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Abstract
Neonatal progeroid syndrome or Wiedemann–Rautenstrauch syndrome (WRS; MIM 264090) is a rare genetic disorder that
has clinical symptoms including premature aging, lipodystrophy, and variable mental impairment. Until recently genetic
background of the disease was unclear. However, recent studies have indicated that WRS patients have compound
heterozygote variations in the POLR3A (RNA polymerase III subunit 3A; MIM 614258) gene that might be responsible for
the disease phenotype. In this study we report a WRS patient that has compound heterozygote variations in the POLR3A
gene. One of the reported variations in our patient, c.3568C>T, p.(Gln1190Ter), is a novel variation that was not reported
before. The other variant, c.3337-11T>C, was previously shown in WRS patients in trans with other variations.

Introduction

Neonatal progeroid syndrome, also known as the
Wiedemann–Rautenstrauch syndrome (WRS; MIM
264090), is a rare and clinically heterogeneous disorder that

is likely to be inherited in an autosomal recessive manner
[1]. WRS is characterized by features of premature human
aging and showing lipodystrophy as particular local fatty
tissue accumulations, craniofacial disproportion (a trian-
gular shape), neonatal dentition, subcutaneous tissue atro-
phy, hyperinsulinism, sparse scalp hair, and also variable
mental impairment [2]. Average life expectancy of WRS
patients was around 7 months but there are reports pre-
senting survival into 20 s [3, 4].

RNA polymerase III is a DNA-directed RNA polymerase
and it is the largest subunit encoded by POLR3A (RNA
polymerase III subunit 3A; MIM 614258). This polymerase
transcribes genes coding small RNAs such as ribosomal 5S
RNA, tRNA, U6 small nuclear RNA, and mitochondrial
RNA-processing RNA. Previously, variations within the
POLR3A gene have been associated with two forms of
hypomyelinating leukodystrophy with or without oligo-
dontia and/or hypogonadotropic hypogonadism (MIM
607694 and MIM 614381, respectively) [5]. This syndrome
is also known as hypomyelination, hypodontia, and hypo-
gonadotropic hypogonadasim (4H syndrome or 4H leuko-
dystrophy) [6]. Variations were identified as homozygous or
in compound heterozygous state and no individual had two
truncating variations [5]. The underlying genetic cause of
the WRS disease was unclear until recent studies indicating
that WRS patients have compound heterozygous variants in
POLR3A gene that might be responsible for the disease
phenotype [4, 7–9]. Jay et al. had identified compound
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heterozygous variants of a splice site variant and a nonsense
variant in the POLR3A gene in a female patient with WRS
[8]. Moreover, 4H and WRS represent different clinical
phenotype, with overlapping features such as hypomyeli-
nation, supporting the contention that biallelic variants
within the POLR3A gene possibly associated to both syn-
dromes. Lately, autosomal recessive adolescent-onset pro-
gressive spastic ataxia has also been speculated to be
associated with biallelic variants within the POLR3A gene
[10–12]. As most variations observed in the aforementioned
syndromes are compound heterozygous, it is thought that
the genotype–phenotype correlations probably depend on
the level of functional POLR3A protein expressed in
the cells, as well as additional genetic and epigenetic
changes [4, 13].

Here we report a 5-year-old female that has classical
clinical features of WRS and was shown to be compound
heterozygous for variants in the POLR3A gene. Here we
present a novel variation never reported before in the
databases.

Material and methods

Subject

A 5-year-old female patient was admitted to Bursa Uludag
University Hospital, Department of Medical Genetics with
symptoms related to WRS. She was born at term to non-
consanguineous parents and the family history was negative
for genetic syndromes (Supplementary Fig. 1). Written
informed consent have been taken from her parents.

Molecular genetic analyses

The Illumina’s commercial kit by Illumina TrueSight One
panel was performed for targeted re-sequencing on an

Illumina MiSeq platform. An in-house pipeline was used to
align the sequence reads with a reference genome, as well as
variant calling, annotation and variant filtering to remove
benign single nucleotide polymorphisms with allele fre-
quency ≤0.03 [14]. Public databases such as 1000 Genomes
Project Database (http://www.internationalgenome.org/),
Exome Variant Server (EVS) database (http://evs.gs.wa
shington.edu/EVS/), Exome Aggregation Consortium
(ExAC) database (exac.broadinstitute.org/), and the public
database of single nucleotide variants (dbSNP, www.ncbi.
nlm.nih.gov/SNP/) were used to filter and prioritize the
variants and to check for allele frequencies, while the
Human Gene Mutation Professional Database (HGMD)
(http://www.biobase-international.com/product/hgmd) was
used to identify genetic variations that underlie, or are
closely associated with human inherited disease [15]. In
silico prediction software such as SIFT (Sorting Intolerant
From Tolerant), PolyPhen‐2 (Polymorphism Phenotyping
v2), and Mutation Taster, MutationAssessor and LRT
(Likelihood Ratio Test) were used to assess the potential
deleterious effects of missense variants [16–19]. Genetic
variations were confirmed by PCR coupled with direct
sequencing of target regions on a CEQ8800 Sequencer
(Beckman Coulter) according to the manufacturer’s proto-
cols. Sanger sequencing, in search of any specific genetic
variants found in the proband (IV.1), was also programmed
for her parents.

In silico analysis

The homology modeling approach was used to generate the
3D structure of human RNA polymerase III subunit A
(hPOLR3A) using the MODELLER software [20, 21].
Amino acid sequence corresponding to mRNA sequence of
hPOLR3A (NM_007055.3) was retrieved from NCBI.
SPPIDER server was used to determine the interacting
residues of hPOLR3A (C160) with other subunits of RNA

Fig. 1 Phenotypic view of our
patient. Black arrows indicate
local lipoatrophies.
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polymerase III. Molecular images were generated via
PyMOL [22, 23].

Results

Clinical examination

Our patient was the first child of the family and was born
38th gestation week, with 2030 g birth weight from 26-year-
old mother. During regular examination after eight days of
birth her weight was 2185 g (<3P), height was 45 cm (<3P)
and head circumference was 32 cm (<3P). When she was a
month and half, she was operated from her left upper eye-lid
entropions. Her cardiological echocardiography examina-
tion have revealed asymmetric septal hypertrophy and
patent foramen ovale. At the age of 9 months, nephrology
examination has determined nephrolithiasis (left kidney
with grade three dilations) and millimeter size kidney stones
which were located in the left kidney. General clinical and
dental examination indicated that she has local lipoatrophy,
alopecia areata, osteopenia, natal teeth, and delayed denti-
tion (Fig. 1) at the age of 6 years. Neurological examination
showed developmental delay and electrophysiological
(visual evoked potential) results showed bilateral message
slowdown (140, 140) and bilateral ponto-mesencephalic
message slowdown by MRI.

Karyotyping and molecular genetics findings

Cytogenetic analysis was normal 46, XX. The patient was
then directed to MAGI Genetic and Rare Diseases
Research, Diagnosis and Treatment Laboratory, Italy for
molecular genetic analysis. Biallelic variants were detected
in the POLR3A gene in the proband. She inherited
the POLR3A c.3337-11T>C intronic splice site variant
(ClinVar Submission ID: SUB7446850) from her mother
and a novel POLR3A c.3568C>T, p.(Gln1190Ter) variant

(ClinVar Submission ID: SUB714053) from her father
(Fig. 2).

In silico finding and functional predictions

Sequence alignment of hPOLR3A via BlastP module of
NCBI showed CryoEM structure of DNA-DIRECTED
RNA POLYMERASE III SUBUNIT RPC1 from Sac-
charomyces cerevisiae, (PDB ID: 5fj8, chainA) has the
highest sequence identity (50.9%) among all other proteins
having crystal structures. hPOLR3A was, therefore, mod-
eled based on this structure (PDB: 5FJ8) (Fig. 3). Same
procedure was performed to obtain the structure corre-
sponding the NG_029648.1(NM_007055.3): c.3337-
11T>C variation which causes hPOLR3A without exon 26:
hPOLR3_AΔ26. Nucleotide and amino acid sequence
information of POLR3A were retrieved from NCBI database
with NM_007055.4 entry. Since sequences of each exon are

Fig. 2 Detected biallelic
variants in the POLR3A gene.
The patient inherited the
POLR3A c.[3337-11T>C]
intronic splice site variant from
her mother and POLR3A c.
[3568C>T] p.(Gln1190Ter)
variant from her father (P
proband, F father, M mother).

Fig. 3 Protein homology modeling of hPOLR3A. Protein sequence
corresponding to NM_007055.3 mRNA sequence was used as the full-
length human RNA polymerase III subunit A (hPOLR3_A) sequence.
NM_007055.3:c.3568C>T introducing a stop codon after 1190th
residue shown on the structure in black cartoon: Δ1190–1390.
NG_029648.1(NM_007055.3):c.3337-11T>C causes skipping of exon
26. Position of exon 26 in C160 model is shown in magenta cartoon.

Unique combination and in silico modeling of biallelic POLR3A variants as a cause of. . . 1677



provided in the given NM entry sequentially, exon and
amino acid numbers were determined manually according
to data provided in the NCBI database under NM_007055.4
accession number.

Structure corresponding to NM_007055.3: c.3568C>T
variation which introduces a stop codon was obtained by
deleting residues after 1190th residues of full-length
hPOLR3A (Fig. 3). Residues that participate in inter-
subunit contacts within the polymerase III model were
mapped using SPPIDER.

Discussion

POLR3A encodes the largest subunit (C160) of the catalytic
component of DNA-dependent RNA polymerase III, which

synthesize small RNAs including tRNAs, 5S, and 7S rRNAs.
In recent years, with the help of developing next generation
sequencing techniques, variations in POLR3A was found to
be associated with WRS. Patients were shown to carry bial-
lelic variations on the POLR3A gene, each inherited from one
parent, which results in the associated phenotype.

Some variations causing a diminished function of RNA
polymerase III result in a deficiency of rRNA and/or tRNA,
and this can cause persistent malfunction of cells and
deregulated transcription of several ncRNAs [8]. Some of
these ncRNAs, such as 7SL and 7SK RNAs, regulate the
activity of DNA-dependent RNA polymerase II, hence the
variants affecting POLR3A function can also affect levels of
polymerase II-transcribed genes.

Despite the exact mechanisms through which a decrease
in POLR3A leads to a clinical phenotype remains unclear,

Fig. 4 Model of POLR3A
(C160, shown in green
cartoon) and its interacting
partners in RNA polymerase
III elongation complex. Each
protein in the complex is
shown with surface
representation and different
colors. a Homology modeling
analysis suggests that residues
between 1190 and 1390 of
POLR3A (inlet) interact with
subunit C128, C17, and C25;
residues translated from exon 26
(1112–1143) of POLR3A
interact with C11 and C128.
b Superimposing wild-type
C160 (in green color) and
C160Δ26 (in marine color)
models suggest that exon
skipping causes conformational
changes in the region of C11 and
C128 binding region of C160.
Proteins interacting around the
exon 26 of C160 is shown with
surface representation.
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recent findings indicated that compound heterozygous var-
iations in the POLR3A gene possibly result in the disease
phenotype [4, 7–9]. POLR3A c.3568C>T, p.(Gln1190Ter)
variant was not previously detected in WRS patients.
Likely, no reports are present in public databases regarding
the effect of this variant on gene function. POLR3A c.3337-
11T>C variant that was detected in a heterozygous state in
our subject was previously detected in six individuals with
WRS and was shown to cause skipping of exon 26 [24]. At
the protein level, the splicing defect caused by the c.3337-
11T>C variant results in an in-frame deletion represented as
p.I1113_E1143del.

C160 subunit of the RNA polymerase III, which is
encoded by POLR3A, plays a catalytic role [14]. Homology
model of the complex shows that subunit C128 forms the
active-center cleft of RNA polymerase III along with the
C160 subunit. Other subunits e.g., C17, ABC27, ABC23,
C25, and C11 are auxiliary subunits with specialized
functions. hPOLR3A model and SPPIDER analysis indi-
cates that totally 445 residues of C160 subunit is interacting
with other subunits of the complex. Among those, 201
residues lie at the interface between the C160 subunit and
any of the six interacting partners, namely the C128, C11,
C17, ABC27, ABC23, and C25 of the elongation complex.
The last 200 C-terminal amino acid residues (1190–1390)
span the center of C160 which is sort of a hub to interact
with different subunits of RNA polymerase III such as
C128, C17, and C25. SPPIDER suggests that 65 of the
interacting residues of C160 are found in 1190th and 1390th
residues which are located at the C-terminal of the protein
(Fig. 4a). Since, these residues are completely missing in
NM_007055.3:c.3568C>T variant, the catalytic activity of
RNA polymerase III is adversely affected. Although it is
difficult to interpret the effect of exon skipping variations on
the overall protein structure since it may change the folding
pattern of the protein, we can simply say that nine of the
interacting residues are in the amino acids expressed from
exon 26. Homology model of hPOLR3A shows that amino
acids corresponding to exon 26 interact with C128 and C11
(Fig. 4b). In the light of these findings we can speculate that
absence of exon 26 may change the binding region of C128
and C11 on the C160 which may attenuate the overall
activity of RNA polymerase III. These two variations on the
C160 are predicted to have major effect on the role of RNA
polymerase III by disrupting the subunit interactions.

It was shown that mutated polymerase III results in an
insufficient number of mature ribosomes in the neuroe-
pithelium and neural crest cells at a critical time point
during embryogenesis [25]. Complete loss of function is
quite likely to be incompatible with life. The splice-variant
present in our patient may allow some expression of the
protein and perhaps amelioration of a lethal phenotype,
which allowed this patient’s survival.

Previous studies indicated that the variant, c.3337-
11T>C, was represented in WRS patients with its cis
POLR3A c.[3337-11T>C; 1909+ 22G>A]. However,
recently Wambach et al. reported that the c.3337-11T>C
variant gives WRS phenotype with other biallelic, rare
variants in compound heterozygous manner [4].

Overall, our study gives strong evidential support that
POLR3A c.3337-11T>C variant itself, without its cis
POLR3A [c.3337-11T>C; c.1909+ 22G>A], is enough to
show the WRS disease phenotype in compound hetero-
zygous manner POLR3A [c.3568C>T]; [c.3337-11T>C]
variant. However, this study is in agreement with previous
findings that severe loss of function due to biallelic
POLR3A variations is associated with WRS. Further ana-
lysis of the ribosomal biogenesis pathway will identify other
conditions belonging to the ribosomopathy phenotype and
will possibly provide new molecular targets for disease-
specific drug development.
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