS is a rare genetic disorder caused by a de novo 
mutation in H1-4 gene, described to date in only 47 indi-
viduals [1–3]. Mutations in H1-4 are supposed to dis-
rupt epigenetic regulation, especially during embryonic 
development [1, 7]. In this work, we presented the first 
missense variant in exon 1 of H1-4 gene associated with 
RMNS.

RMNS should be suspected in individuals presenting 
mild to severe ID, accompanied by behavioural issues as 
the most common clinical features. However, the pheno-
type is highly variable [1, 4]. These clinical features will 
presumably change as new cases are described.

The patient described above presented ID with low IQ, 
ASD with ADHD, and obesity as mainly clinical features. 
In the morphological examination, thick middle and dis-
tal third eyebrows sparsely populated, large eyes and a 

downward ophthalmic inclination, astigmatism, hyper-
metropia, ogival palate, anteverted nostrils, thin upper 
lip and a coffee-and-milk spot, were the most character-
istic features.

While it has been previously suggested that RMNS 
belongs to the family of overgrowth-intellectual disability 
(OGID) syndromes [11], and affected patients could have 
variable somatic overgrowth manifested as increased 
birth length, height, weight, and/or head circumference, 
recent data suggest that most children with RMNS do not 
have tall stature or macrocephaly [2]. Our case allows the 
confirmation of obesity, and not somatic overgrowth, as a 
factor associated with the development of this syndrome.

Although the patient presented motor clumsiness, 
this condition could be caused by clubfoot, genu valgum 
and flat feet. Even if these clinical characteristics present 
in our patient had not been previously described, they 

Table 1  Summary of the pathogenic genetics variants of HIST1H1E described at ClinVar [13], LOVD [14] and Simple ClinVar [15] and 
GeneReviews [3] databases at the date of revision (accessed 16 Dec 2020)

*Mutation described in this article. (Reference transcript NM_005321.2)

cDNA variant Protein change Condition(s) Clinical significance

c.133A > C p.Thr45Pro Multiple myeloma Likely pathogenic

(*) c.139G > C p.(Ala47Pro) Rahman syndrome Likely pathogenic

c.277del p.Leu93fs Not provided Likely pathogenic

c.360_361insA p.Ala123GlyfsTer73

c.364_365del p.Lys122fs Rahman syndrome Uncertain significance

c.365dup p.Ala123fs Rahman syndrome Likely pathogenic

c.392dup p.Ala132fs Not provided Pathogenic

c.407dupA p.Lys137GlufsTer59 Not provided Pathogenic

c.408dup p.Lys137fs Rahman syndrome

Inborn genetic diseases Pathogenic/Likely pathogenic

c.414dup p.Lys139fs Rahman syndrome

Inborn genetic diseases Pathogenic/Likely pathogenic

c.416dupA p.Lys140GlufsTer56 Rahman syndrome Pathogenic

c.425delinsAG p.Thr142fs Rahman syndrome Pathogenic

c.425_431delins

AGG​GGG​TT p.Thr142fs Rahman syndrome Pathogenic

c.429_430del p.Ala144fs Rahman syndrome Pathogenic

c.430dupG p.Ala144fs Rahman syndrome

Inborn genetic diseases Pathogenic/Likely pathogenic

c.430delinsCC p.Ala144fs Not provided Pathogenic

c.433dup p.Ala145fs Not provided Pathogenic

c.435dup p.Thr146fs Not provided Pathogenic

c.436_458del p.Thr146fs Rahman syndrome Pathogenic

c.441dup p.Lys148fs Rahman syndrome Pathogenic

c.444_466del p.Lys149fs Not provided Pathogenic

c.447dup p.Ser150fs Rahman syndrome Pathogenic

c.454_455insT p.Lys152fs Not provided Pathogenic

c.464dup p.Lys157fs Rahman syndrome Pathogenic
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should be considered in future reviews of the disease. 
Brain magnetic resonance imaging (MRI) is frequently 
abnormal in patients suffering from RMNS [2], unfortu-
nately it could not be performed in our case.

Molecular genetic testing approaches depend on hos-
pital protocols and laboratory possibilities. We discarded 
single-gene testing or multigene panel because the phe-
notype was indistinguishable from other ID syndromes. 
To date, more than 180 of such disorders have been 
identified [3] and the identification of a pathogenic vari-
ant in an altered gene is the only difference between all 
these clinical entities, so the genetic studies the only way 
to establish the ultimate diagnosis. aCGH and WES have 
been defined as the election molecular studies in autism 
and/or intellectual disability, since the genetic aetiology is 
recognized in ~ 25–35% of patients with ASD [9]. There-
fore, we conducted CGH array as first option, amplifying 
the genetic study with WES.

Until now, there have been described 17 pathogenic 
variants in H1-4 associated with RMNS. All of them 
reported as germline frameshift mutations involving 
the C-terminal tail of H1-4 [7]. These findings highlight 
the importance of further H1-4 functional studies. It is 
hypothesized that protein-truncating variants escape 
nonsense-mediated RNA decay, resulting in abnormal 
proteins (which have a reduced net positive charge) [1, 7].

We identified a de novo heterozygous variant 
c.139G > C; p.(Ala47Pro) in the first exon of H1-4 gene. 
It had not been previously reported in genetic databases 
associated with RMNS, and there are no similar muta-
tions in H1-4 described associated with RMNS (Table 1). 
Only another missense variant in the first exon of the 
gene, at two amino acids distance of which we reported, 
has been described. However, it is a somatic mutation 
associated with multiple myeloma (Table  1). According 
to the ACMG variant classification guidelines, the variant 
should be classified as likely pathogenic, with a CADD 
(Phred) value (15.85) predicting the deleterious effect of 
the variant [12].

Conclusion
Rahman syndrome is a rare genetic disorder that should 
be suspected in patients with the coexistence of intellec-
tual disability, behavioural problems and variable somatic 
overgrowth. In addition, genetic studies are the only 
option for a differential diagnosis and confirmation of the 
syndrome.

The presence of a de novo variant, and clinical features 
being compatible with the OMIM phenotype of Rahman 
syndrome, allowed us to consider this variant as a cause 
of RMNS. This case is added to previous works and con-
firms that de novo variants are the main way of inherit-
ance in RMNS.
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