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Introduction

Tricho-rhino-phalangeal syndrome (TRPS) is an autosomal 
dominant genetic disorder characterized by craniofacial and 
skeletal abnormalities [1]. To date, three subtypes of TRPS have 
been reported: TRPS type I (TRPS1; MIM 190350), TRPS type II 
(TRPS2; MIM 150230), and TRPS type III (TRPS3; MIM 190351). 
Prevalence of TRPS is estimated as 0.2 to 1 per 100,000, while 
unbiased population-based estimates of the prevalence of TRPS 
are not available [2]. Patients with TRPS1 clinically show sparse 
scalp hair, bulbous tip nose, thin upper lip, brachydactyly, cone-
shaped epiphysis, and protruding ears. Patients with TRPS3 
present with similar clinical features that are clinically similar 

to TRPS1, but usually show relatively severe skeletal abnormali-
ties [1]. The TRPS1 gene is mutated in both TRPS1 and TRPS3 
subtypes, and the TRPS1 gene is known to encode zinc finger 
transcriptional repressor which regulates the development 
of chondrocytes and perichondrium [3]. Patients with TRPS2 
caused by contiguous microdeletions involving both TRPS1 and 
EXT1 genes show multiple exostoses and variable degrees of 
mental retardation, that differentiates from TRPS1 and 3 [4]. We 
describe herein a Korean adult case of TRPS1 in which we have 
identified a novel pathogenic mutation in the TRPS1 gene by 
panel sequencing using next generation sequencing technology.
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Tricho-rhino-phalangeal syndrome (TRPS) is a hereditary disorder characterized by craniofacial and skeletal abnormalities. 
A mutation of the TRPS1 gene leads to TRPS type I or type III. A 20-year-old male patient visited our neurologic depart-
ment with chronic fatigue. He presented with short stature, sparse hair, pear-shaped nose, and brachydactyly. Radiologic 
study showed short metacarpals, metatarsals with cone-shaped epiphyses, hypoplastic femur and hip joint. Panel sequenc-
ing for OMIM (Online Mendelian Inheritance in Man) listed genes revealed a de novo heterozygous frameshift mutation of 
c.1801_1802delGA (p.Arg601Lysfs*3) of exon 4 of the TRPS1 gene. The diagnosis of TRPS can be challenging due to the rarity 
and variable phenotype of the disease, clinicians should be aware of its characteristic clinical features that will lead a higher 
rate of diagnosis.
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Case

A 20-year-old male patient visited our clinic complaining 
of malaise and fatigue. He had no past history of delay in the 
milestones with a height of 163 cm (–1.9 standard deviation). 
The patient showed typical appearance of a receding frontal 
hairline, sparse hair on vertex area, sparse lateral eyebrows and 
pear-shaped nose. Physical examination revealed shortness of 
both thumbs and great toes that were consistent with brachy-
dactyly (Fig. 1). When he was young, the patient had thought 
he had thin hair, but at the age of 18 he developed sparse hair. A 
local dermatologist diagnosed him as androgenetic alopecia at 
the age of 19. He was on finasteride to treat alopecia for more 
than a year that turned out to be ineffective. Considering his 
educational background, his intelligence seemed to be normal. 
One year ago, he underwent reconstructive surgery caused by 
temporomandibular joint derangement. Neurologic examina-
tion, electrophysiologic and laboratory studies were performed 
to reveal the cause of malaise and fatigue. Despite of subjective 
weakness and fatigue, his motor power was full with normoac-
tive deep tendon reflexes. Nerve conduction study and electro-
myography did not reveal any abnormalities. Laboratory tests 
including thyroid function, growth hormone and insulin growth 
factor (289 ng/mL) were within normal limits. The X-rays showed 

short metacarpals, metatarsals with cone-shaped epiphysis; 
hypoplastic femur and hip joint (Fig. 2). The dual-energy X-ray 
absorptiometry of femur and hip bones showed a T score of 
–1.4 reflecting osteopenia. Informed consent was obtained and 
a blood sample was taken from the patient in order to analyze 
the DNA through the Illumina NextSeq 500 platform (Illumina, 
Inc., San Diego, CA, USA) and an enrichment protocol, Trusight 
One Sequencing Panel (Illumina, Inc.) for the simultaneous se-
quencing of the exon regions of 4,813 clinically relevant genes 
(GC genome, Yongin, Korea). This led to the identification of 
novel heterozygous frameshift mutation of c.1801_1802delGA 
(p.Arg601Lysfs*3) of exon 4 of the TRPS1 gene, which was 
confirmed by Sanger sequencing (Fig. 3). Neither parents nor 
younger brother had this mutation, reflecting the de novo mu-
tation in the TRPS1 gene of the patient. Combination drug of 
calcium and vitamin D were prescribed to the patient, and he is 
on regular follow up.

Discussion

Typical clinical features of TRPS1 include growth impairment, 
sparse hair, long philtrum, broad nasal ridge, short metacarpals 
and brachydactyly. According to a recent cohort study the mor-
bidity of TRPS was closely related to decreased mobility, joint 

A B

C D

Fig. 1. The clinical features of tricho-
rhino-phalangeal syndrome include sparse 
eyebrow, broad nasal tip, and broad nasal 
ridge (A), receding frontal hairline and 
sparse hair on vertex area (B), shortness of 
both thumbs (C), and great toes (D).
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pain and increased fracture rate [5]. 
Although TRPS is reported in all ethnic groups, it is a rare dis-

ease [2]. TRPS is usually reported by pediatrics, dermatologist 

and orthopedics due to its characteristic clinical manifestations. 
In this case, patients showed only mild features of TRPS that 
included short stature and brachydactyly that did not affect 
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Fig. 2. Radiologic findings of skeletal ab-
normalities of the TRPS1 patient that show 
cone-shaped epiphyses in the distal limbs 
(A,B), hypoplastic femur and hip joint (C) 
and scoliosis (D).

Proband

Father

Mother

Brother

Fig. 3. Sanger sequencing of the TRPS1. 
DNA sequences of TRPS1  from the pa-
tient, parents and his younger brother are 
showing a de novo  mutation in c.1801_ 
1802delGA (p.Arg601Lysfs*3) in exon 4 of 
the TRPS1 gene.
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the patient’s social life. Moreover, his sparse hair was diagnosed 
as androgenetic alopecia by a dermatologist and he only com-
plained of a non-specific fatigue and malaise. Several studies re-
ported TRPS1 cases with endocrine disturbances, including dia-
betes mellitus, hypothyroidism, and growth hormone deficiency 
[6]. These endocrinal disorders may be the cause of fatigue or 
malaise, but endocrine functions were normal in our case to 
clearly explain his chronic fatigue and more studies are war-
ranted to extrapolate it. Although the authors were suspicious 
of TRPS based on his characteristic features in his face (pear-
shaped nose) and extremities, we proceeded with the targeted 
exome sequencing as we were not confident of the diagnosis 
based on non-specific and mild symptoms of the patient.

The TRPS1 gene is highly expressed within the affected organs 
of the patients including cartilage, developing joints, hair fol-
licles and the nasal regions [7]. In accordance to these clinical 
features, our patient also showed short stature, distinctive face 
and skeletal abnormalities. Interestingly our patient underwent 
temporomandibular joint surgery due to temporomandibular 
joint derangement and a recent study using Trps1 knockout 
mice revealed that TRPS1 played an important role in develop-
ment of temporomandibular joint that are in accordance to the 
clinical history of the patient [8]. Osteoporosis is rarely reported 
with low level of insulin growth factor and growth hormone 
which were unresponsive to the growth hormone substitutive 
therapy [9]. Unlike them, our patient showed osteopenia with-
out hormonal abnormality, probably due to the mild phenotype 
and the efficacy of calcium and vitamin D needs to be validated.

TRPS1 gene constitutes of 7 exons and encodes polypeptide 
of 1,294 amino acids [10]. To date, more than 70 mutations in 
the TRPS1 gene have been reported [11]. TRPS1 is associated 
with mutation in one allele of TRPS1, which are believed to 
cause reduction of the concentration of TRPS1 protein in the 
nucleus (haploinsufficiency) [10]. There is no known hot spot 
in TRPS gene but according to a recent literature that reviewed 
103 TRPS patients, most of the missense mutation was found 
in exon 6 or 7, and other mutations such as frameshift or non-
sense mutation were usually found between exon 4 to 7 [5]. A 
recent study also showed that TRPS gene with nonsense muta-
tions manifested a relatively mild phenotype [12] suggesting a 
hypothesis of reduced number of functional TRPS1 gene copies, 
consolidating the mild phenotype shown in our patient. On 
the other hand, missense mutation showed variable features 
ranging from mild phenotype of TRPS1 to severe phenotype of 
TRPS3, depending on the site of the mutation [12]. However, this 
molecular pathomechanism needs to be further elucidated.

Herein, a heterozygous frameshift mutation in the fourth 
exon of TRPS1 was identified at the age of 20 due to his mild 
phenotype. Although the effect of the mutation on the expres-
sion of TRPS1 was unchecked, this frameshift mutation leads 
to premature stop codons downstream. In conclusion due to 
the rarity and variable phenotype of the disease, the diagnosis 
of TRPS can be challenging, but clinicians should be aware of 
this disease and its characteristic clinical features that will lead a 
higher rate of diagnosis and unravelling the patho-mechanism 
of TRPS.
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