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Innovative measures to combat rare diseases in China: The national 
rare diseases registry system, larger-scale clinical cohort studies, 
and studies in combination with precision medicine research

Peipei Song1,2, Jiangjiang He1, Fen Li1, Chunlin Jin1,*

1 Shanghai Health Development Research Center, Shanghai Medical Information Center, Shanghai, China;
2 Graduate School of Frontier Sciences, The University of Tokyo, Kashiwa-shi, Chiba, Japan.

1. Introduction

Rare diseases are a major public health issue and 
a challenge to medical care (1). The World Health 
Organization (WHO) defines a disease as a rare disease 
when its incidence ranges approximately from 0.65-
1‰ in the entire population. In different countries, 
standards for classification as a rare disease vary based 

on specific legislation, such as that in the United States 
of America (USA), Japan, Australia, the European 
Union (EU), and South Korea (2,3). In China, a rare 
disease has yet to be officially defined due to a lag 
in legislation. A consensus on the definition of a rare 
disease is emerging in accordance with the Expert 
Seminar on the Definition of Rare Diseases in China 
that was held in 2010. The Seminar proposed that a 
disease be classified as a rare disease if it is prevalent 
in fewer than 1/500,000 or it has a neonatal morbidity 
of fewer than 1/10,000 (4). Although each specific 
disease affects a limited number of patients because of 
its rarity, the total number of patients with rare diseases 
represents a striking proportion of the total population 
because there are estimated 5,000-7,000 distinct rare 
diseases worldwide (5). There are an estimated 16 
million patients with rare diseases in China (6).

Summary China is facing the great challenge of treating the world's largest rare disease population, 
an estimated 16 million patients with rare diseases. One effort offering promise has been 
a pilot national project that was launched in 2013 and that focused on 20 representative 
rare diseases. Another government-supported special research program on rare diseases – 
the "Rare Diseases Clinical Cohort Study" – was launched in December 2016. According 
to the plan for this research project, the unified National Rare Diseases Registry System of 
China will be established as of 2020, and a large-scale cohort study will be conducted from 
2016 to 2020. The project plans to develop 109 technical standards, to establish and improve 
2 national databases of rare diseases – a multi-center clinical database and a biological 
sample library, and to conduct studies on more than 50,000 registered cases of 50 different 
rare diseases. More importantly, this study will be combined with the concept of precision 
medicine. Chinese population-specific basic information on rare diseases, clinical information, 
and genomic information will be integrated to create a comprehensive predictive model with 
a follow-up database system and a model to evaluate prognosis. This will provide the evidence 
for accurate classification, diagnosis, treatment, and estimation of prognosis for rare diseases 
in China. Numerous challenges including data standardization, protecting patient privacy, 
big data processing, and interpretation of genetic information still need to be overcome, but 
research prospects offer great promise.

Keywords: Rare diseases, registry system, precision medicine, big data, predictive model, diagnosis 
and treatment
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	 Government-supported special research programs 
and information platforms are a key measure to combat 
rare diseases. These programs should be implemented 
and these platforms should be established to promote 
the development of rare diseases research and to 
improve the quality of care for patients with those 
diseases (7,8). Many countries and regions around the 
world have developed national strategies regarding 
rare diseases research. For example, the Office of Rare 
Diseases Research (ORDR) was established in the 
USA in 1993 within the National Institutes of Health 
(NIH) to coordinate and support rare disease research, 
explore opportunities to research rare diseases, and 
provide information on rare diseases. In the EU, the 
Rare Disease Task Force (RDTF) was established 
in 2004 within the European Commission Public 
Health Directorate to provide evidence to support 
policymaking, provide medical services, and provide 
community support for rare diseases and orphan drugs 
through coordination among member states. In Japan, 
measures to combat rare diseases have been part of the 
Japanese national health system for decades (9,10). 
Within this national framework, multifaceted research 
on rare diseases, including epidemiological studies, 
basic research, clinical research, and applied research, 
has been conducted. As of 2014, epidemiological 
data have been collected on 925,646 patients with 
rare diseases. As of 2015, 98 standardized guides for 
diagnosis (75.38%) and 72 standardized guides for 
treatment (55.38%) of 130 rare diseases have been 
issued. In addition, 121 hospitals have been certified 
as centers for treatment of rare diseases and 1,456 
hospitals have been certified as hospitals collaborating 
in the treatment of rare diseases (8).
	 China is facing the great challenge of treating the 
world's largest rare disease population. However, China 
has a weak overall capacity for clinical diagnosis and 
treatment due to the long-standing lack of investment 
in rare diseases research and imbalances in research 
resources. To deal with these circumstances, China 
launched a pilot national project in 2013 that focused 
on 20 representative rare diseases to promote improved 
levels of care for rare diseases. To implement this 
project, a national collaborate network involving more 
than 100 provincial and municipal medical centers was 
established by the China Rare Diseases Prevention and 
Treatment Alliance (11). 
	 On December 2016, another government-supported 
special research program on rare diseases – the "Rare 
Diseases Clinical Cohort Study" – was launched in 
China (12). In combination with precision medicine 
research, this study will establish the unified National 
Rare Diseases Registry System of China as of 2020 
and it will conduct a large-scale cohort study to provide 
the evidence for accurate classification, diagnosis, 
treatment, and estimation of prognosis for rare diseases 
in China.

2. The unified national rare diseases registry system 
of China and larger-scale clinical cohort studies

The characteristics of rare diseases have not been fully 
investigated until now because few patients were affected 
and those that were affected were widely scattered. 
The accumulation of knowledge of rare diseases takes 
time, so the development of scientific research and 
technology to diagnose and treat those diseases lags 
behind that of other more common diseases. Registering 
cases of rare diseases can effectively solve this problem. 
Scattered rare disease resources are collected together 
for clinicians and researchers to better conduct research 
and treat rare diseases, and this can also greatly promote 
the development of orphan drugs by pharmaceutical 
companies.
	 In addition, current studies on clinical manifestations 
in patients with rare diseases are often based on a large 
number of case reports, but the system to conduct such 
studies is poorly structured and inconsistent. Obtaining 
reliable epidemiological data is extremely difficult. 
Large cohort studies and case registration are one of 
the best solutions to the aforementioned problems. 
Several large cohort studies of rare diseases have been 
conducted and registries of rare diseases have been 
established around the world (13-16). These efforts 
provide a vital platform for the development of rare 
diseases, the evaluation of adverse reactions and the 
effectiveness of interventions, the compilation of basic 
epidemiological data and health economic parameters, 
the development of drug targets, and the provision of 
clinical trial support. These efforts effectively improve 
the level of diagnosis and treatment of rare diseases and 
the development of scientific research.
	 In China, the "Rare Diseases Clinical Cohort Study" 
is a joint program implemented by the Peking Union 
Medical College Hospital and the country's 19 major 
rare disease research facilities. According to the plan for 
this research project, the unified National Rare Diseases 
Registry System of China will be established as of 
2020, and a large-scale cohort study will be conducted 
from 2016 to 2020. The project plans to develop 109 
technical standards, to establish and improve 2 national 
databases of rare diseases – a multi-center clinical 
database and a biological sample library, and to conduct 
studies on more than 50,000 registered cases of 50 
different rare diseases (17). On the basis of that large-
scale cohort study, the natural course of disease can 
be ascertained, prognosis can be estimated, treatment 
response can be determined, and costs can be assessed. 
This will greatly provide an important scientific basis 
for the promotion of rare diseases research and policies 
related to rare diseases.
	 The "Rare Diseases Clinical Cohort Study" will 
be conducted based on the existing rare diseases 
collaboration network and it will continue to register 
cases, establish cohorts, and follow-up on the course 
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	 In research on rare diseases of the heart and lungs, 
gene mutations will be detected and that information 
will be integrated with clinical information from 
patients in order to create a digital model of clinical 
phenotypes and a model to evaluate genotype. In 
research on rare diseases of the endocrine and metabolic 
systems, the genetic and molecular characteristics 
of those diseases will be analyzed. The generation 
sequencing technology and functional test platforms 
for genomics will be used to identify new pathogenic 
genes. In research on rare diseases of the blood, the 
genome of biological samples will be analyzed, and the 
diagnosis and treatment (including molecular typing) 
will be standardized along with molecular diagnosis 
of rare diseases in children and prenatal diagnosis 
to facilitate prenatal diagnosis and guidance during 
pregnancy (17).

4. Challenges to the promotion of rare diseases 
research in China

Compared to other countries, China has vast research 
resources and the largest rare disease population. 
However, most of the current studies on rare diseases in 
China are conducted by researchers at single or multiple 
centers. Research resources are scattered, research 
capacity is weak, and information is seldom exchanged 
or shared, so resource advantages do not translate into 
scientific advantages. With the launch of the "Rare 
Diseases Clinical Cohort Study," a unified National 
Rare Diseases Registry System should be established. 
However, many challenges need to be overcome in order 
to establish a unified national registry system.
	 Data standardization The establishment of a unified 
registry system first requires the development of unified 
standards, and especially data transmission standards, 
terminology and ontology, and research protocols 
(22). The level of diagnosis and treatment at domestic 
hospitals in China varies more widely than that in 
other countries, resulting in substantial problems with 
inconsistent, non-standard diagnosis and treatment. 
Therefore, the establishment and maintenance of 
standards for registry systems is a major challenge.
	 Protection of patient privacy Data on rare diseases 
involves safeguarding patient privacy. However, 
standards for patient privacy protection are lacking in 
China, leading to ethical problems with rare diseases 
research. Independent research facilities need to 
accurately record patient information, so protecting 
patient privacy is a major issue (23). The security of 
network platforms needs to be enhanced and personal 
data needs to be protected to study rare diseases in China.
	 Big data processing Large-scale cohort studies will 
yield large amounts of various types of data that need 
to be processed with scalable, high-throughput systems 
(24). Once data are collected, medical informatics tools 
need to be used for further precise analysis. Therefore, 

of clinical diagnosis and treatment services. Four 
categories of diseases have been initially selected: rare 
diseases of the heart, lungs and kidneys, rare diseases 
of the endocrine and metabolic systems and the blood, 
rare diseases of the skeleton and skin, and rare diseases 
in children (12).

3. Rare diseases research in combination with precision 
medicine

Eighty percent of rare diseases have identified genetic 
origins, 50% of rare diseases affect children, and 30% 
of patients with rare diseases die before the age of 5 (18). 
The delay in diagnosis is a huge challenge to overcome. 
A survey of 18,000 individuals found that 25% of 
patients waited for 5-30 years before being correctly 
diagnosed and 40% of patients were diagnosed 
incorrectly before being diagnosed correctly (19). 
	 With current advances in technology, the diagnosis 
of rare diseases depends more on the combination of 
clinical and omics information and the classification of 
diseases with a consistent clinical phenotype. Precision 
medicine is a medical model that takes into account 
the individual differences in genetics, environment, 
and lifestyle in order to achieve the most effective 
individualized diagnosis and treatment of diseases 
(20). The main breakthrough lies in the collection of 
large amounts of clinical data and proteomic data, 
extraction and standardization of phenotypic data, data 
compilation and phenotypic data grouping, the depth of 
data analysis, and the integration of corresponding life 
sciences data.
	 Rare diseases research has been plagued by a small 
sample size, scattered patients, a lack of follow-up, 
a lack of data, and other factors. Precision medicine 
will provide support for rare diseases research. In 
combination with innovative methods of diagnosing 
clinical phenotypes and groups, early diagnosis of and 
intervention in some rare diseases can be achieved 
to improve prognosis. In addition, the use of the core 
concept of precision medicine and the full examination 
of the genome, affected groups, microbial environments, 
living habits, and other forms of information (21) will 
help enhance the level of individual treatment for patients 
with rare diseases.
	 In China, the "Rare Diseases Clinical Cohort 
Study" will be combined with the concept of precision 
medicine. Based on the clinical cohort study data and 
use of the sample database, information on clinical 
diagnosis and treatment will be integrated to fully 
analyze the correlation between clinical phenotypes and 
genotype. The study will use individual information to 
create a comprehensive predictive model with a follow-
up database system and a model to evaluate prognosis 
(12). This will provide the evidence for accurate 
classification, diagnosis, treatment, and estimation of 
prognosis for rare diseases in China.
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research on rare diseases requires medical knowledge as 
well as technical assistance from medical informatics. 
The processing of big data from large-scale cohort 
studies is a challenge that needs to be overcome.
	 Interpretation of genetic information With a decline 
in the cost of generation sequencing technology and 
analysis, the gene sequencing technology are being 
widely used in genetic disease research and clinical 
testing. In the genetic diagnosis of disease, clinicians 
are generally concerned about the problem of what type 
of genetic testing is suitable for patients with a given 
clinical phenotype. In addition, the results of genetic 
testing will directly guide clinical treatment for patients 
with rare diseases. However, many organizations are 
detecting genes, and currently there are no uniform 
protocols and standards for sequencing and analysis. 
When clinicians receive the results of sequencing, how 
they should judge the quality of those results and how 
they should interpret the genetic information depicted 
by those results is also a challenge.
	 In light of the challenges mentioned, relevant 
solutions have put forward in a report on the "Rare 
Diseases Clinical Cohort Study" (25) and those solutions 
have been interpreted by representative experts (17). 
Solutions include: i) establishing 109 technical standards 
to ensure the accuracy of data; ii) formulation of a 
strategy for safe data storage by separating keys and 
encrypted data; iii) developing software for a network 
platform to register rare diseases to provide advanced 
data storage and a computing architecture; and iv) 
promoting the training of medical personnel and medical 
informaticians. However, compared to the proposed 
research plan, the effect of its implementation is more 
worthy of attention and expectations.

5. Conclusion

Efforts related to rare diseases research that offer 
promise are government-supported special research 
programs and information platforms in China. These 
programs are being implemented and these platforms 
are being established to promote the development of 
rare diseases research and to improve the quality of 
care for patients with those diseases. According to the 
plan for the "Rare Diseases Clinical Cohort Study" 
launched in 2016, the unified National Rare Diseases 
Registry System of China will be established as of 
2020. In combination with precision medicine research, 
the large-scale cohort study will collect and analyze 
Chinese population-specific information on rare 
diseases. This will provide the evidence for accurate 
classification, diagnosis, treatment, and estimation of 
prognosis for rare diseases in China.
	 China is facing the great challenge of treating 
the world's largest rare disease population. More 
government-supported special research programs should 
be implemented and information platforms should be 

established in China to promote the development of rare 
disease research and to effectively improve the level of 
diagnosis and treatment for patients with rare diseases.
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Novel and emerging therapies in the treatment of recessive 
dystrophic epidermolysis bullosa
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1. Introduction

Epidermolysis bullosa (EB) comprises a phenotypically 
diverse group of inherited blistering diseases that affect 
the skin and, in some subtypes, mucous membranes and 
other organs (1). Clinically, individuals with EB have 
fragile skin and are susceptible to blistering following 
minimal trauma. Depending on the level of blistering 
within the dermal-epidermal basement membrane zone, 
EB is classified into four main categories; simplex, 
junctional, dystrophic and Kindler syndrome (1). The 
sub-classification of EB extends to over 30 clinical 
subtypes with pathogenic mutations in at least 18 distinct 

genes (2). Within the spectrum of EB, ~ 5% of affected 
individuals have the clinically more severe recessive 
dystrophic (RDEB) variant. Dystrophic EB is caused 
by mutations in the COL7A1 gene encoding type VII 
collagen (C7) the major component of anchoring fibril 
adhesion structures that link the epidermal basement 
membrane to the subjacent dermis (3,4). Inheritance of 
DEB can be autosomal dominant (DDEB) or autosomal 
recessive (RDEB) and all cases result from COL7A1 
mutations; more than 1,500 mutations have been reported 
globally, most of which are specific to individual families 
(5). In RDEB, the COL7A1 pathology usually involves 
bi-allelic loss-of-function mutations with point mutations 
or small insertions/deletions leading to nonsense, splice 
site, frameshift, or occasionally missense mutations 
disrupting C7 synthesis, secretion and polymerisation 
and thereby causing structurally defective anchoring 
fibrils leading to skin fragility. The most severe forms 
of RDEB are associated with a complete absence of 
expression of C7 in skin basement membrane leading to 
no discernible anchoring fibrils (6). In this review, we 

Summary Epidermolysis bullosa (EB) is a clinically and genetically heterogeneous group of inherited 
blistering diseases that affects ~ 500,000 people worldwide. Clinically, individuals with EB 
have fragile skin and are susceptible to blistering following minimal trauma, with mucous 
membrane and other organ involvement in some subtypes. Within the spectrum of EB, ~ 5% 
of affected individuals have the clinically more severe recessive dystrophic (RDEB) variant 
with a prevalence of 8 per one million of the population. RDEB is caused by loss-of-function 
mutations in the type VII collagen gene, COL7A1, which leads to reduced or absent type VII 
collagen (C7) and a paucity of structurally effective anchoring fibrils at the dermal-epidermal 
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asses novel and emerging therapies in the treatment of 
RDEB.

2. Current management: Symptoms and complications

The management of RDEB remains complex with no 
curative therapy currently available. The main principle 
of care is to manage blisters and erosions, control 
infection and prevent complications. Symptom relief 
is very important as both pain and itch have severely 
deleterious impacts on quality of life. In RDEB, blisters 
form following minor trauma and/or friction. These 
blisters need to be lanced to prevent extension of the 
blister and further skin damage. Pain is a common 
and constant feature seen in patients with RDEB and 
arises from four major sources: skin, pain associated 
with procedures, bone and gastrointestinal (7). For skin 
care, semi-occlusive dressings that are non-adhesive 
such as silicone and foam dressings are preferable for 
treating erosions and reducing skin pain as they absorb 
exudate and offer some physical protection, thereby 
providing a moist, clean barrier against bacteria (8). 
Opioids in the form of morphine, oxycodone, codeine 
and fentanyl given by a variety of routes including 
oral, subcutaneous and sublingual are an effective 
method of relieving most types of pain in RDEB (9). 
For oesophageal pain, H2 blockers and proton pump 
inhibitors for gastro-oesophageal reflux can be used and 
systemic steroids can be utilised during episodes of acute 
oesophageal blistering (10). Tricyclic antidepressants 
such as amitriptyline and doxepin taken orally have 
anecdotally been shown to be beneficial to manage pain 
in junctional EB (11). Pruritus is a common problem 
and often correlates with the severity of EB, with RDEB 
individuals often experiencing significant skin itching 
(12). The primary cause of pruritus in RDEB remains 
unclear but has been postulated that wound healing and 
inflammation may contribute to an itch-scratch-blister 
cycle leading to further skin damage (13). Menthol 
containing, oil-based products may be partially helpful in 
relieving itch (see www.debra-international.org for best 
practice guidelines). 
	 Oral care is difficult in RDEB due to microstomia, 
ankyloglossia and vestibule obliteration and so there is 
a tendency to develop dental abscesses and periodontal 
disease, both of which can cause pain (14). Caries in 
RDEB can be reduced through regular dental follow up 
to optimise oral hygiene and professional cleaning with 
fluoride therapy (15). Extraction of teeth was previously 
considered the mainstay of treatment (16) but today 
prevention of dental disease is the main aim with dentists 
working closely as part of a multidisciplinary approach 
(17). Oral pain can be minimised by rinsing the mouth 
with coating products such as sucralfate or with the use 
of topical anaesthetics (18).
	 Insensible losses and thermal dysregulation from 
chronic wounds leads to a hypercatabolic inflammatory 

state requiring an increased calorie intake (19). As 
a result, the severity of EB often correlates with 
malnutrition and so RDEB patients often have an 
inadequate nutrition with growth retardation commonly 
seen in at least half of all children with RDEB (19). One 
consequence of inadequate nutrition is pubertal delay 
and short stature. In most patients with RDEB, bone 
mineral density is reduced due to poor nutritional status, 
low 25-[OH] vitamin D levels and reduced mobility 
(20). In RDEB, bone mineral density and serum bone 
profile should be monitored and managed with the use of 
calcium and vitamin D supplements and bisphosphonates 
to reduce the risk of fractures (21). If pubertal delay is 
present in RDEB, it is important to attain age appropriate 
secondary sexual characteristics for psychological 
reasons and to optimise growth and acquiring peak 
bone mineral content, therefore, hormonal induction of 
puberty is often recommended (22). 

3. Infection control

Extensive areas of denuded skin pose a risk of skin 
infection due to the accumulation of serum and moisture 
that enhances the accumulation of bacteria. Prevention 
and management of infection is important, as wounds 
that are chronically colonised heal poorly and slowly 
(23). In critically colonised wounds, the bacterial load 
can be reduced with topical agents such as diluted 
bleach baths, topical antiseptics and topical antibiotics 
(24). Wounds showing clinical evidence of frank 
infection require administration of systemic antibiotics 
with the choice based on culture and sensitivity results.

4. Surgery for contractures

Blisters and wounds in RDEB heal with scarring. This 
scarring leads to contractures and is most notable on the 
hands and feet (25). The changes affecting the hands 
include flexion contractures of the interphalyngeal 
joints, metacarpophalyngeal, and wrist joints. In severe 
forms of RDEB a "mitten" deformity develops with 
epidermal "cocooning" that encases the hand (26). With 
minor trauma to the hands and feet, ulceration occurs 
which can be followed by fibrinous adhesions and 
scarring, destroying the web spaces and progressing 
to the finger tips leading to pseudosyndactyly. The 
term pseudosyndactyly is used as the dermis of the 
adjacent fused digits remains and separates the fused 
digits. Pseudosyndactyly of the hands and feet starts 
in childhood and is characteristic of severe forms 
of RDEB (27). The formation of scar tissue and 
contractures causes pain when extending the affected 
joints (7,9). As dermis abuts dermis in the fused digits, 
surgery releasing the contractures can exploit this level 
of fusion, although finding a distinct plane of tissue 
separation can be difficult in older children and adults. 
Despite the complexity of surgery, intervention is often 

7
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6. Wound grafting and topical therapies

A number of biological dressings and wound grafting 
approaches have been used to treat intractable ulcers in 
RDEB (42-46). Autologous and allogeneic skin grafting 
have been developed for RDEB with some reported 
success, mostly in small case series or anecdotal reports. 
In one study, cultured epidermal autograft (CEA) 
was manufactured by taking a full-thickness biopsy 
specimen of skin from an RDEB subject and culturing 
keratinocytes to confluence. The resultant CEA was 
then grafted onto a designated area of ulceration with 
epithelialisation observed 2 weeks later (42). 
	 Allogeneic cultured dermal substitutes (CDS) have 
also been used to treat intractable ulcerated wounds in 
patients with RDEB (44,47). Apligraf® (Organogenesis, 
Canton, MA, USA) is an allogeneic cultured skin 
substitute consisting of keratinocytes and fibroblasts 
supported on a scaffold and was initially used in the 
treatment of venous ulcers. However, Apligraf® has also 
been used to treat EB skin ulcers with benefit, although 
mainly in subtypes of EB other than RDEB (43,44). 
	 CDS have been used in several patients with RDEB 
with reported success (45,46) although long term 
improvements may be limited and repeated preparation 
and application of skin grafts may not be practicable or 
economically feasible. 
	 Alternatively, amniotic membrane, which possesses 
biological properties that can promote wound healing 
(48), has been used in EB to promote healing of chronic 
wounds (49). In a retrospective, proof-of-concept 
study, amniotic membrane grafting was efficacious in 
promoting the healing of non-healing wounds in EB with 
a reduction in pain but complete re-epithelialisation was 
not achieved (49). An additional study in DEB examined 
clinical application of amniotic membranes if the 
wound was debrided and found there was spontaneous 
reepithelialisation in a week and pain and immobility 
improved within hours (50). 
	 Placental material has also been used to manage 
acute and chronic wounds. Cryopreserved placental 
membrane (CPM) (Grafix, Osiris Therapeutics, Inc., 
Columbia, Md.) is a cellular matrix composed of 
placental membrane matrix that provides the wound with 
mesenchymal stem cells, neonatal fibroblasts, epithelial 
cells, growth factors (GFs), and angiogenic factors and 
has been licensed for the management of EB (51,52). 
Although trial data for RDEB are lacking, CPM showed 
superior results to standard wound care in a randomised 
controlled trial comparing the two treatment modalities 
to treat diabetic foot ulcers, and finding that wound 
closure at 12 weeks was significantly higher in the CPM 
group (62% in the CPM arm vs 21% when standard 
wound care was used) (53).
	 Acellular dressings with collagen derived from a 
variety of sources have also been utilised to improve 
wound healing in RDEB (54). The rationale for their use, 

successful in releasing the contractures and separating 
the fingers, although recurrence of pseudosyndactyly 
typically occurs. Skin grafting is often required and 
post-surgical splinting to minimise the speed of 
recurrence is challenging (26,28). 

5. Squamous cell carcinoma

The most serious complication associated with RDEB is 
the development of clinically aggressive squamous cell 
carcinoma (SCC) often arising in areas of non-healing 
cutaneous wounds (29). Based on a US nationwide 
registry of EB patients, the cumulative risk of first SCC 
development in severe generalised EB is 7.5% by the 
age of 20 years. This risk increases to 67.8% by the age 
of 35, 80.2% aged 45 and 90.1% by the age of 55 (29). 
Approximately 80% of RDEB patients that develop 
SCC generally die of metastatic disease within 5 years 
of excision of the primary lesion (29). SCCs in RDEB 
can be multifocal and multiclonal with multiple primary 
tumours co-existing in one individual (30). 
	 Following a systematic literature review and expert 
consensus, recommendations have been made on the 
management of cutaneous SCC in EB (31). Wide local 
excision is considered the treatment of choice for EB-
associated SCCs. Imaging with a PET-CT scan evaluates 
distant disease and should underlying vessels, nerves 
or tendons be involved, then more radical surgery such 
as amputation may be more appropriate (31). Under 
circumstances when there has been local recurrence of 
disease or regional or distant metastasis, non-surgical 
treatment such as radiotherapy or chemotherapy may be 
considered. Topical preparations such as photodynamic 
therapy and 5-fluorouracil have been used in a small 
number of patients with in-situ disease (31). When using 
radiotherapy, consideration needs to be given to severe 
desquamation that can follow larger total radiation 
doses. Conventional chemotherapy has been used in 
cases of advanced EB SCCs (32-35). Agents have 
included cisplatin, carboplatin, paclitaxel, fluorouracil, 
doxorubicin and methotrexate. Partial remission has 
been described in some reports although follow up data 
are limited. Newer biologic agents such as epidermal 
growth factor receptor (EGFR) antagonists and tyrosine 
kinase inhibitors have been used in non-EB SCCs (36-
38), but reports of their use in EB are few. Cetuximab, a 
monoclonal antibody that binds the extracellular domain 
of EGFR has shown favourable results in metastatic EB 
SCCs strongly expressing EGFR, although numbers of 
cases are limited and long term survival remains poor 
(39,40). Systemic retinoids have been trialled in RDEB 
as a chemopreventative agent to reduce the risk of SCC. 
A phase 1 trial of isotretinoin in twenty RDEB patients 
(41) showed no adverse reactions at a low dose of 
isotretinoin however, increased mechanical fragility was 
observed at therapeutic doses and so currently, retinoids 
are not recommended for long term chemoprophylaxis.
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includes observations that type I collagen may decrease 
MMP activity and act as an anti-inflammatory agent 
by binding pro-inflammatory cytokines (55). Integra® 
(Integra LifeSciences, Plainsboro, NJ) is a bilayer wound 
dressing with acellular bovine collagen and chondroitin-
6-sulphate. Helicoll® (Encoll, Fremont, CA) is a single-
layer acellular matrix of purified bovine type 1 collagen 
and has been trialled in patients with RDEB with the 
primary outcome being wound size measurement (56), 
with a statistically significant improvement in wounds 
treated with Helicoll® compared to standard dressings. 
However, upon discontinuation of the type 1 collagen 
treatment, wounds that had re-epithelialised, soon broke 
down again with recurrent ulceration. 
	 In addition to wound grafting, topical therapies 
are also being developed to aid wound healing in 
RDEB such as thymosin β4, a small molecular weight 
protein involved in cell proliferation, migration and 
differentiation, as well as actin polymerisation, which 
appears to enhance epithelial wound healing when 
applied topically to wounds in animal studies. The basis 
of the positive response may involve promoting the 
migration and adherence of keratinocytes on wounds, 
and the upregulation of one or more extracellular matrix 
proteins, particularly laminin-332. A clinical trial to 
explore the potential of thymosin β4 to promote wound 
re-epithelialisation in EB was initiated in 2005; this 
was a randomised double-blind study involving three 
concentrations of the agent and a placebo control. 
However, the study had to be terminated early due to 
lack of subject recruitment, although no adverse events 
were reported in those who participated (57). 
	 Topical growth factors have been used in wound 
healing in venous leg ulcers (58) and diabetic foot ulcers 
(59). However, a topical preparation of PDGF (platelet-
derived growth factor) named Regranex® (Smith and 
Nephew, London, UK) was trialled in a randomised, 
placebo controlled, double blind trial which showed no 
significant improvement in the healing of diabetic foot 
ulcers (59). Generally, however, the overall efficacy of 
topical growth factor preparations has been relatively 
disappointing, and there have been no reported studies 
in RDEB.

7. Systemic treatment

Before the genetic basis of dystrophic EB was 
discovered, ultrastructural studies indicated possible 
collagen degradation and phagocytosis of collagen fibrils 
in areas of blistering in RDEB skin (60). Thus early 
attempts at systemic treatment for RDEB focused on 
inhibiting collagenase. Phenytoin, an anticonvulsant that 
also has properties as a collagenase activity inhibitor, 
was trialled in 17 unselected RDEB patients (61). After 
up to a maximum of 15 months of therapy, blisters 
and erosions were significantly decreased in most of 
the patients (61). In 1992, however, a multi-centre 

randomised, placebo-controlled, double blind, cross 
over study of phenytoin in RDEB was performed which 
showed unequivocally that phenytoin had no significant 
therapeutic effect (62). Thus, there is currently absolutely 
no clinical rationale for the ongoing prescribing of 
phenytoin for the treatment of RDEB. 
	 Following on from the proven failure of phenytoin 
therapy, but still pursuing the anti-collagenase strategy, 
minocycline was trialled in two patients with DEB (63), 
on the basis that tetracyclines (including minocycline) 
have anti-collagenase activity (64). After commencing 
minocycline at a dose of either 100mg twice daily 
or 50mg three times daily blistering was reduced in 
both subjects (63). Similar benefits have also been 
reported in a patient with dominant DEB. Regarding 
mechanism of action, it has been shown that levels 
of matrix metalloproteinase-9 (MMP-9) are raised in 
RDEB blisters (65) and it was thought that the clinical 
improvement might be due to inhibition of MMP-9 by 
minocycline (66). Nevertheless, minocycline also has 
a tendency to induce skin hyperpigmentation as a side 
effect. To date there has been no larger clinical trials to 
assess clinical use of minocycline in RDEB and thus its 
use cannot be recommended for routine treatment. 
	 Other antibiotics have been trialled in RDEB, 
including trimethoprim for its anti-inflammatory effects 
based on diminished chemotaxis of polymorphonuclear 
leukocytes, modification of complement pathways 
and inhibition of MMPs (67). In a proof-of concept 
double blind randomised cross-over trial comparing 
trimethoprim to placebo in RDEB, there was a trend 
towards improved wound healing with trimethoprim 
compared to placebo (68) although further assessment 
will be required before trimethoprim might be 
recommended for routine clinical use. Another 
preparation that is able to regulate MMP activity in vitro 
and ex vivo is the green tea extract, epigallocatechin-
3-gallate (EGCG) (69). A multicentre, randomised, 
crossover, double blind, placebo controlled clinical trial 
in 17 RDEB individuals evaluated whether a 4 month 
course of oral EGCG might be efficacious in improving 
skin impairment (70). Despite the EGCG group having 
less daily blisters and shorter wound healing times, 
however, the study failed to demonstrate statistical 
significance between the two groups. Thus no formal 
recommendations can be based about the use of oral 
EGCG in RDEB based on this single study. 
	 Regarding other anti-inflammatory drugs, ciclosporin 
was discovered to have clinical benefits in the treatment 
of DEB when prescribed to prevent graft rejection in 
a child with DEB (71). However, given the increased 
risk of skin malignancy in RDEB, long term use 
of ciclosporin cannot be recommended. For other 
immunosuppressant drugs, a randomised controlled 
double blinded study in 35 patients with DEB was 
conducted to evaluate ciclosporin versus mycophenolate 
mofetil (MMF). The percentage of improvement in the 
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ciclosporin group was statistically significantly higher 
than the MMF group but there was no difference in the 
number of new blisters or the rate of healing of new 
blisters between the groups (72). As for ciclosporin, 
however, long term use of MMF in RDEB is not 
advisable. 
	 In other anecdotal reports, the tumour necrosis 
factor alpha (TNF-α) inhibitor etanercept has been 
assessed in RDEB (73). Etanercept is a fusion protein 
produced by recombinant DNA and is used to treat a 
variety of disorders mediated by excess TNF-α such as 
psoriasis and psoriatic arthritis. A 29-year-old woman 
with concomitant DEB and psoriatic arthritis was given 
etanercept to treat her psoriatic arthritis. A progressive 
improvement in her DEB was noted in the first 3 months 
of treatment with subcutaneous etanercept, 50mg twice 
a week, with an improvement in pruritus and fewer 
blisters; notably, the clinical improvement persisted over 
the 3 years she was receiving etanercept (73). 
	 A patient with RDEB undergoing bone-marrow 
transplantation (BMT) for her disease (see bone marrow 
transplantation section) observed that there was a 
significant improvement in her wound healing during 
autologous peripheral blood stem cell mobilisation 
with systemic granulocyte colony-stimulating factor 
(G-CSF) prior to the transplant (74). Based on this 
anecdotal finding, a pilot trial was designed to confirm 
the safety of daily doses of G-CSF, (10 μg/kg/dose) in 
6 RDEB and one DDEB subject. The patients were re-
evaluated at Day 7 and for all patients combined, median 
reductions of 75.5% in wound size and 36.6% in blister/
erosion counts were observed. G-CSF was well tolerated 
and no adverse events were noted. At the request of 
some individuals, further injections of G-CSF were 
administered which demonstrated that the response was 
reproducible and safe (74).
	 In addition to strategies employed to correct the 
causative pathology in RDEB, there is also a need to 
treat collateral pathology such as scarring. The functional 
limitation of movement secondary to extensive scarring 
and fibrosis is a major complication of RDEB. A 
hypomorphic mouse model suggests that this scarring 
and fibrosis is driven by transforming growth factor 
beta-1 (TGF-β) signalling, as reflected by transition 
of dermal fibroblasts to myofibroblasts with capacity 
for ECM production (75). Losartan, an angiotensin 
II type 1 receptor antagonist, that is primarily used to 
treat hypertension, has also been shown to possess anti-
fibrotic effects resulting from suppression of TGF-β1 via 
angiotensin II type 1 receptor mediated down regulation 
of TGF-β1 activators such as thrombospondin 1 (TSP-
1). TGF-β activity is elevated in injured RDEB skin, 
and so by targeting TGF-β activity, fibrosis may be 
reduced and in turn, delay mitten deformity development 
(75). In murine studies, losartan has been shown to 
reduce TGF-β levels in RDEB cells in vitro, and in the 
skin and the circulation of RDEB mice. As a result of 

reduced TGF-β activity, there was significantly slower 
progression to fibrotic digit fusion and mitten deformities 
(76). The role of TGF-β signalling has been highlighted 
as a potential modifier of disease severity following the 
study of monozygotic twins with RDEB with markedly 
different clinical phenotypes and similar amounts of C7 
expression (77). In this study, genome wide expression 
analysis in twins' fibroblasts showed differential 
expression of the genes associated with TGF-β pathway 
inhibition. Decorin, a skin matrix component with anti-
fibrotic properties was more expressed in the skin of the 
less severely affected twin. Fibroblasts from the more 
affected twin were characterised by enhanced α-smooth 
muscle actin and plasminogen activator inhibitor 1 
expression, collagen I release and collagen lattice 
contraction.
	 Preclinical studies are also ongoing to evaluate the 
reparative potential of high mobility group (HMG) 
proteins, specifically by mobilising key epithelial 
progenitors from bone marrow which are then 
recruited to damaged RDEB skin. Murine studies 
have demonstrated that one of the HMG proteins, high 
mobility group box-1 (HMGB-1), is rapidly released 
from hypoxic keratinocytes, such as from blister roofs, 
and upon release into the circulation, reparative epithelial 
progenitor cells (Lin-/PDGFRα+) are mobilised from 
within the MSC-BM population (78). These cells are 
recruited along a concentration gradient to the area of 
hypoxic skin damage. Differentiation of these cells 
into keratinocytes (rather than fusion) was clearly 
demonstrated, with persistence of the differentiated BM 
cells in the skin after several renewals of the murine 
epidermis, data which support engraftment of a murine 
BM population that has generated keratinocyte stem 
cells (78). 

8. Cell therapies

8.1. Allogeneic fibroblasts

Fibroblasts have the capacity to synthesise C7 as well 
as modulating wound healing (79). On this basis, a 
number of RDEB murine and human studies have 
been conducted injecting allogeneic normal human 
fibroblasts intradermally with the aim of potentially 
increasing C7 expression and also improving wound 
healing (80).
	 A proof-of-concept study in 5 RDEB individuals 
demonstrated that a single intradermal injection of 
allogeneic fibroblasts (5 × 106 cells injected into the 
superficial dermis over ~ 1 cm2) increased COL7A1 
expression for at least 3 months in most subjects (80). 
The study also demonstrated the low immunogenicity 
of allogeneic fibroblasts and lack of host response at an 
immunological and histological level. The injected cells 
were not detectable at 2 weeks post-injection, the time-
point at which an increase in C7 protein at the DEJ was 
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seen. In murine studies, it has been suggested that this 
increase in C7 protein at the DEJ may be secondary to 
donor fibroblasts releasing wild-type full length C7 that 
can be incorporated into the DEJ for the short time that 
these donor fibroblasts are present (81). Of note, in the 
human studies, the increase in C7 was most apparent in 
RDEB individuals who had some baseline expression 
of C7 compared to those who had a complete absence 
of the protein. The source of the new C7 is likely 
to reflect upregulation of the RDEB subjects' own 
mutant, but partially functional C7, a mechanism 
supported by a lack of new normal-appearing anchoring 
fibrils. A further study showed that a single injection 
of allogeneic fibroblasts could increase COL7A1 
expression for 3-6 months and C7 protein for 9-12 
months (82). The expression of heparin binding-EGF-
like growth factor (HB-EGF) was thought to mediate 
this increase in endogenous C7 expression (82). 
	 With regard to wound healing, a phase II double-
blinded, randomised, controlled trial in RDEB patients 
comparing injections of allogeneic cultured fibroblasts 
in suspension solution versus suspension solution 
alone, with the injections given across eroded areas 
found that in both arms there was a reduction in erosion 
size, suggesting that perhaps the trauma of either 
injection might, at least in part, be responsible for the 
clinical responses (83). On the other hand, a further 
prospective, randomised, double-blind, within-patient, 
vehicle-controlled trial of subjects with RDEB was 
conducted in 11 patients. Twenty-six erosions were 
treated; 14 with a single treatment of 5 × 106 allogeneic 
fibroblasts per linear cm of erosion margin and 12 
with vehicle. Fibroblast injections produced a greater 
reduction in erosion area than did vehicle alone during 
the first 28 days. After 28 days, there was no significant 
difference between fibroblasts and vehicle although 
further injections were not administered (84). 

8.2. Mesenchymal stromal cells 

Multipotent mesenchymal cells are found in several 
tissues, including the bone marrow (85,86) and have 
the ability to migrate to injured tissue and stimulate 
tissue regeneration, thus making this therapy potentially 
relevant to RDEB wounds. The clinical use of MSCs in 
RDEB was first reported in a 13-year-old and 25-year-
old patient from Chile in 2010 (87). The MSCs were 
derived from the bone marrow of healthy, unrelated 
individuals and injected intradermally. Both subjects 
had clinically severe blistering with a complete absence 
of C7 expression. Either 0.5 × 106 MSCs or vehicle 
were injected into both intact and chronically ulcerated 
sites. At week 12, wounds treated with MSCs had 
almost healed compared to sites treated with placebo 
with benefits lasting for 4 months post injection. 
Thereafter, skin fragility resembled baseline with 
ulceration. New C7 was seen in a linear pattern at the 

junction between the epidermis and dermis, suggesting 
that intradermal administration of allogeneic MSCs 
may lead to de novo C7 expression in the skin as well 
as prevention of blistering and improvements in wound 
healing in patients with RDEB. 
	 Subsequently, El Darouti et al. (88) conducted 
a double-blind study, randomising 14 patients with 
clinically severe RDEB into two equal groups. Both 
groups received intravenous MSCs derived from 
healthy bone marrow aspiration from one healthy 
parent but group one was also given 5 mg/kg/day of 
ciclosporin to reduce inflammation or protect against 
rejection with the patients in group two receiving a 
placebo suspension. Both groups were seen fortnightly 
for 12 weeks and were reported to have fewer new 
blisters, to have an increased rate of wound healing, and 
to demonstrate new anchoring fibrils on skin biopsies. 
Two individuals demonstrated clinical benefit at 12 
months, whereas the improvements in the remainder 
peaked 3 months after infusion and waned thereafter. 
	 Petrof et al. (89) enrolled 10 children aged 1-11 
years in the U.K. with RDEB who had partial or 
complete absence of C7 protein, in an open-label, phase 
I/II clinical trial. Each child received three IV infusions 
of either 20 × 106 cells per infusion (weight ≤ 20 kg) or 
40 × 106 cells per infusion (weight > 20 kg) (equivalent 
to 1-3 × 106 cells per kg) of BM-MSCs on days 0, 7 and 
28. No severe adverse events occurred (other than the 
transient noxious smell associated with the preservative 
dimethyl sulphoxide). Skin biopsies revealed no 
increase in C7 and no new anchoring fibrils at day 60 
post infusion. One subject showed no clinical benefit, 
whereas two had sustained improvement at one year, 
and in the others there were transient improvements 
such as less skin redness, less skin pain and itching, and 
better wound healing that lasted for 4-6 months after 
the third infusion of MSCs. The optimal dosing, route 
of administration and consequences of multiple repeat 
dosing of allogeneic MSCs in RDEB has yet to be 
fully evaluated. However, murine studies have shown 
the impact and superiority of high density intradermal 
injections of MSCs compared to fibroblasts, suggesting 
that further human clinical trials are needed if the 
maximal benefits of MSC cell therapy in RDEB are to 
be realised (90). 
	 The mechanism by which MSCs lead to a clinical 
improvement in wound healing in RDEB has not yet 
been established but seems to be indirect and trophic 
through the release of various growth factors and 
cytokines (91), i.e. without the need for the MSCs to 
engraft. MSCs express tumour necrosis factor alpha 
(TNFα)-stimulated protein 6 (TSG-6), which in other 
studies has been associated with an improvement 
in wound healing and downregulation of B-cell 
proliferation, monocyte maturation, secretion of IFN-γ 
and TNF-α at wounded tissue sites (92), while also 
promoting increased secretion of anti-inflammatory 
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IL-10 from macrophages (93). In addition to TSG-6, 
MSCs also mediate immunosuppression through the 
secretion of nitric oxide, transforming growth factor- 
beta (TGF-β) and indoleamine 2,3-dioxygenase (94).
	 Regarding other cells, potentially with stem rather 
than stromal functionality, human umbilical cord blood 
derived unrestricted somatic stem cells (USSCs) have 
shown potential to regenerate RDEB skin in animal 
models (95). In murine models, it has been shown that 
USSCs express C7 and accelerate wound healing when 
injected intradermally in mice that have full-thickness 
excisional wounds (96). An intradermal injection 
of USSCs modified with a luciferase reporter gene, 
injected at a distant site to the wound revealed specific 
migration to the wound (96). These data suggest that 
CB-derived USSCs may contribute to wound repair 
and may be worth exploring as cell therapy for patients 
with RDEB. In terms of optimizing MSCs for clinical 
use, preconditioning of MSCs with TGF-β, TNF-α, 
and SDF-1α, induces a simultaneous upregulation in 
COL7A1, TSG-6, and CXCR4 which results in a six to 
eight-fold increase in COL7A1 expression by MSCs 
(97). This pre-conditioning increased C7 levels towards 
the 30% of the amount of wild-type C7 believed to 
ameliorate the blistering seen in RDEB (75). Such pre-
conditioning effects, however, have yet to be assessed 
therapeutically in humans.

8.3. Bone marrow transplantation

Following the effectiveness of bone marrow (BM) stem 
cells in murine RDEB (98,99), a clinical trial of whole 
bone marrow transplantation (BMT) was performed in 
children with RDEB. 
	 In 2010, Wagner et al. (100) reported use of high 
dose chemotherapy to immunoablate individuals with 
RDEB to permit more reliable lymphohaematopoietic 
engraftment, followed by unfiltered whole bone marrow 
transplantation, usually from a tissue-matched sibling 
donor. Seven patients entered the trial and 6 underwent 
BMT. One patient died before the BMT because of heart 
failure, possibly related to cyclophosphamide toxicity 
and pre-existing renal failure. All RDEB subjects had 
more than 50% body surface area coverage with blisters 
and erosions. Following BMT, 3 subjects showed clinical 
improvement with only 10% BSA involvement and 3 
showed an improvement with 25% BSA involvement. 
A further patient died 6 months post-transplant from 
infection secondary to graft failure. Of note, donor cells 
homed to injured skin with increased C7 expression 
seen at the DEJ in 5 of the 6 subjects. The subject that 
did not show evidence of increased C7 expression post-
BMT was still reported to show an improvement in 
their clinical status, similar to that seen in the other 5 
subjects that did show an increase in C7 expression. 
Clinical response seems to have been sustained; none of 
the treated subjects has been cured of their RDEB but 

several have had markedly fewer blisters in follow up to 
8 years post-BMT. Donor-skin chimerism was seen in 
the skin of BMT recipients (101). A substantial number 
of cells of donor origin were found in BMT recipient 
skin, confirming that donor cells home to injured skin 
in patients with severe RDEB. Donor cells of both 
haematopoietic (CD45+), and non-haematopoietic, non-
endothelial cells (CD45-, CD31-) were found in the 
epidermis and dermis of BMT recipients, although donor 
non-haematopoietic cells were considered to be the most 
likely source of new C7 (101). Despite the increase in C7 
expression, there was a lack of mature anchoring fibrils 
on transmission electron microscopy (TEM), although 
later evaluation will be needed given the several years 
anchoring fibril maturation may take. 
	 Regarding the interconnectivity between BM cells 
and skin repair, the release of HMGB-1 from hypoxic 
keratinocytes and the mobilisation of Lin-/PDGFRα+ 
epithelial progenitor cells from bone marrow to the 
circulation and differentiating into keratinocytes 
capable of generating new C7 in the skin, supports the 
potential mechanism of action of BMT (78). However, 
the homing of these cells to injured skin post-BMT has 
not yet been fully established. Reports suggest that the 
C-X-C type chemokine ligand 12 (CXCL12), known as 
stromal cell-derived factor 1α (SDF-1α), and its receptor, 
CXCR4 may direct the migration of progenitor cells to 
various tissues (102). The transcription factor hypoxia 
inducible factor-1 alpha, HIF-1α, in endothelial cells 
in ischaemic tissue regulates the expression of SDF-
1α, enabling CXCR4+ progenitor cells to home from 
the circulation to target ischaemic tissue (103). Overall, 
despite the clinical data, the precise mechanism by 
which BMT leads to clinical improvement has not yet 
been fully elucidated. Of clinical significance, however, 
immunoablative conditioning in RDEB pre-BMT has 
been associated with mortality rates in excess of 25%. To 
lessen mortality, several refined stem cell transplantation 
protocols have been developed that focus on reduced 
intensity conditioning (RIC). Combination conditioning 
has been reduced from using busulfan, fludarabine, 
and cyclophosphamide to combination therapy with 
fludarabine and low doses of cyclophosphamide 
and radiation (101), although further refinements 
continue to be applied. Thus far, it appears that RIC is 
associated with less toxicity and relatively good disease 
amelioration, but published data are currently lacking.

8.4. Grafting revertant mosaicism skin/keratinocytes

In patients with various inherited cutaneous diseases, 
patches of spontaneously appearing normal skin can 
be seen where the inherited mutation has genetically 
corrected itself in those sites. This phenomenon 
is referred to as revertant mosaicism or "natural 
gene therapy" (104) and a key goal has been to try 
to exploit these natural events in the treatment of 
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RDEB. Thus far, revertant mosaicism has not been 
explored therapeutically in RDEB although in some 
forms of junctional EB, grafting of cultured revertant 
keratinocytes (105) or punch grafting of revertant skin 
has been undertaken, with sustained improvement in 
recipient mutant skin sites being demonstrated for the 
latter (106).
	 The opportunity to expand keratinocytes derived 
from a patch of revertant mosaicism offers a personalised 
and patient specific form of therapy. As these cells have 
naturally corrected part of the deleterious mutation, there 
is no need for further genetic manipulation. Gostynski 
et al. (105) isolated revertant keratinocytes from an 
individual with generalised intermediate junctional EB 
and expanded these into epidermal sheets to graft on to 
areas of mutant skin lacking an epidermis. The surgical 
approach led to successful grafting although functional 
benefits were not apparent. Of note, despite cultured 
keratinocytes displaying 30% reversion, when grafted, 
less than 3% of keratinocytes remained reverted in 
the graft; the reasons for this relative loss of reverted 
cells is not known. More successful was punch graft 
transplantation of revertant skin in an individual with 
junctional EB that resulted in successful transfer of 
the donor cell genotype and phenotype with enhanced 
expression of laminin-332 and better skin integrity 
maintained for at least 18 months (106). Nevertheless 
a key challenge is to find methods for higher in 
vitro expansion of revertant keratinocytes as well as 
being able to more readily identify the revertant skin 
patches (107). One new approach has been to generate 
inducible pluripotent stem cells (iPSCs) from revertant 
keratinocytes (see gene therapy section below) (108,109), 
which potentially then offers copious functional cells that 
can be differentiated into multiple tissue lineages.

8.5. Gene therapy 

Gene therapy strategies in RDEB aim to provide 
therapeutic benefit through manipulation of DNA or 
RNA. Typically, viral mediated ex vivo gene transfer 
approaches have been used whereby the patient's skin 
cells are cultured, transduced with a viral vector encoding 
the transgene expressing the wild-type protein and then 
these gene modified cells can then either be transplanted 
back via grafting of epithelial sheets or skin equivalents 
(epidermis/dermis), or by intradermal injections (e.g. of 
genetically supplemented fibroblasts). Viral mediated 
gene transfer has been the preferred gene delivery 
method, firstly, due to the ability to deliver a transgene 
and integrate it into the host genomic DNA, and 
secondly because viral vector approaches achieve higher 
transduction efficiencies for longer-term gene expression. 
Gamma retroviral (RV) and lentiviral (LV) vectors have 
been the main delivery methods for RDEB gene therapy 
studies, despite the large size of the COL7A1 cDNA (> 9 
kb) (110-113). Regarding specific pre-clinical work for 

RDEB, one study used an LV-mediated system to make 
intradermal injections of corrected patient-derived RDEB 
fibroblasts to restore C7 at the dermal-epidermal junction 
for 4 months in an RDEB skin model (111). Moreover, 
it was subsequently shown that direct intradermal 
injections of an LV vector containing COL7A1 cDNA 
could produce stable expression of human C7 in 
fibroblasts and endothelial cells for at least 3 months in a 
murine model (114). To compensate for the large size of 
COL7A1, an RV vector with a truncated COL7A1 ‘‘mini-
gene'' was first assessed (115). Immortalised RDEB 
keratinocytes could be transduced to express a mini-C7 
protein product that improved cell motility, adhesion, 
and proliferation, although mini-gene therapy approaches 
have not been pursued to clinical trials. 
	 The first clinical study of ex vivo gene therapy 
for EB was in an individual with junctional EB, with 
restoration of laminin-332 expression following RV-
mediated transfection of epidermal stem cells with the 
LAMB3 gene, leading to phenotypic correction in the 
grafted skin (116). Of note, follow up for more than 
8 years has shown sustained synthesis of laminin-332 
protein with no evidence of blistering, inflammation, 
tumourigenesis or immune response in the grafted area 
(117). In a second case, the same RV gene therapy 
protocol was used in an Austrian junctional EB patient 
in whom ex vivo skin gene therapy targeting autologous 
epidermal stem cells was used to produce five skin 
sheets each measuring 5 × 7 cm that were grafted onto 
wounded areas on the patient's thighs; clinical responses 
in this patient are still being evaluated (118). 
	 The first gene therapy trial in RDEB involved 
graf t ing of  ex vivo  autologous COL7A1  gene 
supplemented epidermal sheets in 4 adults in a phase I 
clinical trial. In this study, autologous keratinocytes were 
transduced with GMP grade gamma-RV containing full-
length COL7A1. Autologous epidermal sheets measuring 
~35cm2 (approximately the size of a playing card) 
were grafted onto 6 wounds in each of the patients. No 
serious adverse events were reported and there was C7 
expression at the dermal-epidermal junction on graft 
sites in 90% of biopsies at 3 months, 66% of biopsies 
at 6 months and 42% at 12 months. Wound healing was 
variable and generally waned over one year. Longer term 
follow-up will be required to ascertain long-term efficacy 
and safety (119).
	 The risk of insertional mutagenesis arising from 
use of certain classical viral vectors has led to a new 
generation of self-inactivating (SIN) viral vectors which 
incorporate deletion of the U3 region of the 3'-long 
terminal repeat that renders them unable to activate 
cellular genes in the host's genome. A SIN-LV-based 
vector was used to deliver full-length COL7A1 cDNA 
sequence into patient-derived RDEB keratinocytes and 
fibroblasts (110). This approach gave close to 95% 
transduction efficiency and demonstrated persistent 
synthesis and secretion of normal C7 over a 5 month 
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observation period in vitro (110). These corrected cells 
were also able to produce normal anchoring fibrils 
when grafted onto immunodeficient mice. Other 
investigators are currently carrying out a clinical trial 
of SIN-LV vector COL7A1 addition to autologous 
fibroblasts for intradermal injection (ClinicalTrials.gov 
identifier: NCT02493816), and others are developing a 
SIN-RV vector containing full length COL7A1 with the 
aim being to transplant bioengineered skin containing 
genetically supplemented keratinocytes and fibroblasts 
(www.genegraft.eu). 
	 As an alternative to viral-mediated transduction, 
a phage-mediated platform has been used to deliver 
COL7A1 cDNA into patient-derived RDEB primary 
epidermal progenitor cells (120). The authors used 
a phiC31 phage integrase, which can integrate large 
(up to 10 kb) DNA sequences. The experimental data 
revealed relatively lower transfection efficiency rates 
(~ 45% at 2 days) compared to viral transduction 
methods, but through culture expansion and selection 
of C7-producing cells, a ~ 99% success rate after a 
10-day selection period was noted. Moreover, C7 
production by epidermal progenitor cells was suggested 
by persistent expression for 14 weeks, i.e. spanning 
multiple turnover cycles of keratinocytes. The same 
phiC31 phage integrase platform was subsequently 
used to correct patient-derived RDEB fibroblasts. 
Corrected fibroblasts were then injected into an RDEB 
skin model and were shown to restore C7 expression in 
the skin (121). Nevertheless, the requirement to include 
the phiC31 integrase gene, the lack of responsiveness 
to endogenous gene regulation, and the potential for 
random insertional mutagenesis may be limiting factors 
for phage therapy.
	 Cationic polymers such as linear poly (β-amino 
ester)s (LPAEs) have also emerged as an effective 
gene delivery vector. Branched poly (β-amino ester)
s (HPAEs) have a three-dimensional spatial structure 
and are thought to improve the interaction of polymers 
with DNA, prevent DNA degradation by enzymes 
and increase cellular uptake of polyplexes. HPAEs 
have not been developed for gene delivery as yet, as 
synthesising these highly branched polymers remains a 
technical challenge. A novel design of the HPAEs has 
been derived from the functional LPAE components to 
see whether this may provide an effective gene delivery 
vector. This has been assessed in vivo in various 
cell types including RDEB keratinocytes to deliver 
therapeutic COL7A1 cDNA (122).
	 Gene s i lencing technologies  such as  RNA 
interference (RNAi) are useful in dominant forms 
of DEB, if designed to knockdown the mutant allele 
without silencing the wild-type allele, with pre-clinical 
data to support therapeutic use of such an approach 
(123,124). Another methodology, pertinent mainly to 
RDEB but possibly also dominant disease, is to try to 
modulate splicing of pre-messenger RNA to induce 

skipping of the mutated exon. Using 2'-O-methyl 
antisense oligoribonucleotides (AONs) in an RDEB skin 
equivalent xenograft model, one or two subcutaneous 
injections of AONs at doses ranging from 400 μg up to 1 
mg was able to induce skipping of exons containing loss-
of-function mutations (in exons 73 and 80) and thereby 
restore C7 expression and anchoring fibril formation 
(125). A further method is to apply spliceosome-mediated 
RNA trans-splicing (SMaRT) to address target mutations 
at a post transcriptional level. Splicing is induced in trans 
between the exogenous RNA and target endogenous 
pre-mRNA via an engineered RNA trans-splicing 
molecule (RTM). Specifically, RV transduction of RDEB 
keratinocytes with a 3' pre-trans-splicing molecule 
resulted in correction of full-length C7 expression 
(126). Transduced cells showed normal localisation of 
C7 at the basement membrane zone in skin equivalents 
with assembly into anchoring fibril-like structures, i.e. 
demonstrating correction of an RDEB phenotype in vitro 
(126). In further work, a 5' RTM capable of replacing 
COL7A1 exons 1 to 15 in murine keratinocytes was 
injected into the skin of wild-type mice using a gene gun 
with vector delivery and expression in the skin (127). 
	 Approximately 15% of all pathogenic mutations 
in COL7A1 involve premature termination codons 
(PTCs) that lead to truncated proteins and/or nonsense-
mediated mRNA decay (128). Both in vitro and in vivo 
studies have revealed that aminoglycoside antibiotics 
can suppress primary PTCs and produce some degree of 
full length functional protein in genetic disorders such as 
cystic fibrosis (CF) and Duchenne's muscular dystrophy 
(DMD) (129,130). In RDEB, preclinical analysis has 
been performed using two RDEB keratinocyte cell lines 
harbouring nonsense mutations and primary fibroblast 
cultures from two RDEB patients with nonsense 
mutations. Aminoglycosides (G418, gentamicin, and 
paramomycin) were able to induce PTC read-through 
and restore functional full-length C7. Aminoglycoside 
therapy may provide a non-invasive option in treating 
RDEB patients that carry nonsense mutations but has not 
yet been trialled. Potential toxicity and the extent of the 
readthrough necessary to generate functional correction, 
however, remain important considerations that may limit 
immediate clinical translation.
	 Genomic editing techniques including zinc-finger 
nucleases (ZFNs), meganucleases (MN), transcription 
activator–like effector nucleases (TALENs) (131,132) 
and the clustered regularly interspaced short palindromic 
repeats (CRISPR)-Cas9 nuclease system are being 
developed (133), some or all of which may have 
relevance to RDEB therapeutics.
	 Moreover, the advent reprogramming of somatic 
cells into induced pluripotent stem cells (iPSCs) that 
can differentiate into any cell type, is an exciting new 
development in RDEB therapy (134). It is possible 
to correct RDEB fibroblasts through homologous 
recombination using transcription activator-like effector 
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nucleases (TALENs) and then reprogram these into 
iPSCs, which then differentiate into keratinocytes 
(135). Murine studies have also successfully generated 
iPSCs in culture from multipotent keratinocyte lineages 
capable of forming a fully developed epidermis (136). 
Subsequently, others have reported successful generation 
of iPSCs from healthy human skin fibroblasts and 
individuals with RDEB (137). Another study took a 
different approach using direct injections and teratoma 
formation which allows spontaneous differentiation 
of iPS cells into an epidermis (138). Regarding new 
therapeutic opportunities, an approach in which iPSCs 
generated from naturally corrected revertant RDEB cells 
could be used to enable the production of autologous 
epithelial and mesenchymal cells, perhaps paving the 
way for personalised therapy in EB (108,109).

8.6. Protein therapy

Given that the essential skin pathology in RDEB is a 
lack of C7 in epidermal basement membrane, C7 protein 
replacement therapy has been evaluated using animal 
models for preclinical studies. Initial studies successfully 
demonstrated that intradermal injections of recombinant 
human C7 can lead to incorporation of the new protein 
specifically into basement membrane of Col7a1 null 
mice, resulting in an improvement in the blistering 
phenotype for up to 2 months (139). Furthermore, topical 
application of human recombinant C7 accelerated wound 
healing in mice (140), and intravenously administered 
rC7 homed to engrafted RDEB mouse skin and restored 
C7, anchoring fibrils, and epidermal-dermal adherence 
(139,141). 
	 Concerning larger animal studies, intravenous 
administration of C7 in a spontaneous animal model of 
inbred mini Retriever dogs with mild RDEB revealed 
no side effects and led to reduced wound erythema and 
blistering (142). Initially, no serious immunological 
reactions were observed, and although anti-C7 antibodies 
were detectable in serum, none was shown to bind to the 
skin or exacerbate blistering (143,144). The development 
of human C7 protein trials was expected thereafter, 
although thus far additional possible toxicology concerns 
have stalled clinical application, and further research 
will be required to assess the efficacy and safety of this 
therapy before clinical testing in patients with RDEB.

9. The Future

There is an urgent need for curative therapies for 
genetic disorders like RDEB that carry significant 
morbidity and mortality. In future, optimal treatment of 
RDEB will most likely involve combinations of drug, 
small molecule, gene, cell and protein therapies, with 
the collective ambition of reducing disease burden 
and compensating for, or repairing, the inherent skin 
pathology underscoring the blistering. 
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1. Introduction

Pancreatic neuroendocrine neoplasms (pNENs), 
originating from diffuse neuroendocrine cells, are a 
clinically rare and heterogeneous disease of the pancreas. 
pNENs comprise only 1% to 2% of all pancreatic 
neoplasms, but have increased significantly in incidence 
over the past few decades (1,2). Increasing interest in 
research on neuroendocrine neoplasms (NENs) has 
grown in the past 10 years, however, our understanding 
of this disease is not thorough and is controversial. 
This review will summarize the epidemiology, clinical 
features and management of sporadic pNENs. 

2. Epidemiology

Islet cell tumors were initially used to describe pNENs, 
furthermore the pNENs were redefined by the World 
Health Organization (WHO) in 2010. Although this 
tumor is rare, the incidence has been substantially 

increasing more than twice as much in the last 20-30 
years (1,3). This increase is due in large part to increased 
physician awareness and improvements in diagnostic 
imaging. Most of the pNENs were sporadic in adults 
between the sixth and eighth decades, sometimes it was 
associated with hereditary diseases, such as multiple 
endocrine neoplasia (MEN) 1, Von Hippel Lindau 
(VHL) and Neurofibromatosis type 1 (NF-1). PNETs 
represent a heterogeneous group of neoplasms in tumor 
behavior and a wide spectrum of clinical manifestations 
(1,4-6). pNENs are classified as two general categories, 
functional and nonfunctional, based on whether the 
patients present a clinical syndrome caused by the 
hypersecreted hormones. Patients with functional pNENs 
were diagnosed earlier than patients with nonfunctional 
pNENs (mean age of presentation 55 vs. 59 years) due 
to the different specific hormonal syndromes including 
gastrin, insulin, glucagon, somatostatin, vasoactive 
intestinal polypetide (VIP), growth hormone-releasing 
factor and adrenocorticotrophic hormone (7). The 
nonfunctional pNENs account for 40-90% pNENs (8,9). 
As a result, PNETs often present as a significant clinical 
challenge to diagnosis and prognosis for physicians. 

3. Clinical presentation and Classification

For the functional pNENs, the clinical presentations 
are mainly determined by the hypersecreted hormones 
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produced by the tumor (Table 1). Insulinomas are the 
most common pNENs type, followed in decreasing 
order by gastrinomas, glucagonomas, VIPomas, 
somatostatinomas, and other rare types (10). For the 
nonfunctional pNENs, the clinical presentations are 
more likely to be associated with the symptoms of 
local compression and metastatic lesions, such as 
obstructive jaundice, pain and liver metastasis. In 
addition, an increasing percentage of pNENs were 
diagnosed in asymptomatic patients who received 
diagnostic evaluation for unrelated problems (11). From 
the perspective of biological characteristics, except for 
the insulinomas which are predominantly benign, most 
pNENs are slow growing but ultimately malignant. 
	 The classification and staging of pNENs is 
not uniform and has undergone a great number of 
changes. Up to now, there are three guidelines for 
the pNENs, which are widely used including World 
Health Organization (WHO) grading scheme (12), 
European Neuroendocrine Tumors Society (ENETS) 
classification (13) and c (AJCC) staging system (14). 
The 2010 WHO classification system combined the 
differentiation and grading features to classify the 
biological aggressiveness of pNENs based on the 
proliferative activity of the tumor as measured by 
mitotic count and the expression of nuclear antigen Ki-
67. Grade 1 tumors have fewer than 2 mitoses per 10 
high power fields and less than or equal to 3% Ki-67 
staining. Grade 2 tumors have 2-10 mitoses per 10 high 
power fields or 3-20% Ki-67 staining. Grade 3 tumors 
have greater than 20 mitoses per 10 high power fields or 
greater than 20% Ki-67 staining. Grade 1 and 2 lesions 

are well differentiated and classified as neuroendocrine 
neoplasms (NET), while Grade 3 lesions are poorly 
differentiated and classified as neuroendocrine 
carcinomas (NEC) (Table 2). This classification system 
is simple and useful to standardize diagnosis and 
treatment. However, previous studies demonstrated 
that some pNENs with a high proliferative activity, but 
well-differentiated degree, are also classified into NEC 
(15,16). Furthermore, this subtype of pancreatic NEC, 
named well differentiated NET G3 normally, presented 
significantly better disease-specific survival than in 
the poorly differentiated subtype, which suggests that 
the biological behaviors of the two are different (17-
19). Therefore, a separation of well differentiated NET 
G3 from poorly differentiated NEC G3 is emerging. 
The AJCC and ENETs guidelines both have TNM/
staging systems. However, the two staging systems 
differ from each other in the definitions of T stage 
groupings and are used in the United States and 
Europe respectively. Confusion often arises because 
of the coexistence of the two parallel staging systems 
in practice (20). Furthermore, each staging system 
showed some shortcomings which was observed in the 
previous studies (21-24). So, based on the data of the 
Surveillance, Epidemiology, and End Results (SEER) 
registry (2529 patients) and a multicentric series from 
China (1143 patients), we proposed a modified ENETS 
staging classifications by maintaining the ENETS T, 
N, and M definitions and adopting the AJCC staging 
definitions (Table 3). This modified ENETS staging 
classification may be more suitable for pNENs than 
either the AJCC or ENETS systems (25). In addition, 
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Table 1. WHO classification of neuroendocrine tumors 2010: Functional classification

Name

Insulinoma

Gastrinoma

VIPoma

Glucagonoma

Somatostatinoma

GRFoma

ACTHoma

Carcinoid

Cell type

B

G

D1

A

D

PP

NT

EC

Hormones secreted

Insulin

Gastrin

Vasoactive
intestinal peptide

Glucagon

Somatostatin

Growth hormone-
releasing hormone

ACTH

Serotonin, tachykinins

Malignancy (%)

10

60-90

40-70

50-80

70

60

95

60-88

Pancreatic 
involvement (%)

99

25

90

100

55

30

4-16

1

Syndrome

Hypoglycemic symptoms, whipple triad

ZES (peptic ulcer, epigastric pain, diarrhea)

Watery diarrhea, hypokalemia, dehydration, 
achlorhydria

Rash, migratory erythema, diabetes mellitus, 
cachexia

Diabetesmellitus, cholelithiasis, and diarrhea

Acromegaly

Cushing's syndrome

Diarrhea,flushing,pain, asthma, and heart disease

Table 2. 2010 WHO grading system for pNENs

Items

Ki-67 index
Mitotic count
Differentiation

Grade 1 (G1)

< 3%
< 2/10 HPF
Well differentiated

Grade 2 (G2)

3-20%
2-20/10 HPF
Well differentiated

Grade 3 (G3)

> 20%
> 20/10 HPF
Poorly differentiated
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for imaging of the liver and pancreas due to improved 
tissue contrast (28). However, the CT is superior to MRI 
on the imaging of anatomy and cost, and in most centers, 
CT also would be the first choice for the detection of 
pNENs. The drawback of CT/MRI is that the sensitivity 
will be decreased in small tumors with a diameter less 
than 2 cm (29).

5.2. EUS 

EUS provides high resolution imaging of the 
pancreas, and is suitable to detect small size (2-5 
mm) pNENs with mean detection rates of over 90% 
(30). Furthermore, EUS can guide fine-needle biopsy 
for cytology or core biopsy and provide a histologic 
diagnosis for lesion of the pancreas and duodenum 
(31). However, the availability of EUS is limited by the 
requirement of a highly skilled endoscopist. 

5.3. Functional imaging techniques 

Most pNENs (about 70%) express high levels of 
somatostatin receptors, mainly somatostatin receptor 
type 2 (SSTR2) (32), and can therefore be imaged 
with a radiolabeled form of the somatostatin analogue 
octreotide (also known as somatostatin receptor 
scintigraphy, SRS), such as 111In-DTPA-octreotide and 
99mTc-EDDA/hydrazinonicotinyl-Tyr3-octreotide. SRS 
provides for scanning of the whole body and allows 
detection of metastases outside of the abdominal region. 
Furthermore, SRS can offer functional information 
based on the levels of somatostatin receptor expression 
and contributes to selection of appropriate candidates 
for somatostatin-based therapies (33). However, SRS 
is limited by the expression of somatostatin receptors. 
Poorly differentiated pNENs and insulinomas are less 
likely to be detected and the SRS does not provide 
information on anatomy and surgical resectability (34). 

the T stage definitions of the TNM/staging system in 
the 8th edition of the AJCC has been changed and will 
be used in 2018. 

4. Diagnosis

The diagnosis of pNENs depends on the pathological 
examination. The other techniques, such as the imaging 
examination and tumor markers, also plays an important 
role in the preoperative diagnosis and observation of the 
disease.

5. Imaging examination

Imaging techniques for detecting of pNENs include 
morphological and functional imaging techniques, such 
as computed tomography (CT), magnetic resonance 
imaging (MRI), endoscopic ultrasonography (EUS), 
somatostatin receptor scintigraphy (SRS) and positron 
emission tomography (PET).

5.1. Computed tomography (CT) and magnetic resonance 
imaging (MRI)

CT/MRI are the most used and generally readily 
available techniques for the diagnosis of pNENs, 
especially for nonfunctional pNENs, and has sensitivity 
and specificity over 80%. The images of CT/MRI can 
be routinely reformatted in 2D or 3D image volumes 
to better display vascular anatomy and contribute 
to surgical strategy. For the pNENs, CT has a mean 
sensitivity and specificity of 73% and 96% respectively. 
For the liver metastases, mean sensitivity and specificity 
is 82% and 92% (13,26). When the MRI techniques are 
chosen, the sensitivity and specificity is 93% and 88% 
for the detection of pNENs, and the mean detection rate 
is 82% for the liver metastases (13,27). Generally, the 
radiological specialist tends to use MRI rather than CT 

Table 3. The European Neuroendocrine Tumors Society (ENETS) staging definitions, and the modified ENETS (mENETS) 
staging definitions for pancreatic neuroendocrine tumors with cross-tabulation of stage distributions

Stage
I
IIA
IIB
IIIA
IIIB
IV

T
T1
T2
T3
T4
Any T
Any T

N
N0
N0
N0
N0
N1
Any N

M
M0
M0
M0
M0
M0
M1

*The mENETS staging classification was proposed by maintaining the ENETS T, N, and M definitions and adopting the AJCC staging definitions.

Stage
I
IIA
IIB
IIIA
IIIB
IV

T
T1
T2
T3
T4
Any T
Any T

N
N0
N0
N0
N0
N1
Any N

M
M0
M0
M0
M0
M0
M1

ENETS staging classification

T1	 Tumor limited to the pancreas, < 2 cm
T2	 Tumor limited to the pancreas, 2-4 cm
T3	 Tumor limited to the pancreas, > 4 cm, or invading duodenum or common bile duct
T4	 Tumor invades adjacent structures
N0	 No regional lymph node metastasis
N1	 Regional lymph node metastasis
M0	 No distant metastasis
M1	 Distant metastasis

                                         ENETS	                                                                                                            mENETS*



www.irdrjournal.com

Intractable & Rare Diseases Research. 2017; 6(1):21-28.24

	 Currently, the sensitivity of SRS has improved 
with the addition of single photon emission computed 
tomography (SPECT). A novel class of somatostatin 
analogs labeled with the positron-emitting radionuclide 
68Ga for PET/CT imaging has emerged as the current 
gold standard for NETs (13,35). Combining the 
advantages of PET/CT and affinity for the somatostatin 
receptor, the sensitivity of 68Ga for PET/CT imaging 
for pNENs was reported to be around 90%, even if false 
positive findings or false negative findings may occur 
(29,36). 

6. Tumor markers

Tumor markers, including serum tumor markers and 
immunohistochemical tumor markers, are useful for the 
diagnosis and prognosis, especially with nonfunctional 
pNENs. Plasma chromogranin A (CgA), a most widely 
used serum marker, was found elevated in 88-100% 
of pNENs. However, the diagnostic value of CgA is 
moderate in pNENs. The diagnostic sensitivity of CgA is 
less than 50% in patents with small tumors, and increases 
to 60-100% in patients with metastases (37). Therefore, 
serum CgA was used to reflect tumor burden, evaluate 
therapeutic response, and predict survival outcomes for 
pNENs (37,38). Other serum markers, including plasma 
neuron-specific enolase (NSE), pancreatic polypeptide 
(PP), pancreastatin and subunits of human chorionic 
gonadotropin, are also limited due to the similar 
phenomenon in the application of CgA (39). There are 
no immunohistochemical markers specific for pNENs. 
The most used label for the diagnosis of neuroendocrine 
tumors are synaptophysin and chromogranin. For 
functional pNENs, the specific peptides can be used as 
a label for the diagnosis of a subset of pNENs, such as 
insulin and glucagon.

7. Surgical management

Surgical resection is the only curative strategy for 
pNENs. However, because of the wide range of 
biological behavior and recurrence risk, the surgical 
treatment strategy should be considered for the functional 
and nonfunctional pNENs, in addition, pNETs and 
pNECs. 
	 For the functional pNENs or pNETs, surgical 
treatment tends to be positive. In addition to radical 
surgery, cytoreductive surgery can also be recommended 
for control of secretion of activated hormones and 
improvement of the survival of patients with advanced 
pNET (40,41). Different from the surgical indication 
of pancreatic cancer, the partial hepatectomy and non-
radical operations are often performed in pNET patients 
with liver metastases and local progressive disease 
(42). For the nonfunctional pNENs with synchronous 
liver metastasis, a consensus from the Chinese study 
group for neuroendocrine tumors (CSNET) agree with a 

biopsy prior to treatment (43). The consensus including 
surgical strategy is as follows: Curative surgery is 
recommended for G1/G2 p-NET with type I LM (single 
metastasis regardless of size) and R1 resection also 
seems to improve overall survival rate. Cytoreductive 
surgery is recommended for G1/G2 p-NET with type II 
LM (isolated metastatic bulk accompanied by smaller 
deposits) in select patients, and should meet stated 
requirements. Surgical resection for G1/G2 p-NET with 
type III LM (disseminated metastatic spread) and p-NEC 
with LM should be avoided, and insufficient evidence 
exists to guide the surgical treatment of G3 p-NET with 
LM. For local progressive disease, aggressive surgery, 
including superior mesenteric vein reconstruction or 
major pancreatic resection combined with multiple organ 
resection, can be done with an acceptable morbidity and 
mortality rate and improved survival of patients (44,45). 
	 Unlike functional pNENs and advanced pNETs 
which will affect the quality of life and survival of 
patients, the small nonfunctional pNETs present a more 
indolent behavior. In consideration of an increasing 
incidence of small pNETs and only 6% of small (< 
2 cm) pNETs will be metastatic at diagnosis, some 
suggest a conservative strategy (46,47). The guidelines 
ENETS recommends that both surgical treatment and 
observation are suitable for asymptomatic sporadic 
nonfunctional pNET ≤ 2 cm (13), while the guidelines 
of National Comprehensive Cancer Network (NCCN) 
recommends surgical resection for nonfunctional 
pNETs > 1 cm. The CSNET also provided a consensus 
statement about the management of small (≤ 2 cm) 
nonfunctional pNETs (48). First, the pathological 
confirmation should be obtained before the optimal 
treatment strategy is decided. Second, a more aggressive 
approach is suggested to be taken, except for some 
selected patients with nonfunctional pNETs < 1 cm, 
incidentally discovered and unacceptable surgical risks, 
all others with NF-pNETs ≤ 2 cm should undergo tumor 
resection and careful postoperative surveillance. 
	 For the patients with poorly differentiated pNEC, 
the role of surgery is limited, because many cases are 
unresectable and most resectable cases have a high risk 
of recurrence or metastasis (49,50). Therefore, systemic 
medical management is the main therapeutic option for 
this disease.

8. Systemic medical management

While the primary treatment for pNENs is surgical, 
the treatment of patients with advanced or metastatic 
disease requires a multidisciplinary approach. Many 
therapeutic modalities play a pivotal role in controlling 
both symptoms and tumors and prolonging survival 
in the majority of patients. Nonsurgical therapeutic 
approaches include chemotherapy, biotherapies, targeted 
therapies, peptide receptor radiotherapy (PRRT), local 
ablation and interventional therapy (51-53). 
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9. Cytotoxic chemotherapy

The pNENs demonstrate a relative sensitivity to 
chemotherapy. However, there is no established standard 
chemotherapy for this disease and the chemosensitivity 
varies with type and differentiation status. The poorly 
differentiated (G3) pNECs have a better response than 
the well differentiated (G1/G2) pNETs. First-line therapy 
is traditionally platinum with etoposide for pNECs and 
present a response rates from 31% to 67% (54,55). 
pNECs Patients with a lower proliferative rate (Ki-
67 < 55%) had a lower response rate to chemotherapy 
(15% vs. 42%) but a better overall survival (OS) (14 vs. 
10 months) compared with patients with a Ki-67 over 
55% (54). Well differentiatied pNETs proliferate slowly 
and are generally resistant to most chemotherapeutic 
agents with reported response rates varying from 8% 
to 45% (56). Given these findings, the oral alkylating 
agent temozolomide, particularly in combination with 
capecitabine, has shown promise. In a series of 30 
patients treated with temozolomide in combination 
with capecitabine, 70% of patients demonstrated a 
radiographic tumor response (57). However, the effect 
of temozolomide was relative to the state of O6-
methylguanine-DNA methyltransferase (MGMT), a 
low expression of MGMT in tumor cells will increase 
susceptibility to the temozolomide.

10. Somatostatin analogs (SSAs)

SSAs have shown a significant impact on functional 
pNENs patients with hormonal symptoms. Furthermore, 
SSAs also have cytostatic effects that can stabilize 
metastatic disease without tumor regression in most 
cases. The SSAs currently available in clinical 
practice are octreotide and lanreotide. Two phase III 
controlled studies of SSAs antiproliferative response 
in neuroendocrine tumor trials, CLARINET trial 
and PROMID trial, both have significantly better 
progression-free survival (PFS) (58,59). Although, SSAs 
have long been the workhorse in medical NET therapy, 
combination with newer targeted therapeutic agents is 
the most used type of treatment and may further improve 
outcomes (60). 

11. Peptide receptor radiotherapy (PRRT)

PRRT is a newer treatment option that can be used 
for tumors that express a high density of somatostatin 
receptors on somatostatin receptor imaging. This is 
approved for use in Europe and is being studied in trials 
in the United States. One series of 504 patients with 
gastroenteropancreatic NETs treated with Lu-177 labeled 
PRRT reported complete and partial tumor response in 
2% and 28% of patients respectively (61). The first phase 
III trial of PRRT, NETTER‑1, demonstrated a significant 
increase in the median PFS duration of patients with 

midgut NETs who received DOTATATE compared with 
those treated with LAR octreotide. This trial succeeded 
in establishing an additional effective therapeutic agent 
against these tumors (62).

12. Targeted therapy

12.1. Agents for antiangiogeneis

pNENs are highly vascularized neoplasms and express an 
abundance of VEG-F and platelet-derived growth factor 
(PDGF) receptors. This characteristic is associated with 
the overexpression of both ligand and related receptor 
of vascular endothelial factor (VEGF) (63), particularly 
in hepatic metastases (64). Sunitinib is an oral, small-
molecule, multi-targeted tyrosine kinase inhibitor with 
activity against VEG-F and PDGF. A recent phase 
III trial randomized 171 patients with advanced well 
differentiated pNENs compared therapy with sunitinib 
versus placebo (65). The study was discontinued early 
because of the clear advantage of sunitinib versus the 
placebo group. Bevacizumab is a humanized monoclonal 
antibody that inhibits VEG-F and has not yet been 
approved by the FDA for use in pNENs. Combination 
therapy with bevacizumab has also been investigated 
in pNENs. Combination therapy with mTOR inhibitor 
temsirolimus and bevacizumab showed a response rate 
(RR) of 41% (66). 

12.2. mTOR inhibitors

As aberrant mTOR pathway genes have been found in 
16% of pNETs, it is expected, then, that inhibiting mTOR 
signaling would inhibit tumor growth in at least a subset 
of patients. The oral mTOR inhibitor everolimus has 
been extensively studied in GEP-NETs. A randomized 
phase III study evaluating the efficacy of everolimus in 
advanced pNENs had been demonstrated to prolong PFS 
duration in patients with advanced-stage pNENs when 
compared with placebo (67). As a result of the significant 
improvement in PFS, everolimus was approved by the 
FDA for treatment of patients with advanced pancreatic 
NETs.

13. Conclusion

pNENs are a group of pancreatic neoplasms with high 
heterogeneity and a better prognosis than exocrine 
pancreatic cancer. The incidence of pNENs is increasing 
and the marjority of pNENs are nonfunctional. 
Localization and staging of pNENs are essential 
for correct management. Surgical resection remains 
the only curative modality for pNENs. However, 
the selecting and operative approach for pNENs is 
a complex decision that must consider a myriad of 
factors. An expanding number of systemic treatment 
options are available for clinicians treating pNENs. 
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Cytotoxic chemotherapy and/or SSA used to be the 
primary treatment for patients with unresectable tumors, 
but the role of cytotoxic chemotherapy continues to 
be debated, followed by peptide receptor radionuclide 
therapy. Targeted drugs inhibiting angiogenesis and 
mTOR pathways have been developed. There are 
still many unanswered questions about optimized 
classification, staging and treatment of pNENs. 
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From promising molecules to orphan drugs: Early clinical drug 
development
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1. Introduction

Clinical research is scientifically sound, and ethically 
acceptable, research involving humans and conducted 
by certified investigators according to Good Clinical 
Practice (www.efgcp.eu) in order to improve our 
knowledge of a disease or its treatment (www.ecrin.
org, www.clinicaltrials.gov, www.clinicaltrialsregister.
eu, https://clinicaldata.ema.europa.eu/web/cdp/home, 
http://ec.europa.eu/health/documents/eudralex/index_
en.htm). Clinical trials evaluate the efficacy and safety 
of one or more investigational medicinal product(s) 
for a specific disease. On average, approximately 10 
percent of potential therapeutics that effectively pass 
preclinical development make it to market (1). Since 
the famous 1747 scurvy trial conducted by James 
Lind (2), potential therapies for rare diseases have 
often languished in early clinical development. This 
can, in part, be explained by the low odds of success, 
the small number of participants, unknown/sparse 

natural history, high staff turnover and the sometimes 
high cost of development due to increased complexity 
and administrative burdens. Some diseases may be 
rare in some parts of the world, and not so rare in 
other parts of the world, so that these areas would 
be more practical for clinical trial development at 
research naïve sites (for example sickle-cell disease). 
Biomarker identification, and adaptive clinical trial 
design, may increase the chances of success. Pivotal 
trials for recently approved orphan drugs for cancer 
are more likely to use nonrandomized, unblended trial 
designs and surrogate endpoints to assess efficacy (3,4). 
Information on medicines in clinical trial can be found 
in the Investigator Brochure of the product. A European 
Union Portal and Database will be implemented in 
October 2018. Devices are excluded here as they follow 
different legislation. Observational studies such as case 
and cohort studies, are not clinical trials but studies to 
understand the disease and propose possible medical 
intervention.
	 Phase 1 clinical trials ("First-in-Man") initiate 
the testing of candidate future medicinal products in 
humans (www.bapu.be, www.kks-netzwerk.de, www.
agah.eu). They involve a small number of healthy 
volunteers and sometimes also research subjects 
with a specific condition (Dose Limiting Toxicity 
in patient volunteers) potentially relevant to the 

Summary Phase-1 (also known as "First-in-Man") clinical trials initiate the early clinical development 
of possible new medicines. Patient participation in this early phase of clinical trials is 
rather limited. After successful phase 1 trials, further phase 2 and phase 3 clinical trials in 
patients may lead to a marketing authorization. In the first 15 years of the European Union 
Orphan Drug Directive, 4.5% of the orphan drug applications were authorized. However, 
for many of these orphan drugs, no phase 1 studies were required, as these products were 
already well known pharmaceutical substances, with a clearly defined pharmacological 
profile. Furthermore, for 19 orphan drugs, already authorized by the European Medicines 
Agency (EMA), the original rare indication was extended to another rare disease and no 
phase 1 trials were needed. Phase 1 studies need to be performed in a sufficient number of 
volunteers even for medicinal products intended for a very limited number of patients. 
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disease studied (5-7). Innovative trial design such as 
"combined integrated protocol/basket trial design" 
can streamline early clinical drug development in 
rare diseases (8). In a recent phase 1 clinical trial 
with a gene silencing compound for the treatment of 
Huntington disease (IONIS HTT Rx) patients were 
studied and not volunteers. All clinical trials have 
inclusion and exclusion criteria that screen possible 
candidates for the study. In phase 1 trials, doctors 
slowly increase the dose of the drug and the subjects 
are carefully monitored as the dose is increased; safety 
parameters (recorded in adverse event forms: severe/
serious adverse reactions/events, suspected unexpected 
serious adverse drug reaction), pharmacodynamic and 
pharmacokinetic parameters are measured. Trial@home 
systems may record several parameters with electronic 
devices outside the study center. For patients with rare 
diseases without treatment the risk-benefit balance 
may be somewhat different than for patients with 
treatable disorders. Legal and ethical principles about 
human experimentation are defined in the Declaration 
of Helsinki of the World Medical Association, the EU 
Clinical Trials Directive (EC 20/2001/EC) and the 
International Council of Harmonization of Technical 
Requirements for Registration of Pharmaceuticals for 
humans Use (www.ich.org). The EU Clinical Trial 
Regulation 536/2014 is expected to come into force in 
2018. A positive outcome of a phase 1 clinical trial is no 
guarantee of the safety and efficacy of the final product 
in patients.
	 In 2003, the Office of Rare Diseases Research 
(ORDR) established the Rare Diseases Clinical Research 
Network (RDCRN: www.rarediseasesnetwork.org ) 
with (phase1) clinical trial data from multiple clinical 
consortia conducting research with orphan drugs (9,10). 
The Orphanet website (http://www.orpha.net/consor/
cgi-bin/ResearchTrials_ClinicalTrials.php?lng=EN) 
contains information on clinical trials in patients with 
rare diseases. Orphan designation can be granted at any 
point during the clinical development process: more 
often in phase 2 (in 88 percent of instances), and not 
in phase 1. Due to current transparency initiatives, it is 
likely that much more clinical trial data will become 
publicly available over the next few years. Phase 1 trials 
will be more commonly represented than any other, with 
fewer trials available from each successive phase. The 
National Institute of Health (NIH) recently issued their 
policy to include phase 1 studies in their registering 
and reporting of clinical trials. This could be promising 
for researchers in the areas of rare disease diagnosis, 
prevention and treatment. For some designated orphan 
drugs such as olipudase (designated by the Food and 
Drug Administration on 08MAR2000) a within-patient 
dose-escalation strategy was required (11,12). In a 
sample of 605 candidate orphan drugs designated by the 
European Medicines Agency (EMA) between 2002 and 
2012 only 110 (18 percent) (13) were in phase 1 and in 

another sample of 1406 EMA orphan drug applications 
between 2000 and 2014 only 183 (13 percent) (14) 
were in phase 1. The GlaxoSmithKline Clinical Data 
Sharing System contains 17 phase 1 trials with an orphan 
designation for rare neurological disorders, rare cancers 
and rare autoimmune diseases (15). In Japan, 5 sites are 
active in phase 1 clinical trials for Duchenne Muscular 
Dystrophy (16).
	 Patient participation (also called "shared decision 
making") in this early stage of clinical development 
is rather limited (17,18). The European Federation of 
Pharmaceutical Industries and Associations (EFPIA) 
published some considerations in their Code Of 
Practice (http://transparency.efpia.eu/the-efpia-code-2). 
In the participation ladder of Arnstein (19), it is called 
tokenism: placation, consultation and informing. 
Patient involvement in phase 1 clinical trials designs 
is not feasible, as these trials are performed under very 
strict guidelines defined by the sponsor. However, 
patient preferences (20,21) are useful to study the 
pharmacokinetics and pharmacodynamics of the new 
substance by the preferred route of administration 
(eventually with retard release galenical forms). 
Understanding the text of the informed consent is an 
issue that eventually can be verified by patients: the 
information should be adapted to the patients' needs and 
capacity of understanding. Ultimately, only the patients 
themselves can evaluate the real-life consequences 
(risk-benefit ratio) of possible serious/severe side-
effects already detected in this early stage of clinical 
investigation.
	 Ongoing rare  disease research,  s t imulated 
by initiatives such as the Rare Disease Research 
Consortium (http://www.irdirc.org/wp-content/
uploads/2015/09/IRDiRC_State-of-Play-2015.pdf), 
and the EU Horizon 2020, will result in an ongoing 
expansion of orphan drug authorizations by the 
competent authorities, such as the EMA, the Food and 
Drug Administration (FDA) and Therapeutic Goods 
Administration (TGA). Academic investigator-initiated 
clinical trials, or non-commercial experiments, are 
not exceptional for rare disorders (https://kce.fgov.be/
sites/default/files/page_documents/KCE_246_Public_
funded_clinical_trials_Report.pdf). However these 
trials require the same legal regulations and Good 
Clinical Practice (GCP) guidelines (22) as commercial 
trials, also supervised by a clinical trial coordinator, 
following Standard Operating Procedures.

2. First 15 years of EMA orphan drug directive

In the first 15 years of the EMA's Orphan Drug 
Directive (EC 141/2000), 2,340 applications were 
submitted, with 1,599 (72 percent) positive opinions 
having been formulated, 602 (27 percent) having been 
withdrawn by the sponsor and 21 (1 percent) receiving 
a final negative opinion by the Committee of Orphan 

30



www.irdrjournal.com

Intractable & Rare Diseases Research. 2017; 6(1):29-34. 31

Medicinal Products (COMP). This resulted in 1,581 
orphan drug designations and 111 authorized orphan 
medicinal products for rare conditions. The most 
frequently designated include acute myeloid leukemia, 
cystic fibrosis, pulmonary arterial hypertension, 
glioma, pancreatic carcinoma, ovarian cancer, multiple 
myeloma, chronic lymphoblastic leukemia and 
hepatocellular carcinoma. 4.7 percent of the original 
2,340 applications received a final orphan drug market 
authorization; half the general score for all potential 
therapeutics that pass preclinical development. Figure 
1 gives a graphic representation of these data. Orphan 
drugs often have more years of market exclusivity, Figure 1. EMA orphan drug authorizations over the years

Table 1. EMA orphan drugs without new molecular entities

No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

Product

Trisenox
Zavesca
Carbaglu
Busilvex
Ventavis
Xagrid
Orfadin
Glivec
Tracleer
Pedea
Prialt
Cystadane
Wilzin
Savene
Litak
Onsenal
Thalidomide
Diacomit
Evoltra
Vidaza
PhotoBarr
Lysodren
Nexobrid
Gliolan
Firdapase
Orphacol
Peyona
Xyrem
Tobi
Siklos
Revatio
Kuvan
Cayston
Mepact
Defitelio
Inovelon
Esbriet
Ceplene
Atriance
Bronchitol
Torisel
Plenadren
Vyndagel
Tepadina
Raxone
Afinitor
Quinsair
Xaluprine
Signifor
Votubia
Procysbi
Granupas
Ketoconazole

Active ingredient

Arsenic Trioxide
Miglustat
Carglumic Acid
Busulfan
Iloprost
Anagrilide
Nitisinone
Imatinib
Bosentan
Ibuprofen
Ziconotide
Betaine
Zinc Acetate
Dexrazoxane
Cladribine
Celecoxib
Thalidomide
Stiripentol
Clofarabine
Azacitidine
Porfimer Sodium
Mitotane
Bromelain
5 Aminolevulinic Acid
Amifampridine
Cholic Acid
Caffeine Citrate
Sodium Oxybate
Tobramycin
Hydroxycarbamide
Sildenafil
Sapropterin
Aztreonam
Mifarmurtide
Defibrotide
Rufinamide
Pirfenidon
Histamine
Nelarabine
Mannitol
Temsirolimus
Hydrocortisone
Tafamidis
Thiotepa
Idebenone
Everolimus
Levofloxacine
Mercaptopurine
Pasireotide
Everolimus
Cysteamine
p Aminosalicylic Acid
Ketoconazol

Route

P
O
O
P
B
O
O
O
O
P
P
O
O
P
P
O
O
O
P
P
P
O
T
O
O
O
O
O
B
O
O
O
B
P
P
O
O
P
P
B
P
O
O
P
O
O
B
O
P
O
O
O
O

  Molec 
  weight

  197.80
  219.30
  190.20
  246.30
  360.50
  292.50
  329.20
  589.70
  551.60
  206.30
2639.10
  117.10
  219.50
  268.30
  285.70
  381.40
  258.23
  234.30
  303.70
  244.20
1179.36
  320.00

  131.10
  109.10
  408.57
  408.57
  126.09
  467.51
  76.05
  666.70
  314.20
  435.40
1237.50

  238.20
  185.22
  184.10
  297.30
  182.17
1030.30
  362.46
  308.11
  189.20
  338.44
  958.20
  361.37
  152.18
1107.26
  958.20
    77.15
  153.14
  531.44

     ATC

L01XX27
A16AX06
A16AA05
L01AB01
B01AC11
L01XX35
A16AX04
L01XE01
C02KX01
C01EB16
N02BG08
A16AA06
A16AX05
V03AF02
L01BB04
L01XX33
L04AX02
N03AX17
L01BB06
L01BC07
L01XD01
L01XX23
D03BA03
L01XD04
N07XX05
A05AA03
A05AA03
N07XX04
J01GB01
L01XX05
G04BE03
A16AX07
J01DF01
L03AX15
B01AX01
N03AF03
L04AX05
L03AX14
L01BB07
R05CB16
L01XE09
H02AB09
N07XX08
L01AC01
N06BX13
L01XE10
J01MA12
L01BB02
H01CB05
L01XE10
A16AA04
J04AA01
J02AB02

DDD/mg

9
300
200

0.15
2

20
600
250
30

0.012
6000
150

1500

800
100

1000

3000

40

400
7500
300
250
60

4000
0.7

1400
2400

0.5

800
1000

30
20

500

1.2

2000
12000

Designation

2000/10/18
2000/10/18
2000/10/18
2000/12/29
2000/12/29
2000/12/29
2000/12/29
2001/02/14
2001/02/14
2001/02/14
2001/07/09
2001/07/09
2001/07/31
2001/09/10
2001/09/18
2001/11/20
2001/11/20
2001/12/05
2002/02/05
2002/02/06
2002/03/06
2002/06/12
2002/07/30
2002/11/13
2002/12/18
2002/12/18
2002/12/18
2003/02/03
2003/03/17
2003/07/09
2003/12/12
2004/06/08
2004/06/21
2004/06/21
2004/07/29
2004/10/20
2004/11/16
2005/04/11
2005/06/16
2005/11/07
2006/04/06
2006/05/22
2006/08/28
2007/01/29
2007/02/15
2007/06/05
2008/09/23
2009/04/30
2009/10/08
2010/08/04
2010/09/20
2010/12/17
2012/04/23

Authorization

2002/03/05
2002/11/20
2003/01/24
2003/07/09
2003/09/16
2004/11/16
2005/02/21
2001/08/27
2002/05/15
2004/07/29
2005/02/21
2007/02/15
2004/10/13
2006/07/28
2004/04/14
2003/10/17
2008/04/16
2007/01/04
2006/05/29
2008/12/17
2004/03/25
2004/04/28
2012/12/20
2007/09/07
2009/12/23
2010/12/16
2010/12/16
2005/10/18
2010/09/23
2007/06/29
2005/10/28
2008/12/02
2009/09/21
2009/03/06
2013/10/22
2007/01/16
2011/02/28
2008/10/07
2007/08/22
2012/04/13
2007/11/19
2011/11/03
2011/11/16
2010/03/15
2015/09/10
2009/08/03
2015/03/30
2012/03/09
2012/04/24
2011/09/02
2013/09/10
2014/04/09
2014/11/21

Days

503
763
828
922
991

1418
1515
194
455

1261
1323
2047
1170
1782
939
696

2339
1856
1574
2506
750
686

3796
1759
2562
2920
2920
988

2747
1451
686

1638
1918
1719
3372
818

2295
1275
797

2349
592

1991
1906
1141
3129
790

2379
1044
929
394

1086
1209
942

Synthesis

1963
1979
1942
1953
1980
1976
1986
1996
1992
1964
1987
1957
1912
1969
1960
1995
1957
1973
1987
1964
1987
1945
1961
1950
1935
1939
1959
1929
1967
1869
1992
1963
1981
1981
1975
1986
1970
1938
1988
1957
1994
1937
2004
1954
1975
1994
1986
1952
2002
1994
1940
1890
1978

1ste 
use

1996
1994
2004
1988
1994
1979
1992
1996
1994
1979
1992
1981
1992
2000
1993
2000
1963
1978
1999
1972
1993
1973
2014
1993
1984
1990
1975
1979
1996
1987
2002
1977
1984
1992
1998
2005
1995
1970
1998
1978
2004
1955
2011
1968
1992
2006
2002
1976
2010
2006
1978
1946
1985

Years

33
15
62
35
14
3
6
0
2

15
5

24
80
31
33
5
6
5

12
8
6

28
53
43
49
51
16
50
29

118
10
14
3

11
23
19
25
32
10
21
10
18
7

14
17
12
16
24
8

12
38
56
7
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as protected marketing starts the day marketing 
authorization is received, and not upon orphan drug 
designation. Several new legal procedures (Adaptive 
Pathways, Breakthrough Therapy Designation, 
Accelerated Approval, Fast-track Designation, Priority 
Review, Expanded Access, etc) open new possibilities 
in market protection. 
	 Table 1 represents the 53 EMA authorized 
orphan drugs that contain an active pharmaceutical 
ingredient for which no phase 1 clinical trials were 
required, as these chemicals were already established 
pharmaceutical compounds with well-documented 
safety data and pharmacodynamic and pharmacokinetic 
pa ramete r s .  These  ou t -o f -pa ten t  r epurposed 
pharmaceutical ingredients received a designation as 

an orphan drug and ten years of market protection for 
a rare disease indication without phase 1 clinical trials. 
Moreover for several of these substances there was 
already some evidence about the specific rare disease 
indication through a scientific publication in the open 
medical literature (see Table 1, column "1st use"). 
Preclinical research was also not necessary. Cholic acid 
is the active ingredient of two orphan drugs (Kolbam 
and Orphacol) for the same rare indication (inborn 
errors of primary bile acid synthesis) and everolimus 
for two different rare indications: tubular sclerosis 
as Votubia and renal cell carcinoma as Afinitor. Both 
substances were well known substances with an 
already established pharmaceutical profile for which 
development began in phase 2 or phase 3. 

Table 2. EMA orphan drugs with multiple rare diseases indications 

Name

ADCETRIS

CARBAGLU

CRESEMBA

GLIVEC

ICLUSIG

IMBRUVICA

JAKAVI

LENVIMA

NEXAVAR

RAVICTI

REVLIMID

SIGNIFOR

SOLIRIS

SPRYCEL

TORISEL

TRACLEER

VIDAZA

YONDELIS

ZAVESCA

Rare diseases

Treatment of anaplastic large cell lymphoma
Treatment of Hodgkin lymphoma
Treatment of N-acetylglutamate synthetase (NAGS) deficiency
Treatment of isovaleric acidaemia
Treatment of methylmalonic acidaemia
Treatment of propionic acidaemia
Treatment of invasive aspergillosis
Treatment of mucormycosis
Treatment of chronic myeloid leukaemia
Treatment of malignant gastrointestinal stromal tumours
Treatment of acute lymphoblastic leukaemia
Treatment of chronic eosinophilic leukaemia
Treatment of dermatofibrosarcoma protuberans
Treatment of myelodysplastic / myeloproliferative diseases
Treatment of acute lymphoblastic leukaemia
Treatment of chronic myeloid leukaemia
Treatment of chronic lymphocytic leukaemia
Treatment of mantle cell lymphoma
Treatment of lymphoplasmatic lymphoma
Treatment of chronic idiopathic myelofibrosis
Treatment of myelofibrosis
Treatment of follicular thyroid cancer
Treatment of papillary thyroid cancer
Treatment of renal cell carcinoma
Treatment of hepatocellular carcinoma
Treatment of follicular thyroid cancer
Treatment of papillary thyroid cancer
Treatment of argininosuccinic aciduria
Treatment of carbamoyl-phosphate synthase-1 deficiency
Treatment of citrullinaemia type 1
Treatment of hyperargininaemia
Treatment of ornithine carbamoyltransferase deficiency
Treatment of ornithine translocase deficiency (hyperornithinaemia-hyperammonaemia homocitrullinuria
Treatment of multiple myeloma
Treatment of myelodysplastic syndromes
Treatment of Cushing's disease
Treatment of acromegaly
Treatment of paroxysmal nocturnal haemoglobinuria
Treatment of atypical haemolytic uremic syndrome
Treatment of acute lymphoblastic leukaemia
Treatment of chronic myeloid leukaemia
Treatment of renal cell carcinoma
Treatment of mantle cell lymphoma
Treatment of pulmonary arterial hypertension
Treatment of systemic sclerosis
Treatment of acute myeloid leukaemia
Treatment of myelodysplastic syndromes
Treatment of soft tissue sarcoma
Treatment of ovarian cancer
Treatment of Gaucher Disease
Treatment of Niemann-Pick disease, type C

Year

2012
2012
2003
2011
2011
2011
2015
2015
2001
2002
2006
2006
2006
2006
2013
2013
2014
2014
2015
2012
2012
2015
2015
2006
2007
2014
2014
2015
2015
2015
2015
2015
2015
2007
2013
2012
2014
2007
2011
2006
2006
2007
2009
2002
2007
2008
2008
2007
2009
2002
2009
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	 In Table 1 you also can find the designation and 
the authorization date by EMA together with the days 
between designation and authorization. You also can 
find the year of synthesis of the primary ingredient 
and the years between the chemical synthesis and the 
year of the first report in the medical literature ("1st 
use"). Further you can find the Anatomical Therapeutic 
Chemical-code (column "ATC"), molecular weight 
(indicating the molecular size), the Divided Daily 
Dose in mg (column "DDD/mg") and the route of 
administration (column "Route": Oral, Parenteral, 
Buccal). Blank items in the table are data still to be 
determined by the official organizations.
	 In Table 2 you will find 19 orphan drugs with 
multiple rare disease indications for which the market 
has been extended but no phase 1 clinical trials were 
needed for the extensions. Based on new evidence, the 
marketing authorization holder extended the use of its 
product to other non-lead therapeutic indications within 
the same rare condition. Although such extensions 
are of benefit to patients, it may be considered that 
the variation of the marketing authorization should 
only be allowed after formal verification that the new 
therapeutic indications are of significant benefit when 
compared to existing treatments. Rare disease trials are 
less likely to use blinding and randomization than trials 
in other areas (23).
	 In the early years of the Orphan Drug Directive, 
mainly academic centers, public research organizations 
and small and medium sized, public and private, 
enterprises were involved in orphan drug discovery, 
research and development especially for Advanced 
Therapy Medicinal Products (three EMA orphan 
drug authorizations: Glybera, Holoclar, Strimvelis). 
Exploratory studies to demonstrate safety and proof of 
concept/initial efficacy of these complex medicines are 
difficult to set up especially for gene editing products. 
Primary endpoints including safety, dose finding and 
secondary endpoints including biodistribution, and 
pharmacodynamic/pharmacokinetic parameters will 
be needed. For radio-active orphan drugs (several 
designations but no authorizations yet) precautions 
need to be made for the production as well as for their 
administration (24).

3. Conclusion 

For every new molecular entity (NME) there comes 
a time when it will be given for the first time in man. 
The predictive power of human efficacy and safety 
by animal testing or computer simulation today is 
relatively poor. It is important that this early testing 
in humans is performed by certified investigators 
under strict conditions so as not to lose a valuable new 
treatment or spend too much money for the research and 
development of a disappointing (orphan) drug. Digital 
technology, by using more modern electronic tools to 

collect data, can help to bring costs down. Only when 
the active compound of the designated orphan drug is 
an already well known pharmaceutical ingredient phase 
1 randomized clinical trials are not required. In all other 
cases (NME) phase 1 studies need to be performed in 
a sufficient number of volunteers even for medicinal 
products intended for a very limited number of patients. 
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1. Introduction

Interferons comprise a family of secretory proteins 
characterized chiefly by their ability to induce cellular 
antiviral proteins (1). The 20-kDa protein of interferon-
stimulated exonuclease gene 20 (ISG20) is a protein 
induced by interferons or double-stranded RNA 
(2,3). Its involvement in antiviral mechanisms was 
elucidated in a recent study (4), where overexpression 
of recombinant ISG20 in cultured cells was found to 
increase cellular resistance to infection by some RNA 
genomic viruses (1). ISG20 is an exonuclease that can 
cleave single-stranded RNA and DNA (5,6). It plays a 
role in mediating interferon's antiviral activities. Levels 

of ISG20 expression differ in some diseases (such as 
rheumatoid arthritis) in comparison to those in healthy 
individuals (7). In addition, interferons, estrogens, and 
polyIC can increase the expression of ISG20 in several 
cell lines (2,8,9). However, the specific functions and 
mechanisms of ISG20 in different diseases need to 
be explored further. The current review provides an 
overview of the current understanding of the clinical 
significance of ISG20.

2. ISG20: Molecular characterization

The initial discovery of ISG20 occurred in 1997 (2). 
When Gongora et al. used differential screening to 
search for as-yet unidentified IFN-regulated genes, 
they identified interferon-regulated genes after treating 
cultured human lymphoblastoid Daudi cells with 500 
IU of human α/β-interferon (IFN). One of those genes is 
induced by both type I and II IFNs in various cell lines. 
Designated interferon-stimulated exonuclease gene 20 
(ISG20), this gene codes for a 20-kDa protein (2). A 
separate study identified this protein around the same 

Summary Interferon-stimulated exonuclease gene 20 (ISG20) is an RNA exonuclease in the yeast RNA 
exonuclease 4 homolog (REX4) subfamily and the DEDDh exonuclease family, and this gene 
codes for a 20-kDa protein. Those exonucleases are involved in cleaving single-stranded 
RNA and DNA. ISG20 is also referred to as HEM45 (HeLa estrogen-modulated, band 45). 
Expression of ISG20 can be induced or regulated by both type I and II interferons (IFNs) 
in various cell lines. ISG20 plays a role in mediating interferon's antiviral activities. In 
addition, ISG20 may be a potential susceptibility biomarker or pharmacological target in 
some inflammatory conditions. Exonucleases are useful components of many physiological 
processes. Despite recent advances in our understanding of the functions of ISG20, much 
work remains to be done with regard to uncovering the mechanism of action of ISG20 
in specific diseases and adapting ISG20 for use as a biomarker of disease. This review 
describes current information on ISG20 and its potential use in marking disease. This 
review describes several research achievements thus far and it seeks to provide some new 
ideas for future related research.
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time. Pentecost used differential display PCR on mRNA 
from a human cervical cancer cell line (UP1) stably 
transfected with an estrogen receptor (ER) expression 
construct (8). An mRNA was widely expressed at low 
levels in cell lines and was up regulated by E2 in ER-
positive breast cancer lines; this was named HeLa 
estrogen-modulated, band 45 (HEM45) (8).
	 ISG20 is localized to human chromosome 15q26 
(10). Further, the encoded amino acid sequence shares 
homology with other species (11). ISG20 encodes a 
181-amino acid protein of 20.4 kDa with a theoretical 
isoelectric point (pI) of 9.5. The optimum pH for 
ISG20 is about 7.0, and the protein prefers Mn2+ as a 
metal cofactor (5). These properties help to explain 
the optimal conditions for the exonuclease activity 
of ISG20. This exonuclease preferentially degrades 
RNA at a rate 35-fold higher than it degrades single-
stranded DNA (5,6). ISG20 also belongs to the DEDDh 
exonuclease family, which is defined by four conserved 
acidic residues, three aspartates (D), and one glutamate 
(E), distributed among three separate sequence motifs 
(Exo I–III) (6,12) and with a fifth conserved residue of 
histidine (H). The protein also shares striking homology 
with the product of the Xenopus laevis XPMC2 gene (2).

2.1. Expression

Expression of ISG20 can be induced in cell lines 
through exposure to both type I (IFN-α/β) and type II 
(IFN-γ) IFNs; HuIFN-α/β is a stronger inducer of that 
expression than IFN-γ (2). ISG20 expression can also 
be induced by poly IC (an authentic double-stranded 
RNA that mimics viral infections when applied to cells) 
in human vascular endothelial cells (HUVEC) (9). 
The upregulation of ISG20 following IFN exposure 
occurs at the transcriptional level, in keeping with 
the majority of IFN-induced genes (2). Further, the 
constitutive transcriptional activity of ISG20 following 
IFN exposure may be attributable to the interferon-
stimulated response element (ISRE).
	 Zeng et al. found that the levels of ISG20 mRNAs 
were significantly upregulated in vivo in the spleen and 
lungs of goats infected with goatpox virus (GTPV) (13). 
However, ISG20 can also be expressed at high levels 
in peripheral blood leukocytes, lymphoid tissues (such 
as spleen or thymus), the colon, and the lungs without 
exogenous IFN treatment (2). When the location of 
ISG20 protein was assessed immunohistochemically 
in human HeLa and lymphoblastoid Daudi cells, 
diffuse cytoplasmic and nucleoplasmic localization 
was observed, but ISG20 also appeared in the nucleus, 
including the nucleolus and Cajal bodies (CBs) (14). 
Further, electron microcopy analysis revealed that 
ISG20 was principally concentrated in the dense 
fibrillar component of the nucleolus, the major site 
for rRNA processing (14). Similarly, laser confocal 
microscopy detected porcine ISG20 primarily in the 

nucleus, with only a small amount in the cytoplasm (15). 
ISG20 localizes in spherical nuclear particles termed 
promyelocytic leukemia protein oncogenic domains 
(PODs), which are also known as nuclear domain 10 
or the Kr body. Gongora et al. also reported that ISG20 
is distributed diffusely throughout the nucleoplasm 
in 30% of the positive CCL13 cells. This finding 
strongly suggests that progression of the cell cycle may 
change the distribution of ISG20 in the intranuclear 
compartment (16).

2.2. Function and mechanism

Along with ribonuclease (RNase) L, ISG20 is the 
second known RNase that is regulated by interferon. 
RNases may play an important role in protection 
against various pathogens, including viruses and 
bacteria, in both cellular and extracellular regions (17). 
Like other exonucleases, ISG20 may play a role in 
cleaving both DNA and RNA. However, ISG20 has 
distinctive residues, Met14 and Arg53, to accommodate 
hydrogen bonds with the 2'-OH group of the UMP 
ribose, which promotes a preference for RNA substrates 
(1). Further, a stem-loop structure at the 3' end of RNA 
substrates leads to a strong reduction in the activity of 
ISG20 RNase, and ISG20 operates poorly on double-
stranded regions (5). Interestingly, substitution of a 
single conserved aspartic acid with a glycine or using 
an aspartate to replace an alanine mutation at the 
structurally equivalent residue may cause a significant 
decrease in the 3'-5' exonuclease activity of ISG20 (5). 
Eliminating the exonuclease activity of ISG20 through 
use of a single amino acid substitution in the conserved 
exonuclease motif ExoII verified the relationship 
between ISG20's antiviral activities and its functioning 
as an exonuclease (4). 
	 Evidence also suggests that ISG20 is a promyelocytic 
leukemia (PML) nuclear body (NB)-associated protein 
(2). A PML NB is a subnuclear structure in mammalian 
cells that participates in various cellular events including 
transcription regulation, maintenance of genomic 
stability, antiviral activity, cell apoptosis, and tumor 
inhibition (15). Gongora et al. concluded that PML NBs 
may play a role in the viral infection process (2). PML 
NBs are also known sites of hormone-dependent RNA 
polymerase II transcription and oncogenic DNA viral 
transcription and replication. 
	 ISG20 (HEM45) is reported to play a role in 
controlling cellular proliferation and differentiation 
by mediating estrogen (8), and the human gene was 
identified independently on the basis of its increased 
level of expression in response to either interferon 
or estrogen hormone (2,8). Further, ISG20 degrades 
viral RNAs as part of the interferon-regulated antiviral 
response and/or cellular mRNAs as a regulatory 
component of interferon and estrogen signaling (5). 
Although ISG20 is important for cellular function, 
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encephalomyocarditis virus (EMCV). This finding 
suggests that the contribution of ISG20 is likely minor 
in the presence of these viruses, in comparison to other 
IFN-induced pathways (4). Similarly, ISG20 only 
partly mediates the antiviral action of IFN against the 
vesicular stomatitis virus (VSV) (4). A study screened 
29 types of ISGs that are induced in Huh7 cells by 
IFN-α and/or up-regulated in HCV-infected livers, 
and results revealed that viperin, ISG20, and PKR 
inhibited the replication of hepatitis C virus (HCV) 
replicons in a non-cytolytic manner (19). This means 
that many interferon-stimulated genes are mediated 
by the products of specific but usually overlapping 
sets of cellular genes induced in target cells in diverse 
biological processes (2). 
	 Zhou et al. (20) and Espert et al. (4) failed to 
find that ISG20 had any significant role in inhibiting 
the replication of the DNA genomic adenovirus. 
However, ISG20 is effective against the hepatitis virus 
(HBV), which is a DNA virus. Lu et al. suggested that 
adenoviruses are a special type of DNA virus, so a 
failure to inhibit adenovirus does not preclude a general 
DNase function for this protein (21). In addition, Jiang 
et al. found that level of HCV RNA was significantly 
reduced but β-actin mRNA was not apparently affected 
even in the same wild-type ISG20-expressing cells, 
indicating that ISG20 selectively attacks viral RNA 
but not cellular mRNA (22). Further studies on the 
molecular mechanism of the substrate selection of 
ISG20 exonuclease are clearly warranted (22).
	 Interestingly, ISG20 exhibits no demonstrable effect 
on yellow fever virus (YFV) in Huh7.5-derived cells 
but it potently inhibits YFV replication in HEK293 cells 
(23). In addition, assay data for some gene products, 
including ISG20, display differing antiviral activity in 
vitro versus in vivo (24). These findings suggest that 
caution must be used when interpreting results obtained 

overexpression of exogenous ISG20 is detrimental to 
cell survival (17) Thus, the activity of ISG20 must be 
tightly regulated (17). In addition, ISG20 may be a 
biomarker of some diseases and it represents a potential 
new target for drug screening.

3. Physiological and pathological roles of ISG20

3.1. ISG20 and viruses

Interferons (IFNs) are a family of secreted proteins 
that provide the front line of defense against viral 
infections (4). The antiviral activities of IFNs are 
generally regarded to operate through three pathways: 
the double-stranded RNA-dependent protein kinase R 
(PKR), the 2-5A/RNase L system, and the Mx proteins 
(4). However, in fibroblasts of mice triply deficient in 
PKR, RNase L (ribonuclease L), and Mx (myxovirus 
resistance), IFN still protected against viral infections. 
This finding indicates the existence of additional IFN-
induced antiviral pathway(s) (18). 
	 ISG20 can inhibit the replication of RNA viruses. 
Some hypotheses propose that ISG20 affects the 
development of viruses by degrading viral RNA, but it 
may also act indirectly on cellular factors required for 
viral replication or transcription (17). The mechanism 
underlying this activity remains unclear, but the 
3'-5'exonuclease activity of ISG20 is believed to be the 
effector mechanism through which ISG20 mediates 
IFN-antiviral activity against viral RNAs (2). Indeed, 
a number of viruses are reported to be susceptible to 
ISG20-mediated antiviral activity (see Table 1) in vitro.
	 Studies of viral susceptibility to the antiviral effects 
of ISG20 provide insight that will prove helpful to 
future research. Espert et al. found that the expression 
of an inactive form of ISG20 has no effect on the 
ability of IFN to fight against the influenza virus and 

Table 1. List of viruses associated with ISG20-mediated antiviral activity

Name of Virus

Hepatitis A virus (HAV)
Hepatitis virus (HBV)
Hepatitis C virus (HCV)

Yellow fever virus (YFV)
Bovine viral diarrhea virus (BVDV)
Vesicular stomatitis virus (VSV)
Encephalomyocarditis virus (EMCV)
Influenza virus

Human immunodeficiency virus (HIV)
Sindbis virus (SB)
West Nile virus
Dengue virus
Kaposi's sarcoma-associated herpesvirus (KSHV)
Porcine reproductive and respiratory syndrome virus (PRRSV)
Rabies virus (RABV)
Epstein-Barr virus (EBV)
Cytomegalovirus

Main Biological Mechanism

ISG20 exonuclease activity

ISG20 exonuclease activity

ISG20 exonuclease activity
ISG20 exonuclease activity
ISG20 exonuclease activity

ISG20 exonuclease activity

Experimental Host Cells 

Huh7.5, HEK293 FLP-IN T-Rex 
HepG2
HEK293 
Huh7.5 
HEK293 
MBDK 
HeLa 
HeLa 
HeLa 
293T/A549 
CEM, Peripheral blood mononuclear cells
Tet-off MEF 
HEK293
HEK293 
PDLF /HGF
SJPL 
Neuronal
B cell
Fibroblast

Ref.

23
36,37
38
23
23
23
4
4
4
39
40
24
19
19
30
15
41
42
43
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from different cell types and in different settings (24).
	 In addition to these antiviral actions, ISG20 can 
participate in other processes related to viral infection. 
For example, Zeng et al. found that GTPV infection 
can significantly induce mRNA expression of type 
I IFN, inflammatory cytokines, signal paths, Toll-
like receptors, and some critical interferon-stimulated 
genes, including ISG20 (13). This indicates that GTPV 
infection could activate host innate immune signaling, 
leading to cytokine response and antiviral defense (13). 
In the liver, ISG20 acts to prevent chronic liver disease 
caused by infections with the hepatitis A, B, or C virus. 
The protein functions downstream of IFN signaling in 
the innate defense of the liver, exhibiting broad antiviral 
activities against multiple, distinct hepatitis viruses (23). 
	 Although progress has been made, many of the 
specific mechanisms by which ISG20 inhibits different 
viruses still need to be explained.

3.2. ISG20 and potential biomarkers

ISG20 has generated interest as a potential biomarker 
for certain diseases. Biomarkers are important because 
they can reduce costs to patients, eliminate the 
incidence of adverse reactions, and avoid the risk of 
causing further damage. Many studies involving the 
use of miRNAs as biomarkers to diagnose disease, 
predict prognosis, and facilitate treatment are ongoing. 
Biomarkers can also help to study disease.
	 Fertility in dairy cattle Microarray analysis and 
statistical validation of selected genes using qRT-
PCR revealed that nine genes, including ISG20, were 
differentially expressed between repeat breeder (a 
normal estrous cycling animal that did not become 
pregnant after three inseminations despite the absence 
of clinically detectable reproductive disorders) and 
normally fertile Holstein Friesian heifers (25). This 
finding is interesting given the low heritability of 
traditional fertility traits, which are based on phenotype 
observation, and the recent trend toward an increasing 
use of genomic selection tools in dairy cattle breeding 
programs (25). The results of that study identified genes 
that are potential markers of fertility in dairy cattle, 
and those genes would prove useful when incorporated 
in genomic selection tools in dairy cattle breeding 
programs.
	 Mature and activated dendritic cells Many genes, 
including ISG20 (HEM45), are differentially expressed 
between mature and activated dendritic cells (MADCs) 
and immature dendritic cells (IMDCs) (26). The 
comprehensive identification of specific genes expressed 
in human IMDCs and MADCs should identify potential 
genes to define heterogeneous subsets as well as the 
function and stage of maturation of dendritic cells 
(DCs) (26). This stratification can contribute to further 
understanding of the function of DCs in the host defense 
system and it may also be useful in diagnosing or 

monitoring human diseases in which DCs play a role.
	 Multiple sclerosis Multiple sclerosis (MS) is a 
chronic, progressive, and disabling immune-mediated 
disorder of the central nervous system. In the pursuit 
to develop treatments for MS, IFN-β, a type I IFN, 
was the first agent to show clinical efficacy in treating 
relapsing–remitting (RR) MS and it is still the most 
commonly used agent. Expression of ISG20 can be 
induced in cell lines with IFN-β (2). Is there some 
relationship between ISG20 and MS? Martire et al. 
analyzed the baseline level of expression of a panel of 
25 genes (potential biomarkers to predict the response 
to IFN-beta treatment) including ISG20 in whole 
blood of 20 patients with RR MS (10 responders 
and 10 non-responders) to verify the ability of those 
genes to predict the clinical response to the drug. 
However, the levels of ISG20 expression were not 
correlated with clinical features such as the duration 
of disease, relapse frequency before treatment, and 
the baseline Expanded Disability Status Scale score 
(27). No statistically significant differences in levels 
of expression were observed for any of the genes 
analyzed. Sensitive and specific biomarkers for 
diagnosis of MS, prediction of its prognosis, and 
prediction of treatment efficacy are being identified 
(28). However, about 40% of patients respond poorly 
or not at all to IFN-β treatment. Could ISG20 be a 
perfect replacement for IFN-β? Several studies have 
suggested that patterns of IFN-stimulated genes in 
RR MS can predict a clinical response to treatment, 
but most of the suggested biomarkers have not been 
confirmed in a completely independent analysis. 
Further insight into ISG20 as a potential biomarker 
will depend on increasing the number of patients, 
while maintaining rigor in patient selection, and 
providing a sufficiently long follow-up (27).
	 Rheumatoid arthritis Chang et al. used the Illumina 
Human HT-12 v4 Expression BeadChip to examine 
expression of ISG20 in synovial tissues of patients with 
rheumatoid arthritis (RA) compared to patients with 
osteoarthritis, and they verified their results using qRT-
PCR (7). Results revealed that expression of ISG20 was 
upregulated in synovial tissues of patients with RA and 
findings suggested that ISG20 may play a role in RA 
pathogenesis. Recombinant IFN-γ has been reported to 
be effective in RA treatment (29). However, no study 
has examined the specific contribution of ISG20 to 
RA. Thus, further research is needed. In recent studies, 
the current authors found that some inflammatory 
cytokines, including IL-6 and IL-10, are upregulated 
when ISG20 is overexpressed in RA fibroblast-like 
synoviocytes (unpublished data). Dai et al. reported 
that some genes, and particularly ISG15 and ISG20, 
are required for maintenance of virus latency through 
regulation of specific Kaposi's sarcoma-associated 
herpesvirus (KSHV) microRNAs (30). MicroRNA 
(miRNA) regulation is an emerging field to understand 
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the mechanisms regulating a variety of inflammation-
mediated diseases. miRNAs play important roles 
in cell physiology and the pathogenesis of human 
diseases. miRNAs may regulate gene expression at 
the posttranscriptional level. In addition, miRNAs 
exhibit tissue-specific or developmental stage-specific 
patterns of expression and are associated with diverse 
biological events such as cell growth, apoptosis, cell 
differentiation, cancer, and autoimmune arthritis (31).
	 Some microRNAs downregulate the expression of 
inflammatory cytokines (31). ISG20 may regulate some 
putative microRNA(s) that possibly inhibit inflammatory 
cytokines in RA. Further, several microRNAs are 
associated with the pathogenesis of RA through chronic 
inflammation and hyperplasia in synovial lining cells 
(32). Thus, future studies are needed to verify whether 
ISG20 is a potential biomarker or an important target in 
the pathogenesis of RA and whether ISG20 can be used 
in drug screening or immunotherapy related to RA.

3.3. Other progress

ISG20 has also been mentioned in other studies. 
Imaizumi et al. reported that ISG20 may be involved 
in innate immunity against viral infection in vascular 
endothelial cells (9). Additionally, some evidence 
indicates that ISG20 plays a role in the innate immune 
response against various pathogens, including bacteria 
and parasites (17). For example, ISG20 may be a major 
effector of innate immune response against Listeria 
infection in macrophage cells or Mycobacterium 
tuberculosis and Toxoplasma gondii in DCs (33,34).
	 Finally, chronic stress can affect genes involved in 
the functioning of the vascular system, injury response, 
and inflammation, and ISG20 is a gene involved in this 
inflammatory process (35). The transcription of ISG20 
is induced by chronic stress and possible vascular injury 
due to increased blood pressure. Findings suggest that 
stress may affect brain functions as a result of the stress-
induced dysfunction of the vascular system.

4. Conclusions and outlook

Great progress has been in understanding ISG20. 
Indeed, much is known about the structure, expression, 
and function of ISG20. Current efforts are focused on 
the antiviral activity of ISG20. Recent studies describing 
the role of ISG20 in other types of inflammatory 
responses, beyond its antiviral activity, will likely lead 
to more work on its potential as a biomarker, drug 
target, or immunotherapy option for diseases like MS 
and RA. However, the biological activities of ISG20 
and specific mechanisms of action of ISG20 in these 
diseases remain unclear. Future studies must attempt to 
uncover the specific mechanisms of ISG20's action in a 
variety of diseases and to explore its potential in as-yet-
unexplored settings.
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1. Introduction

Dent disease is a rare X-linked recessive proximal 
tubulopathy that presents with hypercalciuria, low 
molecular weight proteinuria (LMWP), nephrolithiasis, 
nephrocalcinosis. and progressive renal failure. Based 
on its phenotype, Dent disease is divided into two types, 
Dent disease 1 (OMIM #300009) and Dent disease 2 
(OMIM#300555). The former is caused by mutations 
in the CLCN5 gene on chromosome Xp11.22 and the 
latter is caused by mutations in the OCRL gene on 
chromosome Xq25. Dent disease mainly affects males, 
whereas female carriers may exhibit a milder phenotype. 
Patients are usually diagnosed in childhood or in young 
adulthood. LMWP is the most consistent feature, 
occurring in 99% of affected males (1,2).
	 This study has focused on analyzing the clinical 
features, diagnosis, and treatment of childhood Dent 
disease in China.

2. Subjects and Methods

2.1. Participants

This study was approved by the ethics committee of the 
Peking University First Hospital and was conducted in 
accordance with the guidelines of the 2000 Declaration 
of Helsinki and the Declaration of Istanbul 2008. 
Consent was obtained from all patients and their family 
members.
	 Data on 10 Chinese patients with childhood 
Dent disease were collected from January 1, 2014 to 
December 31, 2015 and retrospectively analyzed. The 
patients in question belonged to 9 families (Patients 6 
and 7 were brothers).
	 The clinical diagnosis of Dent disease is based 
on the presence of all three of the following criteria: 
i) LMWP (elevation of urinary excretion of α1-
microglobulin at least 100-fold above the upper limit of 
normality, or LMWP above 50 percent in urine protein 
electrophoresis); ii) hypercalciuria (> 0.1 mmol/kg in 
a 24-hour urine collection or > 0.21 mg/mg calcium 
to creatinine ratio in a spot sample); and iii) at least 
one of the following: nephrocalcinosis, kidney stones, 
hematuria, hypophosphatemia, or renal insufficiency. The 
identification of a mutation in either CLCN5 or OCRL1 
confirms the diagnosis (3,4).

2.2. Clinic and laboratory examinations

Summary Dent disease is a rare X-linked recessive proximal tubular disorder that affects mostly 
male patients in childhood or early adult life. Dent disease is clinically characterized by 
the presence of low molecular weight proteinuria (LMWP), hypercalciuria, medullary 
nephrocalcinosis, nephrolithiasis, and progressive renal failure. The clinical features, 
diagnosis, and treatment of Dent disease were examined in 10 Chinese boys. All 10 
childhood cases of Dent disease in China presented with tubular proteinuria in the nephrotic 
range and hypercalciuria. The ratio of α1-microglobulinuria to microalbuminuria, if close 
to or above 1, can be used as a diagnostic criterion for tubuloproteinuria. Lotensin was 
ineffective at treating proteinuria while dihydrochlorothiazide reduced urine calcium 
excretion.
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General information such as age of onset and age at 
diagnosis and medications used was obtained from 
all subjects. The ratio of urinary calcium to creatinine 
(UC/Ucr) was calculated and 24-h urinary calcium 
(UCE) and protein were quantitatively determined. α1-
microglobinuria and microalbuminuria, renal function, 
and electrolytes were monitored and urine protein 
electrophoresis and renal ultrasound were performed.

2.3. Detection of mutations in CLCN5 and OCRL1

Mutations in CLCN5 (MIM:300008) and OCRL1 
(MIM:300535) were detected by amplifying the exons 
of both genes with PCR (5-7).

2.4. Treatment

Once diagnosis was confirmed, all 10 patients were 
orally given dihydrochlorothiazide (HCTZ) 0.5-1 mg/
kg and potassium citrate 2-3 mmol/kg twice daily, and 
patients were also instructed to consume a calcium-free 
diet. Seven patients over the age of 5 and weighing over 
20 kg were orally given Lotensin 5 mg once daily, while 
the remaining 3 patients (Nos. 4, 7, and 8) were not since 
they were under the age of 5 and weighed less than 20 kg.

2.5. Statistics

Statistical analysis was performed with the software 
SPSS 12.0. Every index was measured three times 
and expressed as the mean ± SD. Differences before 
and after treatment were analyzed using a paired-
samples t test. The relationship between the ratio of α1-
microglobulinuria to microalbuminuria and LMWP 
in urine protein electrophoresis was analyzed using 
Pearson's correlation coefficient. p values less than 0.05 
were considered statistically significant.

3. Results

All 10 patients were boys, with an age of onset from 

1.2 to 5.7 years and an age at diagnosis from 1.5 to 
9.8 years. The median time to clinical diagnosis was 
a year or longer in 9 patients, and up to 4.1 years in 1. 
Eight of the patients were administered glucocorticoids 
and more than one immunosuppressive agent. Five 
patients underwent a renal biopsy. The biopsy revealed 
focal segmental glomerulosclerosis (FSGS) in 2 
patients, minimal change disease (MCD) in 2, and 
mesangial proliferative glomerulonephritis (MsPGN) 
in 1. Nephrocalcinosis was noted in 2 patients (Nos. 
2 and 5), growth deficiency was noted in 3 (Nos. 4, 9, 
and 10), and rickets was noted in 1 (No.10), but renal 
impairment was not noted. The patient with a OCRL 
gene mutation (No.10) also presented with congenital 
cataracts (zonular). No other relevant findings such as 
hypophosphatemia, hyperphosphaturia, hypokalemia, or 
microscopic hematuria were noted, as shown in Table 1.
	 All of the patients had proteinuria in the nephrotic 
range (51-64 mg/kg/24 h), hypercalciuria (UC/Ucr 0.31-
0.56, UCE 0.16-0.28 mmol/kg/24h), and aminoaciduria. 
α1-microglobinuria and microalbuminuria markedly 
increased, with α1-microglobinuria 100-300-fold 
above the upper limit of normality. In all of the 
patients, LMWP was above 50 percent in urine protein 
electrophoresis and the ratio of α1-microglobulinuria to 
microalbuminuria was above 1. Those 2 findings were 
closely correlated (r = 0.972, p < 0.001). Nine patients 
carried a mutation in the CLCN5 gene while one carried 
a mutation in the OCRL gene. The mutations included 8 
missense mutations and 1 deletion. Six mutations were 
noted for the first time, as shown in Table 2.
	 After 2 weeks of therapy with dihydrochlorothiazide 
and potassium citrate, the ratio of urinary calcium to 
creatinine and urinary calcium excretion decreased to a 
median excretion of 0.16 (range: 0.15-0.25, n = 10) and 
0.09 mmol/kg/24 h (range: 0.07-0.13, n = 10) compared 
to 0.35 (range: 0.31-0.56, n = 10) and 0.19 mmol/kg/24 
h (range: 0.16-0.28, n = 10) at initial measurement 
(p < 0.001). Eight patients became normocalciuric. 
Marked hypokalemia was not noted in a follow-up at 
6-15 months. The 2 patients who had nephrocalcinosis 

42

Table 1. Clinical data on 10 cases of Dent disease

Patient

No.1
No.2
No.3
No.4
No.5
No.6*
No.7*
No.8
No.9
No.10

Age of 
onset

5.7 y
4.7 y
4.8 y
3.2 y
3.2 y
4.1 y
3.5 y
1.2 y
3.8 y
3.4 y

Age at 
diagnosis

9.8 y
5.8 y
5.2 y
4.5 y
5.7 y
5.8 y
3.5 y
1.5 y
5.1 y 
5.2 y

*Patients 6 and 7 are brothers; N: no; Y: yes; CsA: Cyclosporin A; CTX: Cyclophosphamide; FSGS: Focal segmental glomerulosclerosis; MCD: 
Minimal change disease; MMF: Mycophenolic acid; MsPGN: Mesangial proliferative glomerulonephritis; Pre: Prednisone; Tac: Tacrolimus; TWP: 
Tripterygium Glycosides.

Nephrocalcinosis

Y
N
N
N
Y
N
N
N
N
N

Renal 
function

normal
normal
normal
normal
normal
normal
normal
normal
normal
normal

Renal 
biopsy

FSGS
MCD

N
MsPGN

N
FSGS

N
N
N

MCD

Drugs used

Pre, CsA, CTX
Pre, CTX, Tac

Pre, CsA
Pre, CsA, TWP
Pre, Tac, MMF
Pre, CTX, CsA

N
N

Pre, CTX, MMF
Pre, CTX, CsA

Other

N
N
N

growth deficiency
N

rickets
N
N

growth deficiency
congenital cataract and growth deficiency
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(No.2 and No.5) had no changes on renal ultrasound in 
a follow-up at 8 months and 13 months, respectively. 
The 7 patients treated with Lotensin had no change in 
proteinuria in a follow-up at 3-6 months (p > 0.05), as 
shown in Tables 3 and 4.

4. Discussion

Dent disease is an X-linked recessive renal tubulopathy, 
and LMWP is its most consistent feature. Dent disease 
mainly affects male children, and female carriers are 
generally asymptomatic. In two-thirds of patients, the 
disease is caused by mutations in the CLCN5 gene, which 
encodes the electrogenic chloride/proton exchanger 
ClC-5. A few patients have mutations in OCRL, which 
encodes a phosphatidylinositol-4, 5-biphosphate-5-
phosphatase (OCRL). Both ClC-5 and OCRL1 are 
involved in the endocytic pathway for reabsorption of 
low molecular weight proteins in the proximal tubules 
(8,9).
	 There are few reports on mutations in CNCL5 in 
Chinese cases of childhood Dent disease (7). The clinical 
characteristics of Dent disease in China are unclear. 
The current study has explored the clinical features, 
diagnosis, and treatment of 10 cases of childhood Dent 
disease in China.
	 First, all of the current patients had LMWP and 
hypercalciuria, although proteinuria was in the nephrotic 
range (51-64 mg/kg/24 h). This finding was similar to the 
results of other studies, which found that patients with 
childhood Dent disease all presented with proteinuria 
in the nephrotic range (7,10). This is presumably 
because Dent disease is incorrectly diagnosed in China. 
The median time to clinical diagnosis was a year or 
longer in 9 patients and up to 4.1 years in 1 patient. 
Eight patients were administered glucocorticoids and 
more than one immunosuppressive agent. This finding 
was consistent with the results of other studies, which 
reported that many patients with Dent disease presented 
with nephrotic-range proteinuria and some were treated 
for nephrotic syndrome (11-13). The current results 
suggested that Dent disease should be considered in all 
male patients with nephrotic-range proteinuria without 
hypoalbuminemia or edema, and especially in young or 
adolescent patients, in order to prevent adverse reactions 
to unnecessarily administered immunosuppressive agents 
(14,15).
	 Second, there are many factors that may contribute 
to the underdiagnosis of Dent disease, including 
incomplete penetrance, variable expressivity, and 
occurrence in individuals with no family history. To 
improve detection, urinary low molecular weight 
proteins should be measured as a practical screening 
test for male patients with unexplained proteinuria. 
LMWP was defined by excessive urinary loss of 
α1-microglobulin or β2-microglobulin or urinary 
protein electrophoresis. The current results indicated 
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that urinary α1-microglobinuria increased markedly 
(i.e.100-300-fold above the upper limit of normality) 
in all 10 patients. The ratio of α1-microglobulinuria to 
microalbuminuria was above 1, and this finding was 
closely correlated with the percentage of low molecular 
weight proteins in urinary protein electrophoresis (r = 
0.972, p < 0.001).
	 Third, patients with Dent disease are currently given 
supportive care in order to prevent nephrolithiasis. The 
current results indicated that the ratio of urinary calcium 
to creatinine and urinary calcium excretion decreased 
after 2 weeks of therapy with dihydrochlorothiazide 
and potassium citrate. Eight of the patients became 
normocalciuric. This finding is similar to that reported 
in other studies (12,16,17). Angiotensin-converting 
enzyme inhibitors (ACEI) have been suggested as an 
option to control proteinuria in Dent disease, but the 
current results indicated that Lotensin was ineffective at 
treating proteinuria in 7 patients according to a follow-
up at 3-6 months (p > 0.05). This finding is similar 
to the results of other studies (12,13,18). However, 
Copelovitch et al. (19) noted moderate improvement in 
proteinuria in a patient with Dent disease after initiation 
of enalapril. Further studies need to be conducted with 
larger cohorts in order to establish treatment guidelines 
for Dent disease.

	 The current study has reported the clinical features, 
diagnosis, and treatment of 10 cases of childhood 
Dent disease in China. All of the cases presented with 
proteinuria in the nephrotic range, hampering diagnosis. 
Results suggested that the ratio of α1-microglobulinuria 
to microalbuminuria, if close to or above 1, can be 
used as a diagnostic criterion for tubuloproteinuria. 
Dihydrochlorothiazide and potassium citrate effectively 
controlled hypercalciuria while Lotensin was ineffective 
at treating proteinuria.
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1. Introduction

Auditory neuropathy spectrum disorder (ANSD) can 
be defined as a clinical disorder in which individuals 
have normal otoacoustic emissions (OAE), and auditory 
brainstem response (ABR) is abnormal or absent (1-
4). In the Indian population, Kumar and Jayaram (5) 
reported that 1 in 183 were diagnosed as ANSD among 
individuals with sensorineural hearing loss. ANSD 
is a retrocochlear disorder affecting the vestibulo-
cochlear nerve which can lead to auditory and vestibular 
symptoms. ANSD affects their communication abilities 
because of poor speech perception (1). Vertigo is also one 
of the symptoms reported by individuals with ANSD. 
These individuals also exhibit vestibular neuropathy 
along with auditory difficulties (6-8).The individuals 
with ANSD are also reported to have vestibular 
neuropathy along with auditory difficulties (6-8). 
	 The involvement of the vestibular branch in 

individuals with ANSD is extensively reported in 
the literature (6-9). Kumar et al.(6) suggested using 
the terminology "vestibuloacoustic neuropathy" in 
individuals who have both auditory and vestibular 
involvement. Sazgar et al. (9) reported that isolated 
auditory neuropathy or vestibular neuropathy is rare 
and the most common pathology is "audio-vestibular 
neuropathy" affecting both branches of the eighth 
cranial nerve. Sinha, Shankar and Raja (8) reported 
that cervical and ocular vestibular evoked myogenic 
potentials (VEMP) were abnormal in individuals with 
ANSD. Sinha et al. (7) showed that VEMP were absent 
and caloric tests showed hypofunctional responses in 
individuals with ANSD.This suggested involvement 
of both the inferior and superior vestibular nerve in 
individuals with ANSD. However, considering all 
these test findings, most of the studies have not given 
importance to the vestibular symptoms in individuals 
with ANSD. There is dearth of literature determining the 
prevalence of vestibular symptoms in individuals with 
ANSD. 
	 The focus of assessment and rehabilitation of ANSD 
has always been on the auditory symptoms and the 
vestibular symptoms were usually ignored. Hence, it is 
essential to understand the prevalence and characteristics 
of vestibular symptoms in individuals with ANSD which 
would guide audiologists for appropriate assessment 

Summary The objective of the study was to retrospectively determine the prevalence of vestibular 
symptoms in individuals with auditory neuropathy spectrum disorder (ANSD). It was also 
attempted to determine the prevalence of vestibular symptoms and factors (gender and age 
of reported hearing loss) that could affect the prevalence in individuals with ANSD. The 
vestibular symptoms reported in the case history were analyzed in individuals diagnosed with 
ANSD. The symptoms reported by a total of 316 individuals (185 females and 131 males) with 
ANSD were analyzed. The result of the study showed that one in five individuals with ANSD 
reported at least one of the vestibular symptom. The vestibular symptoms were in more 
females and in individuals with earlier onset of hearing loss. The result of the study supports 
that there is a vestibular damage in individuals with ANSD. However, it is essential to carry 
out prospective studies validating these vestibular symptoms with objective vestibular tests 
before generalizing the results.
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and management of these symptoms. Thus, the present 
study attempted to determine prevalence of vestibular 
symptoms in a large group of individuals with ANSD. 
The present study also attempted to determine the 
prevalence of vestibular symptoms and factors (gender 
and age of reported hearing loss) affecting the prevalence 
in individuals with ANSD retrospectively.

2. Materials and Methods

2.1. Participants

The individuals who were diagnosed as ANSD in the 
Department of Audiology between January 2001 and 
August 2016 were reviewed retrospectively. A total of 
316 individuals diagnosed (185 females and 131 males) 
with ANSD was considered for the study. The selected 
participants were in the age range of 13 years to 42 years 
with mean age of 23.53 with a standard deviation of 
10.29. The reported onset of hearing loss was noted and 
it ranged from 6 months to 180 months. The mean age 
of onset of hearing loss was 63.4 months (SD = 44.3). 
The participants were diagnosed as having ANSD in 
our clinic based on the criteria reported by Starr et al. 
(10). They had no history and presence of middle ear 
pathology with an A type tympanogram (11) and absent 
acoustic reflexes. The diagnosis of ANSD was confirmed 
by a neurologist.

2.2. Procedure

Pure tone air conduction (AC) and bone conduction (BC) 
thresholds were estimated using a modified Hughson 
and Westlake procedure (12). AC thresholds were 
obtained for pure tone frequencies from 250 Hz to 8 
kHz and BC thresholds from 250 Hz to 4 kHz at octave 
frequencies. A two channel diagnostic audiometer was 
used to obtain air conduction and bone conduction pure 
tone thresholds and speech identification scores. Speech 
identification scores using headphones were obtained 
for phonemically balanced words in Kannada. Recorded 
word lists were routed from a personal computer through 
a 2 channel diagnostic audiometer at 40 dB SL (re: 
Speech Recognition Threshold). An immittance meter 
Grason Stadler Inc. Tympstar (GSI-TS) was used for 
immittance testing. The better ear of the participant was 
tested to obtain tympanogram and acoustic reflexes for a 
probe tone frequency of 226 Hz. Acoustic reflexes were 
measured using 500, 1,000, 2,000 and 4,000 Hz pure 
tones, presented to both ipsi-lateral and contra-lateral 
ears. 
	 Otodynamics ILO v.6 OAE analyzer was used 
to obtain Transient Evoked Oto-acoustic Emissions 
(TEOAEs). Waveform reproducibility of more than 
50% (13), and an overall signal to noise ratio of more 
than 3 dB SPL (14) at least at two frequency bands was 
required to be considered as presence of TEOAEs. A 

Biologic Navigator Pro (Bio-logic, Mundelein, IL) AEP 
system with Etymotic Research 3A insert earphones was 
used to record ABR. Click evoked ABR was recorded 
twice and replicated for 100 µsec click stimuli delivered 
at a repetition rate of 11.1 clicks/second at 90 dB nHL. 
The recording was obtained for a total of 1,500 sweeps 
and a filter setting of 100 Hz to 3,000 Hz was used. 
ABR was considered absent if peaks were not clearly 
identified in both the recordings and lacked replication. 
	 A detailed case history was taken from all the 
participants of the study according to the protocol of 
the clinic. The case history taking included questions 
pertaining to presence or absence of vestibular 
symptoms. The details regarding the vestibular 
symptoms such as vertigo, imbalance, headache, nausea/
vomiting and visual problems (Nystagmus/blurring of 
vision) were recorded from all participants of the study. 
Out of 316 participants with ANSD, 57 reported at least 
one of the reported symptoms. These symptoms were 
analyzed to determine the most common vestibular 
symptom reported by individuals with ANSD. The 
effect of gender and degree of onset of hearing loss on 
vestibular symptoms was also determined.

2.3. Ethical considerations

In the present study, all testing procedures were done 
using non-invasive technique adhering to conditions 
of the ethical approval committee of the institute and 
complied with the Declaration of Helsinki.

3. Results

The results of the study showed that 57 out of 316 (18.0%) 
individuals with ANSD reported vestibular symptoms. 
This shows that approximately 1 out of 5 individuals 
with ANSD report at least one vestibular symptom. The 
results of the study showed that 29 out of 57 (50.8%) 
reported vertigo, 9 out of 57 (15.8%) reported balance 
problems, 7 out of 57 (12.3%) reported headache, 4 out 
of 57 (7.0%) reported nausea/vomiting and 8 out of 57 
(14.0%) reported problems in vision as shown in Figure 1.
	 Interestingly, the results of the study showed that 
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Figure 1. The percentage of participants with different 
vestibular symptoms.
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In addition, ocular vestibular evoked myogenic potential 
are also affected and is suggestive of abnormal superior 
vestibular nerve functioning (8). The neuropathy may not 
be restricted only to the auditory branch or the vestibular 
branch of the eighth cranial nerve. The most common 
variant is "audio-vestibular neuropathy" involving both 
the auditory and vestibular branch (9). Thus, the study 
highlights that vestibular symptoms are seen in many 
individuals with ANSD. The study warrants appropriate 
assessment and management of these vestibular 
symptoms in such individuals. 
	 The results of the study also showed that the 
vestibular symptoms were in more females compared to 
males. ANSD is more common in females compared to 
males (5). In general, vestibular symptoms are reported 
to be more in females than males (15,16). Neuhauser 
et al. (15) studied the prevalence and incidence of 
vestibular problems in a large population group. They 
reported that females had more vestibular problems than 
males and the female gender was found to be a good 
predictor of vestibular symptoms (15). Yardley (16) also 
reported that the demand for vestibular rehabilitation 
was found more in the female population. The increased 
vestibular symptoms in females are usually associated 
with changes in levels of sex hormones (estrogen and 
progesterone) in females (17). ANSD is also reported 
to be more in females than males because of abnormal 
changes in hormones (5). In addition, the vestibular 
symptoms are also linked with increased risk of migraine 
in females (18). However, the exact reason for female 
preponderance is not well understood. 
	 In addition, the results of the study showed that the 
symptoms were more common in individuals with earlier 
reported onset of hearing loss. Thus, we can hypothesize 
that there could be some form of vestibular compensation 
which could have resulted in a reduction of symptoms 
in individuals with a longer onset of hearing loss. The 
audiological assessment and rehabilitation has always 
been the primary focus in individuals with ANSD. The 
present study highlights that there could be substantial 
vestibular involvement, which requires attention from an 
audiologist in individuals with ANSD.
	 In conclusion, the result of the study showed that 
one in five individuals with ANSD reported at least one 
vestibular symptom. Vestibular symptoms reported in 
a few individuals with ANSD should be appropriately 
assessed and appropriate management should be 
suggested. It was also found that the vestibular symptoms 
were greater in females and in individuals with earlier 
onset of hearing loss. However, it is essential to carry out 
prospective studies validating these vestibular symptoms 
with objective vestibular tests before generalizing the 
results.
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Expression of GPR17, a regulator of oligodendrocyte differentiation 
and maturation, in Nasu-Hakola disease brains
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1. Introduction

The G protein-coupled receptor 17 (GPR17), a 
Gi-coupled GPCR, acts as an intrinsic timer of 
oligodendrocyte differentiation and myelination (1,2). In 
the central nervous system (CNS), GPR17 is expressed 
in the oligodendrocyte lineage cells, and its levels 

are elevated during differentiation of NG2-positive 
oligodendrocyte precursor cells (OPCs) into O4-positive 
premyelinating oligodendrocytes (preoligodendrocytes), 
whereas it is markedly downregulated during terminal 
maturation of myelinating oligodendrocytes that 
express myelin basic protein (MBP) and 2',3'-cyclic-
nucleotide 3'-phosphodiesterase (CNPase), suggesting 
that GPR17 serves as a valid marker to identify an 
intermediate phase of OPC differentiation (1-3). 
Phylogenetically, GPR17 is located at an intermediate 
position between purinergic P2Y receptor and cysteinyl 
leukotriene (CysLT) receptor (4). GPR17 recognizes 
two distinct types of endogenous ligands, including 
uracil nucleotides, such as uridine diphosphate (UDP) 
and UDP-glucose and CysLTs, such as leukotriene D4 

Summary The G protein-coupled receptor 17 (GPR17), a Gi-coupled GPCR, acts as an intrinsic timer 
of oligodendrocyte differentiation and myelination. The expression of GPR17 is upregulated 
during differentiation of oligodendrocyte precursor cells (OPCs) into premyelinating 
oligodendrocytes (preoligodendrocytes), whereas it is markedly downregulated during 
terminal maturation of myelinating oligodendrocytes. Nasu-Hakola disease (NHD) is a rare 
autosomal recessive disorder caused by a loss-of-function mutation of either TYROBP (DAP12) 
or TREM2. Pathologically, the brains of NHD patients exhibit extensive demyelination 
designated leukoencephalopathy, astrogliosis, accumulation of axonal spheroids, and 
activation of microglia predominantly in the white matter of frontal and temporal lobes. 
Although GPR17 is a key regulator of oligodendrogenesis, a pathological role of GPR17 
in NHD brains with relevance to development of leukoencephalopathy remains unknown. 
We studied the expression of GPR17 in five NHD brains and eight control brains by 
immunohistochemistry. We identified GPR17-immunoreactive preoligodendrocytes with a 
multipolar ramified morphology distributed in the white matter and the grey matter of all 
cases examined. However, we did not find statistically significant differences in the number 
of GPR17-expressing cells between NHD and control brains both in the white matter and 
the grey matter due to great variability from case to case. These observations do not support 
the view that GPR17-positive preoligodendrocytes play a central role in the development of 
leukoencephalopathy in NHD brains.
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(LTD4) and leukotriene E4 (LTE4) (4). The endogenous 
ligands for GPR17 are released extracellularly from 
damaged cells at sites of trauma, ischemia, and 
inflammation, where GPR17 expression is upregulated 
markedly around the lesions, suggesting that GPR17 
serves as a sensor of brain damage (2,5). 
	 GPR17 transgenic mice under the control of the 
CNP promoter show generalized tremors, hindlimb 
paralysis, and seizure due to a defect in myelinogenesis 
by blockade of oligodendrocyte maturation (1). 
GRP17 overexpression induces nuclear localization 
of differentiation inhibitors, such as ID2 and ID4, 
which in turn inhibit oligodendrocyte differentiation 
and maturation by sequestrating Olig1, the basic helix-
loop-helix (bHLH) transcription factor essential for 
oligodendrocyte differentiation and myelination (1). 
In contrast, GPR17 knockout mice reveal accelerated 
differentiation of OPCs with an early onset of 
myelination (1). These observations suggest that 
GPR17 acts as a negative regulator of oligodendrocyte 
differentiation and maturation. 
	 Importantly, GPR17 activation and inactivation 
by natural or synthetic agonists and antagonists show 
different effects on OPC differentiation and maturation. 
The exposure of OPCs to GPR17 endogenous ligands, 
such as UDP glucose and LTD4, promotes differentiation 
of preoligodendrocytes to mature myelinating 
oligodendrocytes (5). In OPCs and preoligodendrocytes, 
GPR17 stimulation by UDP glucose enhances outward 
K+ currents responsible for GPR17-induced maturation 
and migration (6). In contrast, GPR17 activation in 
differentiating oligodendrocytes by synthetic agonist 
MDL29,951 downregulates MBP expression by reducing 
the activity of the adenyl cyclase-cyclic adenosine 
monophosphate (cAMP)-protein kinase A (PKA)-cAMP 
response element-binding protein (CREB) cascade (7). 
On the contrary, GPR17 inhibition by an antagonist 
cangrelor or siRNAs, inhibits OPC differentiation and 
maturation (3). The apparently inconsistent results 
are partly derived from distinct pathophysiological 
conditions examined, availability of endogenous 
ligands, and the stage-specific roles of GPR17, that is 
a positive role for differentiation in early OPCs and a 
negative role for oligodendrocyte maturation in late 
OPCs (2). In addition, GPR17-mediated responses 
are changeable, depending on the heterodimerization 
with other GPCR receptors, such as CysLT1R (8). 
Furthermore, internalization, degradation, recycling, 
and desensitization of GPR17 regulate GPR17-mediated 
signaling pathway (2,9). Thus, GPR17 plays a complex 
role in regulation of oligodendrocyte differentiation and 
maturation. OPCs are present in demyelinating lesions 
of multiple sclerosis (MS), where GRP17 expression is 
upregulated substantially but they fail to differentiate 
into mature oligodendrocytes (1,10). It remains unknown 
whether an enhanced expression of GPR17 is beneficial 
or detrimental for OPC differentiation, maturation, and 

myelination in adult human brain diseases. 
	 Nasu-Hakola disease (NHD), also designated 
polycystic lipomembranous osteodysplasia with 
sclerosing leukoencephalopathy (PLOSL), is a 
rare autosomal recessive disorder, characterized by 
progressive presenile dementia and formation of 
multifocal bone cysts, caused by genetic mutations of 
either TYROBP (DAP12) or TREM2 (11). TREM2 and 
DAP12 constitute a receptor/adaptor signaling complex 
expressed exclusively on osteoclasts, dendritic cells, 
macrophages, and microglia. Although NHD patients 
are clustered in Japan and Finland, approximately 
200 NHD cases are presently reported worldwide. 
Clinically, the patients with NHD show recurrent 
bone fractures during the third decade of life, and a 
frontal lobe syndrome during the fourth decade of 
life, and progressive dementia and death until the fifth 
decade of life (12). Pathologically, the brains of NHD 
patients exhibit extensive demyelination designated 
leukoencephalopathy, astrogliosis, accumulation 
of axonal spheroids, and remarkable activation of 
microglia predominantly in the white matter of 
frontal and temporal lobes and the basal ganglia (13). 
At present, molecular mechanisms responsible for 
development of leukoencephaolpathy in NHD brains 
remain totally unknown. Since GPR17 is a key regulator 
of oligodendrogenesis, we propose the hypothesis 
that progression of leukoencephalopathy in NHD 
brains is attributable to a failure of oligodendrocyte 
differentiation and maturation, possibly associated with 
aberrant expression of GPR17 on the oligodendrocyte-
lineage cells. In the present study, we have attempted 
to clarify the expression of GPR17 in NHD brains by 
immunohistochemistry.

2. Materials and Methods

2.1. Human brain tissues

The brain autopsies were performed at the National 
Center Hospital, National Center of Neurology and 
Psychiatry (NCNP), Japan, Kohnodai Hospital, 
National Center for Global Health and Medicine 
(NCGM), Japan, and affiliated hospitals of Research 
Resource Network (RRN), Japan. The comprehensive 
examination by established neuropathologists (YS 
and TI) validated the pathological diagnosis. Written 
informed consent was obtained in all cases. The Ethics 
Committee of the NCNP for the Human Brain Research, 
the Ethics Committee of the NCGM on the Research 
Use of Human Samples, and the Human Research 
Ethics Committee (HREC) of the Meiji Pharmaceutical 
University (MPU) approved the present study. 
	 For immunohistochemical studies, paraffin sections 
of the cerebral cortex were prepared from four subjects 
who died of non-neurological causes (NC), composed of 
a 63-year-old man who died of prostate cancer and acute 

51



www.irdrjournal.com

Intractable & Rare Diseases Research. 2017; 6(1):50-54.52

The number of GPR17-positive cells in ten fields of 
the white matter or the grey matter were manually 
counted at a 200× magnification on the Olympus BX51 
universal microscope. The difference in the average of 
immunopositive cell numbers between NHD and the 
controls was evaluated by one-way analysis of variance 
(ANOVA) followed by post-hoc Tukey's test.

3. Results and Discussion

By immunohistochemistry, we identified GPR17-
immunoreactive cells distributed in the white matter 
and the grey matter in all cases of NC, MD, and NHD 
brains. The virtually all of GPR17-immunoreactive 
cells showed a multipolar ramified morphology 
corresponding to preoligodendrocytes (3) (Figure 1, 
panels a-d for NC, Figure 2, panels a-d for MD, and 
Figure 3, panels a-d for NHD). They did not express 

myocardial infarction (NC1), a 67-year-old man who 
died of dissecting aortic aneurysm (NC2), a 57-year-
old man who died of alcoholic liver cirrhosis (NC3), 
and a 61-year-old man who died of rheumatoid arthritis 
with interstitial pneumonia (NC4), four neuropsychiatric 
disease controls affected with myotonic dystrophy (MD), 
composed of a 68-year-old man (MD1), a 61-year-old 
man (MD2), a 60-year-old man (MD3), and a 53-year-
old woman (MD4), and five NHD patients, composed 
of a 42-year-old man (NHD1), a 48-year-old woman 
(NHD2), a 44-year-old man (NHD3), a 32-year-old 
woman (NHD4), and a 38-year-old man (NHD5). The 
homozygous mutation of a single base deletion of 141G 
(c.141delG) in exon 3 of DAP12 was identified in 
NHD1, NHD2, and NHD5, while the genetic analysis 
was not performed in NHD3 or NHD4, as described 
previously (14).

2.2. Immunohistochemistry

After deparaffination, tissue sections were heated in 
10 mM citrate sodium buffer, pH 6.0 by autoclave at 
110℃ for 15 min in a temperature-controlled pressure 
chamber (Biocare Medical, Concord, CA, USA). 
They were treated at room temperature (RT) for 15 
min with 3% hydrogen peroxide-containing methanol 
to block the endogenous peroxidase activity. They 
were then incubated with phosphate-buffered saline 
(PBS) containing 10% normal goat serum at RT for 
15 min to block non-specific staining, followed by 
incubation in a moist chamber at 4℃ overnight with 
rabbit polyclonal anti-GPR17 antibody (HPA029766, 
Sigma, St. Louis, MO, USA). After washing with PBS, 
tissue sections were incubated at RT for 30 min with the 
horseradish peroxidase (HRP)-conjugated anti-rabbit 
secondary antibody (Nichirei, Tokyo, Japan), followed 
by incubation with diaminobenzidine tetrahydrochloride 
(DAB) substrate (Vector, Burlingame, CA, USA). They 
were processed for a counterstain with hematoxylin. 
Negative controls underwent all the steps except for 
exposure to primary antibody. In limited experiments, 
double immunolabeling of rabbit anti-GPR17 antibody 
with mouse monoclonal antibodies against GFAP (GA5, 
Nichirei) for astrocytes, gp91phox (ab139371, Abcam, 
Cambridge, UK) for microglia (14), NeuN (ab104224, 
Abcam) for neurons, NG2 (LHM2, Novus Biologicals, 
Littleton, CO, USA) for early OPCs, O4 (a gift from 
Dr. Seung U. Kim, University of British Columbia) for 
preoligodendrocytes, or CNPase (11-5B, Sigma) and 
MBP (ab62631, Abcam) for mature oligodendrocytes, 
was performed, followed by incubation with HRP-
conjugated or alkaline phosphatase-conjugated anti-
rabbit or anti-mouse secondary antibody and exposure 
to DAB substrate and Warp Red chromogen (Biocare 
Medical).

2.3. Quantification of GPR17 immunoreactive cells

Figure 1. Expression of GPR17 in NC brains. GRP17-
immuoreactive ramified cells in (a) the white matter (NC2), (b) 
the higher magnification photograph of (a), (c) the white matter 
(NC3), and (d) the grey matter (NC3).

Figure 2. Expression of GPR17 in MD brains. GRP17-
immuoreactive ramified cells in (a) the white matter (MD4), (b) 
the higher magnification photograph of (a), (c) the white matter 
(MD4), and (d) the grey matter (MD1).
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GFAP, gp91phox, NeuN, CNPase, or MBP, indicating 
that they are not astrocytes, microglia, neurons, or 
mature oligodendrocytes (Figure 4, panels a-e). We 
could not label the cells with mouse monoclonal 
antibodies against NG2 or O4, a maker for OPCs and 
preoligodendrocytes, because they seem to be only 
applicable for frozen tissues that are unavailable in 
the present study. We found considerable variability 
in the number of GRP17-positive cells from case to 
case and between the white matter and the grey matter 
of NC, MD, and NHD brains. Therefore, we did not 
identify statistically significant differences in the 
number of GPR17-expressing cells among NC, MD, 
and NHD brains both in the white matter (p = 0.417) 
and the grey matter (p = 0.545) (Figure 5, panels a, 
b), although NHD1 and NHD3 showed a trend for 
decrease in the number of GPR17-immunoreactive 
preoligodendrocytes in inactive demyelinated lesions. 
In our study, it is impossible to evaluate the levels 
of endogenous agonists for GPR17, such as uracil 
nucleotides and CysLTs in paraffin-embedded NHD 
and control brains.

	 Importantly, GPR17-expressing OPCs serve as a 
reserve pool for tissue repair after brain damage (15). 
GPR17-positive OPCs rapidly react to the damage and 
undergo maturation in a mouse model of cerebral injury 
and ischemia (15). The GPR17 agonist UDP-glucose 
promotes the recovery of myelination in ischemic 
periventricular leukomalacia (PVL), a rat model of 
cerebral white matter injury (16), suggesting that 
GPR17 activation facilitates myelination in vivo. These 
results suggest that GPR17 plays a beneficial role in 
remyelination after brain tissue damage. In contrast, 
in vivo inhibition of GPR17 by GPR17 antagonists 
or antisense oligonucleotides dramatically reduces 
ischemic damage in rodent models of focal ischemia, 
suggesting that GPR17 plays a detrimental role in brain 
tissue repair (4,5). GPR17 expression is upregulated 
inside the contused core of brains of the patients with 
acute traumatic brain injury (TBI), where not only 
OPCs but also dying neurons, reactive astrocytes, and 
activated microglia/macrophages express GPR17 (17). 
Previous studies also showed that neurons surviving in 
ischemic lesions express GPR17 (4,5). In contrast, we 
did not find any GPR17-immunoreactive astrocytes, 
microglia, or neurons in the human brains examined. 
	 In conclusion, we did not find statistically 
significant differences in the number of GPR17-
expressing cells distributed in the white matter and the 
grey matter among NC, MD, and NHD brains. These 
observations do not support the view that GPR17-
immunoreactive preoligodendrocytes play a central 
role in the development of leukoencephalopathy in 
NHD brains.

Figure 5. Quantitative analysis of GRP17 expression in the 
white matter and the grey matter of NC, MD, and NHD 
brains. (a) GPR17-positive cell numbers in the white matter of 
NC, MD, and NHD cases. (b) GPR17-positive cell numbers in 
the grey matter of NC, MD, and NHD cases. The difference in 
the average of immunoreactive cell numbers was evaluated by 
one-way ANOVA with post-hoc Tukey's test.

Figure 3. Expression of GPR17 in NHD brains. GRP17-
immuoreactive ramified cells in (a) the demyelinated white 
matter (NHD4), (b) the higher magnification photograph of (a), 
(c) the demyelinated white matter (NHD2), and (d) the grey 
matter (NHD2).

Figure 4. Double immunolabeling of GPR17 with cell 
type-specific markers. Double labeling of GRP17 (brown) 
with (a) GFAP (red), (b) gp91phox (red), (c) NeuN (red), (d) 
CNP (red), and (e) MBP (red). All derived from MD4.
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1. Introduction

Guillain-Barre syndrome (GBS) is a rare autoimmune 
demyelinating polyneuroradiculopathy seen after 
bacterial or viral infections and sometimes even 
after vaccinations. The incidence of GBS is about 
1-2/100,000 per year (1). Subtypes are described 
based on electrophysiological patterns, the most 
common being acute inflammatory demyelinating 
polyneuropathy (AIDP) and rarer ones being acute 
motor axonal neuropathy (AMAN) and acute motor and 
sensory axonal neuropathy (AMSAN).
	 Tuberculosis is rampant in India and myriad 
presentations have been reported. Neurological 
manifestations of tuberculosis include meningitis, 
tuberculomas, brain abscesses, and radiculomyelitis (2).
	 Tuberculosis and GBS were first reported to occur 
together in 1966 and a few cases have been reported 
since, but the nature of the association between 

the two is not yet clear. Reported here is a case 
involving a young boy who presented with acute onset 
quadriparesis and who was subsequently found to have 
GBS and disseminated tuberculosis.

2. Case Report

An 18-year-old boy presented with acute-onset 
weakness that developed in all 4 limbs 1 month prior. 
Weakness had started abruptly and progressed from 
the lower limbs to the upper limbs over a period of 2 
days. Weakness in the upper limbs gradually increased 
for the first 15 days, plateaued, and then started to 
improve at the point when the boy was seen. During 
the development of muscle weakness, the boy also had 
a low-grade intermittent fever and he lost about 6 kg 
in weight. He had received antibiotics previously and 
was sent to this Hospital for further management. There 
was no sensory, bowel, or bladder involvement. He had 
no history of antecedent diarrhea, upper respiratory 
tract symptoms, or a history of recent vaccination for 
influenza or meningococcus. 
	 On examination, he had quadriparesis with a grade 
of 0 (according to the Medical Research Council 
(MRC) Scale for Muscle Strength) in the lower limbs 
and 2 in the upper limbs. The deep tendon reflexes 
were diminished and the boy had a flexor plantar 

Summary An 18-year-old boy presented with acute-onset quadriparesis that had developed 4 weeks 
prior. He had an intermittent fever and significant weight loss during this period. After 
extensive investigations, the patient was diagnosed with an acute motor and sensory 
axonal neuropathy (AMSAN) variant of Guillain-Barre syndrome (GBS) and disseminated 
tuberculosis with mediastinal lymphadenopathy, pericarditis, and pleural effusion. 
Plasmapheresis was performed and first-line anti-tubercular therapy was administered. 
At the follow-up at 6 months, the patient was asymptomatic, he had no residual weakness 
and could walk without support, and tuberculosis had completely resolved on X-rays. 
Many infectious agents have been known to trigger GBS, but only a few cases of GBS and 
tuberculosis have been reported. This association needs to be evaluated further.

Keywords: Acute motor and sensory axonal neuropathy (AMSAN), disseminated tuberculosis, 
plasmapheresis
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response. He also had bilateral pitting pedal edema, 
tender hepatomegaly (5 cm below costal margin), and 
an elevated jugular venous pressure (JVP). Pulsus 
paradoxus was absent. The rest of the general physical 
and systemic examination was unremarkable.
	 Laboratory tests in the form of complete blood 
counts revealed microcytic hypochromic anemia (Hb8.2 
g/dL), while the total leucocyte count and platelet 
count were within the normal range. The erythrocyte 
sedimentation rate (ESR) was elevated (115 mm in the 
first hour). Albumin: globulin reversal was noted with 
an albumin level of 2.6 g/dL and a globulin level of 
5.4 g/dL. The rest of the liver and kidney function tests 
were normal. A chest X-ray revealed bilateral pleural 
effusion, with more effusion on the left. Results of a 
nerve conduction study suggested axonal sensory motor 
neuropathy in all 4 limbs. Analysis of cerebrospinal 
fluid revealed elevated protein levels (160 mg/dL) 
with a normal glucose level and normal cell counts. 
Magnetic resonance imaging (MRI) of the brain and 
spine was normal. Overall, neurological findings 
suggested GBS.
	 Exhaustive tests were conducted to determine 
the triggers and etiology of the accompanying fever 
and weight loss. A routine stool examination was 
normal. Serology was negative for HIV, hepatitis B 
and C, cytomegalovirus (CMV), and Epstein-Barr 
virus (EBV). Serum angiotensin-converting enzyme 
(ACE) levels, the antinuclear antibody (ANA) test, 
and serum protein electrophoresis were normal. A 2D 
echocardiogram revealed pericardial effusion with grade 
III diastolic dysfunction. Contrast-enhanced computed 
tomography (CECT) of the chest and abdomen 

revealed bilateral pleural effusion, pericardial effusion 
with pericardial thickening without calcification, and 
enlarged lymph nodes in the paratracheal region and 
in the retroperitoneum (Figure 1). Pleural fluid was 
exudative (protein: 4.4 g/dL, glucose: 3 mmol/L), 
and lymphocytes were predominant (25 × 106 cells/
L, 100% lymphocytes). Elevated adenosine deaminase 
(ADA) levels (40 IU/L) were noted. In light of the 
clinical features, enlarged lymph nodes, exudative 
lymphocyte-rich pleural fluid with high levels of ADA, 
and pericardial effusion, the patient was diagnosed with 
disseminated tuberculosis.
	 The patient underwent 5 sessions of plasmapheresis 
on alternate days. Once tuberculosis was considered 
likely, the patient was started on category I ATT 
along with steroids. During hospitalization, weakness 
continued to improve and the fever subsided. The patient 
was discharged but closely followed. At the follow-up at 
6 months, the patient was afebrile, he had regained 4 kg 
in weight, pedal edema had resolved, and weakness had 
considerably improved with a muscle strength grade of 5 
in all 4 limbs. Steroids had been tapered off by this time. 
Repeat computed tomography (CT) imaging showed 
resolution of tuberculosis, and anti-tubercular therapy 
was halted (Figure 2).

3. Discussion

In the current case, the clinical presentation and test 
results led to a diagnosis of GBS. Since studies have 
noted improvement even up to 4 weeks after the 
onset of weakness (3), the patient was treated with 
plasmapheresis. A detailed evaluation suggested 
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Figure 1. Chest CECT showing (a) multiple enlarged right paratracheal lymph nodes (b) bilateral pleural and pericardial 
effusion with enhancing pericardium, and (c) retroperitoneal lymph nodes. CECT, contrast enhanced computed tomography.

Figure 2. Follow-up CECT images showing (a) reduced size of the mediastinal lymph nodes and (c) retroperitoneal lymph 
nodes. (b) There is also resolution of pleural and pericardial effusion, with minimal residual pericardial thickening (arrow).
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leading to autoimmunity and damage to nerves is also a 
possibility.
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tuberculosis, but the patient's neurological status 
precluded confirmation of that diagnosis with 
endobronchial ultrasound (EBUS)-guided lymph node 
sampling. The diagnosis of tuberculosis was confirmed 
by the treatment response (complete clinical and 
radiological response) at the 6-month follow-up.
	 To the extent known, 5 cases (4-8) involving 
tuberculosis in association with GBS have been 
published thus far (Table 1). The association has 
mostly been reported with pulmonary tuberculosis. 
All previously reported cases had features suggesting 
tuberculosis prior to the onset of weakness. This is the 
second such case with an AMSAN variant of GBS. 
The subtypes of GBS in India (9) follow the same 
distribution as in the rest of the world: AIDP is the 
most common (73.8%), followed by AMAN (13.4%) 
and AMSAN (4.6%). The AMSAN variant is very rare 
and has a worse prognosis and delayed recovery. The 
current patient presented quite late in the course of his 
illness, but prompt management and treatment of the 
underlying condition resulted in a satisfactory response. 
Plasmapheresis had not been used in any of the 
previously reported cases. In all of the cases, patients 
responded to treatment but those with pericardial 
effusion had constrictive pericarditis (including the 
current patient). 
	 The temporal association between GBS and the 
patient's other symptoms suggests that this association 
is unlikely to be due to chance. Hence, the ability of 
Mycobacterium tuberculosis to trigger GBS needs to 
be investigated. The pathogenesis of GBS is believed 
to be immune-mediated. A greater delay in cell-
mediated immunity in tuberculosis has been suggested 
as the mechanism responsible. Molecular mimicry 

Table 1. Summary of reported cases of GBS and tuberculosis

Author and year (ref. No.)

Vyravanathan et al. 1983 (8)

Soehardy et al. 2005 (6)

de la Torre et al. 2010 (5)

Taha et al. 2012 (7)

Canham et al. 2014 (4)

Current case

                          Diagnosis

Pulmonary tuberculosis with GBS 

Pulmonary tuberculosis and GBS (AMSAN 
variant) 

Extrapulmonary tuberculosis (cervical lymph 
node) with GBS

Pulmonary tuberculosis with GBS (AIDP)

Pulmonary tuberculosis with pericardial 
effusion and GBS (AIDP) 

Disseminated tuberculosis (Mediastinal and 
retroperitoneal lymph nodes, pleural effusion, 
pericardial effusion with thickening) and 
GBS(AMSAN)

          Treatment

ATT and physiotherapy

ATT and IVIG

ATT and IVIG

ATT and IVIG

ATT and IVIG

ATT and plasmapheresis

AIDP, acute inflammatory demyelinating neuropathy; AMSAN, acute motor sensory axonal neuropathy; ATT, antitubercular therapy; IBD, 
inflammatory bowel disease; IVIG, intravenous immunoglobulin.

                      Outcome

Recovered completely

Recovered completely

Recovered (patient developed IBD 2 
months later)

Recovered completely

Difficulty walking with restricted ankle 
movement and constrictive pericarditis

Constrictive pericarditis without 
functional disability
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1. Introduction

Gomez-Lopez-Hernández  syndrome (GLHS) 
(OMIM 601853) is a rare neurocutaneous syndrome 
that is characterized by triad of findings: partial 
alopecia of the scalp, trigeminal anaesthesia, and 
rhombencephalosynapsis. Thus far, only 35 cases had 
been described with varying symptomatology (1,2). 
Genetic factors responsible for GLHS are poorly 
understood. Recently, possibility of autosomal recessive 
transmission was suggested by Vinicius et al. in view 
of reported consanguinity in parents of some reported 
cases (2).
	 GLHS was first described by Manuel Gomez in 
1979 in a girl. He postulated that the patient had a 
cerebellotrigeminal and focal dermal dysplasia due to a 
developmental arrest of the ectoderm, which gives rise 
to the alar plate of the rhombencephalon, the overlying 
epidermis, the motor nucleus of V, and the trigeminal 
placodes (3). In 1982, Lopez Hernández described a new 
neurocutaneous syndrome in two Mexican girls with 

a similar presentation in which a cerebellar anomaly 
(ponsvermis fusion anomaly with atresia of the fourth 
ventricle) was confirmed by a CT scan (4). Rush et al. 
and Sukhudyan et al. attempted to describe the diagnostic 
criteria for GLHS since the triad of findings are not 
found in all patients (1,5).
	 Reported here is the case of a child with the classic 
triad of findings, i.e. partial alopecia of the scalp, 
trigeminal anaesthesia, and rhombencephalosynapsis. 
This  chi ld  was the product  of  a  third-degree 
consanguineous marriage, making autosomal recessive 
transmission a likely cause. To the extent known, this is 
the first case of GLHS reported from India.

2. Case Report

A 4-year-old boy who was second in birth order and 
born from a third-degree consanguineous marriage and 
who had an uneventful antenatal and perinatal history 
presented with developmental delay, abnormal head 
movements, and seizures since 2 years of age. There 
was no family history of similar features. On clinical 
examination, the boy's body measurements were as 
follows: weight 10 kg (≤ 3 SD), height 94 cm (≤ 2 SD), 
and head circumference (HC) 48 cm. His characteristic 
craniofacial features (Figure 1, Table 1) included a 
flat occiput, brachyturricephaly, low-set ears, a patch 
of alopecia (Figure 2) present above both ears, thin 

Summary Gomez-Lopez-Hernández syndrome (GLHS) is a rare neurocutaneous syndrome char-
acterized by a triad of findings: partial alopecia of the scalp, trigeminal anaesthesia, and 
rhombencephalosynapsis. GLHS is also known as cerebello-trigeminal-dermal dysplasia. 
Besides this triad, a number of varying traits have been described in 35 previously reported 
cases. Reported here is a case of a four-year-old boy, born out of consanguineous marriage, 
presenting with the classic triad of findings, i.e. partial alopecia of the scalp, trigeminal 
anaesthesia, and rhombencephalosynapsis. To the extent known, this is the first case of GLHS 
reported from India. If a child presents with alopecia and rhom-bencephalosynapsis, GLHS 
should be considered in the differential diagnosis. A host of studies can be used to determine 
the exact pathogenesis, and confirming the diagnosis of GLHS is an important step in prenatal 
testing for at-risk pregnancies.

Keywords: Alopecia, rhombencephalosynapsis, trigeminal anaesthesia, autosomal recessive
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lips, and hypertelorism. Informed written consent was 
obtained from the parents of the child.
	 The child had stereotypical head shaking (yes-
yes). Anesthesia was present along the path of the 
trigeminal nerve and corneal opacity was present in 
the left eye. He had moderate intellectual disability (IQ 
58). Karyotyping, abdominal ultrasonography, an X-ray 
of the spine, two-dimensional echocardiography, and 
fundoscopy were normal. MRI of the brain (Figure 3) 
revealed rhombencephalosynapsis (absent cerebellar 
vermis with apparent fusion of cerebellar hemispheres) 
and cerebellar hypoplasia. EEG showed generalized 
epileptiform discharges.

3. Discussion

GLHS is a rare neurocutaneous syndrome. In 
previously described cases, the most consistent findings 
were scalp alopecia and rhombencephalosynapsis while 

the third finding of the classical triad, i.e. trigeminal 
anaesthesia, was present in only 56% of cases. Other 
craniofacial features of this syndrome are low-set ears, 
brachyturricephaly, mid-face retrusion, widely spaced 
eyes, strabismus, craniosynostosis, and plagiocephaly. 
Based on these findings, Rush et al. (1) described 
criteria for defining definitive, probable, and possible 
GLHS. The current case qualifies as definitive GLHS 
since all of the classic findings were present.
	 Ataxia, hypotonia, stereotypical head movements, 
and intellectual disabili ty are some important 
neurological features described in GLHS. Stereotypical 
head movements are typically described as side-to-
side "no" movements, up-and-down "yes" movements, 
or shoulder-to-shoulder movements (6,7). The child in 
the current case displayed repeated up and down "yes" 
movements of the head. These stereotypical movements 
are characteristic of GLHS and provide a clue to the 
diagnosis of rhombencephalosynapsis and GLHS.
	 Rhombencephalosynapsis is defined as midline brain 
malformation characterized by absent cerebellar vermis 
with apparent fusion of the cerebellar hemispheres. It is 
usually noted in GLHS along with characteristic findings 
of alopecia and trigeminal anaesthesia, but it can also 
occur as isolated entity. Rhombencephalosynapsis is 
also seen in patients with the VACTERL association, 
i.e. vertebral anomalies, anal atresia, cardiovascular 
anomalies, tracheaesophageal fistula, renal anomalies, 
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Figure 1. Craniofacial features showing brachyturricephaly, 
low- set ears, thin lips, and hypertelorism.

Table 1. Comparison of traits in previously described cases 
and the current case

Trait

Craniofacial
     Alopecia of the scalp
     Low-set ears
     Brachycephaly and/or turricephaly
     Mid-face retrusion
     Strabismus
     Trigeminal anesthesia
     Absent corneal reflexes
     Widely spaced eyes
     Interstitial keratitis or corneal clouding
     Lambdoid craniosynostosis
     Plagiocephaly
Neurodevelopmental
     Delayed motor milestones
     Ataxia
     Hypotonia
     Intellectual disability
     Head shaking or other stereotypical behavior 
Radiologic Rhombencephalosynapsis
     Ventriculomegaly/hydrocephalus
     Cerebellar hypoplasia 
Other
     Hypoplastic labia majora 
     Normal growth at birth
     Short stature 

Current
case

+
+
+
+
-
+
+
+
-
-
-

+
-
-
+
+
+
-
+

NA
+
+

Previously
reported

cases

35/35
30/33
29/34
27/33
22/29
18/32
18/31
21/31
14/32
10/21
14/20

27/28
19/26
20/27
21/30
15/19
34/34
21/31
12/31

5/9
18/23
1726

Figure 2. A patch of alopecia present above both ears.

Figure 3. MRI of the brain revealed rhombencephalosynapsis 
i.e. absent cerebellar vermis with apparent fusion of the 
cerebellar hemispheres.
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6.	 Bonnet C, Roubertie A, Doummar D, Bahi-Buisson N, 
Cochen de Cock V, Roze E. Developmental and benign 
movement disorders in childhood. Mov Disord. 2010; 
25:1317-1334.
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Sanchez-Lara PA, Glass I, Rue TC, Millen KJ, Dobyns 
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and limb defects. More than 90 individuals with 
rhombencephalosynapsis have been reported in the 
literature, and 25 of those individuals were found to have 
GLHS (8). This indicates that rhombencephalosynapsis 
is a consistent finding in GLHS. Other neuroimaging 
findings noted in GLHS are ventriculomegaly/
hydrocephalus and cerebellar hypoplasia.
	 Consanguinity has been described in only 2 
previously reported cases (2,9) and the child in the 
current case is the third such case involving parents 
with a history of consanguineous marriage, making 
autosomal recessive transmission a likely cause. That 
said, further studies and whole-genome sequencing need 
to be performed to pinpoint the exact pathogenesis. 
	 In conclusion, GLHS is rare neurocutaneous 
syndrome with unknown genetic causes. High degree 
of suspicion in a child presenting with characteristic 
alopecia and rhombencephalosynapsis has a great 
importance in diagnosis of  GLHS. A host of studies 
can be used to determine the exact pathogenesis, and 
confirming the diagnosis of GLHS is an important step 
in prenatal testing for at-risk pregnancies
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1. Introduction

The introduction of genome-wide approaches to identify 
deletions and duplications throughout the human 
genome has facilitated the discovery of numerous 
novel causes of intellectual disability (ID) and epilepsy 
(1,2). In a clinical work-up of undiagnosed intellectual 
disability, array comparative genomic hybridization 
(CGH) can facilitate a diagnosis in 10-30% of cases. 
Although there is vast amounts of data on the clinical 
features of and standardized management guidelines 
for well-known classic microdeletion syndromes, 
systematic characterization of newly identified patients 
provides a host of essential information for clinicians 
and patients.
	 Only one previous report described 1q21.3 
microdeletion syndrome (3), and the deleted region 

in question spanned about 1.4 Mb with approximate 
genomic location chr1:152,511,593-153,993,103 
including at least 30 genes such as CHRNB2, KCNN3, 
HAX1, ADAR, PKLR, EFNA1, EFNA2, and EFNA3 
(NCBI genome build 36). The current case report 
seeks to further characterize 1q21.3 microdeletion 
syndrome. Described here are two siblings with 
a 1q21.3 microdeletion that was associated with 
mental retardation, microcephaly, epilepsy, and some 
dysmorphic features.

2. Case Report

2.1. Case 1

A baby girl was born by cesarean section at 29 weeks 
5 days' gestation as a set of triplets, and the girl had 
a birth weight of 1,240 g (Figure 1). The girl was 
kept in the neonatal intensive care unit because of an 
intraventricular hemorrhage and she also underwent 
surgery for a duodenal obstruction and perforation.  
At 4 months of age, the girl underwent surgery for 
hydrocephalus and a ventriculoperitoneal shunt was 
placed. At 5 years of age, right focal motor convulsions 
started.  In spite of therapy with three antiepileptics, 

Summary Reported here are twins, both of whom have a 1q21.3 microdeletion and who exhibit key 
features common to previously reported cases such as microcephaly and developmental delay. 
However, some clinical findings and deleted genes differed from those in previously reported 
cases. The karyotype was normal 46, XX for both of the twins. Array comparative genomic 
hybridization (CGH) identified a 2.6 Mb deletion on chromosome 1q21.3 (chr1: 153,514,121-
156,171,335 bp) in case 1 and a 1.6 Mb deletion on chromosome 1q21.3 (chr1: 154,748,365-
156,358,923 bp) in case 2. The deleted region includes DPM3, MUC1, GBA, PKLR, RIT1, 
and LAMTOR2 in both siblings. To the extent known, this is the second report of a 1q21.3 
microdeletion in a family with mental retardation, developmental delay, seizures, and some 
dysmorphic features, thus expanding the phenotypic spectrum.
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in t ractable  seizure  resumed and the gir l  was 
hospitalized for status epilepticus.  The girl is now 11 
years old and she has been seizure-free for three years 
with three antiepileptics.  
	 A physical and neurological examination indicated 
growth retardation (weight and height under the 3rd 
percentile), pectus carinatus, scoliosis, microcephaly, 
spastic quadriparesis, laxity in both hands, and severe 
spasticity in the extremities. The girl only speaks single 
words, she cannot walk, and she can only sit with 
support.
	 Laboratory results revealed a normal hemogram and 
normal biochemical test results. Electroencephalography 
revealed a right frontocentral epileptiform abnormality. 
Brain MRI revealed periventricular leukomalacia and 
pontocerebellar hypoplasia (Figure 2A). Results of a 
karyotype analysis were normal. The girl is receiving 
Na-valproate, levetiracetam, and oxcarbazepine therapy.
	 Array CGH analysis identified a 2.6 Mb deletion on 
chromosome 1q21.3 (chr1: 153,514,121-156,171,335 

bp). The deleted region contains 68 OMIM genes. Several 
of these genes cause disease, including GATAD2B, 
TPM3, HAX1, IL6R, CHRNB2, ADAR, DPM3, MUC1, 
GBA, PKLR, RIT1, LAMTOR2, LMNA, and SEMA4A. 
Some disease-causing genes such as GATAD2B, TPM3, 
LMNA, and SEMA4A are present in this case but not in 
the case reported by Reddy et al. (Figure 3) (3). Parental 
array CGH analysis and FISH testing for balanced 
translocations were not performed because of family's 
decision to forego further testing. Parental testing could 
help to determine if the parents are carriers in terms of 
investigating whether the microdeletion in question is 
de novo or inherited. If parental testing was performed, 
the mutation would presumably be a de novo germline 
mutation because the parents are healthy and two sisters 
in the same family were affected with the same disorder.

2.2. Case 2

The patient in this case is the sibling of the patient in 
case 1.  After birth, the girl in case 2 was kept in the 
neonatal intensive care unit because of respiratory 
distress syndrome, hyperbilirubinemia, neonatal 
convulsions, and cholelithiasis. The girl could walk 
and speak at 2 years of age. At 6 years of age, the girl 
was hospitalized at another facility because of status 
epilepticus, hyperglycemia, and encephalitis. At that 
time, EEG and cranial MRI were normal, and Na-
valproate therapy was started. The girl can now walk 
without support and she only receives risperidone 
therapy for attention deficit hyperactivity disorder.  
	 On physical and neurological examination, the girl's 
weight was 25 kg (25%) and her height was 132 cm 
(50%). The girl has microcephaly, a systolic murmur, 
distal laxity, genu valgus, and sacral dimples. The girl 
can walk with a long gait. 
	 Laboratory results revealed a normal hemogram and 
normal biochemical test results except for low levels of 
vitamin D. EEG was normal, and cranial MRI revealed 
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Figure 1. Pedigree of patients with 1q21.3 microdeletions.

Figure 2. Cranial MRI findings. (a) periventricular 
leukomalacia and pontocerebellar hypoplasia in Case 1; (b) 
Periventricular hyperintensity in Case 2.

Figure 3. Comparison of fraternal twins to the earlier 
patient with a 1q21.3 microdeletion in terms of clinical-
radiologic features and the deleted chromosomal region.
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carinatum, spastic quadriplegia, pontocerebellar 
hypoplasia, and periventricular leukomalacia on brain 
MRI and the patient in case 2 has additional clinical 
features like strabismus, myopia, genu valgus, attention 
deficit hyperactivity disorder, and a myelination delay 
on brain MRI. These results conform with the case 
previously reported by Reddy et al. and expand the 
phenotypic spectrum of 1q21.3 syndromes.
	 T h e  o c c u r r e n c e  o f  r a r e  d i s e a s e - c a u s i n g 
microdeletions in the genome is not random and is 
possibly affected by neighboring genes in the genome 
(6). The high sequence similarity over large stretches 
of DNA makes low copy repeats (LCRs) susceptible 
to germline non-allelic homologous recombination 
(NAHR) events that cause deletion or duplication. 
More than 30 genomic disorders originate from NAHR-
mediated events occurring in the germ line (7). Copy 
number variations with the same length and clustered 
breakpoints for a group of patients with the same 
disorder originate from NAHR-mediated microdeletions 
(6). Since the observed deletions range from 1.4 kb to 
2.6 Mb in length and the breakpoint locations differ 
in the 2 cases reported here, a common mechanism 
of deletion, such as NAHR-mediated by LCRs, can 
be ruled out in 1q21.31 microdeletion syndrome. 
However, non-recurrent rearrangements vary in length, 
have scattered breakpoints, and the majority of these 
microdeletions can result from microhomology-
mediated mechanisms like microhomology-mediated 
end-joining (MMEJ), fork stalling and template 
switching (FoSTeS), microhomology-mediated break-
induced replication (MMBIR), serial replication 
slippage (SRS), or break-induced SRS (BISRS). Hence, 
the only option to explore the underlying mechanisms 
in 1q21.31 microdeletion syndrome is to characterize it 
at the level of base pairs and to examine the sequences 
found at breakpoints.
	 Some variations in the genomic architecture in a 
parent might stimulate the development of these rare 
germline deletions via a non-recurrent CNV, increasing 
the susceptibility to DNA breakage or promoting 
replication fork stalling. This means that recurrence of 
a microdeletion in different sizes would be apparent in 
the same family.
	 Although there is no parental consanguinity, the 

bilateral periventricular hyperintensity commensurate 
with leukomalacia, and delayed myelination (Figure 
2B).  Spinal MRI was normal. The girl is now seizure-
free and she can attend school.  A karyotype analysis 
yielded normal results. 
	 Array CGH analysis identified a 1.6 Mb deletion 
on chromosome 1q21.3 (chr1:154748365-156358923 
bp). The deleted region in question contains 47 OMIM 
genes. Several of these genes cause disease, including 
DPM3, MUC1, GBA, PKLR, RIT1, LAMTOR2, LMNA, 
and SEMA4A. Some disease-causing genes such as 
LAMTOR2, LMNA, and SEMA4A are present in this 
case but not in the case reported by Reddy et al. (3). 
However, genes like HAX1, IL6R, CHRNB2, and ADAR 
were deleted in case 1 and the previously reported case 
of 1q21.3 microdeletion syndrome but those genes were 
not deleted in case 2 (Figure 3).
	 The third of the triplets was a girl who died 12 hours 
after birth because of respiratory distress. There is no 
other information available concerning that child.

3. Discussion

Several novel chromosome aberration syndromes have 
already been characterized, and undoubtedly, more 
descriptions will follow. 
	 Earl ier  reports  indicated that  proximal  1q 
(1q21-q25) deletions present with developmental delay, 
microcephaly, cardiac, renal and genital abnormalities, 
and some dysmorphic features (4,5). A submicroscopic 
deletion with a location similar/identical to the one 
in the current patients was previously reported by 
Reddy et al. (3). Reddy et al. described a 2 and a 
half-year-old girl with moderate mental retardation, 
microcephaly, arching eyebrows, low-set ears, long 
eyelashes, persistent fetal pads, and clinodactyly. They 
detected a 1.4 Mb deleted region with approximate 
genomic location at chr1: 152,511,593-153,993,103 
(NCBI genome build 36). The deleted region in that 
case mostly coincided with the deleted region noted in 
the current patients (Figure 4). Major clinical features 
such as microcephaly and developmental delay were 
common to the current patients and the previously 
reported case. Furthermore, the patient in case 1 has 
additional clinical features like hydrocephalus, pectus 

Figure 4. Results of array CGH analysis in patients (Deleted regions). CGH, comparative genomic hybridization.



www.irdrjournal.com

Intractable & Rare Diseases Research. 2017; 6(1):61-64.64

current patients could have some other recessive 
disorder. Array CGH is known to be unable to exclude 
a recessive disease in instances of a small DNA 
substitution or rearrangement that does not result in 
any loss or gain of DNA. At this point, whole-exome 
sequencing (WES) would provide more comprehensive 
information, but WES was not possible in the current 
cases.
	 Epilepsy is one of the features of this syndrome. 
Muhle et al. described a boy with absence seizures 
whose parents both had childhood absence epilepsy. A 
192-kb duplication in 1q21.3, encompassing the genes 
IL6R, SHE, TDRD10, UBE2Q1, CHRNB2, and ADAR, 
was identified in the proband and his father. Both 
CHRNB2 and ADAR are genes potentially responsible 
for seizure disorders. All of the duplicated genes in 
that case were also deleted in the patient in Case 1. 
The duplication was not identified in 191 patients with 
independent idiopathic generalized epilepsy or in 1,157 
population controls (8).
	 The current report has several limitations. One 
is that parental testing was not possible. Another is 
that WES was not performed. WES can be used to 
investigate whether there are other mutations that array 
CGH has failed to detect, such as small deletions and 
single nucleotide polymorphisms. A third limitation is 
that this report did not verify breakpoints in both of the 
current patients. Breakpoints could be mapped using 
methods such as quantitative PCR (qPCR), long-range 
PCR, and Sanger sequencing. Hence, this is an initial 
report, and interpretations in this report may change 
over time as additional cases are assembled.
	 In conclusion, the current report found that the 
1q21.3 deletion might be a genetic risk factor in this 
family, contributing to mental retardation, microcephaly, 
epilepsy, and some dysmorphic features. This is the 
second report of a deletion of the 1q21.3 region and 
further cases are required to clarify which of the genes 

in the deleted interval contribute to the phenotype of the 
children and their long-term outcomes.
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1. Introduction

Lesch-Nyhan syndrome (LNS) is an X-linked recessive 
disorder of purine metabolism with a prevalence of 
1:100,000 to 1:380,000 (1,2). The primary cause of LNS 
is a mutation in Xq26.2-q26.3 (OMIM 308000.0004) 
that leads to a reduced or complete deficiency in the 
hypoxanthine guanine phosphoribosyl-transferase 1 
(HPRT1) enzyme in affected individuals (2,3) .
	 The phenotype of LNS varies and it depends upon 
the level of HPRT activity. When the level of HPRT1 
activity > 8%, only hyperuricemia manifests. A level 
of HPRT1 activity between 2% to 8% is referred to as 
an HPRT-related neurological dysfunction (HND) that 
is characterized by neurological, neurocognitive, and 
behavioral abnormalities. A level of HPRT activity < 2% 
is referred to as LNS, which involves significant neuro-
motor and cognitive defects and the display of self-
inflicted injurious behavior (SIB) (3).

	 SIB has been reported to usually begin with eruption 
of the primary teeth at 12 months of age, however it may 
manifest at 4-5 years of age. SIB has been attributed 
to defective maturation of certain dopamine neuronal 
pathways in the brain (1-3). One of the distinct features 
of SIB seen in LNS is the presence of pain and the 
display of remorse after an episode. Patients display 
an inability to overcome a compulsive desire to hurt 
themselves ‒ both in the form of physical injury and/
or emotional distress. This can be extremely distressing 
to caregivers and it also puts these patients at risk (4). A 
rare case of LNS with complications and SIB has been 
presented here.

2. Case Report

A 4-year-old male child was admitted to the Pediatric 
Emergency Department with altered sensorium and poor 
oral intake for 20 days prior along with seizures for 5 
days and a fever for 3 days. A history revealed that the 
boy was born from non-consanguineous parents and a 
normal full-term vaginal delivery. Neck holding was 
absent and self-mutilation by finger biting was described 
as starting at 10 months. At 3 years and 6 months of age, 
the boy's parents noted an intermittent tightening of the 
limbs and finger and lip biting with increasing severity. 
A family history revealed that his elder male sibling had 
succumbed to a similar illness, dying suddenly at the age 

Summary Lesch-Nyhan syndrome (LNS) is an X-linked recessive disorder of purine metabolism 
caused by a mutation in Xq26.2-q26.3 (OMIM 308000.0004). The presence of the diagnostic 
triad, i.e. signs of self-injurious behavior (SIB) and results of pedigree analysis and 
novel molecular biology & genetic testing, confirms the diagnosis of LNS. With a level 
of hypoxanthine guanine phosphoribosyl-transferase 1 (HPRT1) enzyme activity < 2%, 
patients develop neurological, neurocognitive, and neuromotor symptoms along with SIB. 
Described here is a case of 4-year-old boy who was diagnosed with LNS. The boy displayed 
SIB, i.e. biting of the lips and fingers, and he had cerebral venous sinus thrombosis caused 
by LNS.
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7. His three sisters were normal and were age 6, 8, and 
12. One of his maternal uncles had died at the age of 3 
and had SIB while two others had suffered from renal 
failure and had subsequently dies at age 30 and age 32 
(Figure 1).
	 A physical examination upon admission revealed a 
generalized pallor and fresh wounds on the fingers of 
both hands and the lower lip. The parents had bandaged 
the hands and feet to prevent any further damage due 
to biting (Figure 2 a-c). His weight was 8 kg with no 
abnormalities in the CNS or abdomen. Neurological 
assessment revealed a GCS score of E2V2M3, pupils 
were 3 mm and reactive bilaterally, and all four 
extremities had reduced bulk and tone. Reflexes were 
absent on the right side and 1+ in the left upper extremity 
and 2+ in the left lower extremity. Blood results revealed 
a hemoglobin level of 5.9, a urea/creatinine ratio of 
49/0.5, and a Na/K level of 148/4.2. Blood results 
suggested megaloblastic anemia. On oral examination, 
the lower lip had atrophied due to self-injury and there 
were traumatic ulcers with raw margins, although the 
upper lip appeared normal. The child also had fair oral 
hygiene and a normal complement of all primary teeth 

(Figure 2b).
	 The level of HPRT1 enzyme activity was assessed 
and found to be 0.8%. Genetic testing revealed that the 
patient had a G580A substitution in the HPRT1 gene. 
These features were pathognomic for LNS.
	 Magnetic resonance imaging revealed cerebral 
venous sinus thrombosis (CVST) and right cortical 
venous thrombosis (frontal and parietal veins) with 
thrombosis of the superior and left transverse sinus 
veins and a venous infarct in the right superior frontal 
gyrus (with cortical laminar necrosis). Cortical venous 
congestion was noted in the rest of the frontal and 
parietal cortices on the right. This was appropriately 
managed with a satisfactory course. 
	 Pediatric consultants advised the extraction of all 
primary teeth, but a conservative approach was taken 
to manage self-injury. A maxillary impression was 
taken using a size 0 tray and alginate, and a soft resin 
mouthguard was made. This "bite guard" was affixed to 
the maxillary teeth using light-cured resin cement (Figure 
3a). The frequency of self-biting initially decreased 
and epithelization of lip and finger wounds was visible 
(Figure 3b). However, SIB, i.e. tongue biting, soon 
started, warranting extraction of the primary mandibular 
incisors (Figure 3c).
	 Upon discharge, sensorium was normal and feeding 
was accomplished through Ryle's tube. Two subsequent 
follow-ups indicated a further reduction in SIB, but 
hypotonia and irritability persisted (Figure 3c). During 
the third follow-up, a new pattern of biting was noted, 
and this biting had resulted in ulcers on the lateral 
borders and ventral surface of the tongue (Figure 3d). 
All of the remaining primary mandibular teeth had to 
be extracted under local anesthesia in two visits. At the 
age of 4 years and 5 months, the patient died suddenly at 
night like his elder sibling.
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Figure 1. Pedigree chart showing survivors as blue boxes/
circles. Red boxes represent individuals with LNS who died 
at age 3 (1), age 7 (2), and age 4 years and 5 months (3); 
green boxes represent maternal uncles with renal failure who 
died at age 30 and age 32. LNS, Lesch-Nyhan syndrome.

Figure 2. Ryle's tube is in place in a 4-year-old boy with 
LNS displaying altered sensorium (a), severe atrophy of the 
lower lip as a result of SIB (b), and bandaged upper limbs (c). 
LNS, Lesch-Nyhan syndrome; SIB, self-injurious behavior.

Figure 3. A soft resin mouthguard was created to prevent 
SIB. (a) Signs that lower lip wounds were healing after 
the mouthguard was affixed, (b) A substantial reduction 
in SIB and healing of lip wounds after extraction of the 
primary mandibular incisors, and (c) Recurrence of SIB in 
a different biting pattern leading to ulceration of the lateral 
borders and ventral surface of the tongue (d). SIB, self-
injurious behavior.
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management team. Although the extraction of both 
primary and permanent teeth can completely eradicate 
the chances of injuries, a conservative modality should 
be attempted first.
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4. Conclusion

LNS is a rare disorder but it can easily be diagnosed. 
The predominant feature of SIB, i.e. self-biting, 
requires a pediatric dentist to play a key role in the 

Figure 4. LNS diagnostic triad. LNS, Lesch-Nyhan 
syndrome.
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Thrombocytosis in a patient with upper gastrointestinal bleeding
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1. Introduction

Depending to its etiology, thrombocytosis is divided 
into two main categories, primary (i.e . ,  clonal 
thrombocytosis) or secondary thrombocytosis (i.e., 
reactive thrombocytosis) (1). The most common cause 
of clonal thrombocytosis is essential thrombocythemia. 
The common causes of reactive thrombocytosis 
include iron deficiency, inflammatory conditions or 
infection, malignancy, splenectomy, and acute blood 
loss. Described here is a case of upper gastrointestinal 
bleeding in which thrombocytosis was far more apparent 
than that usually observed in similar cases and in which 
thrombocytosis subsided after the cessation of bleeding.

2. Case Report

On July 26, 2016, a 59-year-old man with recurrent 
upper abdominal pain for a week prior was seen at 
a local hospital. The man had a history of cigarette 
smoking. Routine blood tests revealed a white blood 
cell (WBC) count of 22.45 × 109/L (normal range: 4-10 
× 109/L), a percentage of neutrophils of 91.1% (normal 
range: 50-70%), a red blood cell (RBC) count of 2.78 

× 1012/L (normal range: 4-5.5 × 1012/L), a hemoglobin 
(Hb) level of 64 g/L (normal range: 120-160 g/L), a 
hematocrit (Hct) level of 21.8% (normal range: 40-50%), 
a mean corpuscular volume (MCV) of 78.5 fL (normal 
range: 83.0-100.0 fL), a mean corpuscular hemoglobin 
concentration (MCHC) of 293 g/L (normal range: 320-
360 g/L), a platelet (PLT) count of 989 × 109/L (normal 
range: 100-300 × 109/L), and a plateletcrit (PCT) level 
of 0.735 (normal range: 0.108-0.282). Abdominal color 
Doppler ultrasound did not reveal any abnormalities in 
the liver, spleen, or pancreas.
	 On July 28, 2016, the man was transferred to 
Hematology at another local hospital. Myeloproliferative 
neoplasms (MPNs) were suspected. Laboratory tests 
revealed that the WBC count was 19.77 × 109/L (normal 
range: 3.5-9.5 × 109/L), the percentage of neutrophils 
was 82.3% (normal range: 40-75%), the RBC count was 
2.78 × 1012/L (normal range: 4.3-5.8 × 1012/L), Hb was 
68 g/L (normal range: 130-175 g/L), Hct was 22.4% 
(normal range: 40-50%), the MCV was 80.6 fL (normal 
range: 82.0-100.0 fL), the MCHC was 304.0 g/L (normal 
range: 316-354 g/L), the PLT count was 910 × 109/L 
(normal range: 125-350 × 109/L), PCT was 0.8 (normal 
range: 0.2-0.4), folate was 8.85 nmol/L (normal range: 
10.4-42.4 nmol/L), vitamin B12 was 966.9 pmol/L 
(normal range: 145-637 pmol/L), and serum ferritin was 
109.6 ug/L (normal range: 30-400 ug/L). The man tested 
negative for the BCR/ABL P210 or BCR/ABL P190 
fusion gene. The man also tested negative for the JAK2 
V617F mutation, the JAK2 (EXON12) N542-E543 
and N542-E544 deficiency, the JAK2 (EXON12) 
gene K539L1/L2 mutation, the MPL (EXON10) 
W515K\A\L\R1\R2\S) mutation, the MPL (EXON10) 

Summary Reported here is a case of upper gastrointestinal bleeding secondary to a peptic ulcer 
involving an extremely high platelet count of 989 × 109/L. Myeloproliferative neoplasms 
were ruled out on the basis of gene mutation testing and a bone marrow biopsy. After 
the cessation of index bleeding, the platelet count decreased markedly. Thus, reactive 
thrombocytosis was considered as a possibility.
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S505N mutation, and the CALR (EXON9) L367fs*46/
k385fs*47 mutation. A bone marrow biopsy revealed 
active proliferation of nucleated bone marrow cells. The 
ratio of anucleate cells to nucleated cells was 8.20/1, the 
proportion of granulocytes was 79.6%, the proportion of 
erythrocytes was 18.4%, and the ratio of granulocytes to 
erythrocytes was 4.33/1. There was active proliferation 
of granulocytes, less active erythropoiesis, and the 
megakaryocyte count in a bone marrow smear was 192 
cells, including 27 promegakaryocytes, 41 granular 
megakaryocytes, 30 platelet-producing megakaryocytes, 
and 2 bare nuclei.
	 As of August 6, 2016, the man developed melena 
and fatigue. On August 9, 2016, he was transferred to 
this Department. On physical examination, the skin 
was pallid and the upper abdomen was tender without 
rebound. Laboratory tests revealed that the WBC count 
was 8.9 × 109/L (normal range: 3.5-9.5 × 109/L), the 
percentage of neutrophils was 80.6% (normal range: 40-
75%), the RBC count was 2.86 × 1012/L (normal range: 
4.3-5.8 × 1012/L), Hb was 67 g/L (normal range: 130-175 
g/L), Hct was 21.7% (normal range: 40-50%), the PLT 
count was 831 × 109/L (normal range: 125-350 × 109/L), 
and PCT was 0.414 (normal range: 0.108-0.272). Upper 
gastrointestinal endoscopy revealed multiple duodenal 
ulcers with active bleeding (Figure 1). The patient tested 
positive for a Helicobacter pylori infection. Thus, the 
patient was diagnosed with a duodenal ulcer. Three U of 
RBCs were intravenously infused and esomeprazole was 
administered. On August 12, 2016, upper gastrointestinal 
endoscopy was performed again and revealed no active 
bleeding from lesions (Figure 2). On August 17, 2016, 
laboratory tests revealed that the WBC count was 7.4 
× 109/L (normal range: 3.5-9.5 × 109/L), the percentage 
of neutrophils was 75.2% (normal range: 40-75%), the 
RBC count was 3.13 × 1012/L (normal range: 4.3-5.8 × 
1012/L), Hb was 80 g/L (normal range: 130-175 g/L), 
Hct was 25.3% (normal range: 40-50%), the PLT count 
was 448 × 109/L (normal range: 125-350 × 109/L), and 
PCT was 0.301 (normal range: 0.108-0.272). After a 
hematologist was consulted, MPNs were ruled out. The 
same day, the patient was discharged due to the cost 
of hospitalization. Unfortunately, a telephone follow-
up with the patient’s son indicated that the patient died 
from recurrent massive upper gastrointestinal bleeding 
on August 28, 2016.

3. Discussion

Physicians need to differentiate the nature of 
thrombocythemia due to an extremely high PLT. 
Classic Philadelphia chromosome-negative MPNs 
include polycythemia vera, essential thrombocythemia, 
and primary myelofibrosis (2). Once a patient has a 
sustained PLT of more than 450 × 109/L, essential 
thrombocythemia should be suspected. Additionally, 
novel gene mutations greatly facilitate the diagnosis of 

essential thrombocythemia based on current evidence (2). 
In the current patient, clonal thrombocytosis was initially 
suspected. However, the current patient did not test 
positive for any MPN-related gene mutations. A profound 
increase in PLT subsided after upper gastrointestinal 
bleeding was appropriately diagnosed and treated. Thus, 
MPNs were ruled out in the current case.
	 According to Tefferi et al., reactive thrombocytosis 
is defined as: i) no history of chronic myeloproliferative 
disorders; ii) a condition associated with secondary 
thrombocytosis; and iii) PLT returns to its normal level 
once an acute condition subsides (3). The current patient 
met these criteria for reactive thrombocytosis.
	 Upper gastrointestinal bleeding is one of the most 
frequent and lethal gastrointestinal conditions (4,5). 
In patients with acute upper gastrointestinal bleeding, 
hematemesis and melena are key clinical symptoms, 
anemia is a key physical sign, and a lower Hb level is 
evident in laboratory results. Upper gastrointestinal 
endoscopy is the method of choice for identifying the 
source of upper gastrointestinal bleeding. A peptic 
ulcer is one of the most common sources of upper 
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Figure 1. Upper gastrointestinal endoscopy before 
treatment.

Figure 2. Upper gastrointestinal endoscopy after treatment.
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gastrointestinal bleeding. In the current patient, 
thrombocythemia was primarily secondary to upper 
gastrointestinal bleeding according to endoscopic 
findings.
	 The precise mechanism for upper gastrointestinal 
bleeding and reactive thrombocytosis remains unclear. 
In essential thrombocythemia, a PLT level of > 800-
1,000 × 109/L has been reported to be associated with a 
higher incidence of severe bleeding independent of the 
use of aspirin (6). Some bleeding events in MPNs may 
be caused by the reported depletion of high-molecular 
weight von Willebrand factor multimers, i.e. acquired 
von Willebrand disease. This condition has been noted 
in 20% of patients with essential thrombocythemia and 
is associated with a higher risk of bleeding (7). In the 
current patient, however, thrombocytosis was primarily 
secondary to upper gastrointestinal bleeding, which was 
verified by endoscopy, and thrombocytosis subsided after 
the cessation of bleeding.
	 In conclusion, patients with upper gastrointestinal 
bleeding and an increased level of PLT should be 
carefully screened for reactive thrombocytosis.
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1. Introduction

The assessment of structural malformations of the inner 
ear and vestibulocochlear nerve plays an important 
role in assessment and management of individuals 
with hearing loss. A structural abnormality in the 
auditory nerve could be the possible reason for the 
limited benefit of hearing aids and cochlear implants. 
Magnetic resonance imaging (MRI) plays an important 
role identifying such structural abnormalities (1,2). 
Audiological findings from individuals with auditory 
nerve malformations are key to providing appropriate 
counseling to the patient. In addition, audiological 
findings are also key to deciding rehabilitation options. 
Miyanohara et al. (3) reported a case of a 6-year-old 
child who had congenital absence of the cochlear nerve 
and moderate high-frequency sensorineural hearing 
loss. Otoacoustic emissions were present and an 
auditory brainstem response was absent. Furuta et al. (4) 
reported a 12-year-old child with a thin cochlear nerve 
in one ear. The child had a structurally normal cochlea 

but MRI revealed a thin cochlear nerve. Furuta et al. 
posited that the thin cochlear nerve could have been due 
to mumps or a developmental malformation that caused 
sensorineural hearing loss in the affected ear. However, 
there is a dearth of information on audiological findings 
from adults with thin cochlear nerves. Thus, reported 
here are findings from an audiological evaluation of 
an adult with thin cochlear nerves. This report also 
attempts to describe the possible pathophysiology that 
resulted in those findings. 

2. Case Report

A 30-year-old adult male was seen by the audiology 
clinic with reduced hearing sensitivity in both ears 
since childhood. Hearing sensitivity in the right ear was 
described as better than that in the left ear. He described 
tinnitus in both ears, with more intense tinnitus in the 
left ear. He also complained of difficulty understanding 
speech, especially in situations involving a large amount 
noise. He mentioned no vestibular problems. There 
was no family history of hearing loss. The symptoms 
had manifested in early infancy and had progressed 
over time. A body level hearing aid was recommended 
10 years prior. He used the hearing aid for 6 months 
and discontinued its use because of its limited benefit. 
He underwent a detailed audiological evaluation that 
included pure tone audiometry, speech audiometry, 
immittance testing, a transient evoked otoacoustic 

Summary Reported here are audiological findings from an adult with thin cochlear nerves. Magnetic 
resonance imaging (MRI) revealed that he had a thinner cochlear nerve in the left ear 
than in the right ear. He had a higher degree of hearing loss in the left ear and poor speech 
recognition scores for both ears. He had normal middle ear and cochlear functioning. The 
auditory brainstem response and acoustic reflexes were absent, indicating a retrocochlear 
pathology. Long latency responses (LLR) revealed normal cortical functioning. Hence, 
implantation of an auditory brainstem implant might be an option, but the patient would 
need to be aware of its limitations. This case highlights the importance of MRI in evaluating 
congenital malformations of the cochlear nerve when audiological findings indicate a 
retrocochlear pathology.

Keywords: Magnetic resonance imaging, cochlear nerve, auditory brainstem response, long 
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emission (TEOAE) test, a distortion product otoacoustic 
emission (DPOAE) test, an auditory brainstem response 
(ABR) test, and a long latency response (LLR) test 
using standard protocols. Neurological evaluation 
was performed and included a clinical neurological 
examination and a computed tomography (CT) scan of 
the brain with MRI of the temporal bone to identify any 
space-occupying lesion in the auditory nerve. Informed 
consent to participation in this research and publication 
of its findings was obtained. 
	 Clinical neurological evaluation suggested that the 
man had a retrocochlear pathology and X-rays were 
obtained. X-rays revealed that the man had thin cochlear 
nerves. The left cochlear nerve was thinner than the 
right cochlear nerve. Figure 1 shown the MRI image 
of both auditory nerves with respect to the facial canal. 
The internal auditory canals were normal in size. The 
vestibular branch of the vestibulocochlear nerve was 
normal in size. MRI revealed no signs of an abnormal 
mass in the canal or the nerve. No abnormalities were 
detected in the structures of the middle and inner ear. 
No fracturing of the temporal bone was noted. X-rays 
verified the thinness of the cochlear nerves, and no 
other abnormalities were detected in the structures of 
the middle or inner ear. 
	 An audiological evaluation revealed that the man 
had minimal sensorineural hearing loss in the right ear 
and moderately severe sensorineural hearing loss in 
the left ear based on Clark's classification of degree of 
hearing loss (5). The pure tone average of 500 Hz, 1,000 
Hz, 2,000 Hz, and 4,000 Hz in the right ear was 21.25 
dB HL and that in the left ear was 62.5 dB HL. An 
audiogram for both ears is shown in Figure 2. Speech 
recognition scores were determined using the word 
list developed by Yathiraj and Vijayalakshmi (6). The 
speech recognition scores were 28% in the right ear 
and 12% in the left ear. He had a type 'A' tympanogram 
with acoustic reflexes absent for pure tones at 500 
Hz, 1,000 Hz, 2,000 Hz, and 4,000 Hz in response to 
both ipsilateral and contralateral stimulation. TEOAE 
and DPOAE were present in both ears with a signal-
to-noise ratio greater than 6 dB, indicative of normal 
outer hair cell functioning. ABR testing was performed 
(90-dB click stimuli at a repetition rate of 11.1/s), and 

the ABR was absent in both ears. LLR testing was 
performed (click stimuli at a repetition rate of 1.1/
s), and LLR was present in the right ear at normal 
latencies and amplitude but absent in the left ear. Thus, 
the audiological evaluation revealed a higher degree of 
hearing loss in the left ear with poor speech recognition 
in both ears. He had normal cochleae and auditory 
cortices with abnormal auditory nerve functioning. 
	 Ethical Considerations: All testing was done 
using non-invasive techniques approved by the ethics 
committee of the Institute and in accordance with 
the Declaration of Helsinki. All test procedures were 
explained to the individual and his family before testing 
and informed consent was obtained. 

3. Discussion

MRI revealed thin cochlear nerves. MRI results also 
revealed that all of the structures of the middle and 
inner ear were normal, suggesting a cochlear nerve 
abnormality alone. Studies have reported that MRI is an 
important and accurate means of identifying structural 
abnormalities of the cochlea and auditory nerve (1,2). 
Adunka et al. (7) found that most individuals with 
a cochlear nerve deficiency had a normal internal 
auditory canal (IAC) morphology. Thus, Adunka et 
al. suggested that high-resolution MRI is a better way 
to identify cochlear nerve deficiencies than CT. In the 
current case, MRI was used and it revealed that the 
patient had normal IACs but thin cochlear nerves in 
both ears. Hence, MRI is a key imaging study when a 
retrocochlear pathology is indicated during audiological 
evaluation.
	 A pure tone audiogram revealed a higher degree of 
hearing loss in the left ear than in the right ear. Thus, 
more severe hearing loss in the left ear suggested that 
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Figure 1. MRI of the left and right cochlea showing 
abnormal cochlear nerves with respect to the facial canal. 
MRI, magnetic resonance imaging.

Figure 2. A pure tone audiogram showing air- and bone-
conduction thresholds for the left and right ear. Thresholds 
for the right ear are plotted in red and those for the left ear 
are plotted in blue. 
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understanding speech (11,12). Given these limitations, 
implantation of an ABI may be an option, but the 
patient would need to have realistic expectations of 
what benefit the ABI would have. In the current case, 
detailed immunological testing of the inner ear and 
genetic testing were not performed, and such testing 
could provide further insight into the pathophysiology 
of the patient's condition. 

4. Conclusion

Reported here are audiological findings from an 
adult with thin cochlear nerves. The individual in 
question had minimal hearing loss in the right ear and 
moderately severe sensorineural hearing loss in the 
left ear. The degree of hearing loss was greater in the 
ear with the thinner cochlear nerve. He had normal 
otoacoustic emissions, suggesting normal cochlear 
functioning. ABR was absent in both ears, indicating a 
retrocochlear pathology. LLRs were present in the right 
ear, suggesting normal auditory cortex functioning. 
Thus, implantation of an ABI may be an option, albeit 
with limited benefit. Larger samples of individuals with 
thin cochlear nerves need to be studied further.
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the cochlear nerve in the left ear was less intact. These 
findings coincided with MRI results, which revealed 
a thinner cochlear nerve on the left. Similar results 
were obtained by Furuta et al. (4), who reported a child 
with a thin cochlear nerve in one ear who had a higher 
degree of hearing loss in the affected ear. The current 
patient had worse speech recognition scores for the left 
ear (12%) compared to those for the right ear (28%). 
In individuals with a poor understanding of speech, 
low speech recognition scores are more indicative of a 
retrocochlear pathology than a cochlear pathology (8). 
The auditory nerve in the left ear was thinner and could 
have led to poorer speech recognition scores in the left 
ear compared to that in the right ear. However, speech 
recognition scores for both ears differed little. This 
suggests that even a slight thinning of the auditory nerve 
can significantly affect speech perception scores and 
may not be correlated with auditory nerve thickness. 
The current patient had normal middle ear functioning 
with absent acoustic reflex, which correlates with 
clinical findings of a retrocochlear pathology (8,9). The 
absence of appropriate conduction of sound from an 
abnormal auditory nerve could have led to the absence 
of acoustic reflexes. The current patient had normal 
otoacoustic emissions, indicating normal cochlear 
functioning. MRI revealed no abnormalities in the 
cochleae, which clearly indicates that the disorder is 
retrocochlear. 
	 In the current case, an auditory brainstem response 
was absent in both ears. This also indicates abnormal 
functioning of the auditory nerve. ABR can be an 
indication of a retrocochlear pathology, suggesting 
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is usually reported to be abnormal in individuals with 
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auditory neuropathy spectrum disorder (8,9). LLR 
testing assesses the auditory cortex and was performed 
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was absent in the left ear because of a higher degree of 
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cortical function was noted, suggesting that auditory 
problems were mainly due to abnormal cochlear nerves. 
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There are also risks associated with implantation of an 
ABI and an ABI provides a limited benefit in terms of 
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1. Introduction

Griscelli syndrome (GS) is a rare autosomal recessive 
disorder resulting in pigmentary dilution of the skin and 
hair with variable phenotypes dependent upon subtypes. 
It is also known as hypopigmentation immunodeficiency 
disease and partial albinism with immunodeficiency. 
The most prominent features are silvery gray hair and 
hypopigmentation of skin. Mutations in three different 
genes- MYO5A, RAB27A, and MLPH are responsible for 
the 3 subtypes of GS respectively. GS subtype 1 usually 
manifests with primary dysfunction of the central 
nervous system without immunological involvement. 
Subtype 2 is characterized by severe immunological 

impairment and commonly develops hemophagocytic 
lymphohistiocytosis (HLH) and recurrent infections 
while subtype 3 manifests with only partial albinism. 
Depending on the subtype, the prognosis of GS is 
variable. There is no specific treatment for GS-1 and 
prognosis depends on the severity of neurological 
dysfunction. GS-2 is often fatal as the patients develop 
accelerated an hemophagocytic syndrome phase 
secondary to immunological impairment. Therefore, 
early recognition of patients with GS-2 and prompt 
intervention with bone marrow transplant is critical. 
GS-3 does not require treatment. Subtype 2 is the most 
common and only 13 cases are reported in the literature 
from India (1-3), which we have summarized in Table 
1 and compared with our case in an attempt to highlight 
the most consistent findings in GS.

2. Case Report

A 20-month-old boy, third in birth order, born of a non 
consanguineous marriage, with uneventful antenatal 
and perinatal history, presented to us with complaints 

Summary Griscelli syndrome (GS) is a rare autosomal recessive disorder resulting in pigmentary 
dilution of the skin and hair with variable phenotypes depending upon subtypes. Mutations 
in 3 distinct genes MYO5A, RAB27A, MLPH are responsible for 3 subtypes (GS1, 
GS2, and GS3) of GS respectively. GS subtype 2 commonly develops hemophagocytic 
lymphohistiocytosis (HLH) and recurrent infections due to immunodeficiency. We hereby 
report a 20 month old male child presenting with silvery gray hair, hypomelanosis and 
features of hemophagocytosis. The diagnosis of a type 2 GS was made in response to a set of 
clinical features: hypopigmentation of skin and the silvered reflection of the hair, absence of 
psychomotor retardation, the occurrence of an accelerated phase (hemophagocytosis) and, 
above all, a pathognomonic appearance by microscopic examination of a hair. The absence of 
giant granules in the nucleated cells made it possible to eliminate Chediak-Higashi syndrome, 
which shares a close clinical spectrum with GS. This case promotes awareness about this 
rare case of GS as a high indicator of suspicion about this potentially fatal condition and aids 
in prompt diagnosis and foresees complications. Early bone marrow transplant is the only 
curative treatment for GS-2.
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of fever for two months and yellowish discoloration 
of eyes, body and urine with increasing pallor and 
weight loss for one month. On Physical examination, 
his anthropometry parameters were as follows: weight 
8.5 kg (below 3rd percentile), length 75 cm (below 
3rd percentile), HC 44 cm (below 3rd percentile). 
On physical examination, child had pallor, icterus, 
silvery gray hair, white eyelashes, sparse eyebrows and 
hypopigmented skin (Figure 1).
	 On abdominal examination, hepatosplenomegaly 
was detected. The liver was firm; 5 cm below costal 
margin with span of 11 cm. Spleen was also firm 
in consistency and 6 cm enlarged in splenic axis. In 
laboratory investigation, complete blood counts (CBC) 
revealed pancytopenia with hemoglobin 2.7 mg/dL, total 
leukocyte count 2,200/mm3, absolute neutrophil count 
1,190/mm3 and platelet count 18,000/mm3. On peripheral 
blood examination there was also pancytopenia with 
no inclusions in granulocytes which was emphasized to 
rule out chediak higashi syndrome. Liver function tests 
revealed a serum bilirubin level of 18.16 mg/dL with 
direct component of 12.81 mg/dL, Serum albumin 2.0 
g/dL, hypertransaminemia (SGOT/SGPT: 236/138 IU/
L), prothombin time 28 sec and INR 1.76. S. Lactate 
dehydrogenase, S. Triglycerides, S. ferritin, S. fibrinogen 
values were 1,499 U/L, 311 mg/dL, 1,053 ng/mL, 108 
mg/dL respectively. Viral markers for hepatitis were 
negative.
	 USG abdomen showed fatty hepatomegaly, 
splenomegaly and mild ascites. Bone marrow aspiration 
and biopsy was suggestive of normoblastic marrow, 

and hair microscopy showed presence of melanosome 
clusters along the hair shaft (Figure 2).
	 In view of these findings, a diagnosis of GS type 2 
was made. For HLH, 5 criteria out of 8 were present 
(fever, splenomegaly, pancytopenia, raised ferritin and 
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Table 1. Frequency of clinical and laboratory characteristics of Griscelli syndrome in Indian literature and comparison 
with our case

Patient characteristics

Age (< 1 year)
Age (> 1 year)
Male
Female
Presence of consanguinity
Fever
Abdominal distension
Anasarca
Jaundice
Seizure
Excessively fair skin
Developmental delay
Pallor
Silvery gray hair, eyelashes, eyebrows
Splenohepatomegaly
Pancytopenia
Bicytopenia (anemia + thrombocytopenia)
Intracytoplasmic granules in leucocytes
Hemophagocytosis
↑Triglycerides/↓Fibrinogen
↑Alkaline Phosphatase /↓albumin
Hair shaft microscopy (clumped melanosomes)
Skin biopsy
Outcome (alive)

Frequency (X/Y)

4/13
9/13
9/13
4/13
4/10
10/12
6/10
4/8
5/9
1/8
4/9
3/12
10/12
13/13
9/11
7/11
4/11
0/12
3/9
5/7
5/10
12/12
10/10
8/12

Present Case

-
20 months

Male
-

Absent
Present
Present
Present
Present
Absent
Present
Absent
Present
Present
Present
Present
Present
Absent
Absent
Present
Present
Present

NA
Alive

X: Number of cases reported with the characteristic; Y: Number of cases looked for that particular characteristic.

Figure 1. Showing characteristic silvery gray hair, white 
eyelashes, sparse eyebrows and hypo pigmented skin.

Figure 2. Hair microscopy showing melanosomes clusters 
present along hair shaft.
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the diagnosis of GS-2 with HLH was made.
	 GS-2, the type reported here, is the most common 
of all three subtypes. There are only 13 case reports 
from India of GS-2(1-3), one report of GS-3 (9) 
with report of no cases of GS-1. Table 1 shows the 
frequency of clinical and laboratory characteristics 
of these Indian cases and comparison with our case. 
The features that were consistently present in all the 
13 cases reported, were silvery gray hair, eyelashes, 
eyebrows; clusters of melanosomes on hair microscopy 
and hypomelanosis with irregular melanin pigmentation 
in basal melanocytes on light microscopy of skin. 
Other frequently occurring features were fever, pallor, 
hepatosplenomegaly and pancytopenia. Our patient 
manifested with all the clinical features of GS-2 with 
HLH although skin biopsy could not be done. Only 
two previously reported cases (2,10) fulfilled 5 out of 8 
criteria to be labeled as HLH, along with documenting 
hemophagocytosis in bone marrow. In one other case (3), 
lymphohistiocytosis was demonstrated in an enlarged 
cervical lymph node, although this case did not meet the 
criteria of HLH as demonstration of hemophagocytosis 
alone is neither pathognomonic nor diagnostic for HLH.
	 Stem cell transplant is the only curative treatment 
for HLH associated with GS subtype 2 as these 
children succumb to recurrent infections and secondary 
neurological involvement (11). Secondary CNS 
involvement is caused by the infiltration of lymphocytes 
and histiocytes as a result of hemophagocytic syndrome. 
	 In conclusion, GS is a rare entity, which shares a 
close clinical spectrum with Chediak-Higashi syndrome 
and other immunodeficiencies. Often the greatest 
barrier to a successful outcome is a delay in diagnosis, 
which is difficult because of the rarity of this syndrome. 
High index of suspicion about this condition aids in 
early recognition and foresees the life threatening 
complications like HLH. Prompt initiation of treatment 
with bone marrow transplant is essential for the survival 
of such affected patients.
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experiments to be analyzed and interpreted 
by an independent reader. If necessary, 
subheadings may be used for an orderly 
presentation. All figures and tables must be 
referred to in the text.

Discussion: The data should be interpreted 
concisely without repeating material already 
presented in the Results section. Speculation 
is permissible, but it must be well-founded, 
and discussion of the wider implications 
of the findings is encouraged. Conclusions 
derived from the study should be included in 
this section.

Acknowledgments: All funding sources 
should be credited in the Acknowledgments 
section. In addition, people who contributed 
to the work but who do not meet the criteria 
for authors should be listed along with their 
contributions.

References: References should be numbered 
in the order in which they appear in the 
text. Citing of unpublished results, personal 

communications, conference abstracts, 
and theses in the reference list is not 
recommended but these sources may be 
mentioned in the text. In the reference list, 
cite the names of all authors when there 
are fifteen or fewer authors; if there are 
sixteen or more authors, list the first three 
followed by et al. Names of journals should 
be abbreviated in the style used in PubMed. 
Authors are responsible for the accuracy of 
the references. Examples are given below:

Example 1 (Sample journal reference): 
Inagaki Y, Tang W, Zhang L, Du GH, Xu 
WF, Kokudo N. Novel aminopeptidase N 
(APN/CD13) inhibitor 24F can suppress 
invasion of hepatocellular carcinoma cells as 
well as angiogenesis. Biosci Trends. 2010; 
4:56-60.

Example 2 (Sample journal reference with 
more than 15 authors):
Darby S, Hill D, Auvinen A, et al. Radon in 
homes and risk of lung cancer: Collaborative 
analysis of individual data from 13 European 
case-control studies. BMJ. 2005; 330:223.
 
Example 3 (Sample book reference):
Shalev AY. Post-traumatic stress disorder: 
Diagnosis, history and life course. In: 
Post-traumatic Stress Disorder, Diagnosis, 
Management and Treatment (Nutt DJ, 
Davidson JR, Zohar J, eds.). Martin Dunitz, 
London, UK, 2000; pp. 1-15.

Example 4 (Sample web page reference):
World Health Organization. The World Health 
Report 2008 – primary health care: Now 
more than ever. http://www.who.int/whr/2008/
whr08_en.pdf (accessed September 23, 2010).

Tables: All tables should be prepared in 
Microsoft Word or Excel and should be 
arranged at the end of the manuscript after 
the References section. Please note that tables 
should not in image format. All tables should 
have a concise title and should be numbered 
consecutively with Arabic numerals. If 
necessary, additional information should be 
given below the table.

Figure Legend: The figure legend should 
be typed on a separate page of the main 
manuscript and should include a short title 
and explanation. The legend should be 
concise but comprehensive and should be 
understood without referring to the text. 
Symbols used in figures must be explained.

Figure Preparation: All figures should be 
clear and cited in numerical order in the text. 
Figures must fit a one- or two-column format 
on the journal page: 8.3 cm (3.3 in.) wide for 
a single column, 17.3 cm (6.8 in.) wide for 
a double column; maximum height: 24.0 cm 
(9.5 in.). Please make sure that artwork files 
are in an acceptable format (TIFF or JPEG) at 
minimum resolution (600 dpi for illustrations, 
graphs, and annotated artwork, and 300 dpi 
for micrographs and photographs). Please 
provide all figures as separate files. Please 
note that low-resolution images are one of 
the leading causes of article resubmission 
and schedule delays. All color figures will be 
reproduced in full color in the online edition 
of the journal at no cost to authors.

Units and Symbols: Units and symbols 
conforming to the International System of 
Units (SI) should be used for physicochemical 
quantities. Solidus notation (e.g. mg/kg, mg/
mL, mol/mm2/min) should be used. Please 
refer to the SI Guide www.bipm.org/en/si/ for 
standard units.

Supplemental data: Supplemental data 
might be useful for supporting and enhancing 
your scientific research and Intractable 
& Rare Diseases Research accepts the 
submission of these materials  which 
will be only published online alongside 
the electronic version of your article. 
Supplemental files (figures, tables, and other 
text materials) should be prepared according 
to the above guidelines, numbered in Arabic 
numerals (e.g., Figure S1, Figure S2, and 
Table S1, Table S2) and referred to in the 
text. All figures and tables should have titles 
and legends. All figure legends, tables and 
supplemental text materials should be placed 
at the end of the paper. Please note all of 
these supplemental data should be provided 
at the time of initial submission and note that 
the editors reserve the right to limit the size 
and length of Supplemental Data.

5. Submission Checklist

The Submission Checklist will be useful 
during the final checking of a manuscript 
prior to sending it to Intractable & Rare 
Diseases Research for review. Please 
visit Download Centre and download the 
Submission Checklist file.

6. Online submission

Manuscr ipts  should be  submit ted to 
Intractable & Rare Diseases Research  
online at http://www.irdrjournal.com. The 
manuscript file should be smaller than 5 
MB in size. If for any reason you are unable 
to submit a file online, please contact 
the Editorial Office by e-mail at office@
irdrjournal.com

7. Accepted manuscripts

Proofs: Galley proofs in PDF format will be 
sent to the corresponding author via e-mail. 
Corrections must be returned to the editor 
(office@irdrjournal.com) within 3 working 
days. 

Offprints: Authors will be provided with 
electronic offprints of their article. Paper 
offprints can be ordered at prices quoted on 
the order form that accompanies the proofs.

Page Charge: No page charges will be 
levied to authord for the publication of their 
article except for reprints.
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