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Introduction

Rothmund–Thomson syndrome (RTS; OMIM 268400) is a
rare genetic disorder characterized by distinctive skin
lesions of poikiloderma, skeletal abnormalities, failure to
thrive and high risk for developing cancers.1 Two-thirds of
RTS cases are caused by pathogenic variants in RECQL4 on
8q24, which encodes for ATP-dependent DNA-helicase Q4
that bears homology to RecQ helicases and has a pivotal role
in maintaining chromosomal integrity. Two other disorders
with overlapping clinical features associated with mutation
in RECQL4 gene are RAPADILINO, that is, “radial ray defect,
patellar aplasia, diarrhea, little size and limb anomalies,
slender nose and normal intelligence” (OMIM-266280) and
Baller–Gerold syndrome (OMIM-218600). Early diagnosis
needs a high index of suspicion and close follow-up is
necessary. Here we report two Indian cases with RTS with
novel pathogenic variants in RECQL4.

Patient 1

This 8-year-old male child was born to a nonconsanguineous
couple. He presented with poor growth and recurrent frac-
tures of right lower and left upper limb from the age of 4 years.
He had history of multiple hyperpigmented skin lesions
involving his face and bilateral upper and lower limbs asso-
ciatedwithphotosensitivity. Therewasnohistoryofpreceding
erythema with blister formation. He achieved developmental
milestones at the appropriate age and was intellectually
normal. Hewas born at 38weeks of gestationwith a low birth
weight of 1.5 kg. At 8 years, his weight was 16 kg (<3rd
centile), height 116 cm (3–10th centile) according to Indian
Academy of Pediatrics (IAP), 2015 standards2 and upper to
lower segment ratio was 1.05. Examination revealed a dys-
morphic face with pointed nose, malocclusion of teeth, and
receding chin (►Fig. 1A and B). Skin examination showed
diffuse hyperpigmentation present in a reticular pattern, with
superimposed discrete hypopigmented atrophic macules of 3
to 5 mm. Telangiectasia was noted over the cheeks and
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extensor aspect of the forearms (►Fig. 1C), arms, legs, thighs,
and buttocks. His eyebrows and scalp hair were normal.
Nail and teeth examinations were also within normal limits.
Dermatoscopic examination of the skin lesions over the fore-
arm showed the presence of reticulate pigmentation asso-
ciated with multiple branching telangiectasias suggestive of
poikiloderma. He had restricted movement at both elbow
joints. Skeletal survey revealed gross osteopenia, multiple
old healed fractures in the right tibia (►Fig. 1D), fibula, and
left radius with normal skull and spine. Serum calcium,
phosphate, alkaline phosphatase, vitamin D, and parathyroid
hormone were normal. Targeted exome analysis was per-
formed and libraries were sequenced to a mean 80 to 100�
coverage on an Illumina sequencing platform on the Hiseq
model. The sequences obtained were aligned to the
human reference genome (GRCh37/hg19) using the Burrows
Wheeler Aligner (BWA) program.3,4 A homozygous two
base pair deletion and one base pair insertion in exon 5 of
RECQL4 (chr8:145741524_145741525; c.978_979delTCinsG)
was identified that results in a frameshift and premature
truncationof theprotein33aminoacidsdownstreamtocodon
326 (p.Ser326ArgfsTer33; NM_004260, NP_004251). This var-
iant was validated by Sanger’s sequencing (►Fig. 1E). This
mutationhas not been reported in 1,000 genomes, gnomADor
ExAC databases. Parental testing for this variant could not be
done.

Patient 2

This 4-month-old female child, born to nonconsanguineous
parents, presented with congenital absence of thumbs bilat-
erally with a short bent left forearm (►Fig. 2A). She had a
small pointed nose and smooth philtrum with a thin upper
lip. She was born at full term with birth weight of 2 kg and
cried immediately after birth. Her developmental milestones
were normal for age. In subsequent follow-up at 18 months,
her parents noticed reddening of the facial lesions on expo-
sure to sun (►Fig. 2B and C), failure to thrive, and recurrent
diarrhea. Her weight was 5.5 kg (< 3rd centile) and height
67 cm (< 3rd centile) according to IAP 2015 standards.2 Her
height velocity was consistently less than 4 cm/year. Exam-
ination showed the presence of a small pointed nose, smooth
philtrum, and thin upper lip. She had bilaterally absent
thumbswith a short and bent left forearm. Skin examination
revealed diffuse background hyperpigmented atrophic skin
with a wrinkled surface superimposed with multiple dis-
crete atrophic hypopigmented macules of variable size over
the cheeks and extensor aspects of the forearms, sparing the
chest and trunk. There was no telangiectasia, blister forma-
tion, café au lait spots, or palmoplantar hyperkeratosis. She
had sparse eyebrows, particularly medially on the right,
along with sparse scalp hair. Teeth and nails were normal.
Her routineworkup for recurrent diarrheawas normal. X-ray

Fig. 1 Patient-1: (A and B) subtle dysmorphic features including a pointed nose, receding chin, and fine eyebrows. (C) Hyperpigmented macules
over extensor aspect of the forearm and hand. (D) Old healed fracture (white curved arrow) in the right tibia. (E) Sanger’s sequencing of variant
(c.978_979delTCinsG) and the variant change position is shown with a red arrow.
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of the upper limb showed the presence of hypoplasticmiddle
phalanges of the first and fourth fingers, bilateral curved
ulnae, and hypoplastic radii. Her cardiac and renal evalua-
tions were normal. Her initial workup including karyotype,
neuroimaging, echocardiography, abdominal ultrasound,
and testing for gastro esophageal reflux diseasewere normal.
Chromosomal studies onperipheral blood lymphocyteswere
also performed using Mitomycin C to induce chromosomal
breakage. The number of chromosomal breaks was counted
in 100metaphases in both this child and a control individual.
This test is considered positivewhen the number of breaks is
approximately 10 times higher in the patient comparedwith
the control. In this patient, the results were negative. A
growth hormone stimulation test using clonidine was indi-
cated an insufficient response. In view of the dysmorphic
features, absent thumbs and typical rash (poikiloderma),
mutation analysis of RECQL4was instigated. All coding exons
and flanking intronic sequences of RECQL4 (Genbank
NM_004260.3, NC_000008.10) were amplified by PCR and
sequenced directly (Sanger’s sequencing) with internal or
flanking primers as described by Kitao et al.5 RECQL4 dele-
tion testing was performed by quantitative real-time PCR
with six intragenic amplicons as described by Borozdin et al.6

RECQL4 sequencing showed the presence of a likely patho-
genic homozygous variant c.1132–2A > G in intron 5 which
is not reported in 1,000 genomes and ExAC databases and is
reported once in a heterozygous state (1 of 246,158 alleles) in

gnomAD (►Fig. 2D). This mutation disrupts the canonical
splice acceptor site of intron 5, thereby likely resulting in use
of a cryptic splice site or exon skipping with the possible
consequence of mRNA degradation or formation of a trun-
cated protein. No deletion within or including RECQL4 was
detected. The parents could not be tested for this variant.
Currently, the patient is 11.5 years old and has normal
intellect.

Both the children were advised to follow strict photo
protection and to use a broad-spectrum sunscreen with
UV (ultraviolet) A and B protection. They were also advised
to have regular follow-up to monitor their growth and skin
lesions to look for any change in color or texture. Annual eye
examination was also suggested. The parents were given the
option of prenatal testing in future pregnancies.

Discussion

RECQL4 has an important role in DNA stability, DNA replication
initiation, and double strand break repair.7,8 Homozygous/
compound heterozygous mutations in RECQL4 cause three
allelic disorders. RAPADILINO syndrome is characterized by
skeletal andpalatal defects alongwithgastrointestinal abnorm-
alities.9 Baller–Gerold syndrome includes radial ray defects,
skeletal dysplasia, short stature, and craniosynostosis. The
diagnostic features of RTS and RAPADILINO overlap due to
commonskeletal abnormalitiesandgastrointestinal symptoms,

Fig. 2 Patient 2: (A–C) patient 2 at 4 months (A) and 18 months of age (B and C) with a small pointed nose, smooth philtrum, and thin upper lip.
Note absent thumbs and short bent left forearm (thin black arrowhead). Note the poikilodermatous skin lesions over the face (thick white
arrowhead) and extensor aspects of the forearms (thick black arrowhead). (D) Sanger sequencing of the variant, c.1132–2A > G, IVS5–2A > G,
detected in intron 5 in a homozygous state. The forward reference sequence is shown on the top line, with lower-case letters belonging to
intronic and upper-case letters to exonic sequence. The peaks were obtained from sequencing of the reverse strand.
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but RAPADILINO lacks the characteristic poikiloderma rash,
though late onset of the characteristic rash of RTS can further
delay the specific clinical diagnosis (►Table 1).

RTS is characterized by cutaneous rash, which presents as
blisters and erythema, initially involving the face, and gra-
dually spreads to the extremities and buttocks. With time,
the rash develops into a chronic form known as poikiloderma
that includes reticulated areas of depigmentation, hyperpig-
mentation, punctate atrophy, and telectengesia.10 Although
90% of cases present in the first few years of life, cases have
been reportedwith late onset poikiloderma.11Other features
include café au lait spots, palmoplantar hyperkeratotic
lesions, brittle nails, sparse and brittle scalp hair, and sparse
eyebrows. Dental abnormalities including microdontia, oli-
godontia, delayed eruption, malocclusion, and crown mal-
formations12 may also be present.

Another major hallmark of RTS are various skeletal
anomalies, seen in 68 to 75% of patients, including congenital
radial ray defects, hypoplasia/agenesis of the patella and
generalized osteopenia.13 A study by Cao et al14 demon-
strated a positive correlation between the presence of
pathogenic mutations in RECQL4 and lumber spine areal
bone mineral density for age Z score � � 2.0 with number
of fractures. Among patients with fractures and osteopenia,
50% hadnonsensemutations resulting in a truncated protein.
Through mouse models, it was postulated that loss RECQL4
could affect osteoblast progenitor cells and reduce osteoid

formation and hence produceweak bones. Similarly, patient-
1 had a truncating mutation and presented with subtle
features of RTS with low bone mineral density and a history
of fractures along with skin rash.

Patient-2 also had onset of skin lesions at 1 year and was
initially misclassified as Holt–Oram syndrome in the absence
of skin lesions and a molecular diagnosis. The development of
facial lesions led to diagnosis to RTS which changed manage-
ment advice.►Table 1 shows comparisonofclinical features of
the two patients in this study and RECQL4 related syndromes.

RECQL4 is one of the members of RecQ gene family of DNA
helicases that have an important role in maintaining geno-
mic stability and homeostasis. Loss of function mutations in
RECQL4 occurs in approximately two-thirds of RTS patients.
Mutations in RECQL4 lead to impaired response to oxidative
stress inducedDNAdamage and a base excision repair defect.
Mouse models have shown its differential expression in
developing bones, skin, cartilage, and enterocytes which
may be responsible for significant phenotypic variability of
the associated genetic syndromes.15

Mutations in RECQL4 are found in approximately 40 to 66%
of RTS patients.16 Most of the mutations in RECQL4 are
truncatingdue to nonsense, splicing or frameshiftmutations.
In our study, we identified a frameshift (c.978_979delT-
CinsG) and splice (c.1132–2A > G) variants in two individual
cases. The diagnosis of RTS in both of our cases was con-
firmed by homozygous variants detected in RECQL4. One of

Table 1 Comparison of clinical features of the affected individuals and RECQL4 related disorders

Features Patient-1 Patient-2 RTS RAPADILINO
syndrome

Baller–Gerold
syndrome

Low birth weight þ þ þ þ þ
Poor growth þ þ þ þ þ
Facial features,
palatal defects

Pointed nose,
fine eyebrows,
receding chin,
no palatal defects

Small pointed nose,
fine eyebrows,
smooth philtrum,
thin upper lip,
no palatal defect.

Pinched nose,
sparse hair,
fine eyebrow,
palatal defects
reported in
few patients.

Palatal
defects
present

Saddle nose, small
mouth with thin
vermilion border,
high arched palate.

Radial defects � þ þ þ þ
Osteopenia
and fractures

þ � þ þ �

Poikiloderma þ þ þ � þ
Café au lait spot � � � þ
Craniosynostosis � � � � þ
Patellar abnormalities � � þ þ þ
Alopecia and sparse
eye brows/eyelashes

þ þ þ – �

Eye abnormality � � Cataract Blepharophimosis Proptosis
(secondary to
craniosynostosis)

Gastro intestinal
abnormalities
(recurrent diarrhea)

� þ þ þ �

Abbreviations: RTS, Rothmund–Thomson syndrome; RAPADILINO, radial ray defect, patellar aplasia, diarrhea, little size and limb anomalies, slender
nose and normal intelligence, “�” absent, “þ” present.
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the common mutations in the Finnish population is c.1390
þ 2delT (p.Ala420_Ala463del).More than 50% of thesemuta-
tions are predicted to destroy the reading frame and thus
disrupt the helicase domain which is essential for gene
function. Truncating mutations are mostly associated with
RTS and Baller–Gerold syndrome, although a few cases of
RAPADILINO have been reported with truncating mutations.
However, no clear genotype phenotype correlation is
observed among the type of mutations and associated
phenotype.17

Conclusion

To conclude, this article describes the need for careful
evaluation of the dermatological lesions and subtle facial
features associated with RECQL4 related disorders. The pre-
sence of absent radii may act as a masquerader for allelic, as
well as other common disorders of radial aplasia/hypoplasia
such as Holt–Oram syndrome, and Thrombocytopenia
Absent Radii (TAR) syndrome; however, careful follow-up
in the clinical setting for the development of skin lesions and
molecular evaluation is helpful for making a specific
diagnosis.
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