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SUMMARY

Mucopolysaccharidoses (MPS) are a group of rare lysosomal storage diseases (LSD) with multiorganic and severe symptoms. MPS occur worldwide in various forms though have relative a low
incidence. The prevalent type of MPS varies among different continents, indicating that it may be
associated with region and ethnic background. Undegraded glycosaminoglycans (GAGs) induced by
deficiency of enzymes are the primary cause of MPS. Clinical features differ depending on the specific
enzyme deficiency including coarse facial features, cognitive retardation, hepatosplenomegaly, hernias,
kyphoscoliosis, corneal clouding, etc. Symptoms of different types are usually similar especially MPS
I and II, but may have distinguishable features such as severe neurological problems in MPS III and
hydrops fetails in MPS VII. These clinical features contribute to diagnosis, but early and precisely
diagnosis in the asymptomatic stage is imperative for better outcomes. Novel approaches including
urinary and blood GAG test, enzyme assay and gene test help to diagnose MPS and to determine its
subtype. Hematopoietic stem cell transplantation (HSCT) and enzyme replacement therapy (ERT) are
conventional treatment for MPS, but are not effective at treating all MPS. Newer threatments, such as
advanced ERT, gene therapy and substrate reduction therapy (SRT), improve therpeutic efficacy. In this
review, we update information on the clinical manifestations, diagnosis, and treatment of the different
forms of this disease in the hopes of stimulating further interest in MPS.

Keywords

mucopolysaccharidosis, symptom, diagnosis, treatment

1. Introduction
Mucopolysaccharidoses (MPS) are a group of rare
lysosomal storage diseases (LSD) caused by genetic
defects. These genetic defects lead to a lack or
deficiency of enzymes involved in degradation of
glycosaminoglycans (GAGs) (1), which are long and
unbranched polysaccharides functioning in processes
such as cell adhesion and cellular signaling (2).
Undegraded GAGs are considered to be the primary
and direct cause of MPS, and GAG storage can lead to
secondary and tertiary effects in cells, such as autophagy,
apoptosis, and mitochondrial dysfunction (1). GAGs can
accumulate in the lysosomes of cells, resulting in the
dysfunction of affected tissues and causing multi-organic
and severe symptoms including coarse facial features,
cognitive retardation, hepatosplenomegaly, hernias,
kyphoscoliosis, corneal clouding. (3,4).
Early diagnosis of MPS in the asymptomatic stage
may be effective at preserving organic function and

improving outcomes. However, delayed diagnosis is
common because of insidious onset and limitations of
sensitive laboratory indices (5). The goal of current MPS
treatment is to mitigate the progression of MPS and
improve quality of life.
E n z y m e r e p l a c e m e n t t h e r a p y ( E RT ) a n d
hematopoietic stem cell transplantation (HSCT) are two
primary methods of managing MPS, but they are not
sufficient to solve all of the problems with MPS (6).
Thus, exploring new diagnostic methods and treatments
based on the molecular mechanisms and pathological
changes underlying MPS is imperative. The goal of
this review is to update information on the clinical
manifestations, diagnosis, and treatment of the different
forms of this disease in the hopes of stimulating further
interest in MPS.
2. Epidemiology
As a rare set of conditions, MPS account for less than
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0.1% of all genetic diseases (1). The first reported
case of MPS was described by Charles Hunter in
1917 (7). Two years later, MPS I was described by
Hurler (8). MPS have a low incidence but have been
reported throughout the world in various forms. Region
and ethnic background may affect the phenotype of
MPS. Analyzing the incidence of MPS and its types
among people in different regions would help to better
understand MPS.
In Asia, most patients with MPS have MPS II. In
a study conducted from 1984 to 2012 in China, 506
patients with MPS were identified. MPS II accounted
for nearly 50% of all cases of MPS, MPS I accounted
for approximately 13.7%, MPS III accounted for 7.9%,
MPS IV accounted for 24%, and MPS VI accounted
for 2.6% (9,10). In South Korea, a total of 147 cases of
MPS were reported between 1994 and 2013. MPS II
was the most prevalent type of MPS (54.6%), followed
by MPS III (18.4%), MPS I (15.3%), MPS IV (9.5%),
and MPS VI (1.4%) (11). A study in Japan from 2003
to 2009 indicated that MPS II accounted for 58.1%
of cases, while MPS I accounted for 16.2%, MPS III
accounted for 11.1%, MPS IV accounted for 11.7%,
and MPS VI accounted for 2.9% (12). A similar trend
was also noted in the 1980s and 1990s in Japan.
MPS II is reported to have a relatively high
incidence in some countries, but in Europe its
incidence was lower than that of MPS I and MPS III.
Data from Denmark and Norway from the 1970s to
2000s indicated that MPS I (30% in Denmark and 60%
in Norway) was the most common type of MPS in
both countries, followed by MPS IV (27% in Denmark
and 24% in Norway) (13). In Germany, data on 474
patients with MPS from 1980-1995 indicated that the
incidence of MPS III was 44%. The incidence of MPS
I was 20%, that of MPS II was 18%, that of MPS IV
was 11%, and that of MPS VI was 7%. A similar trend
was noted in the Netherlands, where MPS I accounted
for 25% of 331 cases of MPS, MPS II accounted
for 15.5%, MPS III accounted for 47%, MPS IV
accounted for 8%, and MPS VI accounted for 2% (14).
Elsewhere in Europe, an Estonian study from 1985 to
2006 involving 15 cases of MPS reported no cases of
MPS I and MPS VI (15). MPS II accounted for 53% of
the 15 cases, MPS III accounted for 40%, and MPSIV
accounted for 7%.
The incidence of MPS cannot be readily determined
in the US. An American study from 1995-2005
indicated that MPS I accounted for 28.3% of cases,
MPS II accounted for 24.2%, MPS III accounted for
31.7%, MPS IV accounted for 7.5%, and MPS VI
accounted for 4.2% (12). In Canada, MPS I accounted
for most (30%) of 20 cases from 1969-1996, followed
by MPS IV (20%), MPS VI (15%), MPS III (15%), and
MPS II (5%) (16).
The incidence of different types of MPS differs
depending of the continent, indicating that MPS may be

related to region and ethnic background. In Asia, MPS
II was the most prevalent type of MPS. In Europe, MPS
I and MPS III were slightly more prevalent than MPS II.
Statistical studies of MPS in the US have not revealed
which types are predominant, and further studies may
need to be conducted to reveal trends in MPS. Some of
the aforementioned data were from a specific area in a
country, and different diagnostic methods were used.
Given these limitations, a population-based and unified
study of MPS needs to be conducted to help analyze its
epidemiology and understand its pathology.
3. Clinical features
MPS are differentiated biochemically by their
associated enzyme deficiency and can be classified into
7 types, designated MPS I to MPS IX (excluding MPS
V and MPS VIII), and some types are further categorized
into subtypes. In total, MPS are classified into 11 types
and subtypes. The clinical symptoms of MPS differ
depending on the specific enzyme deficiency, but major
clinical features are mainly neurological symptoms,
facial dysmorphism, cardiac and valvular diseases,
skeletal dysfunction, respiratory problems, and ocular
disorders (Table 1).
3.1. MPS I (Hurler syndrome)
Patients with MPS I have a deficiency of α-Liduronidase (IDUA), an enzyme involved in the
degradation of heparan sulphate (HS) and dermatan
sulphate (DS). The accumulation of these GAGs
in lysosomes triggers a cascade of cellular events
and ultimately leads to organ dysfunction. MPS I is
classified into three subtypes: Hurler syndrome (IH),
Hurler/Scheie syndrome (IH/S), and Scheie syndrome
(IS). Clinical differences between the three syndromes
are not easily identified, and this is especially true
for IH/S and IS. Clinically, MPS I is a continuum of
phenotypes from severe (IH) to intermediate (IH/S) and
milder (IS).
MPS I is a life-threatening disease that results in a
severe disease burden and premature death. Striking
clinical features are neurodegeneration, respiratory
deterioration, cardiac diseases, and skeletal and joint
disorders. Other common symptoms include ocular
problems, organomegaly, deformative facies, and
hearing and visual deficits (17). In severe cases, GAG
storage usually involves the brain and bone, causing
progressive neurological disease (cognitive disorders,
dyslexia, thermanesthesia, etc.) and skeletal diseases
(kyphoscoliosis, dysostosis multiplex, etc.) (18). The
symptoms of IH may start in the first year of life with
severe and multisystem symptoms. Without effective
treatment, patients with IH may die in the first decade
of life. Patients with milder symptoms can reach
adulthood but also suffer multisystem syndromes.

www.irdrjournal.com

3

Intractable & Rare Diseases Research. 2020; 9(1):1-9.
Table 1. Classification of mucopolysaccharidosis (MPS)
Mutation
of Gene

Locus

GAGs

Clinical features

α-L-iduronidase

IDUA

4p16,3

HS, DS

Severe. Skeletal
deformation, coarse
facial features,
hepatosplenomegaly,
cardiac diseases, respiratory
diseases, cognitive
retardation, ocular disorders

Hurler/Scheie α-L-iduronidase
Syndrome

IDUA

4p16,3

HS, DS

Intermediate.

α-L-iduronidase

IDUA

4p16,3

HS, DS

Mild.

iduronate-2-sulfatase

IDS

Xq28

HS, DS

Skeletal deformation,
coarse facial features,
hepatosplenomegaly,
cardiac diseases, respiratory
diseases, cognitive
retardation, ocular disorders

SGSH
NAGLU
HGSNAT
GNS

17q25,3
17q21.2
8p11.21-p11.1
12q14,3

HS
HS
HS
HS

Items

Subtypes

MPS I

Hurler
Syndrome

Scheie
Syndrome
MPS II

Deficient enzyme

MPS III

A
B
C
D

heparan-N-sulfatase
α-N-acetyglucosaminidase
α-glucosaminidase acetyltransferase
N-acetylglucosamin-6-sulfatase

MPS IV

A

N-acetylgalactosamine-6-sulfate sulfatase GALNS

16q24,3

KS, C6S

B

β-galactosidase

GLB1

3p22,3

KS

MPS VI

N-acetylgalactosamine-4-sulfatse

ARSB

5q13-14

DS, C4S

MPS VII

β-glucuronidase

GUSB

7q11,21

MPS IX

Hyaluronidase 1

HYAL1

3p21,3

Cognitive retardation,
behavioral problems

Skeletal deformation, corneal
clouding,
Skeletal deformation, coarse
facial features, may have
normal intelligence

DS, HS, C4S, C6S Hydrops fetalis
HA

Periarticular masses, mild
short stature

GAGs: glycosaminoglycans, HS: heparan sulfate, DS: dermatan sulfate, KS: keratan sulfate, C4S: chondroitin-4-sulfate, C6S: chondroitin-6sulfate, HA: hyaluronic acid

Patients with IS have a more attenuated disease burden
and longer lifespan than those with IH/S (19).
3.2. MPS II (Hunter syndrome)
MPS II, or Hunter syndrome, is characterized by
a deficiency of a lysosomal enzyme, iduronate-2sulfatase (I2S), that results in the deposition of HS and
DS in lysosomes (20). MPS II is the only type of MPS
that is X-linked recessive while the other types are
autosomal recessive diseases. MPS II primarily affects
males, though a small number of females are affected
because of autosomal X-chromosomal translocation
and nonrandom X-chromosome inactivation (21). MPS
II can be subdivided into two types according to its
phenotype, MPS IIA (severe) and MPS IIB (moderate).
MPS IIA has a higher incidence than MPS IIB.
Its clinical features are similar to those of MPS I,
including short stature, coarse face, inguinal and

umbilical hernias, thickening of tissues, valvular
disease, and hepatosplenomegaly (22). Patients with
the severe form, similar to MPS I-IH, rapidly present
with symptoms and tend to die in the first decade of
life. Patients with the moderate form, similar to MPS
I-IH/S and IS, have a longer life span and slower
progression of somatic deterioration. Usually, patients
have an average of life span of one or two decades,
and only patients with milder forms can survive into
adulthood. Neurological degeneration varies between
the severe and mild forms. Patients with MPS IIA
present with progressive central nervous symptoms
such as a cognitive disorder, hyperactivity, and
aggressiveness (23), while those with MPS IIB may
have normal neural development.
3.3. MPS III (Sanfilippo syndrome)
MPS III is categorized into four subtypes, MPS
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IIIA, IIIB, IIIC, and IIID, that are characterized
by a lack of heparan-N-sulfatase (SGHS), α-Nacetylglucosaminidase (NAGLU), α-glucosaminidase
acetyltransferase (HGSNAT), and N-acetylglucosamine
6-sulfatase (GNS), respectively. All of these lysosomal
enzymes are involved in the degradation of HS, and any
deficiency leads to HS storage. MPS IIIA and IIIB are
more common than IIIC and IIID in clinical settings.
Clinical features vary among the different subtypes.
Progressive symptoms of central nervous system
dysfunction including idiopathic developmental delay,
cognitive decline, hyperactivity, and sleep disorder are
prominent characteristics of MPS III. Somatic symptoms
are also present in MPS III but are more subtle than
in other types and are heterogeneous among patients
(24,25).
The development of MPS III consists of three
phases after a pre-symptomatic phase with normal
development (26). The first phase starts at 1-3 years of
age (may occur later in patients with mild phenotypes)
with slowing or halted cognitive deterioration. Speech
deterioration is usually noticeable and accompanied
by behavioral problems. Physical development may be
normal in the first stage (27).
The second phase is characterized by progressive
cognitive decline, sleep disturbance, and obvious
behavioral problems. Behavioral problems including
aggressive behavior result from hyperactivity, anxious
behavior, and autistic-like behavior. This phase occurs
at the age of 3-4, while patients with the mild phenotype
may have a gradual progression and longer survival.
The third phase usually starts in the teenage years
and involves a decline in motor function and lack of
behavioral problems due to a loss of locomotion. During
this stage, severe dementia, spasticity, and swallowing
difficulties start to manifest and may eventually result
in patients becoming bedridden or entering a vegetative
state (28).
3.4. MPS IV (Morquio syndrome)
MPS IV is subdivided into MPS IVA and MPS IVB
depending on a deficiency in N-acetylgalactosamine-6sulfate sulfatase (GALNS) or β-galactosidase (GLB1).
A deficiency in GALNS in MPS IVA impairs the
degradation of chondroitin-6-sulfate (C6S) and keratan
sulfate (KS), which contributes to severe clinical
symptoms. A GLB1 deficiency in MPS IVB leads to
a moderate phenotype with only accumulation of KS.
Unlike the other types, MPS IV involves mild cognitive
impairment but more obvious systemic skeletal
dysplasia. MPS IV usually starts at the age of 1-3 with
skeletal dysmorphia including growth retardation, a
short neck, cervical spinal cord compression, odontoid
hypoplasia, hypermobile joints, pectus carinatum, and
an abnormal gait (29,30). Other common features are
corneal clouding, hearing loss, respiratory obstruction,

and sleep apnea (31,32).
3.5. MPS VI (Maroteaux-Lamy syndrome)
MPS VI is characterized by a deficiency of
N-acetylgalactosamine-4-sulfatse that results in the
storage of DS and chondroitin-4-sulfate (C4S). The
accumulation of GAGs in organs and tissues also leads
to multisystem clinical symptoms and progressive
deterioration with age. Clinical features, the age of
onset, and the rate of progression vary among patients
with MPS VI but are generally distributed into slowly
and rapidly progressing phenotypes (33).
The slowly progressing phenotypes develop slowly
and have attenuated symptoms but require surgical
intervention and may result in a severe morbidity (34).
Bones and joints are commonly affected, and skeletal
malformation is also a noticeable feature in MPS VI.
Relevant skeletal diseases include dysostosis multiplex,
scoliosis, joint stiffness, joint contractures, pectus
carinatum, and spinal cord compression. Other somatic
features are coarse facies, an enlarged tongue, teeth
abnormalities, hirsutism, corneal clouding, umbilical
hernia, and hepatomegaly (35,36). Patients with MPS
VI usually have a low quality of life and die before
the second decade of life because of cardiac and
valvular diseases, pulmonary infection, or restrictive
lung diseases (37,38). Mental retardation used to be
considered unrelated to MPS VI, but central nervous
pathological manifestation including communicating
hydrocephalus, cerebral atrophy, and a low IQ have
been found in patients with MPS VI (39,40).
3.6. MPS VII (Sly syndrome)
MPS VII is a rare type of MPS. The pathology of
MPS VII is a lack of the β-D-glucuronidase enzyme
that causes an accumulation of DS, HS, C4S, and C6S
in tissues. MPS VII has a phenotypic heterogeneity
and multiple systematic clinical features including a
short stature, coarse facial features, corneal clouding,
hydrocephalus, skeletal deformation, and cardiac
diseases, resembling MPS I and II. However, hydrops
fetalis, an abnormal accumulation of body fluids in
several tissues, is a distinguishing feature of MPS
VII (41). The time of onset ranges from infancy to
childhood, but few patients survive into adulthood.
Most fetuses with hydrops fetalis are stillborn or die
shortly after birth. Others may begin to display clinical
symptoms during early childhood and have a short
life expectancy (41,42). Heart disease and airway
obstruction are major causes of death in people with
MPS VII (42).
3.7. MPS IX (Natowicz syndrome)
MPS IX is an extremely rare type of MPS caused by

www.irdrjournal.com

5

Intractable & Rare Diseases Research. 2020; 9(1):1-9.
a deficiency in the lysosomal enzyme hyaluronidase,
resulting in the accumulation of hyaluronan. Hyaluronan
is a high-molecular-weight polymer that modulates
cell proliferation, migration, and differentiation, that
regulates extracellular water and protein homeostasis,
that is involved in cartilage composition, and that
acts as a lubricant in joints (43-45). The first patient
with MPS IX was described in 1996 with periarticular
soft-tissue masses and nodular hyperplasia, a short
stature, and acetabular erosions (46). In 2011, Imundo
et al. described 3 siblings of Middle Eastern descent
presenting with a phenotype limited to the joints that
was evident as juvenile idiopathic arthritis (47). Skeletal
and joint manifestations are common in MPS IX in
accordance with the biological function of hyaluronan.
Other symptoms may include a short stature, cysts,
frequent ear infections, and a cleft palate (12).
4. Diagnosis
MPS is an inherited progressive LSD with early onset
ranging from the fetal period to adolescence. Patients
with MPS often have a low quality of life and short life
expectancy and require timely treatment. However, the
diagnosis of MPS is usually delayed until irreversible
clinical features manifest (48). Thus, reliable and presymptomatic diagnosis is imperative to improving
outcomes for patients with MPS.
Careful attention should be paid to the medical
history of patients and their families because MPS
are autosomal recessive inherited diseases except for
MPS II, which is linked to a recessive X chromosome.
Close attention to the same clinical symptoms in other
family members could help to diagnose MPS. Clinical
signs are important evidence for diagnosing MPS
and distinguishing MPS phenotypes (Table 2). The
age of onset, a chronological order of symptoms, the
rate of progression, and complications are essential
information leading to a diagnosis (49).

Radiographic findings including X-rays and
computed tomography (CT) and magnetic resonance
imaging (MRI) are frequently used diagnostic methods.
Kyphosis often appears as the first sign of MPS, and
of MPS IVA in particular (50). It can be detected in
the lumbar vertebral bodies on X-rays (32). Patients,
and especially those with MPS I, II, or III, often have
central nervous symptoms that may be evident on brain
CT or MRI. Sight, hearing, the oral cavity, and the
respiratory system also need to be examined to assess
somatic symptoms (3,21).
A definitive diagnosis relies on molecular tests,
such as identification of the type of GAG, and genetic
testing should be performed. Due to deficiencies in
specific lysosomal enzymes, GAGs accumulate in
various tissues and are partially eliminated in urine.
Determining the type of GAG in urine can help to
distinguish the enzyme that is deficient. However,
diagnosis of MPS is often delayed since the majority
of patients appear normal in the early stages and since
their total GAG levels in urine may be normal and
thus yield a false negative (51). Therefore, newborn
screening and sensitive new biochemical markers for
MPS are needed to diagnose MPS in a timely and
precise manner. The genotype is correlated with the
phenotype and can be used to predict the incidence
and type of MPS. An enzyme assay and genetic testing
of prenatal samples can be accomplished by testing
chorionic villi, amniocytes, etc. Enzymes can also be
determined in fibroblasts, leukocytes, and plasma. If
there are initial suspicions based on medical history
and clinical features, then screening and subsequent
confirmatory studies need to be conducted to diagnose
MPS and determine its subtype.
5. Treatment
Once a diagnosis of MPS is confirmed, specific
treatment should be provided in a timely manner.

Table 2. Recognition of mucopolysaccharidosis (MPS)
Clinical features
Coarse facial features
Cognitive retardation
Epilepsy
Hepatosplenomegaly
Valve disease
Inguinal and umbilical hernias
Corneal clouding
Short stature
Kyphoscoliosis
Joints stiffness
Hearing loss
Teeth abnormalities
Enlarged tongue
Hydrops fetalis

MPS I

MPS II

MPS III

MPS IV

MPS VI

MPS VII

MPS IX

+
-/+
+
+
+
+
+
+
+
+
+
+
+
-

+
-/+
+
+
+
+
+
+
+
+
+
+
+
-

-/+
+
+
+
+
+
+
-/?
+
-/?
+
+
+
-

-/+
+
-/+
+
+
+
+
+
+
+
+
-

+
-/?
+
+
+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
+
+

-/?
+
+
-/?
-

+: positive; -: negative; -/+: normal or positive; -/?: negative but suspicious in some cases.
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Management of MPS means slowing disease
progression and improving quality of life. Palliative
treatment, surgery, and disease-specific treatments
are the main options for patients with MPS. Palliative
treatment and surgery are intended to mitigate
symptoms to reduce suffering. At present, diseasespecific treatments for MPS include HSCT and ERT.
HSCT is based on the assumption that transplanted
cells from bone marrow, peripheral blood or umbilical
cord blood can penetrate to various tissues and organs
and then produce enough of an enzyme to alleviate
symptoms (1). Since the donor cells continuously
secrete enzymes in the body, HSCT is considered
to be a permanent treatment. Clinical trials have
demonstrated the efficacy of HSCT for MPS I, II, IV,
VI, and VII but not for MPS III (41,52-55). However,
the main limitation of HSCT are the rarity of matching
donors and transplant rejection.
ERT directly introduces a functional enzyme into
the body to decrease or normalize GAG levels. Like
with HSCT, clinical trials of ERT have noted positive
results with MPS I, II, IV, VI, and VII (56-60). Both
HSCT and ERT have proven unsatisfactory in patients
with MPS III because MPS III is a special type of
MPS that mainly involves central nervous diseases
(25). Adverse effects of ERT have been reported, and
anti-ERT antibodies are observed in most patients
(61). Moreover, its efficacy is reduced by its low
level of blood-brain barrier penetration and inefficient
delivery to avascular tissues (6). Advanced forms of
ERT including intracerebroventricular and intrathecal
administration have been explored. Normal GAG
storage and neurological improvement were noted in
a murine model of MPS with intracerebroventricular
administration (62). However, indications and the risk
of site-specific injections are unsolved challenges,
and clinical efficacy is uncertain. Therefore, novel
approaches such as gene therapy and substrate reduction
therapy (SRT) are important therapeutic options for
MPS to improve outcomes.
Gene therapy refers to introducing a therapeutic
gene into a patient's cells. This novel therapy is
permanent and does not require a matching donor like
HSCT or have blood-brain barrier restrictions like ERT.
Gene therapy can be in vivo or ex vivo. In vivo gene
therapy directly delivers gene products into the body
via systematic or in situ administration (63). Ex vivo
gene therapy involves modifying a patient's stem cells
externally and then infusing them back into the body.
Thus, an immune response to a vector or gene products
could occur. Although clinical trials are already
underway, gene therapy is still in development since its
long-term effects are not known (64).
SRT seeks to reduce an excess of a substrate, thus
slowing GAG synthesis, instead of increasing GAG
degradation. Generally, small molecules that inhibit
substrate synthesis are administrated orally. These

facilitate SRT and penetrate the blood-brain barrier.
Genistein, a soy-derived isoflavone, was first identified
as a potential drug for SRT; it acts as a tyrosine kinase
inhibitor and alleviates neurological manifestations
(65). However, a sequent clinical trial of SRT failed
to find any significant neurological benefit as a result
of a decline in urinary GAGs (66). Therefore, novel
inhibitors of GAG synthesis need to be identified
as therapeutic targets. A point worth noting is that
the combination of HSCT and ERT has proved to
be associated with better outcomes (67), indicating
that the management of MPS requires combined and
multidisciplinary treatment.
6. Conclusion
MPS was first described in 1917; since then, thousands
of cases have been reported worldwide. Although MPS
are rare inherited diseases of LSD, their high mortality
and expensive treatment make them a major medical
and social problem. Due to their severe and progressive
symptoms, MPS require intensive care for patients and
keen awareness among physicians. Recognizing the
onset and characteristic features of different subtypes
of MPS will facilitate early diagnosis. However,
symptoms of different subtypes are often similar and
not easily differentiated. Greater emphasis is placed
on treating severe and mild forms of MPS. Common
clinical features such as a short stature and mental
retardation often lead to misdiagnosis. Early diagnosis
is imperative to preserve organic functions and improve
quality of life.
This review has concisely summarized the
characteristic features of different MPS and described
diagnostic methods as well as therapeutic options.
HSCT and ERT are widely used in clinical practice
but are ineffective in some patients with MPS because
of unsolved challenges. Novel treatments including
intrathecal ERT, gene therapy, and combined therapy
have emerged to compensate for the disadvantages of
conventional therapies. Guidelines for management
of MPS should be drafted in light of the type of MPS,
clinical development, disease stage, medical history,
and socioeconomic status of the patient in order to
standardize the diagnosis and treatment of MPS.
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SUMMARY

Peyronie's disease (PD) is a connective tissue disorder of the penis characterized by fibrosis and
plaque formation within the tunica albuginea. PD is characterized by painful penile curvature that
impairs sexual intercourse. Stem cell therapy is one of the recent non-invasive treatment options for
patients with PD and it has promising results. Stem cells are undifferentiated cells that are capable
of self-renewal and differentiation, promoting the repair of tissues via their immunomodulatory and
anti-inflammatory action. Adipose-derived stem cells (ADSC) are used most widely due to their
abundant tissue source and ease of isolation. Multiple studies have indicated the efficacy of stem
cell therapy as a potential treatment for fibrotic diseases. Clearly, ADSCs may represent a way to
treat and prevent PD in both rat and human models. Further clinical studies are needed to confirm
the efficacy of stem cell therapy for PD in humans.
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1. Introduction
Peyronie's disease (PD) is an uncommon condition
involving middle-aged men. It is caused by an
inflammation in the tunica followed by scarring
and penile curvature. It is considered to be a
fibrotic disorder of the penis that is characterized
by the formation of collagen plaques on the tunica
albuginea that may cause penile curvature, narrowing,
and shortening that subsequently lead to erectile
dysfunction (ED) (1,2). The prevalence of PD varies
because it is usually underreported by men. Schwarzer
et al. conducted a large survey involving 8,000 men
and noted a prevalence of 3.2% (3). DiBenedetti et al.
reported a prevalence of 13% among males ages 18
years and older; this figure includes men diagnosed
with, treated for, or who recently reported penile
symptoms of PD (4).
Patients with PD present early after the onset of
the disease (within 6 months) with penile pain and
curvature upon erection. PD is characterized by a
palpable plaque in the tunica albuginea and is usually
associated with ED. It occurs in middle-aged men, most
of whom are between 40 and 59 years. Penile curvature
is the first symptom of the disease and develops in
94% of patients (5). ED is usually present in patients
with PD, developing in 30-50% of those patients

(6,7). Multiple causes can contribute to ED due to PD
such as arterial insufficiency, venous insufficiency, a
psychologic effect, or geometric variation (8-11).
One of the theories helping to explain the
pathophysiology of PD is microvascular trauma. This
results in edema, inflammation, and fibrin deposition
within the tunica albuginea. During the acute phase
of PD, transforming growth factor (TGF)-β1 is
overexpressed, and this induces fibroblasts to increase
collagen synthesis (12,13). TGF-β1 can induce its own
synthesis and contributes to continuous fibrotic changes
(14). An autoimmune theory of the pathophysiology of
PD was proposed since the serology of patients with
PD has detected high titers of anti-elastin antibodies
(15). PD is associated with Dupuytren's contracture
and certain human leukocyte antigen subtypes (16,17).
Multiple genes such as matrix metalloproteinases
(MMP2, MMP9) and osteoblast-specific factor 1 are
overexpressed in PD and Dupuytren's contracture
(18,19).
PD is clinically diagnosed based on a detailed
history and a penile examination. Measurement of
penile curvature and palpation of plaque are important
elements of this examination (19). There are 2 phases
of PD, acute and chronic. During the acute phase or
inflammatory phase, there is penile pain in a flaccid
or erect state and palpable plaque; this phase typically
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lasts for 12-18 months after onset; this is followed by
the chronic phase where pain disappears and penile
curvature stabilizes (20).
In general, medical treatment is often used during
the acute phase of the disease whereas surgery is used
during the stable phase (21). Non-surgical treatment
includes oral or intralesional pharmacotherapy. Oral
therapies include vitamin E and paraaminobenzoate,
colchicine, tamoxifen, and acetyl-L-carnitine.
Intralesional injection therapy includes injection with
interferon-alpha-2b, verapamil, or collagenase. Surgery
is reserved for patients who do not respond to medical
therapy or for men with severe penile curvature that
affects sexual intercourse after stabilization of the
disease (21-23). Surgical procedures are either penile
shortening or penile lengthening to correct curvature;
the procedure depends on penile length and the degree
of curvature (24).
Regenerative medicine represents a novel therapy
for the treatment of PD using mesenchymal stem cell
therapy with both curative and preventive potential.
Stem cells are self-renewing cells with a high degree of
plasticity that can differentiate into multiple cell lines;
they can be used to repair genetically damaged tissue
or altered organs (25). Stem cells can be derived from
embryonic, fetal, and adult tissue. They can be used in
tissue engineering to repair a disrupted process (26).
Many studies have described the use of stem cells to
treat urologic conditions such as PD, incontinence,
infertility, and ED (27).
2. Rationality behind using stem cell therapy to treat
PD
Mesenchymal stem cells (MSCs) have immunomodulatory roles. Adipose-derived stem cell (ADSC)

are easy to isolate and lack major histocompatibility
complex-II expression, and their immunosuppressive
action is mediated by prostaglandin E2 (28). The
mechanism of ADSC therapy is not well known.
After their differentiation, they can secrete growth
factors promoting angiogenesis. They can act also
by modulating the immune response via secretion
of galectin-1 and -3, which are essential in T-cell
suppression, resulting in downregulation of the
inflammatory response. Thus, they promote wound
repair and regeneration (29,30). In addition, ADSC
decrease fibrosis by down-regulating profibrogenic
molecules such as COL1A1 and ACTA2, thus
regressing the fibrotic process in many diseases such as
chronic renal fibrosis (31) and lung fibrosis (32).
Multipotent stromal cells have demonstrated
efficacy in the treatment of ED due to cavernous nerve
injury in multiple animal models via cell differentiation
and local paracrine action (33). In addition, ADSCs
injected into the penis of impotent type 2 diabetic rats
can improve erectile function through their paracrine
effect (34).
3. Studies corroborating the use of stem cell therapy
to treat PD
In 2013, the first study used ADSCs to treat PD in an
animal model; TGF-β1 was used to induce fibrosis
within the tunica albuginea of rats. One day after
injection of TGF-β1, human ADSCs were administered
in a xenogeneic manner. Erectile function significantly
improved after ADSC treatment (35). This is the first
study to use xenogeneic cells that were transplanted
into immunocompetent animals without the use of
immunosuppressants, and the results were promising.
ADSCs are known to have both immunomodulatory

Table1. Animal and human clinical studies corroborating the role of stem cell therapy in the treatment of PD
Study

Year

Stem cells

Studies were undertaken
in humans or animals

Outcomes

Levy JA et al. (39)

2015

Placental matrix-derived
mesenchymal stem cells

Humans

Peak systolic velocity and penile curvature
improved significantly 6 weeks, 3 months, and
6 months after treatment.
Seven of 10 fibrotic plaques in the tunica
albuginea disappeared completely at 3 months.

Castiglione et al. (35)

2013

Human adipose-derived stem
cells

Animals

Erectile function improved during the acute
phase of PD.

Gokce et al. (37)

2014

Rat adipose-derived stem cells

Animals

Erectile function improved during the acute
and chronic phase of PD.

Gokce et al. (38)

2015

Genetically modified adipose
tissue-derived stem cells with
human interferon α-2b

Animals

Erectile function improved during the acute
and chronic phase of PD.

Castiglione et al. (36)

2019

Human adipose-derived stem
cells

Animals

Tunica albuginea fibrosis decreased in a rat
model of chronic PD.

PD, Peyronie's disease.
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and immunosuppressive actions (28). In a previous
study, ADSCs were injected shortly after TGF-βinduced tissue inflammation (during the acute phase),
and this therapy reversed the phase of PD progression.
Another study evaluated the role of ADSC injection
in the chronic phase of PD in a rat model (36). Rats
with PD were injected with human ADSCs 1 month
after injection of TGF-β1 (mimicking the chronic phase
of PD), and they displayed less fibrosis on histological
analysis, decreased expression of collagen III, and
decreased expression of several fibrosis-related genes.
All of these features are considered to be biochemical
fibrotic changes. The same study also found that fibrotic
plaques tended to partially regress spontaneously after
60 days. Two previous studies by Gokce et al. evaluated
the efficacy of allogenic ADSCs and modified ADSCs
expressing human interferon α-2b in the prevention
and treatment of ED in a rat model of PD (37,38). In
the first study (37), rats received intratunical injections
of 0.5 million rat-labeled ADSCs on day 0 (prevention
group) or day 30 (treatment group) after injection
of TGF-β. Forty five days after treatment, both the
prevention and treatment groups had better erections
and less fibrosis compared to a group with untreated
PD. The second study (38) compared the efficacy of
modified ADSCs expressing human interferon α-2b and
that of unmodified ADSCs using the same design as the
previous study. Results indicated that modified ADSCs
resulted in better recovery of erectile function.
The first study using placental matrix–derived
mesenchymal stem cells (PM-MSC) to manage PD in
humans involved a small sample of 5 subjects. Patients
with PD with a palpable plaque received intracavernous
injections of PM-MSC. Both peak systolic velocity
and penile curvature improved significantly 6 weeks,
3 months, and 6 months after injection, but end
diastolic velocity did not improve significantly. Seven
of the 10 plaques initially evident on ultrasonography
disappeared completely at 3 months (39). Results of
animal and human trials demonstrating the possible
efficacy of stem cell therapy in the treatment of PD are
shown in Table 1.

2.
3.
4.

5.
6.
7.
8.

9.
10.
11.
12.
13.

14.

15.
16.
17.
18.

4. Conclusion
Multiple studies have demonstrated the efficacy of stem
cell therapy for the treatment of PD in humans and
animals. Studies involving humans have been limited
by their small samples and brief follow-up, but their
results were promising. Randomized clinical trials in
humans need to be conducted in order to prove the
efficacy of stem cell therapy for the treatment of PD.

19.
20.
21.

References

22.

1.

23.

Hellstrom WJ. History, epidemiology, and clinical
presentation of Peyronie's disease. Int J Impot Res. 2003;

15 Suppl 5:S91-S92.
Taylor FL, Levine LA. Peyronie's disease. Urol Clin North
Am. 2007; 34:517-534,vi.
Schwarzer U, Sommer F, Klotz T, Braun M, Reifenrath
B, Engelmann U. The prevalence of Peyronie's disease:
Results of a large survey. BJU Int. 2001; 88:727-730.
Dibenedetti DB, Nguyen D, Zografos L, Ziemiecki R,
Zhou X. A population-based study of Peyronie's disease:
Prevalence and treatment patterns in the United States
advances in urology. Adv Urol. 2011; 2011:282503.
Pryor JP, Ralph DJ. Clinical presentations of Peyronie's
disease. Int J Impot Res. 2002; 14:414-417.
Deveci S, Palese M, Parker M, Guhring P, Mulhall JP.
Erectile function profiles in men with Peyronie's disease. J
Urol. 2006; 175:1807-1811.
El-Sakka AI. Prevalence of Peyronie's disease among
patients with erectile dysfunction. Eur Urol. 2006; 49:564569.
P e s c a t o r i E S , D r e i B , S i l i n g a r d i V. A d v a n c e d
diagnostics in erectile dysfunction: Beyond the concept
of hemodynamics. J Endocrinol Invest. 2003; 26(3
Suppl):125-126.
Devine CJ Jr, Somers KD, Jordan SG, Schlossberg SM.
Proposal: Trauma as the cause of the Peyronie's lesion. J
Urol. 1997; 157:285-290.
Devine CJ Jr, Horton CE. Peyronie's disease. Clin Plast
Surg. 1988; 15:405-409.
Somers KD, Dawson DM. Fibrin deposition in Peyronie's
disease plaque. J Urol. 1997; 157:311-315.
Border WA, Ruoslahti E. Transforming growth factor-beta
in disease: The dark side of tissue repair. J Clin Invest.
1992; 90:1-7.
El-Sakka AI, Hassoba HM, Pillarisetty RJ, Dahiya R,
Lue TF. Peyronie's disease is associated with an increase
in transforming growth factor-beta protein expression. J
Urol. 1997; 158:1391–1394.
Balza E, Borsi L, Allemanni G, Zardi L. Transforming
growth factor beta regulates the levels of different
fibronectin isoforms in normal human cultured fibroblasts.
FEBS Lett. 1988; 228:42-44.
Stewart S, Malto M, Sandberg L, Colburn KK. Increased
serum levels of anti-elastin antibodies in patients with
Peyronie's disease. J Urol. 1994; 152:105-106.
Noss MB, Day NS, Christ GJ, Melman A. The genetics
and immunology of Peyronie's disease. Int J Impot Res.
2000; 12 Suppl 4:S127-S132.
Ling RS. The genetic factor in Dupuytren's disease. J
Bone Joint Surg. 1963; 45:709-718.
Qian A, Meals RA, Rajfer J, Gonzalez-Cadavid NF.
Comparison of gene expression profiles between
Peyronie's disease and Dupuytren's contracture. Urology.
2004; 64:399-404.
Smith JF, Walsh TJ, Lue TF. Peyronie's disease: A critical
appraisal of current diagnosis and treatment. Int J Impot
Res. 2008; 20:445-459.
Levine LA, Greenfield JM. Establishing a standardized
evaluation of the man with Peyronie's disease. Int J Impot
Res. 2003;15 Suppl 5:S103-S112.
Hellstrom WJ. Medical management of Peyronie's disease.
J Androl. 2009; 30:397-405.
Garaffa G, Trost LW, Serefoglu EC, Ralph D, Hellstrom
WJ. Understanding the course of Peyronie's disease. Int J
Clin Pract. 2013; 67:781-788.
Kendirci M, Hellstrom WJ. Critical analysis of surgery for
Peyronie's disease. Curr Opin Urol. 2004; 14:381-388.

www.irdrjournal.com

Intractable & Rare Diseases Research. 2020; 9(1):10-13.
24. Segal RL, Burnett AL. Surgical management for
Peyronie's disease. World J Mens Health. 2013; 31:1-11.
25. Mimeault M, Hauke R, Batra SK. Stem cells: A revolution
in therapeutics-recent advances in stem cell biology and
their therapeutic applications in regenerative medicine and
cancer therapies. Clin Pharmacol Ther. 2007; 82:252-264.
26. Atala A. Recent applications of regenerative medicine to
urologic structures and related tissues. Curr Opin Urol.
2006; 16:305-309.
27. Alwaal A, Hussein AA, Lin CS, Lue TF. Prospects of
stem cell treatment in benign urological diseases. Korean
J Urol. 2015; 56:257-265.
28. Lin CS, Lin G, Lue TF. Allogeneic and xenogeneic
transplantation of adipose-derived stem cells in
immunocompetent recipients without immunosuppressants.
Stem Cells Dev. 2012; 21:2770-2778.
29. Kokai LE, Marra K, Rubin JP. Adipose stem cells: Biology
and clinical applications for tissue repair and regeneration.
Transl Res. 2014; 163:399-408.
30. Hassan WU, Greiser U, Wang W. Role of adipose-derived
stem cells in wound healing. Wound Repair Regen. 2014;
22:313-325.
31. Rivera-Valdés JJ, García-Bañuelos J, Salazar-Montes A,
García-Benavides L, Dominguez-Rosales A, ArmendárizBorunda J, Sandoval-Rodríguez A. Human adipose
derived stem cells regress fibrosis in a chronic renal
fibrotic model induced by adenine. PLoS One. 2017;
12:e0187907.
32. Llontop P, Lopez-Fernandez D, Clavo B, Afonso Martín
JL, Fiuza-Pérez MD, García Arranz M, Calatayud J,
Molins López-Rodó L, Alshehri K, Ayub A, Raad W,
Bhora F, Santana-Rodríguez N. Airway transplantation
of adipose stem cells protects against bleomycin-induced
pulmonary fibrosis. J Investig Med. 2018; 66:739-746.
33. Albersen M, Kendirci M, Van der Aa F, Hellstrom WJ,
Lue TF, Spees JL. Multipotent stromal cell therapy for
cavernous nerve injury induced erectile dysfunction. J Sex
Med. 2012; 9:385-403.
34. Garcia MM, Fandel TM, Lin G, Shindel AW, Banie L, Lin
CS, Lue TF. Treatment of erectile dysfunction in the obese
type 2 diabetic ZDF rat with adipose tissue-derived stem
cells. J Sex Med. 2010; 7 (1 Pt 1):89-98.

13

35. Castiglione F, Hedlund P, Van der Aa F, Bivalacqua
TJ, Rigatti P, Van Poppel H, Montorsi F, De Ridder D,
Albersen M. Intratunical injection of human adipose
tissue-derived stem cells prevents fibrosis and is
associated with improved erectile function in a rat model
of Peyronie's disease. Eur Urol. 2013; 63:551-560.
36. Castiglione F, Hedlund P, Weyne E, Hakim L, Montorsi
F, Bivalacqua TJ, De Ridder D, Milenkovic U, Ralph D,
Garaffa G, Muneer A, Joniau S, Albersen M; Trauma and
Reconstructive Urology Working Party of the European
Association of Urology Young Academic Urologists.
Intratunical injection of human adipose tissue-derived
stem cells restores collagen III/I ratio in a rat model of
chronic Peyronie's disease. Sex Med. 2019; 7:94-103.
37. Gokce A, Abd Elmageed ZY, Lasker GF, Bouljihad M,
Kim H, Trost LW, Kadowitz PJ, Abdel-Mageed AB,
Sikka SC, Hellstrom WJ. Adipose tissue-derived stem
cell therapy for prevention and treatment of erectile
dysfunction in a rat model of Peyronie's disease.
Andrology. 2014; 2:244-251.
38. Gokce A, Abd Elmageed ZY, Lasker GF, Bouljihad M,
Braun SE, Kim H, Kadowitz PJ, Abdel-Mageed AB, Sikka
SC, Hellstrom WJ. Intratunical injection of genetically
modified adipose tissue-derived stem cells with human
interferon alpha-2b for treatment of erectile dysfunction in
a rat model of tunica albugineal fibrosis. J Sex Med. 2015;
12:1533-1544.
39. Levy JA, Marchand M, Iorio L, Zribi G, Zahalsky MP.
Effects of stem cell treatment in human patients with
Peyronie disease. J Am Osteopath Assoc. 2015; 115:e8e13.
Received November 24, 2019; Revised January 19, 2020;
Accepted January 24, 2020.
*Address correspondence to:
Mohamad Abou Chakra, Department of Urology, Faculty of
Medical Sciences, Lebanese University, Beirut, Lebanon.
E-mail: mohamedabouchakra@hotmail.com
Released online in J-STAGE as advance publication February 4,
2020.

www.irdrjournal.com

14

Intractable & Rare Diseases Research. 2020; 9(1):14-22.

Original Article

DOI: 10.5582/irdr.2020.01018

Comprehensive bioinformatic analysis of Wnt1 and Wnt1-associated
diseases
§
§
Chuanming Peng1,2, , Yanqin Lu1,2, ,*, Xiuzhi Ren3, Yanzhou Wang4, Shie Zhang1,2, Mei Chen3,
Junlong Liu3, Fengling Fang3, Tianyou Li4, Jinxiang Han1,2,*
1

School of Medicine and Life Sciences, University of Jinan, Shandong Academy of Medical Sciences, Ji'nan, China;
Key Laboratory for Biotech Drugs of the National Health Commission, Key Laboratory for Rare & Uncommon Diseases of Shandong Province,
Shandong Medicinal Biotechnology Centre, Shandong First Medical University & Shandong Academy of Medical Sciences, Ji'nan, China;
3
Orthopaedic Surgery, The People's Hospital of Wuqing District, Tianjin, China;
4
Shandong Provincial Hospital Affiliated with Shandong First Medical University, Ji'nan, China.
2

SUMMARY

Wnt1 is the first member of the Wnt family that was identified. It is phylogenetically conserved and
essential for oncogenesis and multiple developmental processes. This study has summarized diseases
and mutations related to Wnt1. Wnt1 is involved in various cancers, genetic type XV osteogenesis
imperfecta, osteoporosis, and neurological diseases. The expression of Wnt1 in normal tissues and
different types of cancers and the potential survival of cancer were analyzed using experiment-based
bioinformatic analysis. Systematic analysis indicated that abnormal expression of Wnt1 is significantly
associated with cancers, such as kidney renal carcinoma, hepatocellular carcinoma, thyroid carcinoma,
head and neck squamous cell carcinoma, and uterine corpus endometrial carcinoma. GeneMANIA and
STRING predicted that 32 proteins were involved with Wnt1 in Wnt signaling pathways and sorting
and secretion of Wnts. These interacting molecules significantly co-occurred according to cBioPortal
analysis. Thirty-three genes with an alteration frequency of more than 50% were observed in several
cancers like esophageal squamous cell carcinoma, melanoma, and non-small cell lung cancer.
Functional and experiment-based bioinformatics indicated that Wnt1 may act as a target of a potential
biomarker for various types of human cancers. Wnt1 and other Wnt1-related proteins and signaling
pathways may be ways to treat osteoporosis.
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1. Introduction
Wnts are secreted lipid-modified glycoproteins that
transmit a signal through one more of different signaling
pathways including canonical Wnt-β-catenin signaling
and non-canonical pathways. Aberrant components of
Wnt signaling are related to various human diseases,
including genetic diseases and complex diseases such
as cancer (1,2). Wnt1, the first member of the Wnt
family to be identified, is a gene that was activated by
integration of mouse mammary tumor virus (MMTV)
proviral DNA in virally induced breast tumors in 1982
(3). It is evolutionarily conserved and adjacent to the
Wnt10b gene on chromosome 12 in homo sapiens (4,5).
Wnt1 is reported to be vital for the development of the
embryonic brain and central nervous system (CNS)
(6-8). Wnt1 expression was mapped at the dorsal p1
midline and mesencephalon (9). Knockout mice of the
homozygous Int-1 displayed a severe phenotype, ranging

from death to ataxia (10). Conditional knockout of Wnt1
in mesenchymal progenitors led to severe fractures in
mice resembling severe osteogenesis imperfecta (OI)
(11). Overexpression of Wnt1 induces duplication of
the embryonic axis (6,12). Moreover, Wnt1 plays an
essential role in osteoblast functions, bone development,
and bone homeostasis (13-15). Wnt1 mutations are
reported to be associated with type XV OI or earlyonset osteoporosis (13,14,16,17). The current study has
summarized the expression, mutation, and functions
of the Wnt1 based on a comprehensive bioinformatic
analysis.
2. Materials and Methods
2.1. Phylogenetic analysis of Wnt1
The sequence of the Wnt1 protein was retrieved from an
NCBI database and analyzed with the software TBtools.
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Multiple sequence alignment was performed with Clustal
W. A phylogenetic tree were drawn with the software
Molecular Evolutionary Genetics Analysis (MEGA)
and FigTree v1.4.3 using the neighbor-joining method.
In total, 259 species were collected for phylogenetic
analysis.
2.2. Wnt1 and human diseases
Wnt1-related human diseases were summarized based
on information from the Gene-Cloud of Biotechnology
Information (GCBI) website (https://www.gcbi.com.cn/
gclib/html/index). Wnt1 variations were identified from
St. Jude Cloud (https://platform.stjude.cloud/requests/
diseases). Wnt1 mutations that are responsible for type
XV OI were identified from an OI mutation database
(https://oi.gene.le.ac.uk/home.php). Mutations and
copy number variations of Wnt1 were analyzed with
cBioPortal (http://www.cbioportal.org) (18,19); 46,697
samples from 44,347 patients with cancer in 176 studies
were analyzed.
2.3. The expression of Wnt1 in normal and cancer tissues
and analysis of cancer survival
Wnt1 expression in different normal tissues was
analyzed using a human protein atlas database (https://
www.proteinatlas.org/). A total of 55 tissues and six
different types of blood cells were analyzed along with
18 different types of blood cells and peripheral blood
mononuclear cells (PBMCs). These data were normalized
based on HPA, GTEx, and FANTOM5 transcriptomic
analysis. The expression of Wnt1 in human cancer was
analyzed with Firebrowse (http://firebrowse.org/), which
includes 37 different cancer types and 28 normal tissues
as controls.
2.4. Prediction of the protein-protein interaction
network and proteins co-occurring with Wnt1
GeneMANIA (https://genemania.org/) and STRING
(https://string-db.org/) servers were used to analyze
interaction proteins (20,21). These interactions include
both physical and functional associations. cBioPortal
was used to analyze the spectrum of mutations and
copy number alterations of Wnt1 and its interacting
proteins in different cancers (all cancer types in TCGA
data). The co-occurrence of Wnt1 and other proteins
was predicted with cBioPortal.
2.5. Prediction of transcription factors and pathways
involved in Wnt1
Pathways involving Wnt1 were predicted with KEGG
(http://www.kegg.jp) and AmiGO2 (http://amigo.
geneontology.org/amigo) and then used for gene
ontology analysis (22,23)
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3. Results
3.1. Phylogenetic analysis of the Wnt1 protein
Based on multiple sequence alignment, a phylogenetic
analysis was performed to explore the likely similarities in
and the relationship between the Wnt1 protein in species
from different genera and families. On the family level,
hominids (Homo sapiens, Pan paniscus, Pan troglodytes,
Callithrix jacchus) were clustered with gorillas (Gorilla
gorilla gorilla) and Cercopithecidae (Macaca nemestrina,
Mandrillus leucophaeus). Hamster and murine families
were clustered together. These families were distinct in
primates and rodents (dark blue in the figure). A total
of 64 different species of mammals, which including
mostly terrestrial organisms, some aquatic organisms,
a few primates from Cercopithecidae, lemurids, and
hominids, were cross-clustered, as represented by the
light blue branch of the tree. Species from the feline
family of Carnivora were grouped together. Different
genera and species of ungulates, Carnivora, bats, and
cetaceans were cross-clustered. Unlike species clustered
in dark blue, rodents were all from the murine family;
the yellow branch included other families which were
predominantly squirrels, guinea pigs moles, and mole
rats. Fish, birds, and amphibians are all grouped together
to form two large individual branches, fish in light red
were mainly bass, while Gymnotiformes, Clupeiformes,
and Cyprinidae species were grouped together as a red
branch (Figure 1).
3.2. Wnt1 is related to multiple human diseases and the
distribution of variants
Wnt1 mutations were found in different types of
neoplasms including adenomatous polyposis coli,
neoplasm metastasis, colorectal neoplasm, carcinoma,
and lung neoplasms. Wnt1 causes neurological conditions
as well as OI (Figure 2A). Twelve mutations with
ExAC frequencies were found in the ClinVar database
(Figure 2B). The Catalogue Of Somatic Mutations In
Cancer (COSMIC) database contained a total of 83
mutations, most of which were missense mutations
(n = 49), followed by 24 frame shift mutations, 13
silent mutations, 4 splice region mutations, 4 nonsense
mutations, and 1 splice mutation (Figure 2C). The frame
shift mutation c.500delG was noted 17 times, mostly in
colon and cecum cancer (Supplementary Table S1, http://
www.irdrjournal.com/action/getSupplementalData.
php?ID=56, Figure S1, http://www.irdrjournal.com/
action/getSupplementalData.php?ID=62). A high
alteration frequency was observed in ovarian cancer,
colon adenocarcinoma, salivary cancer, prostate cancer,
adrenocortical carcinoma, and mature T and NK
neoplasms. A high percentage of Wnt1 mutations was
observed in ovarian cancer and colon adenocarcinoma.
Copy number alterations of Wnt1 were prevalent in
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salivary cancer, esophageal squamous cell carcinoma,
and prostate cancer (Supplementary Figure S1, http://
www.irdrjournal.com/action/getSupplementalData.
php?ID=62). OI databases worldwide contained 36
mutations (Figure 2D).
3.3. The expression of Wnt1 in normal and cancer tissues
and survival analysis for patients with cancer
Results revealed that Wnt1 was highly expressed in the
placenta, basal ganglia, cerebral cortex, lymph node, and
bone marrow but less expressed in other types of blood
cells, granulocytes, skin, and the rectum, parathyroid
glands, fallopian tubes, and adrenal glands (Figure
3A and 3B). Wnt1 was up-regulated (fold-change >
2) in several cancers including kidney renal clear cell
carcinoma (KIRC), kidney renal papillary cell carcinoma
(KIRP), pan-kidney cohort (KIPAN), and sarcoma
(SARC). In contrast, down-regulation of Wnt1 was
noted in glioma (GBMLGG), skin cutaneous melanoma
(SKCM), glioblastoma multiforme (GBM), pancreatic

adenocarcinoma (PAAD), stomach adenocarcinoma
(STAD), colon adenocarcinoma (COAD), lung
squamous cell carcinoma (LUSC), and colon
adenocarcinoma (COADREAD) tumor tissues (Figure
3C, Supplementary Table S2, http://www.irdrjournal.
com/action/getSupplementalData.php?ID=57).
The average level of Wnt1 expression was lower
in tumor tissues than that in normal tissues. The
association of Wnt1 expression with survival rates (p
< 0.05) of patients with different cancers is shown in
Figure 4. In kidney renal papillary cell carcinoma and
renal clear cell carcinoma, patients with a higher level
of Wnt1 expression (n = 56 and 249, respectively) had
a significantly lower overall survival compared to those
with a lower level of Wnt1 expression (n = 121 and 281,
respectively) (Figure 4I, 4K). This was also observed in
patients with cervical squamous cell carcinoma (Figure
4B). Lower Wnt1 expression was associated with lower
survival in patients with some cancers, and especially
liver hepatocellular carcinoma, thyroid carcinoma, head
and neck squamous cell carcinoma, and uterine corpus

Figure 1. Phylogenetic analysis of Wnt1. In total, 259 different species were analyzed, and Wnt1 is highly conserved.
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Figure 2. Wnt1 mutation and human diseases. (A) Diseases related to Wnt1; (B) Site of Wnt1 mutation in the clinvar database and the ExAC mutation frequency of that site; (C) A total of 83 mutation sites in human
tissues featured in the Clinvar and Catalogue of Somatic Mutations in Cancer (COSMIC) database; (D) Sites of Wnt1 mutations reported in patients with OI.
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endometrial carcinoma (Figure 4A, 4D, 4E, and 4J).
3.4. Prediction of protein-protein interaction and crosscancer analysis of Wnt1 mutations and copy number
alterations
GeneMANIA and String analysis of proteinprotein interaction predicted a total of 21 and 25
proteins, respectively (Figure 5A, B, Supplementary
Table S3, http://www.irdrjournal.com/action/
getSupplementalData.php?ID=58 and Table S4, http://
www.irdrjournal.com/action/getSupplementalData.
php?ID=59). Both programs predicted interaction with
DKK1, FZD1, FzZD5, FZD8, LRP5, LRP6, PORCN,
ROR2, RYK, SFRP1, WIF1, Wnt1, and Wnt3A. Most
physically interacted with Wnt1, excluding MACF1,
TCF4, TIMM17B, KL, FZD3, and NKD1. TIMM17B
was predicted to be co-localized with Wnt1. These
interacting proteins are involved in the Wnt signaling
pathway except for TIMM17B and KL (Supplementary
Table S4, http://www.irdrjournal.com/action/
getSupplementalData.php?ID=59).
All 33 genes, including CDC5L, DKK1, DVL1,
FZD1, FZD10, FZD2, FZD3, FZD5, FZD6, FZD7,
FZD8, KL, LRP5, LRP5L, LRP6, MACF1, NKD1,
NKD2, NOTUM, PORCN, PPP2CA, PPP2R1A,
ROR2, RYK, SFRP1, SFRP2, TCF4, TIMM17B,
UBR3, WIF1, WLS, Wnt1, and Wnt3A, were submitted
to cBioPortal for alteration frequency analysis. The
alteration spectrum of these 33 genes varied in 33
cancer types, including mutation, fusion, amplification,
deep deletion, and multiple alteration in cancer.
An alteration frequency of over 50% was observed

in esophageal squamous cell carcinoma (71.58%),
melanoma (68.02%), non-small cell lung cancer
(64.01%), bladder urothelial carcinoma (62.77%),
esophagogastric adenocarcinoma (61.26%), endometrial
carcinoma (61.09%), ovarian epithelial tumor (59.76%),
mature B-Cell neoplasms (52.08%), head and neck
squamous cell carcinoma (51.05%), and invasive breast
carcinoma (50.65%). The lowest alteration frequency
(< 10%) was noted in miscellaneous neuroepithelial
tumors, leukemia, and well-differentiated thyroid
cancer (Figure 5C). All of these genes interacting
with Wnt1 significantly co-occurred according to cooccurrence analysis with cBioPortal (Supplementary
Table S5, http://www.irdrjournal.com/action/
getSupplementalData.php?ID=60).
3.5. Prediction of transcription factors and signaling
pathways involving Wnt1
A total of 34 transcription factors and 10 motifs were
predicted as shown in Figure 6. Some transcription
factors do not have obvious annotated motifs or
conserved motifs and regions. Wnt1 is involved in 14
KEGG pathways including mTOR, Wnt, Hippo, different
types of cancer pathways, and signaling pathways as
shown in Table 1. Gene ontology (GO) annotation
annotated a total of 10 molecular functions, 19 different
cellular components, and 70 biological process
(Supplementary Table S6, http://www.irdrjournal.com/
action/getSupplementalData.php?ID=61). The main
molecular functions associated with Wnt1 are receptor
ligand activity, morphogen activity, protein domainspecific binding, and transcription regulatory region

Figure 3. The level of Wnt1 expression in different normal and cancer tissues. (A) A total of 55 tissues and 6 different types of blood cells; (B)
Different types of blood cells and PBMCs; (C) Expression in 37 different cancer types and 28 normal tissues.
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DNA binding. As a morphogen, Wnt1 is secreted as
an extracellular matrix protein through the plasma
membrane. Wnt1 is involved in the canonical Wnt
signaling pathway and planar cell polarity pathway and
it plays a role in cell fate commitment, cell proliferation,
cell adhesion, cell-cell signaling, bone development,
diencephalon development, embryonic brain
development, and some other functions.
Table 1. KEGG pathway involved in Wnt1
KEGG ID

KEGG term

ko04150
ko04310
ko04390
ko04391
ko04550
ko04916
ko04934
ko05165
ko05200
ko05205
ko05217
ko05224
ko05225
ko05226

mTOR signaling pathway
Wnt signaling pathway
Hippo signaling pathway
Hippo signaling pathway – fly
Signaling pathways regulating pluripotency of stem cells
Melanogenesis
Cushing syndrome
Human papillomavirus infection
Pathways in cancer
Proteoglycans in cancer
Basal cell carcinoma
Breast cancer
Hepatocellular carcinoma
Gastric cancer
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4. Discussion
Wnt1 is the first member of the Wnt family that was
identified. It is evolutionarily conserved according
to a phylogenetic analysis, and this is especially true
in primates and rodents. Cross-talk among different
species of fish, birds, and amphibians was observed in
phylogenetic analysis. Wnt1 is associated with various
human diseases including cancers, CNS diseases, and
bone diseases (early-onset osteoporosis and OI) (15).
Altered expression of Wnt1 and proteins it interacts
with in Wnt signaling pathways and regulation were
associated with oncogenesis, epithelial-to-mesenchymal
transition, and the invasion of and prognosis for various
cancers (24-29). Wnt1 is a potential prognostic factor
for renal cell carcinoma and cutaneous squamous cell
carcinoma (30-32).
OI is a genetically heterozygous disease characterized
by frequently fractures and decreased bone mass.
Patients with this diseases usually have blue sclera,
dentinogenesis imperfecta, scoliosis, and a short stature.
Type XV OI is an autosomal recessive form of OI, with
biallelic mutations of Wnt1. A heterozygous mutation
of Wnt1 leads to a dominant form of early on-set

Figure 4. The survival curve of patients with high (red) and low (black)expression. (A) Liver hepatocellular carcinoma; (B) Cervical
squamous cell carcinoma; (C) Stomach adenocarcinoma; (D) Thyroid carcinoma; (E) Head-neck squamous cell carcinoma; (F) Breast cancer;
(G) Pheochromocytoma and paraganglioma; (H) Kidney renal papillary cell carcinoma; (I) Pancreatic ductal adenocarcinoma; (J) Uterine corpus
endometrial carcinoma; (K) Kidney renal clear cell carcinoma.
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Figure 5. Proteins interacting and co-occurring with Wnt1. (A,B) Predicted proteins associated with Wnt1 according to GeneMANIA and
STRING; (C) The alteration frequency of 33 genes as predicted in different cancers. The alteration frequency included mutations (green), fusions
(violet), amplifications (red), deep deletions (deep blue), and multiple alterations (grey).

Figure 6. Prediction of Wnt1 transcription factors. (A) Predicted transcription factors highly associated with Wnt1; (B) Domain analysis of
transcription factors using TBtools.
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osteoporosis (14). Hence, some parental carriers suffer
from osteoporosis (13). Patients with XV OI usually
have severe long-bone deformities, though no fracture or
deformity is noted at birth as is true in dominant forms of
OI. Severe vertebral compression, developmental delay,
and brain abnormalities are the main phenotypes that
differ from those of other OI types (15). A neurological
phenotype is also involved in Wnt1-induced OI (33).
Therefore, the overlap in phenotypes between OI and
other CNS diseases suggests crosstalk mechanisms
related to Wnt1 mutations.
A highly interesting finding is that the same
mutation sites could lead to different diseases. G to A
substitution at position 385 was found in both type XV
OI in a homozygous or compound heterozygous form
(15,34) and colorectal carcinoma (35). Different types
of mutations in the same nucleic acids were observed in
different diseases. The missense mutation c.466T was
reported in stomach carcinoma. Deletion of this site led
to a truncated protein with 156 amino acids found in a
Chinese patient with OI whose parents were carriers (15).
The mutations c.506dup and c.506G>A were both found
in patients with XV OI (17,34). Deletion of this site is
associated with colon and cecum carcinoma (35,36).
Wnt1 S88R is reported to be related to autism (37),
though autism is also reported to be part of the phenotype
for patients with type XV OI (33). Figure 1 shows that
Wnt1 mutations from cancers and OI are all clustered
together and in the same Wnt1 domain, though most
mutation sites differ. Thus, the challenge is diagnosing
the condition with no obvious clinical phenotypes,
especially in prenatal screening. Further research on the
relationship between the phenotype and genotype could
help determine the molecular mechanisms for Wnt1induced diseases and guide diagnosis of the condition.
Proteins interacting with Wnt1 are related to
maturation, secretion, and signaling pathways of Wnt.
Like other Wnt proteins, Wnt1 is a protein that depends
on O-acyltransferase porcupine (PORCN) and Wntless
(WLS) for secretion (38,39). Notum acts as a negative
regulator of Wnt signaling pathway by specifically
mediating depalmitoleoylation of Wnts (2). Wnt1
activates canonical Wnt/β-catenin signaling via LRP5/6
receptors by cell-cell physical contact and regulates
osteoclastogenesis with OPG in a juxtacrine manner
(11). By binding to cell surface receptors, Wnt1 activates
a canonical signaling pathway that increases cellular
β-catenin activity. A mutation in Wnt1 or proteins it
interacts with is associated with abnormal Wnt signaling
and regulation; this affects oncogenesis, so Wnt1 could
be a prognostic marker for cancers (24,30,40-42).
The current study systematically analyzed mutation,
expression, and functions of Wnt1 in a number of
human diseases. The expression of Wnt1 and proteins
interacting with it was involved in various cancers and
is significantly related to survival in some cancers. The
altered expression of Wnt1 and proteins interacting with
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it may be a prognostic marker in some cancers.
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SUMMARY

TXNDC5 is an endoplasmic reticulum (ER)-resident chaperone that protects the endothelium from
secondary effects of ER stress. Previous studies by the current authors identified TXNDC5 as a key
pathological factor in promoting the inflammatory phenotype of fibroblast-like synoviocytes (FLSs)
from rheumatoid arthritis (RA). However, its activity in RA FLSs under ER stress remains unclear.
The current study found that TXNDC5 is responsive to ER stress in RA FLSs since its expression was
induced by ER stress at both the endogenous and secretory level. A functional study indicated that
silencing TXNDC5 reduced the viability of RA FLSs more markedly in the presence of ER stressors.
In contrast, rhTXNDC5 attenuated a decrease in cell viability as a result of ER stress. Moreover,
silencing TXNDC5 attenuated the induction of IL-6 and IL-8 from RA FLSs in response to ER stress.
In addition, rhTXNDC5 induced a greater increase in VEGF production during ER stress. These
findings confirm the pro-survival and pro-inflammation roles of TXNDC5 under ER stress in RA
FLSs. TXNDC5 appears to act as a mediator linking ER stress and inflammation of RA.
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1. Introduction
Rheumatoid arthritis (RA) is an inflammatory joint
disease characterized by hyperplasia of synovial
tissue and formation of pannus (1,2). Excessive
inflammatory molecules, such as cytokines and matrix
metalloproteinase, are secreted and promote the
destruction of cartilage and bone (3,4). Analyses of
hyperplastic synovial tissue from patients with RA have
revealed features of transformed long-living cells, such
as the presence of somatic mutations, expression of
oncogenes, and resistance to apoptosis (5). Therefore,
identification of the components that are sensitive to the
stimuli in the microenvironment of an inflamed joint is
crucial to understanding the pathogenesis of RA and may
also provide new targets for diagnosis and treatment (6,7).
Endoplasmic reticulum (ER) stress is a cellular
danger signal, and diverse conditions including hypoxia
and inflammation, which are frequently observed in
joints affected by RA, can be considered inducers of

ER stress (8). Fibroblast-like synoviocytes (FLSs) are
predisposed to apoptotic resistance to ER stress and
contribute to synovial hyperplasia of RA (9), but the
mechanism of this pathology has yet to be fully clarified
(10,11). Thioredoxin domain-containing protein 5
(TXNDC5) is a protein-disulfide isomerase located in
the ER that functions as a chaperone. In vitro and in
vivo studies by the current authors found that TXNDC5
was closely related to the pathological progression of
RA and prostate cancer (12,13). Recently, the current
authors found that TXNDC5 coordinated with HSC70
to exacerbate the inflammatory phenotype of RA at
the endogenous level (14). More importantly, previous
findings indicated that TXNDC5 is responsive to
extracellular stimuli, such as hypoxia, pro-inflammatory
factors, and androgen-deprivation, indicating that
TXNDC5 may be required to adapt to extracellular
changes in an inflamed joint (15). In addition, TXNDC5
expression was detected in synovial fluid from patients
with RA, and its exact function in soluble form remains
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unclear (16). Intriguingly, a previous study found that
TXNDC5 protects endothelial cells from stress-induced
cell death. However, the exact role of TXNDC5 under
ER stress remains unclear (17).
The current study examined whether TXNDC5
expression is up-regulated when stimulated with an
inducer of ER stress. TXNDC5 was knocked down
to make the inhibitory effects of ER stress on the cell
viability of RA FLSs more apparent, and RA FLSs were
treated with recombinant human TXNDC5 (rhTXNDC5)
to determine if those effects were attenuated. In addition,
the expression of inflammatory factors, such as IL-6 and
IL-8, was measured in response to rhTXNDC5 treatment
plus ER stress. TXNDC5 was silenced to determine
the response to an inducer of ER stress. This study
examined whether TXNDC5 is sensitive to ER stress in
RA FLSs and whether it functions as a link between ER
stress and inflammation in RA.

efficiency and were designated siTXNDC5.
2.4. Cell viability
Briefly, 1 × 104 cells were seeded onto each well of 96well plates for the indicated treatment. On the day of
detection, 20 μL MTS (Promega) was added to each
well. After incubation for 1 h at 37°C, the plates were
shaken at room temperature for 10 min. The absorbance
was measured at 495 nm, and three independent
experiments were analyzed.
2.5. ELISA

2. Materials and Methods

Cells were cultured and stimulated as described above,
and supernatants were collected as the indicated
timepoints. After centrifugation to remove particulates,
the release of VEGF (R&D Systems) was analyzed
with ELISA in accordance with the manufacturer's
instructions.

2.1. Patients

2.6. RNA extraction and real time RT-PCR (qRT-PCR)

Subjects were 12 patients with RA who had undergone
knee joint replacement surgery. All of the patients
fulfilled the 1987 American College of Rheumatology
revised criteria for the diagnosis of RA. Written
informed consent was obtained from every patient, and
all samples were anonymized.

RNA extraction and qRT-PCR were performed as
previously described (18). Details on the primers are
shown in Supplementary Table 1 (http://www.irdrjournal.
com/action/getSupplementalData.php?ID=54). GAPDH
was used as internal loading control. Relative mRNA
levels were measured using the 2-Δ cycle threshold (2ΔCT) method. Three independent experiments were
completed, and each reaction was performed in triplicate.

2.2. Stimulation assays
Primary RA FLSs were isolated and cultured as described
previously (4), and cells passaged 3-7 times were used in
this study. For stimulation, RA FLSs were plated on 24well plates (3-5 × 105 cells/well) in Dulbecco's modified
Eagle's medium and stimulated for the indicated times
with the following agents: recombinant human TXNDC5,
thapsigargin, tunicamycin, LPS, and a hypoxia inducer
(CoCl2).
2.3. Small interfering RNA transfection in RA FLSs
RA FLSs (2 × 105 cells in 100-mm-diameter dishes or
8 × 104 cells on 6-well plates) were transiently transfected
with siRNA targeting TXNDC5 (#1:SI00132440;
#2: SI00132447, QIAGEN, Hilden, Germany) or
a negative control (QIAGEN, SI03650318) with
a Hiperfect transfection reagent (QIAGEN) in
accordance with the manufacturer's instructions,
and all experiments were performed 24-48 h after
transfection. Non-specific negative control siRNAs
were also designed and synthesized (sense strand:
5'-UUCUCCGAACGUGUCACG-3' and anti-sense
strand: 5'-ACGUGACACGUUCGGAGAATT-3'). Two
siRNAs targeting the same gene were mixed together
in equal volumes to verify the reliability of silencing

2.7. Measurement of apoptosis using flow cytometry
Apoptosis was also assessed with Annexin V-APC/7amino-actinomycin D staining (KeyGEN, Nanjing,
China). Briefly, cells were harvested, washed with
phosphate-buffered saline, resuspended in 500 μL of
binding buffer, mixed with 5 μl of Annexin V-APC and
5μl of 7-ADD, and incubated for 5-15 min in the dark.
Fifty thousand cells were analyzed using a FACSCalibur
cytometer. Annexin V-positive cells were considered
apoptotic cells and analyzed using the software ModFit.
The assays were carried out in triplicate in three
experiments.
2.8. Statistical analyses
Data were statistically analyzed using the software SPSS
V.16 (SPSS). The t test was used to assess statistical
differences between two groups. A P value < 0.05 was
considered significant. Data are expressed as the mean ±
standard deviation.
3. Results
3.1. TXNDC5 is responsive to ER stress in RA
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Figure 1. TXNDC5 expression is responsive to ER stress in RA. RA FLSs were exposed to inducers of ER stress, thapsigargin (A) and
tunicamycin (B), at different doses and time periods, and qRT-PCR was performed to detect the expression of TXNDC5, which was normalized to
GAPDH. The expression of TXNDC5 in the supernatant of RA FLSs after treatment with thapsigargin (C) and tunicamycin (D) was analyzed with
ELISA. After stimulation with LPS (E) and CoCl2 (F), the level of TXNDC5 protein in the supernatant of RA FLSs was determined with ELISA.
Results are expressed as the mean ± SD of experiments performed in triplicate with culture supernatants from each of the three patients with RA. *p
< 0.05, **p < 0.01, and ***p < 0.001.

TXNDC5 was localized in the ER, and its expression
was induced under ER stress. However, its exact
character in RA during ER stress remains unclear. In this
study, RA FLSs were exposed to inducers of ER stress,
thapsigargin and tunicamycin, and endogenous TXNDC5
expression was induced in a time- and dose-dependent
manner (Figure 1A and 1B), indicating the potential
involvement of TXNDC5 in RA FLSs in response to
ER stress. Moreover, TXNDC5 was detected in serum
from patients with RA (12). Interestingly, expression of
TXNDC5 protein increased significantly after stimulation
with thapsigargin and tunicamycin (Figure 1C and 1D).
In addition, LPS and hypoxia are proven inducers of ER
stress and induce endogenous TXNDC5 expression in
RA FLSs (14). The current findings indicated that LPS
or hypoxia up-regulated TXNDC5 expression in the
supernatant of RA FLSs in a time- and dose-dependent
manner (Figure 1E and 1F). Collectively, these results
suggest that FLSs need TXNDC5 to cope with ER stress
in RA, although the exact function needs to be studied in
detail.
3.2. Down-regulation of endogenous TXNDC5 by siRNA
increases ER-stress-induced apoptosis in RA FLSs

ER chaperones regulate cell survival, and TXNDC5 has
been reported to protect endothelial cells from cell death
induced by stress (19). However, the role of TXNDC5
in RA FLS survival under ER stress is not known. As
shown in Figure 2A, tunicamycin and thapsigargin
significantly increased the number of TUNEL-positive
apoptotic cells among RA FLSs when TXNDC5 siRNA
was introduced, in comparison to the control. Moreover,
TXNDC5 siRNA-transfected cells had a more marked
decrease in cell viability when treated with tunicamycin
and thapsigargin (Figure 2B). These findings suggest
that TXNDC5 played an important role in maintaining
the survival of RA FLSs in response to proapoptotic ER
stress in joints affected by RA.
3.3. Exogenous TXNDC5 protects cells from ER stress
A study has indicated that protein secreted in response
to ER stress may in turn protect against ER stressinduced apoptosis (20). The current study investigated
whether TXNDC5 in this soluble form had a similar
effect on RA FLSs. Recombinant human TXNDC5
(rhTXNDC5) was used to mimic its extracellular form,
and experimental doses of rhTXNDC5 used had no
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of control cells at all time points as a result of treatment
with tunicamycin at a certain concentration (5 ug/mL).
The number of cells differed significantly. Similar
results were obtained when cells were treated with
thapsigargin (50 nM, Figure 2D). Hence, rhTXNDC5treated cells clearly have increased resistance to ER
stress.
3.4. TXNDC5 facilitates cytokine expression and
angiogenesis under ER stress

Figure 2. Effects of TXNDC5 on cell biological activity. (A) TUNELpositive cells were analyzed in thapsigargin or tunicamycin–treated RA
FLSs when TXNDC5 siRNA was introduced. Values are the mean and
SD percent of TUNEL-positive cells in RA from 5 patients per group. (B)
MTS was applied every 24 h to detect cell viability after RA FLSs were
treated with thapsigargin or tunicamycin when TXNDC5 siRNA was
introduced. (C) TUNEL-positive apoptotic cells were determined with
flow cytometry in the presence of thapsigargin or tunicamycin plus
rhTXNDC5. (D) MTS was applied every 24 h to detect cell viability
after treatment with thapsigargin or tunicamycin plus rhTXNDC5.
Data are presented from a single experiment, and each experiment was
repeated three times. *p < 0.05 and **p < 0.01.

cytotoxic effect on RA FLSs (results not shown). As
expected, the number of TUNEL-positive apoptotic
RA FLSs induced by tunicamycin and thapsigargin
decreased significantly in a dose-dependent manner
when RA FLSs were preincubated with rhTXNDC5
(Figure 2C). The effect of rhTXNDC5 on cell viability
following ER stress was analyzed using the MTS assay.
rhTXNDC5- and vehicle-treated cells were seeded
and cultured for 6 h prior to addition of tunicamycin
and thapsigargin for 24, 48 and 72 h. Cell viability at
each time point was evaluated using the MTS assay
and normalized to the respective cell type without ER
stress. As shown in Figure 2D, the number of viable
rhTXNDC5-treated cells was greater than the number

A previous study by the current authors found that
cytokine production in response to pro-inflammatory
stimuli was attenuated by silencing endogenous
TXNDC5. A study has reported that tunicamycin can
also induce cytokine production (21), so the current
study investigated the effect of TXNDC5 on ER-stress
mediated cytokine production by RA FLSs. Consistent
with results of the previous study, levels of IL6 and
IL-8 increased after stimulation with tunicamycin.
However, silencing endogenous TXNDC5 suppressed
the induction of cytokine expression in response to ER
stress (Figure 3A and 3B).
The effect of rhTXNDC5 on cytokine expression in
RA FLSs was examined. A qRT-PCR assay indicated
that addition of rhTXNDC5 did not significantly induce
the expression of IL-6 and IL-8 by RA FLSs. More
interestingly, rhTXNDC5 plus LPS (Figure 3C and 3D)
or hypoxia (Figure 3E and 3F) additively increased
cytokine expression in a time- and concentrationdependent manner. These results indicate that TXNDC5
may act as a mediator to exacerbate inflammation under
ER stress. An attempt was made to determine whether
TXNDC5 affects the angiogenic process. Interestingly,
the current findings indicated that rhTXNDC5 treatment
induced VEGF production in RA FLSs in response to
tunicamycin (Figure 3G) and thapsigargin (Figure 3H),.
4. Discussion
As a stress protein residing mainly in the ER, TXNDC5
is induced under ER stress and is involved in the
regulation of ER homeostasis (22). RA is characterized
by genes involved in ER stress (23,24). However, the
relative contribution of TXNDC5 to RA in response
to ER stress remains unclear. RA FLSs are exposed
to diverse conditions including hypoxia and proinflammatory cytokines, and these factors act as
ER stressors to exacerbate inflammation as well
(25). A point worth noting is that previous findings
indicated that TXNDC5 in RA FLSs is sensitive to
proinflammatory cytokines (IL-1, TNF-α, or IL-6)
and hypoxia, increasing the likelihood that TXNDC5
may be functional in RA when ER stress occurs. The
current study characterized the expression of TXNDC5
in RA under ER stress, and results further confirmed
that TXNDC5 expression both in the cytoplasm and
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Figure 3. TXNDC5 modulates cytokine expression under ER stress. RA FLSs were exposed to tunicamycin when TXNDC5 siRNA was
introduced. Then, IL-6 (A) and IL-8 (B) were analyzed with qRT-PCR. Each value represents the mean and S.D. of three independent experiments.
IL-6 (C) and IL-8 (D) expression were evaluated with qRT-PCR after treatment with rhTXNDC5 and LPS at the indicated dosage or time period and
normalized to GAPDH. In the presence of rhTXNDC5 and hypoxia, relative levels of IL-6 and IL-8 mRNA were evaluated with qRT-PCR (E and F).
The secretion of VEGF (G and H) was measured with ELISA. The data shown are the mean ± SD of experiments performed in triplicate. *p < 0.05,
**p < 0.01, and *** p < 0.001.

supernatant of RA FLSs is sensitive to an inducer of ER
stress, such as thapsigargin and tunicamycin. Recently,
the current authors found that silencing TXNDC5
attenuated the induction of IL6 and IL8 in the presence
of proinflammatory factors, such as LPS and TNF-α
(14). The current study provides evidence that silencing
TXNDC5 in RA FLSs suppresses the stimulatory
effects of ER stressors on inflammatory factors. These
findings clearly corroborate TXNDC5's involvement in
promoting inflammation under ER stress in RA.
A previous study indicated that TXNDC5 protects
endothelial cells from stress-induced apoptosis (17).
Similar effects were also observed in RA FLSs as
evinced by both cell viability and inflammatory factor
expression. TXNDC5 expression is higher in RA
FLSs than in osteoarthritis (OA) FLSs (12), so the
aforementioned finding may also explain why RA
FLSs were more resistant to apoptosis than OA FLSs.
Indeed, a growing body of evidence suggests that the
signaling pathways in ER stress and inflammation are
interconnected through various mechanisms, including
the production of reactive oxygen species (ROS) (26),
the release of calcium from the ER (27), the activation
of nuclear transcription factor NF-κB and the mitogen-

activated protein kinase (MAPK) known as JUN
N-terminal kinase (JNK) (28), and the induction of the
acute-phase response. A previous study by the current
authors indicated that TXNDC5 directly interacts with
heat shock cognate 70 protein (HSC70) to sequester
it in the cytoplasm and that HSC70 activates NFκB signaling by destabilizing IκBβ protein (14).
Importantly, RA has been found respond to TXNDC5
secretion by activating multiple inflammatory pathways
and triggering the production of proinflammatory
cytokines, suggesting that TXNDC5 is an important
component of the micro-environment to mediate the
pathological progression of RA. TXNDC5 may act
as a mediator linking ER stress and the inflammatory
response.
RA is the main source of many angiogenic factors,
including VEGF, in the joints, and the level of VEGF
has been proven to be highly correlated with RA disease
activity (29). VEGF signaling is activated in response
to ER stress, and activated VEGF signaling, in turn,
buffers the levels of ER stress (30). A previous study by
the current authors indicated that silencing TXNDC5
suppressed VEGF production in RA FLSs when
stimulated with LPS and TNF-α. The current study
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provides further evidence that rhTXNDC5 induces
VEGF production during ER stress. These findings
suggest that TXNDC5 may mediate angiogenesis
under ER stress, and they also corroborate the close
relationship between ER stress and angiogenesis during
the progression of RA.
In summary, this study found that an increase in
TXNDC5 as a cytoprotective response to ER stress may
link ER stress and inflammation in RA. Specifically
targeting TXNDC5 may be a potential treatment for
RA.
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SUMMARY

Mutations in the GJB2 gene, which encodes the connexin26 protein and is involved in inner ear
homeostasis, are the most common cause of autosomal recessive non-syndromic hearing loss
(ARNSHL) in many populations. This study was aimed to determine the molecular etiology in a
consanguineous Iranian family affected by profound ARNSHL. A comprehensive family history was
obtained, and clinical evaluations and pedigree analysis were performed in the family with 4 affected
members. After extraction of genomic DNA, the entire coding region of GJB2 was directly sequenced
in all family members. In silico analyses were also performed using available software tools.
Sanger sequencing results showed a novel rare homozygous variant (c.109_110insG) in the GJB2
gene. This frameshift variant in exon 2 of the GJB2 gene fulfills the criteria of being categorized as
pathogenic according to the American College of Medical Genetics and Genomics (ACMG) guideline.
Confirmation was done with the co-segregation study and checking the frequency of the novel variant
in 100 ethnically matched normal control subjects. The present study suggests that investigation of
GJB2 mutations may still be useful to determine the etiology of HL in Iran.
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autosomal recessive non-syndromic hearing loss, GJB2, ACMG guideline, Iran

1. Introduction
Hearing loss (HL) is the most frequent sensory
impairment, affecting 1 in 1,000 neonates worldwide
(http://hearing.screening.nhs.uk/nationalprog). Many
environmental factors, such as drug exposure, bacterial
or viral infections and trauma, can cause HL; however, a
significant proportion of cases is due to genetic factors.
It is estimated that 70% of HL includes non-syndromic
forms (NSHL), where the hearing deficit is the only
clinical phenotype (1). Autosomal recessive mode
of inheritance (ARNSHL) is highly heterogeneous,
for which over 100 mapped loci are known to be
involved (http://hereditaryhearingloss.org). Despite
this, mutations in one single locus, DFNB1 (13q1112) which contains the GJB2 (NM_004004.5) and
GJB6 (NM_001110219.2) genes, account for 50% of
the etiology in many European populations (2). Their
identification of the first GJB2 mutations causing hearing
loss was soon followed by screenings that revealed a
high frequency of GJB2 mutations among subjects with
NSHL (3). The gene is 5513 bp long and contains only
two exons with exon 1 being untranslated. To date, 361
mutations in the GJB2 gene have been identified with

variable frequency among disparate world populations
(http://www.hgmd.cf.ac.uk). c.35delG is the most
common mutation in many populations such as Iran (4,5).
Other mutations have a more specific origin. In Japanese,
235delC is more prevalent (6) and c.167delT is common
in Ashkenazi Jews (7). Genetic diagnosis of ARNSHL
is complicated, in terms of cost-effectiveness, due to the
extreme genetic heterogeneity of this condition (8-11).
So the high rate of GJB2 related HL in most populations
(12,13), coupled with the simple structure of the gene,
which facilitated the design of different molecular tests,
made screening for GJB2 mutations the first step of
genetic testing of ARNSHL (14). Here, we report a novel
frameshift variant in a consanguineous Iranian family
affected by profound ARNSHL. Our finding would be a
great supplement for the GJB2 pathogenic mutations and
would make genetic counseling available for this family.
2. Methods
2.1. Participants and molecular genetic testing
Clinical examination was carried out on the four
affected subjects; family CHM-1 from a village
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located in southwest Iran. A comprehensive family
history, including age of onset, exposure to ototoxic
drugs during pregnancy and childhood infections,
was obtained. Further clinical examinations such as
temporal bone CT scan, thyroid ultrasound scan and
thyroid hormone assays were also carried out to rule out
the involvement of other body organs and syndromic
HL forms (Figure 1). Air and bone conduction pure tone
audiometry from 250 to 8000 Hz was obtained from all
affected. All members of this family were sampled for
further molecular studies. Blood samples were collected
after written informed consent was obtained from all
individuals or their legal guardians (if patients were
under 18). Written parental consent to publish was also
obtained. The study was approved by the review boards
and ethics committees of the Shahrekord University of
Medical Sciences.
Genomic DNA of subjects was extracted from
peripheral blood lymphocytes using the standard salting
out procedure (15). Purity and concentration of DNA
samples were determined with a 1.2% agarose gel and
spectrophotometer (Nanolytik, Dusseldorf, Germany).
GJB2 was screened for the coding region mutations
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(exon 2) using direct sequencing. The following primers
were used for amplification of exon 2 of the GJB2 gene:
F1 (5′-GCTTACCCAGACTCAGAGAAG-3′) and R1
(5′-CTACAGGGGTTTCAAATGGTTGC-3′). The PCR
reaction was performed as follows: 8 μL of Master
Mix 2x (containing, MgCl 2, Taq DNA polymerase,
and d NTPs (Applied Biosystems), 0.45 μL of each of
the primers (10 pM), 2 μL DNA (50 ng), adjusted to
18 μL using ddH2O. The amplification was initiated
by denaturation at 95ºC for 5 minutes, followed by
30 cycles of 95ºC for 1 minute, 60ºC for 1 minute,
and 72ºC for 1 minute, with a final extension cycle of
72ºC for 5 minutes. The automated Genetic Analyzer
ABI 3130 XL (Applied Biosystems3130, Foster City,
California, USA) was applied to directionally sequence
PCR products using The Big Dye® Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems3130, Foster
City, California, USA).
2.2. Computational analyses
We used Bioinformatics predictive tools including
Mutation Taster, Polyphen and SIFT (16) to assess
possible effects of mutations on the protein structure.
Databases including: Connexin deafness homepage
(http://davinci.crg.es/deafness), the Single Nucleotide
Polymorphism database (dbSNP) (http://www.ncbi.nlm.
nih.gov/project/SNP) and the 1000 Genomes Project
(http://browser.1000genomes.org) were investigated for
novel variants.
3. Results
3.1. Clinical Evaluation

Figure 1. Temporal bone CT image of IV: 1. based on the criteria
of diameter greater than 1.5 mm between the outer vestibular
aqueduct and the vestibule of the total port foot or the midpoint
of the isthmus is abnormal.

In the four-generation consanguineous family CHM-1,
four individuals (III-3, IV-2, IV-2, IV-3), were affected
by pre-lingual bilateral profound sensorineural HL
(Figure 2A). The deaf siblings had normal parents and
helped to correctly define the mode of inheritance as
autosomal recessive. In accordance with the subjects’
interviews indicating a pre-lingual onset of deafness,

Figure 2. (A) Pedigree and segregation of the c.109_110insG variant in Iranian family CHM-1; −/−and +/+ respectively, show the
homozygous (mutant) genotype and wild-type (WT) allele. (B) Right and left ear audiograms in the (IV: 2) patient.
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Figure 3. (A) Sequencing results of the c.109_110insG variant. (B) Schematic structure, domains and location of new variant of the Cx-26
protein in this study.

Table 1. Identified GJB2 variant and in silico analyses
Mutation

Amino acid
change

c.109_110insG

Val37Gly fs*11 Insertion

mutation
type

Affected
domain

classification

TM1

Trancated

Functional effect
SIFT

CADD

Damaging 23

Mutation Taster

Segregates in
the family

ACMG

Disease causing

Yes

Pathogenic

Figure 4. The putative schematic representation of connexin26 protein and mutants in family CHM-1. The new variant c.109_110insG
induced a frameshift mutation, caused a stop codon at position of amino acid 47, resulting in truncated connexin26 protein.

language acquisition was severely impaired in all
affected individuals. More clinical examinations did not
indicate any thyroid, skin, or ophthalmic abnormalities
in affected members. Therefore, a syndromic form
of HL was ruled out. The pedigree revealed several
consanguineous marriages, suggesting ARNSHL in the
offspring. Pure-tone audiometry in affected subjects
showed flat audiograms characteristic of profound
hearing impairment (Figure 2B).
3.2. GJB2 Mutation Screening
Sequencing of GJB2 showed a novel homozygous
variant (c.109_110insG) in the three affected siblings
and their deaf aunts (Figure 3A). This variant was not
found in other normal hearing family members, and was
unique to those affected. Additionally, no other mutation
in GJB2 was identified in either of the subjects.
c.109_110insG was not detected in 100 ethnicitymatched controls. All in silico programs predicted the
c.109_110insG variant to have damaging effects (Table
1). Further analysis of c.109_110insG showed that
the variant was not reported by 1000 genome project.
This frameshift variant (p. Val37Gly*11) creates a stop
codon at amino acids 47, resulting in a truncated protein
with only 47 residues (versus 226 residues in the intact

protein) (Figure 4). This practically means complete
deletion of about 75% of the Cx26 protein. Figure 3
shows location of the variant in the first TM domain of
the Cx26 protein.
4. Discussion
Various genes causing autosomal recessive nonsyndromic hearing loss (ARNSHL) has been identified
from Iran; but mutations related to the GJB2 gene have
been reported more frequently (17-19). Here, a novel
homozygous variant identified by Sanger sequencing
is reported within an Iranian family. The prevalence
of GJB2 mutations in Iran ranges from 4 to 38%
in different ethnic groups (14). Such mutations are
among the most frequent causes of HL in the world,
and their prevalence exceeds over 50% in certain
populations (20). GJB2, encodes the connexin26
(Cx26) gap-junction channel protein that underlies both
intercellular communication among supporting cells
and homeostasis of the cochlear fluids, endolymph
and perilymph. Connexin proteins that contain one
cytoplasmic domain (CL), two extracellular domains
(E 1-2), and four transmembrane (TM 1-4) domains
are concentrated within the membrane as connexons
or hemi channels. Newly-synthesized Cx26 monomers
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Figure 5. The identified variant c.109_110insG occurs at a highly conserved position (Val 37) in the Cx26 protein.

undergo conformational maturation and assembly into
connexons when moving along the secretory pathway
for delivery at the plasma membrane. Once there, Cx26
connexons may remain as so-called hemi channels,
allowing for transport of diverse small molecules (less
than 1 kDa) between the cytosol and the extracellular
space. Until now, more than 100 mutations in GJB2
have been reported to cause ARNSHL. They involve a
wide spectrum of missense, nonsense, frame shift and
splice site mutations (http://davinci.crg.es/deafness).
However, one truncated mutation (c.35delG) is most
frequent in the majority of the Caucasian population,
with the carrier frequency as high as 2-4% (21).
Here, we identified a novel homozygous variant, p.
Val37Gly*11 in the first TM domain of the Cx26
protein, which is highly conserved in all species studied,
and among different connexions (Figure 5). This
frameshift variant was predicted to result in a truncated
protein missing parts of the TM1-4, intervening loops
and C-terminal (Figure 3B) which hampers Cx26
folding and oligomerization, leading to retention at the
endoplasmic reticulum (ER) and ultimately causing a
total loss of function (22). Interestingly, ER retention
of the truncated subunits may induce in some cases
the unfolded protein response, which in turn may
eventually lead to apoptosis of cells expressing those
GJB2 mutant alleles (23). Unfortunately, there has been
no in vitro functional assay to evaluate the mechanism
by which GJB2 mutations cause HL. In this case, other
available lines of evidence such as those derived from
segregation studies should be incorporated to pinpoint
true genetic causes. The ACMG guidelines advocated
our finding (24). The frameshift variant is a null allele
leading to a truncated protein (PVS1), the variant
was seen in all affected family members and was not
detected in normal subjects (PS4) and bioinformatics
analyses support a deleterious effect on Cx26 protein
(PP3). It is located in a validated domain (TM1), this
variant reduces the length of the protein (PM4) and was
not reported by the dbSNP database and 1000 genome
project (PM2). Thus, the variant is categorized as being
pathogenic.
This study should be a great supplement for the role
of GJB2 mutations in the etiology of ARNSHL, in the
Iranian population. Furthermore, our data support the
view that the investigation of GJB2 mutations is still

the primary step before moving on to next-generation
sequencing (NGS) (25). The use of Sanger sequencing
for detection of GJB2 mutations may be a faster
and more economical diagnostic tool in individuals
suffering with pre-lingual HL.
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SUMMARY

The goal of this study was to analyze diminishment of the functional status of the skeleton, parts of
organs, regions of the brain, connective tissues, and chondrocytes in patients with achondroplasia
(ACH), pseudoachondroplasia (PSACH), and rickets. Three-dimensional non-linear scanning
(3D-NLS) was used to analyze the functional status of patients with genetic bone disorders,
including 7 patients with ACH, 3 patients with PSACH, and 3 patients with rickets. Results
indicated that the percentage of patients with long bones in the decompensatory phase did not
differ depending on whether they had ACH, PSACH, or rickets. Joints in the decompensatory
phase did not differ in patients with ACH except for the right hip (16.67%). Various joints were in
the decompensatory phase (16.7-33.3%) in patients with rickets. The thoracic vertebrae, lumbar
vertebrae, and liver were in the decompensatory phase in all 3 groups of patients. Connective
tissues were in the decompensatory phase in 33.33% of patients with ACH. None of the patients
with PSACH had chondrocytes in the decompensatory phase but 66.67% of patients with ACH or
rickets did. Regions of the brain in the decompensatory phase were most prevalent in patients with
rickets or ACH but not in patients with PSACH. In conclusion, diagnosis based on 3D-NLS was
able to identify the functional status of genetic bone disorders. Some areas of decompensation were
common to the 3 diseases studied but other areas were specific to a given disease.

Keywords

achondroplasia, pseudoachondroplasia, rickets, health assessment, 3-D non-linear scanning
technology

1. Introduction
Since three-dimensional non-linear scanning (3D-NLS)
was first used in diagnostics in the late 90s, it has
made significant progress thanks to the introduction
of new technologies and new facilities (1). A clinical
examination with 3D-NLS and the resulting diagnosis
are based on a three-dimensional reconstruction
combined with spectral-entropy analysis (SEA) of
the scanned site. This technique is more visual and
accurate than conventional methods in many cases,
such as diagnosis of degenerative-dystrophic damage
to intervertebral discs (2), damage to the ankle (3), and
screening for potential vascular pathologies (4).
Achondroplasia (ACH, MM:100800), also known
as chondrodysplasia fetalis or chondrodystrophic

dwarfism, is an autosomal-dominant genetic disorder.
Its incidence is between one in 77,000 and one in
15,000 (5). Its clinical features include an enlarged
head, frontal bossing, short limbs, and trident hands.
All of these features can be found at birth. Other
features, such as limited elbow extension, tibial
bowing, and thoracolumbar kyphosis, may also be
present (6,7).
Pseudoachondroplasia (PSACH, MIM 177170)
is another autosomal-dominant genetic disorder. It is
clinically characterized by a normal head and face,
lordotic lumbar spine, and epiphysis and metaphysis
where epiphyseal development is delayed and
metaphyses widen (8). It might be accompanied by
symptoms of tibial bowing and early osteoarthritis due
to a non-concentric load (hips and knees) (9,10).
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Rickets is a group of heterozygous diseases caused
either by a vitamin D deficiency (11) or dominant
(12) or recessive genetic disorders (13,14). Its clinical
features include delayed fontanelle closure, beading of
the ribs and a pigeon chest, scoliosis, lumbar lordosis,
bowed legs, muscle weakness, and metaphyseal
changes that result in thickening of the wrists and
ankles and even deformity of the hips (15).
The aim of this study was to use 3D-NLS to
evaluate the functional status of the skeleton, parts of
organs, regions of the brain, connective tissues, and
chondrocytes in patients with ACH, PSACH, and
rickets and to analyze the biochemical equilibrium
between damage to organs, tissues, and cells and
pathological changes.
2. Materials and Methods
2.1. Patients
This study was conducted in accordance with the
Helsinki Declaration and was approved by the Ethics
Committee of the Shandong Medicinal Biotechnology
Centre (No. 2016-04). Informed consent was provided
by all patients or their guardians. This study included
7 patients with ACH (five were 2-6 years of age, one
was 23 years of age), 3 patients with PSACH (two
were 3 years of age and one was 10 years of age),
and 3 patients with rickets (3, 4, and 28 years of age,
respectively). All patients were diagnosed clinically.
2.2. Health assessment
The functional status of target areas, including the
skeleton (long bones and joints), regions of the brain
(frontal lobes, parietal lobes, temporal lobes, and
occipital lobes), parts of organs (heart, liver, kidneys,
and lungs), connective tissues, and chondrocytes, was
evaluated in patients diagnosed with ACH, PSACH
and rickets using the "Metatron"-4025 system (IPP,
Russia) equipped with high-frequency digital trigger
sensors (4.9 GHz). The health assessment was graded
according to the following functional statuses: good
health, standard health, self-repair, start of decline, and
excessive damage or a critical state. Whether patients
with ACH, PSACH, and rickets were in a compensatory
phase (good health, standard health, or self-repair) or
a decompensatory phase (start of decline or excessive
damage or a critical state) of their disease was analyzed
and compared.
3. Results
3.1. Functional status of the skeleton
Figure 1 shows that the percentage of patients with
long bones in the decompensatory phase did not differ

among the 3 groups of patients. The functional status
of joints (Figures 2 and 3) in the decompensatory phase
did not differ for patients with ACH (66.67%) except
for the right wrist or for patients with PSACH. The
percentage of patients with joints in the decompensatory
phase differed in patients with rickets: the shoulder was
in the decompensatory phase in 33.33%, the right wrist
was in the decompensatory phase in 33.33%, the right
hip was in the decompensatory phase in 16.67%, and
the ankle was in the decompensatory phase in 33.33%.
Figure 3 shows that the percentage of patients with
cervical vertebrae in the decompensatory phase did not
differ depending on whether they had ACH or PSACH,
but it did differ (66.67%) in patients with rickets. The
thoracic vertebrae were in the decompensatory phase in
16.67% of patients with ACH, 100% of patients with
PSACH, and 33.33% of patients with rickets.
The lumbar vertebrae were in the decompensatory
phase in 83.33% of patients with ACH, 50.00% of
patients with PSACH, and 66.67% of patients with
rickets. The sternum was in the decompensatory phase
in 50.00% of patients with ACH or PSACH but did not
differ in patients with rickets.
3.2. Functional status of parts of organs
The left lobe of the liver was in the decompensatory
phase in 50.00% of patients with ACH, 100.00% of
patients with PSACH, and 33.33% of patients with
rickets while the right lobe of the liver was in the
decompensatory phase in 66.67% of patients with
ACH, 50.00% of patients with PSACH, and 33.33% of
patients with rickets (Figures 4 and 5).
The percentage of patients with the heart or left
kidney in the decompensatory phase did not differ
among the 3 groups of patients, but the right kidney
was in the decompensatory phase in 16.67% of
patients with ACH, 0% of patients with PSACH, and
33.33% of patients with rickets. The lungs were in the
decompensatory phase in 16.70% of patients with ACH
but did not differ in patients with PSACH or rickets.
The left hilum was in the decompensatory phase in
83.33% of patients with ACH, 50.00% of patients with
PSACH, and 66.67% of patients with rickets, while the
right hilum was in the decompensatory phase in 50.00%
of patients with ACH, 100% of patients with PSACH,
and 100% of patients with rickets.
3.3. Functional status of tissues and cells
The functional status of connective tissues and
chondrocytes is shown in Figure 5. Connective tissues
were in the decompensatory phase in 33.33% of
patients with ACH. The percentage of patients with
chondrocytes in the decompensatory phase did not
differ in patients with PSACH but it did differ (66.67%)
in patients with ACH or rickets.
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Figure 1. Functional status of long bones

Figure 2. Functional status of joints

Figure 3. Functional status of parts of the spine and joints

3.4. Functional status of the brain
The functional status of regions of the brain is shown
in Figure 6. The left frontal lobe and right parietal lobe
were in the decompensatory phase in 33.33% of patients
with rickets. The right frontal lobe, right temporal lobe,
and medulla oblongata were in the decompensatory
phase in 16.67% of patients with ACH. The left temporal
lobe and left occipital lobe were in the decompensatory
phase in 50.00% of patients with ACH, 0% of patients
with PSACH, and 33.33% of patients with rickets.
The percentage of patients with the left frontal lobe
and right occipital lobe in the decompensatory phase did
not differ among the 3 groups of patients.

Figure 4. Functional status of parts of organs

4. Discussion
Figure 5. Functional status of parts of organs, connective tissue,
and cartilage

Three-D NLS is able to depict pathological areas
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Figure 6. Functional status of cerebral regions

through reconstruction of three-dimensional highresolution images of scanned sites. It offers accurate
positioning and real-time information, and its sensitivity
is comparable to that of computed tomography (CT) (4).
In addition, it is cheap, simple, and non-invasive.
When diagnosing cholangiocarcinoma in
patients with intrahepatic cholangiectasis, 3D-NLS
compensates for the indistinct location according to
conventional non-invasive methods such as ultrasound
scanning, magnetic resonance imaging (MRI), and
CT and it avoids injury to the human body by an
invasive examination, such as endoscopic retrograde
cholangiopancreatography (16).
The current study graded and quantitatively
analyzed the functional status of the skeleton, regions
of the brain, parts of organs, connective tissues, and
chondrocytes. The percentage of patients with long
bones in the decompensatory phase did not differ
depending on whether they had ACH, PSACH, or
rickets. The percentage of patients with the shoulder,
right wrist, or ankle in the decompensatory phase
differed in patients with rickets. The results agreed
with clinical features such as swelling of joints like
the wrists and ankles (17). The right hip was in the
decompensatory phase only in patients with ACH, which
might be related with the square-shaped ileum, small
sacroiliac notches, or other clinical features of ACH
(17). A markedly higher percentage of patients with
ACH had thoracic vertebrae and lumbar vertebrae in the
decompensatory phase compared to the other 2 groups.
This was consistent with the thoracolumbar kyphosis
characteristic of ACH (18,19). Decompensation in the
thoracic spine of patients with PSACH was correlated
with abnormal spine development (20). A relatively
high percentage of patients with ACH had connective
tissues and chondrocytes in the decompensatory phase;
this is presumably related to the clinical manifestations
of muscle hypotonia and soft tissue laxity, which
might be responsible for thoracolumbar kyphosis. The
liver was in the decompensatory phase in over 1/3 of
patients with ACH, PSACH, or rickets. The hilum of
the lungs was in the decompensatory phase in over
half of the patients with ACH, PSACH, or rickets. The
long bones were normal while the thoracic and lumbar

vertebrae were affected in all the groups of patients.
Abnormalities of the wrists and ankles in patients with
rickets differed from those in patients with ACH or
PSACH. The hips of patients with ACH differed from
those in patients with the other two diseases.
In conclusion, all 3 of the diseases studied involved
skeletal dysplasia with similar clinical features. As
described here, 3D-NLS offers a new avenue to
accurate differential diagnosis. A limitation of this
study was the small sample of patients with PSACH
or rickets. Therefore, these 3 diseases need to be
studied further. In summary, 3D-NLS is potentially an
alternative method with which to diagnose genetic bone
disorders.
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SUMMARY

Keloid is defined as a benign dermal fibro-proliferative growth that extends outside the original
wound and invades adjacent dermal tissue. Its pathogenesis is complex and much evidence suggests
the influence of genetic factors, including the rs873549, rs1511412, rs940187 and rs8032158
polymorphisms associated with keloid risk in Japanese patients. The aim of our study was to
investigate possible associations between rs873549, rs1511412, rs940187 and rs8032158 variants and
the risk of keloid in Polish patients of European descent. The genetic polymorphisms were identified
by sequencing genomic DNA extracted from peripheral blood leukocytes from 86 keloid patients and
from newborn cord blood leukocytes from 100 newborns as a control group. No significant differences
(p > 0.05) in the distributions of rs873549, rs1511412, rs940187 and rs8032158 alleles were found
between keloid patients and newborn controls (26.7% vs. 25.5%, 9.9% vs.7.0%, 19.8% vs. 12.5%,
and 41.9% vs. 33.5%, respectively). Logistic regression with adjustment for gender revealed that
only the CC homozygous genotype of rs8032158 polymorphism was significantly more frequent in
keloid patients as compared with controls (19.8% vs. 11.0%, respectively). Our results suggest that in
contrast to Asian populations only the rs8032158 polymorphism at locus 15q21.3 is associated with the
susceptibility to keloid scarring in patients of European descent.
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1. Introduction
Keloid is defined as benign proliferative scars that
grow beyond the confines of original insults to the skin,
invading into adjacent normal tissue. This differentiates
keloid from hypertrophic scars, which are raised
scars that remain within the boundaries of the inciting
cutaneous insult (1). The pathogenesis of keloid is
complex, and much evidence suggests the influence of
genetic factors. The main sources of evidence indicating
genetic predisposition to keloid formation are as
follows: familial inheritance, ethnic differences in keloid
prevalence, and the identification of chromosomal loci or
SNPs (Single Nucleotide Polymorphisms) for keloid via
linkage analysis or association studies, respectively (1,2).
In 2010 Nakashima et al. through a multistage
genome-wide association study identified four SNPs,
which significantly predisposed to keloid in the
Japanese population. The authors reported that the most
significant association with keloid was with rs873549

on chromosome 1q41, with rs1511412 and rs940187
in two separate linkage disequilibrium (LD) blocks
on chromosome 3q22.3-23, and with rs8032158 on
chromosome 15q21.3 (3). So far the associations of
SNPs on chromosomes: 1q41, 3q22.3-23 and 15q21.3
with keloid have been confirmed in Asian patients (48) and also that the latter locus was also associated
with predisposition to keloid in Afro-Americans (9).
Therefore, this raises the question whether the four
SNPs also predispose to keloid formation in patients
of European descent. To further address this issue
we decided to investigate the possible associations
of rs873549, rs1511412, rs940187 and rs8032158
polymorphisms with the risk of keloid in Polish patients.
2. Materials and Methods
2.1. Keloid group and controls
The study group consisted of 86 consecutive patients
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with keloid (17 males and 69 females, aged from 18 to
70 years old), who were treated with surgical excision
at a cosmetic surgery clinic (Aesthetic Med, Szczecin,
Poland). Forty eight patients had been diagnosed with
keloid scarring as a postoperative complication from
previous surgery; multiple keloid scars were present
in 26 patients; and 10 subjects reported the presence
of keloid in first degree relatives. The control group
consisted of 100 healthy, full-term newborns (52 males
and 48 females) randomly chosen from the Newborn
DNA Repository at the Pomeranian Medical University
in Szczecin. All patients in the study and control
groups were Poles of European descent. The study
was conducted in accordance with the Declaration
of Helsinki (2013) and was approved by bioethics
committee at the Pomeranian Medical University in
Szczecin. Patients' informed consent for cases and
parental informed consent for newborn controls were
obtained.
2.2. Genotyping
The rs873549, rs1511412, rs940187 and rs8032158
polymorphisms were identified by sequencing
amplicons from genomic DNA (sequences of primers for
polymerase chain reaction are available upon request)
extracted from peripheral blood leukocytes from keloid
patients and from newborn cord blood leukocytes from
newborns, as described previously (10).
2.3. Statistical analyses
Possible divergence of genotype frequencies from
Hardy-Weinberg equilibrium and differences in alleles
frequencies between groups were assessed using χ 2
tests. Genotype frequencies between groups were
compared by logistic regression with adjustment for
gender (note that the controls/cases were not matched
for gender) in additive, dominant or recessive modes
of inheritance for the risk allele. Calculations were
performed using a data analysis software system (Dell
Statistica, version 13. Dell Inc. 2016, software.dell.
com). A two-tailed p < 0.05 was considered statistically
significant.

3. Results and Discussion
The rs873549, rs1511412, rs940187 and rs8032158
genotype distributions in the control group conformed
to expected Hardy-Weinberg equilibria (p = 0.793, p
= 0.452, p = 0.189 and p = 0.920, respectively). No
significant differences in the distributions of rs873549,
rs1511412, rs940187 and rs8032158 alleles were found
between keloid patients and newborn controls (Table
1). Logistic regression with adjustment for gender
revealed no significant associations between rs873549,
rs1511412, rs940187 or rs8032158 and predisposition
to keloid in additive or dominant modes of inheritance
for the risk allele (data not shown). There were also no
significant associations between rs873549, rs1511412
or rs940187 polymorphisms and keloid risk in recessive
mode of inheritance for the risk allele. Only the CC
homozygous genotype of rs8032158 polymorphism
was significantly more frequent in keloid patients as
compared with controls (Table 1). Our results confirm
the association of rs8032158 polymorphism at locus
15q21.3 with keloid, as well as showing its occurrence in
another ethnic group. However, we are fully aware that a
major limitation of our study is relatively low statistical
power due to small sample size, and further studies might
well show associations for the other polymorphisms.
Our calculation for rs8032158 in the recessive mode
of inheritance (performed with the Genetic Power
Calculator; http://zzz.bwh.harvard.edu/gpc/) revealed that
a minimum of 238 keloid patients would be necessary to
achieve 80% statistical power under the assumption of a
5% type I error rate (α), and therefore the discovery of an
association was fortuitous but substantial.
The rs8032158 SNP maps to intron 4 of the NEDD4
(Neural Precursor Cell Expressed, Developmentally
Down-Regulated 4) gene encoding a ubiquitin ligase (3).
In addition, rs8032158 is in linkage disequilibrium with
rs2271289 in intron 5 of NEDD4, which was revealed
to be associated with keloid in two independent studies
of Chinese Han (4,8). On the other hand, the DNA
sequencing of the NEDD4 region in 94 keloid patients
has excluded linkage of rs8032158 with hidden causative
mutations (3). Using an in silico approach (https://

Table 1. Association analysis of four SNPs (rs873549, rs1511412, rs940187 and rs8032158) with keloid in Caucasians
SNPa
(Position)
rs873549 (1: 222,271,767)
rs1511412 (3: 138,713,704)
rs940187 (3: 138,841,593)
rs8032158 (15: 56,194,877)

Alleleb
(1/2)

Cases
1/2

Controls
1/2

p

T/C
G/A
C/T
T/C

126/46
155/17
138/34
100/72

149/51
186/14
175/25
133/67

0.785
0.316
0.056
0.096

Cases

Controls

11

12

22

11

12

22

52
69
55
31

22
17
28
38

12
0
3
17

56
86
78
44

37
14
19
45

7
0
3
11

a

pc

OR (95% CI)d

0.453
0.236
0.896
0.046

1.48 (0.53-4.13)
1.65 (0.72-3.80)
1.12 (0.20-6.35)
2.47 (1.01-6.08)

SNP position was indexed to the NCBI build 37 (GRCh37.p13). bAllele 1 and allele 2 were defined as the non-susceptible allele or the risk allele,
respectively. cp values for logistic regression with adjustment for gender in recessive mode of inheritance for the risk allele. dOR (Odds Ratios)
and CI (Confidence Intervals) were calculated using the non-susceptible allele as a reference.
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snpinfo.niehs.nih.gov/ and http://www.regulomedb.
org/) we were not able to confirm any direct functional
significance of either rs8032158 or rs2271289. It has,
however, been suggested that NEDD4 variants might
have reduced expression which in turn may cause
upregulation of the Transforming Growth Factor-β
(TGF-β) signaling pathway, resulting in enhancement of
fibroblast proliferation and keloid formation (3).
In conclusion, this study has confirmed that among
the rs873549, rs1511412, rs940187 and rs8032158
associations previously associated with keloid in Asian
patients, only the latter at locus 15q21.3 also predisposes
to keloid in patients of European descent.
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SUMMARY

Minor blood group incompatibility due to blood groups other than Rh(D), although an uncommon
cause of neonatal hyperbilirubinemia, has the potential to cause severe hyperbilirubinemia and
its sequelae in infants, if left undiagnosed and untreated. Here, we describe clinical presentation,
diagnosis and treatment of three cases of minor blood group incompatibility due to anti-E and
anti-c antibody. All three neonates presented with pallor, icterus and splenomegaly within the first
three days of life. Investigations showed indirect hyperbilirubinemia and a positive direct coombs
test. Indirect coombs test was positive in the mothers. There was no setting of ABO or Rh(D)
incompatibility in any of the neonates. When tested for minor blood group incompatibility, anti E
antibody was found to be responsible for hemolysis and hyperbilirubinemia in the first case, and
anti c antibody was found in the second case and third case had both anti c and anti E antibodies.
While hyperbilirubinemia improved with intensive phototherapy in the first two cases, the third
case required a double volume exchange transfusion. On follow up, bilateral sensorineural hearing
loss was seen in one of the patients. All three neonates were otherwise healthy, gaining weight and
developmentally normal.

Keywords

antibody screening, hemolytic disease of newborn, minor blood group, neonatal hyperbilirubinemia,
red cell allo-immunization

1. Introduction
The estimated global prevalence of haemolytic
disease of the fetus and newborn (HDFN) due to Rh
isoimmunisation is 276/100,000 live births per year (1).
The prevalence of HDFN for developed counties like
United States is estimated to be 3/100,000 to 80/100,000
while in developing regions like Latin America, North
Africa/the Middle East, South Asia, sub-Saharan Africa,
and Eastern Europe/Central Asia, the prevalence of
HDFN due to Rh isoimmunisation is estimated at 252,
278, 385, 386, and 529/100,000 live births, respectively
(1,2). The frequency of neonatal hemolytic disease and
indirect hyperbilirubinemia due to Rh sensitisation has
decreased with the widespread use of anti-D gamma
globulin. Hence, the contribution of minor blood
groups incompatibility other than Rh(D) antigen, such
as Kell, c, C, E, e has gradually increased in HDFN
(3,4). The prevalence of red cell antibodies other than
anti-D with the potency to induce HDFN is about 1
in 500 pregnancies (5). Anti-c is usually described

as the next most common cause of severe HDFN
after anti-D (6). More and more cases of minor blood
group incompatibility are now being diagnosed due to
advancements in investigation modalities.
Neonates with minor blood group incompatibility
may be asymptomatic or the clinical picture may
range from mild anemia, reticulocytosis, neonatal
hyperbilirubinemia to fetal hydrops (4,7). The clinical
presentation, diagnosis and management of three cases
of neonatal hyperbilirubinemia due to minor blood
group incompatibility and maternal allo-immunisation
to anti-E and anti-c antigens is discussed here (Table 1).
2. Patients and Methods
All neonates presenting with icterus were examined
for pallor, organomegaly and signs of bilirubin
encephalopathy. Investigations including a complete
blood count and peripheral smear (for hemolysis,
spherocytes, atypical cells and reticulocyte count),
serum bilirubin levels, ABO and Rh(D) typing of
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Table 1. Result of phenotypic analysis and antibody screening in parents and neonate
Items
Mother's Blood Group
Father's Blood Group
Baby's Blood Group
DCT (Baby)
Antigen detection:
D
C
c
E
e
Kell

Case 1

Case 2

Case 3

B+
O+
O+
3+

AB+
O+
B+
4+

A+
A+
A+
4+

Mother Father
4+
3+
4+
-ve
4+
3+
-ve
3+
4+
2+
-ve
-ve

Mother Father
4+
4+
4+
3+
-ve
4+
4+
4+
4+
4+
-ve
-ve

Mother Baby*
4+
4+
4+
4+
-ve
4+
-ve
4+
4+
-ve
-ve
-ve

ICT(Mother)
+ve
+ve
Antibodies responsible for hemolysis Anti E antibody in mother and baby Anti c antibody in mother and baby

+ve
Anti E and anti c antibodies in baby

*antigen detection in father could not be tested because father was not available for testing.

neonate and mother, direct coombs test and Glucose 6
phosphate dehydrogenase enzyme levels were done on
all patients at admission. In all patients with a positive
direct coombs test in the absence of ABO or Rh(D)
setting, autoimmune and alloimmune causes were
looked for including indirect coombs test, phenotypic
analysis for minor blood groups (C, c, Kell, E, e),
antibody screening and anti-nuclear antibodies.
Treatment including phototheraphy and exchange
transfusion was done as per the guidelines; and once
the bilirubin was below the cut off and in a decreasing
trend, phototherapy was discontinued (8). All patients
were monitored for rebound hyperbilirubinemia
before discharge. After discharge, patients were kept
under follow up for hearing screening, developmental
assessment (9) and head circumference monitoring.
2.1. Case 1
A term 40-week gestation, female baby with birth
weight 2,860 g was born to a 29-year-old G2P1L1
mother by an uneventful vaginal delivery in hospital.
It was a booked pregnancy with regular antenatal visits
and normal antenatal ultrasounds. Breast feeding was
initiated within first hour of life and continued thereafter.
Baby passed urine and stools on the first day of life and
was discharged on second day of life. There was no
history of jaundice in the first sibling. Jaundice was first
noticed by mother on day 3 of life along with highly
colored urine. On examination, the baby had icterus up
to abdomen and was feeding well. In the follow up visit
on day 5 of life, she had icterus up to palms and soles.
The baby was admitted and phototherapy started. On
examination, the baby was active, alert and accepting
breast feeds well. She had hepatomegaly of 1 cm below
costal margin and no splenomegaly. There were no
signs of bilirubin encephalopathy. All anthropometric
measurements were between 3rd and 10th percentile for
her gestational age as per Fenton charts.

Investigations showed baby's hemoglobin of 18.5
g/dL, leucocyte count of 10,600/mm3, platelet count
of 279,000/mm3 and total serum bilirubin (TSB) of
23.8 mg/dL with a direct component of 0.7 mg/dL.
Blood group was O Rh (+), and direct coombs test
was positive (+++). Mother and father blood groups
were B Rh (+) and O Rh (+) respectively. Glucose 6
phosphate dehydrogenase enzyme levels were normal.
Peripheral smear showed normal RBC morphology with
no evidence of hemolysis or atypical cells. Phenotype
analysis for minor blood group antigens in mother
and father showed D(4+), C(4+), c(4+), E(-), e(4+),
Kell(-) and D(3+), C(-), c(3+), E(3+), e(2+), Kell(-)
respectively. Indirect coombs test was positive in the
mother. Antibody screening showed anti-E antibody in
the mother and baby. Since antibody screening showed
anti-E antibody in the mother and baby, a diagnosis of
indirect hyperbilirubinemia due to minor blood group
incompatibility as a result of anti-E antibody was
established.
The patient received phototherapy for 48 hours
and serum bilirubin declined to 13.6mg/dL. On follow
up visit, 48 hours after discontinuing phototherapy,
there was no rebound hyperbilirubinemia. At 8 weeks
follow up, the baby was accepting breast feeds, gaining
weight, had normal development and Brainstem Evoked
Response Audiometry (BERA) showed normal hearing
bilaterally.
2.2. Case 2
A term 38-week gestation, male baby with birth weight
3,500 g was born to a 25-year-old G2P1L0 mother by an
uneventful vaginal delivery in hospital. It was a booked
pregnancy with regular antenatal visits and normal
antenatal ultrasounds. The first baby was a female born
at term gestation with no clinical pallor or jaundice
and survived for 2 hours after birth. A definite cause of
death was not established. Breast feeding was initiated
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within the first hour of life. Jaundice was first noticed at
life hour 8 with highly colored urine. TSB at 20 hours of
life was 23 mg/dL with a direct component of 1.2 mg/
dL. At the time of admission at 31 hours of life, baby
was active, alert, and accepting breast feeds well. Baby
had icterus up to palms and soles, hepatomegaly of 3
cm below costal margin and splenomegaly of 3 cm.
There were no signs of bilirubin encephalopathy. All
anthropometric measurements were between 50th and
90th percentile for age as per the Fenton charts.
Investigations showed hemoglobin of 10.7 g/
dL, leucocyte count of 13,900/mm3, platelet count of
266,000/mm3 and total bilirubin of 25.9 mg/dL with
a direct component of 1.6 mg/dL at 31 hours of life.
Baby's blood group was B Rh (+) and direct coombs test
was positive (++++). Mother's and father's blood group
were AB Rh (+) and O Rh (+) respectively. Glucose 6
phosphate dehydrogenase enzyme level was normal.
Peripheral smear showed hemolysis with a reticulocyte
count 3.5%. Phenotype analysis for minor blood group
antigens in mother and father showed D(4+), C(4+), c(), E(4+), e(4+), Kell(-) and D(4+), C(3+), c(4+), E(4+),
e(4+), Kell(-) respectively. Indirect coombs test was
positive in the mother. Antibody screening showed
anti-c antibody in the mother and baby. A diagnosis of
indirect hyperbilirubinemia due to minor blood group
incompatibility as a result of anti-c antibody was made.
Intensive phototherapy was initiated at 31 hours of
life and continued. TSB at 67 hours of life was 22.7
mg/dL with a direct component 2.4 mg/dL. A double
volume exchange transfusion was performed at 78 hours
of life at a TSB of 25 mg/dL with a direct component
of 2.9 mg/dL. Following exchange transfusion,
intensive phototherapy was continued and serial TSB
values showed a decreasing trend. Phototherapy was
discontinued at 103 hours of life at a TSB of 13 mg/
dL. There was no rebound hyperbilirubinemia. The
baby was accepting breast feeds and gaining weight at
discharge. At 8 weeks follow up, the baby was accepting
breast feeds, gaining weight, had normal development
and BERA showed bilateral sensorineural hearing loss.
2.3. Case 3
A term 38-week gestation, male baby with birth weight
2,920 g was born to a 22-year-old primigravida mother
by caesarean delivery for fetal distress. It was a booked
pregnancy with regular antenatal visits and normal
antenatal ultrasounds. Breast feeding was initiated at 3
hours of life and continued thereafter. Baby passed urine
and stools on the first day of life. Jaundice was noticed
by mother on the second day of life. The baby was
admitted to a peripheral health center and phototherapy
was started. The investigations showed a maximum TSB
of 25.2 mg/dL with direct fraction of 1.2 mg/dL at 110
hours of life. The blood group of the baby and both the
parents was A Rh (+). Direct coombs test of the baby
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was positive (++++). On the 8th day of life the baby
was referred in view of persistent hyperbilirubinemia
despite receiving phototherapy. At presentation, the
baby had icterus up to palms and soles. The baby was
active, alert and accepting breast feeds well. He had
hepatomegaly of 1.5 cm below costal margin and spleen
was not enlarged. There were no signs of bilirubin
encephalopathy. All anthropometric measurements were
between 10th and 50th percentile for his gestational age
as per Fenton charts.
Investigations showed hemoglobin of 10.2 g/dL,
leucocyte count of 9,500/mm3, platelet count of 318,000/
mm3 and TSB of 23 mg/dL with a direct component of
1.7 mg/dL. Glucose 6 phosphate dehydrogenase enzyme
levels were normal. Peripheral smear showed evidence
of hemolysis with reticulocyte count of 8.5%. Phenotype
analysis for minor blood group antigens in both parents
was planned but the father was not available for testing.
The mother and baby showed an antigen profile of
D(4+), C(4+), c(-), E(-), e(4+), Kell(-) and D(4+), C(4+),
c(4+), E(4+), e(-), Kell(-) respectively. Indirect coombs
test was positive in the mother. Since antibody screening
showed anti-E and anti-c antibodies in the mother and
baby, a diagnosis of indirect hyperbilirubinemia due to
minor blood group incompatibility as a result of anti-E
and anti-c antibodies was considered.
The patient received phototherapy for 70 hours and
serum bilirubin declined to 10.1 mg/dL. On follow up
visit, 48 hours after discontinuing phototherapy, there
was no rebound hyperbilirubinemia. At 8 weeks follow
up, the baby was accepting breast feeds, gaining weight,
had normal development and BERA showed normal
hearing bilaterally.
3. Results and Discussion
HDFN, also known as erythroblastosis fetalis, occurs
when fetal red blood cells, containing paternally
inherited antigens that the mother lacks, cross the
placenta and stimulate antibody production. The
antibodies return to the fetal circulation and result
in hemolysis of fetal RBC. The hemolysis may be
subclinical or the clinical presentation may vary
from hydrops fetalis, anemia with reticulocytosis,
or hyperbilirubinemia, requiring phototherapy or
even exchange transfusion (3,4). Historically, Rh D
alloimmunization had been the most common cause
of HDFN. The introduction of antenatal and postnatal
immuno-prophylaxis with anti-D immunoglobulins
has reduced the incidence of Rh D allo-immunisation
from 14% to 1-2% worldwide (7). Subsequently,
ABO incompatibility has emerged as the single largest
cause of HDFN. However, 3-5% cases of HDFN are
reportedly caused by non-ABO, non-Rh(D) antigens
including C, c, E, e, Kell, Duffy, Kidd and other antigen
systems (10).
There are multiple case reports of minor blood group
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Table 2. Guidelines in developed countries recommending routine antibody screening during pregnancy
Prevalence of red cell antibodies/
alloantibodies other than anti-D (Ref.)

Recommendation
(Ref.)

1.23%/0.32% (5)

ABO, Rh(D) and Rh(c) blood group antigen typing and screening for RBC
antibodies at the booking visit and again at week 27 (16).

1%/0.3% (17)

ABO, Rh(D) and Rh(c) blood group antigen typing and screening for RBC
antibodies at the booking visit and again at week 28 (14).

Australia &
New Zealand

0.73%/0.65% (18)

ABO, Rh(D) blood group antigen typing and screening for RBC antibodies at the
booking visit (19).

United States

0.3-3.4%/0.74% (20)

ABO, Rh(D) blood group antigen typing and screening for RBC antibodies at the
booking visit (21).

Countries
Netherlands
United
Kingdom

incompatibility reported from the Asian subcontinent,
including reports from India describing severe hemolytic
disease due to anti C and anti E in two Rh D positive
women, both detected postnatally (11). There are case
reports from Korea, Taiwan and China describing
hemolytic disease due to anti C anti E, anti M, anti Jk
and anti Mi (12).
Newborns with evidence of hemolysis including
positive direct agglutination test and hyperbilirubinemia
where no evidence of Rh and ABO incompatibility
is found, as in the three cases discussed above, a
possibility of minor blood group incompatibility should
be considered. These case reports show that HDFN
caused by minor blood group incompatibility other
than D antigen, may vary from mild to severe in its
presentation. Since Rh(D) positive women are as likely
to form alloantibodies as Rh(D) negative women,
screening for antibodies during pregnancy is needed (13).
This brings to attention the necessity of introducing
antibody screening for pregnant women as part of
antenatal care to look for significant alloantibodies other
than antiD. Antenatal antibody screening should be done
in all pregnant women irrespective of the Rh (D) antigen
status to ensure timely availability of antigen negative
blood and reduce effects of severe hyperbilirubinemia
on the newborn (13-15).
Many developed nations have implemented regular
screening of all pregnant women and even have national
screening programs (Table 2) (5,14,16-21). Although
universal screening seems justified, the cost and
infrastructure required would be immense. Developing
countries and under resourced nations need to consider
universal antenatal screening and frame guidelines
accordingly.
4. Conclusion
Minor blood group incompatibility other than anti-D
remains an underreported and frequently misdiagnosed
entity. Its presentation ranges from being asymptomatic
to significant hyperbilirubinemia and kernicterus.
Antenatal detection of significant antibody titre in the

mother can ensure timely management and prevent
significant morbidity and mortality in the neonate at
risk.
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SUMMARY

Whole Exome Sequencing (WES) has been used increasingly in genetic determination of various
known and unknown genetic disorders. Various genes are involved in the development of the vascular
network of retina. Assessment of a collection of these genes could be provided by WES. Here we used
WES for a patient suffering vitreoretinopathy to detect the disease causing variant. Sanger sequencing
has been applied for variant verification and allelic segregation. After analysis of WES data we
found a new variant c.1237T>G in the FZD4 locus which causes retinopathy of prematurity and
exudative vitreoretinopathy (MIM number: 133780). Sanger sequencing showed this single nucleotide
variation inherited as homozygous in the patient and heterozygous in her unaffected parents. Notably,
bioinformatics analysis predicted the variant as disease causing and it has not been described yet
in home datasets and public SNP databases. FZD4 mutations are mostly inherited as autosomal
dominant traits. Our ﬁndings showed the first autosomal recessive inheritance of the FZD4 gene
related retinopathy. On the other hand, our data shed light on the significance of an Exome sequencing
application as a genetic test to identify and characterize the comprehensive spectrum of genetic
variation and classification for patients with retinopathies.
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1. Introduction
Familial retinopathy of prematurity and exudative
vitreoretinopathy (MIM number: 133780) are rare
disorders with retinal vascular development abnormalities
which are inherited as autosomal dominant, autosomal
recessive, or X-linked traits. Clinical synopsis is
asymmetric and variable (1). Although Symptoms of
the diseases vary widely from mild signs to blindness,
a remarkable hallmark is defective retinal angiogenesis,
which causes retinal avascularity and subsequently
depending on the ischemic rate causes hyperpermeable
blood vessels, revascularization, vitreoretinal traction,
retinal folds, and retinal detachment (2-4).
Occurring mutations in five genes cause
vitreoretinopathy including; NDP, FZD4, LRP5,
TSPAN12, and ZNF408 (1,4-9). Four of them including
NDP, FZD4, LRP5, and TSPAN12 have a central role in
Norrin/Frizzled4 signaling, and show a significant role

for this pathway in retinal angiogenesis (10). Of these
genes, FZD4 mutations are mostly inherited as autosomal
dominant traits. This gene belongs to the frizzled gene
family (seven-transmembrane domain receptors). They
are receptors for Wnt proteins and norrin (NDP) and
therefore contribute to vascularization of retina (1).
In recent years, next generation sequencing
(NGS) has improved our knowledge about genetic
and molecular bases of various spectrums of genetic
disorders. With a multilateral vision, NGS, which has
rapidly progressed has helped us to find out not only
new disease causing variations but also new unreported
inheritances, symptoms and has shed light on the way of
knowing genetic roles (11-13).
Here we report a single nucleotide variation in an
Iranian patient with retinopathy using Exome sequencing.
We suggest that the FZD4 gene might be causative for
both autosomal recessive as well as autosomal dominant
vitreoretinopathy.
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2. Patients and Methods

3. Results and Discussion

2.1. Case report

3.1. Clinical reports for the patient

Patient & her parents were recruited from southwest
Iran. The proband was a 20-year-old girl with
strabismus, horizontal nystagmus, decreased visual
acuity, and retinal defects.

Patient belonged to Fars ethnicity of Iran and has a
retinal disorder. The proband in family was a girl (IV2, Figure 1) 20 years of age. Parents (III-1 and III2, Figure 1) were related as first cousins. She was
the only affected offspring of healthy parents who
showed strabismus, horizontal nystagmus, decreased
visual acuity and retinal defects. Left eye had no light
perception and is unable to distinguish light from dark
(NLP). In right eye vascular changes, aneurysmal
telangiectasia, vascular leakage, eczema retinal, and
tractional retinal detachment on the nasal side of the
retina has been observed (Figure 2).
3.2. Sanger sequencing analysis of genomic
amplification

2.2. Peripheral blood samples
10 mL of peripheral blood was withdrawn from each
of the enrolled patient and her parents, which were
collected in EDTA tubes.
2.3. DNA extraction
Genomic DNA was extracted using the standard salting
out protocol. The quality and quantity of the extracted
DNA samples were checked by gel electrophoresis and
Nano-drop.

Sanger sequencing validation and segregation check

2.4. Exome sequencing
We applied whole Exome sequencing for the patient.
Sample was subjected to Exome enrichment with the
sure select v6 followed by sequencing using the Illumina
HiSeq 2000 genome analyzer platform (CNAG).
2.5. Sanger Validation
PCR (Polymerase chain reaction) using
primers designed by Oligo 7 with the forward
5-AACTGACTGGCTTGTGCTATG-3 and reverse
primer TGATGCCCACCAACAAAGAC-3. The PCR
was conducted using Master Mix (Amplicon, Denmark)
amplified targeted region of the FZD4 gene. PCR
program was chosen as an initial denaturation at 95°C
for 5 min, 35 cycles of 95°C for 30 sec, annealing at
60°C for 30 sec, extension at 72°C for 30 s, and a final
extension at 72°C for 5 min.
PCR products have directly been sequenced and
analyzed using the ABI Prism 3700 automated genetic
analyzer (Applied Biosystems). The results were
analyzed with Chromas LITE 2.1.1, and then compared
with the reference gene sequence using the CLUSTALW
(Kyoto University Bioinformatics Center). Finally, the
parent analysis and bi-directional sequencing confirmed
the presence of the detected mutation.

Figure 1. Family pedigree. Healthy father (III-1), healthy mother
(III-2), and affected daughter (IV-2) are shown in the pedigree and
the inheritance of eye disease seems to be autosomal recessive in the
family.

2.6. In-silico analysis
There are many and various tools for prediction of
pathogenicity of variations in genes coding and noncoding regions. In the present study, we used some of
these tools for evaluation of disease causing potentiality
of the present insertion variation.

Figure 2. Fundoscopy images. Fundoscopy eyes of patient
demonstrating vascular change eczema retinal, tractional retinal
detachment.
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were used to verify selected variant (Figure 3).
Chromatograms (Figure 3) show parents are
heterozygous and affected daughter is homozygous
for c.1237T>G (according to the genome assembly
GRCh37/hg19) in FZD4.
3.3. Variant characteristics
Type and predicted pathogenicity of the variation using
some pathogenesis evaluation tools are shown in Table 1.
The variant was not found in public databases including
EXAC and GenmeAD or also in our homemade
database, which contains more than 900 exome files.
Figure 4 shows the variant located in second exon
of FZD4 transcript, which is present in amino acid 413
of Fzd4 protein. Fzd4 is a transmembrane protein with

509 amino acids, which contains two domains including
cd07448 (CRD_FZ4; Cysteine-rich Wnt-binding
domain of the frizzled 4 (Fz4) receptor) and cd15038
(7tmF_FZD4; class F frizzled subfamily 4, member
of 7-transmembrane G protein-coupled receptors)
respectively formed by amino acids 42-167 and amino
acids 209-509. The varied amino acid is located in TM
helix 5 of cd15038.
The secondary structure of wild-type and mutant
protein analysis was done using YASARA version
15.6.21 (14). The result showed the content of Fzd4
wild type including 55.5% helix, 4.6% sheet, 7.0% turn,
31.9% coil, 0.9% 3-10 helix and 0.0% pi-helix are the
same as mutant one (Figure 5).
Significantly gain of an allosteric site at R417 (Pr =
0.23, p = 0.02) and altered trans-membrane protein (Pr =

Figure 3. Chromatograms of the affected child and her parents' genome with focusing on the targeted region including the variation.
(A), father (III-1 in pedigree); (B), Mother (III-2 in pedigree); and (C), affected daughter (IV-2 in pedigree), Arrows show the location of single
nucleotide variation in FZD4, c.1237T>G.

Table 1. Location and predicted pathogenicity of the variation
Patient

Gene

Type

Mutation

SIFT

Polyphen2 HDIV

Polyphen2 Hvar

IV-2
(in Figure 1)

FZD4

Missense

g.3873T>G
c.1237T>G
cDNA.1543T>G
p.L413V

0.001
Damaging
(cut-off = 0.05)

1
Probably Damaging

0.997
Probably Damaging

Mutation Taster PredictSNP1

PredictSNP2

Proven

MutPred

Stability (I-Mutant v2.0)

Hydrophobicity (Peptide 2.0)

0.9999992
61%
Disease causing Pathogenic

63% Benign

-2.79
Deleterious
(cut-off =-2.5)

0.72
Pathgenic

Decrease

No difference
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Figure 4. Schematic location of identified variation in (A) transcript and (B) protein of FZD4.

Figure 5. Secondary structure of (A) wild-type and (B) mutant Fzd4. Wight circles show varied amino acid location.

0.01, p = 0.01) could be potential effects of the variation
according to the MutPred2 molecular mechanism
prediction. Peptide 2.0 analysis results showed
Hydrophobic: 47.49%, Acidic: 8.57%, Basic: 10.24%,
Neutral: 33.71% for both forms.
Vitreoretinopathy is a rare inherited disorder with
phenotypic and genotypic variability. Although the
main sign of disease is failure of peripheral retinal
vascularization, it develops with variable symptoms
ranging from asymptotic vascular defects to retinal
detachments with blindness. Blood vessel formation
developmentally is a remarkable process, which
ensures growth and function ranging from cells to the
entire organism. Wnt/Frizzled signaling has a central
role in the development of the vascular network. To
date, six genes have been reported to be a cause for
vitreoretinopathy, including LRP5, FZD4, TSPAN12,

NDP, ZNF408, and KIF11. LRP5, FZD4, TSPAN12,
NDP proteins are members of the Wnt/Norrin signaling
pathway, which plays a critical role in eye development
and angiogenesis. Mostly, mutations in one of the FZD4,
the TSPAN12, the ZNF408, and the KIF11 genes causes
autosomal dominant, LRP5 causes autosomal dominant
and recessive, and NDP causes X-linked recessive and
dominant forms of vitreoretinopathy (1,2,7,15-22).
In the present study, a causative genetic mutation
in an Iranian family was carried out by Whole Exome
sequencing. Followed by data analysis, we identified
a novel homozygous single nucleotide variation;
c.1237T>G in the FZD4 gene. Healthy parents were
heterozygous for the detected change. To the best
of our knowledge according to the OMIM (MIM
number: 133780) and review of FZD4 related literature
(4,15,17,20-24) only autosomal dominant inheritance of
vitreoretinopathy caused by mutations of the FZD4 gene
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have reported before. Condo et al. reported a 5-monthold baby carrying a homozygous change (p.R417Q)
for which both parents harboring the same mutation
heterozygously exhibited mild phenotypes, suggesting
an autosomal dominant mode of inheritance with
variable expressivity (15).
The result of in-silico analysis using mutation taster,
Polyphen2, SIFT, MutPred2, PredictSNP2, proved this
variant is disease causing. In addition, the identified
variant is not present in our homemade exome database,
which contains 800 samples, or in public SNP databases,
including dbSNP, the Exome Aggregation Consortium
(ExAC), and the NHLBI GO Exome Sequencing
Project (ESP). Peterson et al. showed that FZD6
dimerizes and the dimer interface of FZD6 is formed
by trans-membrane α-helices four and five (25). They
demonstrated that some mutations of TM5 decrease
affinity between the TM4/5 peptides. These variants
located in cytoplasmic domain, very close to TM5
(formed by amino acids 390-410) of Fzd4 (Figure 4)
possibly can effect affinity of its dimerization. Although
YASARA analysis showed, secondary structure doesn't
differ between wild-type and mutant (Figure 5), analysis
of molecular mechanism changes underlying the
variation by MutPred showed allosteric site at R417 is
gained and trans-membrane protein features are altered.
Notably variation of R417Q was reported before as a
pathogenic allele, rs80358294 (15,20,26). So the present
identified variation (c.1237T>G or p.L413V, table 1) can
indirectly make a partly pathogenic effect by changes
in the physicochemical characteristics of neighboring
amino acids and total protein.
Finally, we conclude that the new variant
c.1237T>G is highly pathogenic with a new autosomal
recessive pattern of inheritance first described for
vitreoretinopathy. Here by using WES technology we
present the unreported inheritance -autosomal recessivefor vitreoretinopathy as the result of mutation in FZD4.
The knowledge of this report; emphasizes the potency
of exome sequencing acquired data in discovering new
aspects of genetic diseases, and provides evidence
for the autosomal recessive vitreoretinopathy caused
by mutation in the FZD4 gene of note and should be
considered for molecular diagnosis of vitreoretinopathy
by clinicians.
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SUMMARY

The recreational use of nitrous oxide (N2O) is increasing in festivals, university parties, clubs,
private residences, and parks. The abuse of N2O has serious complications of the central and
peripheral nervous system. In this article, we report a case of a 28-year-old previously healthy man
who presented with a three-day history of rapidly progressive leg numbness, tingling, and weakness
with gait instability and frequent falls. He had a history of marijuana use and daily inhalation
of N2O (approximately 20 whippets daily over 2-3 years). He was admitted with a presumptive
diagnosis of Guillain-Barre syndrome and was started on intravenous immunoglobulin. Three days
after admission, paresthesia ascended to the level of nipple line, and his weakness in the lower limb
increased significantly. MRI of the cervical spine showed focal non-enhancing lesions extending
from C4 to C6. Serum analysis showed low vitamin B12 level, elevated methylmalonic acid, and
elevated homocysteine level. Supplemental 1000 µg/day of vitamin B12 intramuscular injections
and 15 mg of folic acid tablets were given. The patient showed gradual improvement. This is a
rare case of N2O recreational abuse presenting with myeloneuropathy and mimicking GuillainBarre syndrome. This case highlights the importance of detailed history and physical examination
in patients who arrive at the hospital with clinical features of Guillain-Barre syndrome. This is
especially true if there are red flags such as drug abuse or discrepancy between clinical and paraclinical (investigations) parameters. Neuroimaging of the brain and spinal cord might be necessary
to score the final diagnosis in such cases.
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1. Introduction
Nitrous oxide (N2O), also known as the laughing gas,
dinitrogen oxide or dinitrogen monoxide, is a colorless
(at room temperature and atmospheric pressure) nonflammable gas with a chemical formula N2O. Since
its discovery, it has been used in the food industry,
fuel booster, dissociative anesthesia, and pain control.
It has also been used for the treatment of withdrawal
of nicotine, opioids, and cocaine (1). When used in
anesthesia, it is considered a weak anesthetic agent for
dental and surgical procedures (2).
The recreational use of N2O is increasing in festivals,
university parties, clubs, private residences, and parks.
It is the second most popular recreational drug amongst
young people affecting 7.6% of youth 16-24 years old in
Wales, England annually (3). There are no data about the

rates of N2O or inhalant use in Saudi Arabia as evident
by a thorough literature review using multiple databases
such as Ovid, Medline, EMBASE, ProQuest, Science
Direct, Google Scholar, and PubMed. Worldwide, it is
the seventh most used drug according to the world drug
report 2016 (4). It is commonly sold in bulks online
presented for use as a whipped cream propellant. It is
prepared in prefilled balloons or small pressurized metal
canisters which are then transferred into a dispenser
(whippets or cracker) (5).
In this article, we report a case of nitrous oxide
recreational abuse presenting with myeloneuropathy
and mimicking Guillain-Barre syndrome.
2. Case Report
A 28-year-old previously healthy man presented
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with a three-day history of rapidly progressive leg
numbness, tingling, and weakness with gait instability
and frequent falls. He denied any history of preceding
upper respiratory tract infection, gastroenteritis, or
vaccination. There was no history of bowel or bladder
dysfunction, head or neck pain, seizures, or memory
impairment. There was no past medical history of
any endocrine, metabolic, or surgical diseases, and
he denied any history of trauma. He was single, highschool-educated with a history of marijuana use and
daily inhalation of N2O. Approximately 20 whippets
daily over 2-3 years were used as a means of recreation.
No history of other illicit drug use, but he smokes
tobacco.
General examination including vital signs was
normal. Neurologically, higher mental functions and
cranial nerves were normal. He was anxious and
depressed. Motor examination showed flaccid bilateral
symmetrical upper and lower limb weakness, distal
more than proximal with bilateral foot drop. The
weakness distally was 2/5 and proximally 4-/5. The
tone was reduced in all limbs with reduced pinprick
sensation in a patchy distribution with the lower limbs
being more involved than the upper limbs. Vibration
and joint position sense were impaired bilaterally on
the tip of his big toe. Reflexes were +2 in the arm and
+1 at the knee with absent ankle jerks and bilateral
downgoing toes. Cerebellar examination showed no
dysmetria on the finger to nose test, and gait assessment
was difficult to assess due to weakness. There was no
bulbar weakness or respiratory symptoms.
He was admitted with a presumptive diagnosis of
Guillain-Barre syndrome. Laboratory checkup revealed
normal complete blood count, renal profile, electrolyte,
thyroid function test, and liver function test. Chest x-ray,
urinalysis, toxicology screen, and electrocardiogram
were normal. Cerebrospinal fluid (CSF) analysis
on admission revealed no white blood cells or red
blood cells with normal glucose and protein without
oligoclonal bands. He was started on intravenous
immunoglobulin (IVIG) 400 mg/kg per day for five
days.
Three days after admission, paresthesia ascended
to the level of nipple line, and reflexes became brisk
bilaterally with bilateral upgoing toes (Babinski sign).
His weakness in the lower limb increased significantly,
and his power was 0/5 distally and proximally. In the
upper limbs, his weakness was the same. A repeated
CSF analysis ten days after admission revealed
again a normal analysis with no albuminocytological
dissociation and negative microbiology and
cytology. Nerve conduction studies twelve days after
admission showed classical axonal length-dependent
polyneuropathy. MRI of the cervical spine showed focal
non-enhancing lesions extending from C4 to C6 (Figure
1). Serum analysis showed normal folate level at 7 μg/
L (normal 2-20 μg/L), low vitamin B12 level at 124 µg/
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Figure 1. MRI of the cervical spine showing focal non-enhancing
lesions extending from C4 to C6.

mL (normal 150-800 µg /mL), elevated methylmalonic
acid at 3.7 µmol/L (normal 0-0.4 µmol/L), and elevated
homocysteine level at 98 (4-20 µmol/L). Supplemental
1000 µg/day of vitamin B12 intramuscular injections
and 15 mg of folic acid tablets were given. The patient
showed gradual improvement, and six months later,
his neurological examination was normal apart from a
subtle weakness of foot dorsiflexors (Figure 2).
3. Discussion
In 1793, the English scientist Joseph Priestley was
the first to synthesize N 2O gas. In 1799, N 2O was
administered to visitors of the pneumatic institute by Sir
Humphry Davy. He astutely noted the analgesic effect
of the gas and gave it for the first time the term “laughing
gas”. In the early 1800s, the gas became a popular
public entertainment and fashionable addition to British
high-society parties due to its euphoric properties (6). It
also creates a state of depersonalization, derealization,
sound distortion, and lightheadedness. The first reported
medical use of N2O was by Horace Wells, an American
dentist, who used the gas for his own tooth extraction in
1844 (7).
N 2O causes its harmful effect by oxidizing the
cobalamin (B12) cobalt atom from its 1+ to 3+
valence state rendering methylcobalamin inactive
on a co-factor of methionine synthase. This inhibits
the conversion of homocysteine to methionine
and 5-methyltetrahydrofolate to tetrahydrofolate.
Methionine is necessary for myelin production
and to replenish the one carbon donor pool and
tetrahydrofolate is necessary for DNA synthesis.
In addition, cyanocobalamin is necessary for the
conversion of methyl-malonyl CoA to succinylcoenzyme A (8). Accumulation of methyl-malonyl
CoA and homocysteine in the serum can be measured
by a special laboratory and are used as a surrogate
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Figure 2. Timeline figure for our case.

marker of vitamin B12 deficiency. Accumulation of
methyl-malonate provides abnormal substrates for
fatty acids synthesis, and subsequently, these abnormal
fatty acids may be incorporated into the myelin sheath.
Proper synthesis of succinyl CoA is important as an
intermediate in the Krebs cycle (9). Other postulated

mechanisms of action include a decrease in excitatory
neurotransmission throughout the central nervous
system via non-competitive glutamate inhibition
and acting on a partial mu, kappa and delta opioid
receptor agonists modulation dopamine activity and
noradrenergic nociceptive pathways (10). In our patient,
the clinical picture was that of myeloneuropathy with
low vitamin B12 and high methylmalonic acid and
homocysteine. The positive history of N 2O abuse,
presence of clinical features of subacute clinical
myeloneuropathy, and biochemical changes have
confirmed the diagnosis of N2O toxicity.
Unfortunately, the gas is also called "legal high" due
to easy availability. It has a rapid onset with a peak of
around one minute after inhaling and then fading away
for 2 minutes. Each canister contains 8 grams of N2O in
a volume of 10 cm3 can be bought for £2. It produces
approximately 8 liters of N2O gas. It has a rapid onset
with a peak of around one minute after inhaling and
then fading away after 2 minutes (11).
The use of N2O is not as innocent as many people
think especially if used in high daily doses (more
than ten bulbs) for a prolonged duration. A recent
systematic review of the literature by Garakani et
al. (12) found a total of 72 cases with neurological
sequelae to N2O abuse. They were categorized into
four different groups: myeloneuropathy (31 cases),
subacute combined degeneration of the spinal cord
(17 cases), polyneuropathy (15 cases) and myelopathy
(14 cases) (12). Nitrous oxide abuse can produce
a sense of psychotic and neurological symptoms.
Among psychotic symptoms are anxiety, depression,
hallucinations, impulsive and aggressive behaviors,
manic delusions, and psychosis (13). Neurological
symptoms include weakness, numbness, ataxia, visual
symptoms, falls, and paresthesia, confusion, and
forgetfulness (14).
A unique finding in our case was the involvement of
two different areas in the neuroaxis that are the cervical
spinal cord and peripheral nerves. The diagnostic
exercise of localization in our case was unique, which
was guided by repeated daily history and detailed
neurological examination. This was accompanied
by timely-ordered investigations. The initial clinical
features were suggestive of an acute peripheral
neuropathy, which were followed a few days later
by clinical features of spinal cord involvement in the
cervical segment. Cervical segment involvement was
suggested by sensory level, bladder control disturbance,
and brisk reflexes. The rapid onset, progressive course,
and history of N2O abuse also guided us to the correct
diagnosis.
The neuroradiological changes of N2O toxicity in
the posterior and lateral columns of the spinal cord
are those seen in cobalamin deficiency. They include
an abnormally high T2 signal intensity that occurs
predominantly in the cervical segment of the spinal
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cord (12).
Treatment is aimed primarily at stopping the
exposure and administering B12. There is no
standardized B12 regimen, but a commonly accepted
plan is 1000 µg intramuscularly for five days and then
intermittently until symptoms resolve. An alternative
plan is 1000 µg – 2000 µg orally daily for 1-2 weeks
and then 500 µg daily for three months (15).
Our case report is unique for several reasons.
Firstly, although N 2 O abuse is common in both
developed and developing countries, to date, this is
the first case reported from Saudi Arabia as evident by
a thorough literature review using multiple databases
such as Ovid, Medline, EMBASE, ProQuest, Science
Direct, Google Scholar, and PubMed. Secondly, this is
the second case of N2O toxicity presenting as GuillainBarre syndrome (16). Thirdly, our patient was treated
aggressively by vitamin B12 injections, folate, and
IVIG with an excellent outcome. Finally, our report
presents interesting imaging, neurophysiology, and
review the important aspects of the topic.
In conclusion, the abuse of N 2 O has serious
complications of the central and peripheral nervous
system. It is a great mimicker, and early diagnosis and
treatment are crucial. If the affected patient does not
disclose his recreational N2O abuse or the neurologist
fails to inquire about it, diagnosis may be difficult.
This case highlights the importance of detailed history
and physical examination in patients who arrive at
the hospital with clinical features of Guillain-Barre
syndrome. This is especially true if there are red flags
such as drug abuse or discrepancy between clinical and
para-clinical (investigations) parameters. Neuroimaging
of the brain and spinal cord might be necessary to score
the final diagnosis in such cases.
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SUMMARY

Congenital generalized lipodystrophy (CGL) is an autosomal recessive rare disease, with a worldwide
prevalence of around 1 in every 12 million people. There are several case reports of patients with
CGL in Piura, a region in northern Peru; however its regional prevalence is unknown. The objective
was to determine the prevalence of CGL in the region of Piura, Peru during the years 2000-2017.
A descriptive, observational study was carried out. A search of clinical histories of patients with the
diagnosis of CGL attended between 2000 and 2017 in the pediatric and endocrinology services of the
reference hospitals of the department of Piura and in the genetic and endocrinology services of the
"Instituto Nacional de Salud del Niño". A patient was considered to have CGL if they met the clinical
criteria and or if they had a molecular diagnosis, in addition to patients with CGL from the department
of Piura reported in previous publications. A total of 23 cases of CGL were found in Piura, the highest
prevalence was in 2014 with 1.2 per 100,000 people, and by 2017 the prevalence was 0.86 per 100,000
people. In conclusion, the department of Piura has a high prevalence of CGL.
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1. Introduction
Congenital generalized lipodystrophy (CGL) is an
autosomal recessive disease characterized by an almost
total absence of adipose tissue from birth, muscular
prominence and low levels of leptin. There are 4 molecular
subtypes of CGL, based on the genes involved: CGL 1,
related to the AGPAT2 gene, CGL 2 with the BSCL2 gene,
CGL 3 with the CAV1 gene and CGL 4 with variants in
the polymerase I and PTRF gene (1). Patients with CGL
may develop multiple complications, such as insulin
resistance that may progress to diabetes mellitus, hepatic
steatosis and severe hypertriglyceridemia leading in some
cases to cirrhosis and end-stage chronic kidney disease (2).
Globally the prevalence of CGL is estimated at 1 in
12 million people (3), however, the prevalence varies

according to the region under study, for example in Rio
Grande Do Norte (RN), Brazil, the prevalence of CGL is
3.23 per 100,000 people (4).
In Peru, the first 5 cases of patients with CGL from
Piura, a region in northern Peru, were reported in 1999
(5). In 2017, a series of 5 cases as well as one other
were reported, all from Piura (6,7). Although there are
multiple reports of CGL from the department of Piura,
their prevalence has not been determined. The objective
of the study was to estimate the prevalence of CGL and its
distribution in the region of Piura, Peru during the years
2000-2017.
2. Methodology
A historical record of patients with a diagnosis of
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CGL from the department of Piura was made between
the years 2000-2017. A search was made for patients
with the diagnosis of CGL between the years 20002017 in the services of pediatrics, endocrinology of
the reference hospitals of the department of Piura:
Hospital III José Cayetano Heredia, Hospital Jorge
Reátegui Delgado, Hospital Santa Rosa, Hospital de
Apoyo Sullana and also in the services of genetics and
pediatric endocrinology of the National Institute of
Child Health in Lima, the latter one is considered to be
the pediatric reference site in Peru. In addition, patients
with CGL from the department of Piura reported in
previous publications were included. Patients with CGL
were considered if they met the clinical criteria (8) and/
or if they had molecular diagnosis.
The patients' place of birth, age, sex and current
status were recorded and a database was created in
Microsoft Excel 2017. The annual prevalence was
calculated at the departmental and provincial levels,
using the annual population reported by the National
Institute of Statistics and Information. The study was
approved by the Ethics Committee of the National
Institute of Child Health, Lima, Peru.
3. Cases of congenital generalized lipodystrophy in
Piura
In the initial review, we found a total of 22 patients
with a probable diagnosis of CGL and 3 publications
with a total of 11 CGL patients (5-7). A publication
that included 5 patients was excluded because it did not
correspond to the study period. Of the 6 patients reported
in the other two publications, 3 were not found recorded
in clinical histories.
A total of 23 cases of CGL were found, all from the
department of Piura, the majority were from the province
of Piura (73.9%), they are living (73.9%) and only
34.8% had genetic confirmation (Table 1). All patients
had the pathogenic variant homozygote c.213-1336_

Table 1. General characteristics of patients with CGL
between 2000-2017, Piura, Peru
Variable
Age (median)
Age at death (median)
Gender
Male
Female
Province of origin
Sullana
Morropon
Piura
Current status
Living
Deceased
Genetic Confirmation
Yes
No

n

%
6
8

12
11

52.2
47.8

5
1
17

21.7
4.3
73.9

17
6

73.9
26.1

8
15

34.8
65.2

c.294+1921delinsCA in the BSCL2 gene.
The highest prevalence of CGL in the department
of Piura was in 2014 with 1.2 per 100,000 people, and
by 2017 the prevalence was 0.86 per 100,000 people
(Table 2). Patients were found in only 3 provinces of the
department of Piura: Morropón, Sullana and Piura (Figure
1), and their prevalence by 2017 was 0.6, 1.23 and 1.33
per 100,000 people respectively.
Our study found a high prevalence of CGL (0.86 in
100,000 habitants) in the department of Piura during the
year 2017. This prevalence is higher than that reported
worldwide, USA, Norway, Lebanon, Portugal (3,9),
however it is lower than that reported in other regions
such as Rio Grande do Norte and Oman, which can reach
3.23 in 100,000 habitants (4,10).
The reason for the high prevalence is the founder
effect proposed by Purizaca et al. (7), which described
a genetic variant in the BSCL2 gene associated with
type 2 CGL which, to the authors' knowledge, has not
been reported in patients outside Piura (11). The same
pathogenic variant was detected in all the patients in
our study who underwent the genetic test; likewise, in
patients without genetic confirmation it is assumed that
they may have type 2 CGL due to the fact that they share
the same clinical and geographic origin.
The department of Piura is divided into 8 provinces
and only 3 of them have presented patients with CGL,
coming from small agricultural areas that are difficult
to access. The authors propose that migration between
different agricultural villages in the department of Piura
for work, and sometimes precipitated by natural events
such as the El Niño phenomenon (12,13), may have
caused patients carrying the same genetic variant to
be found in different provinces due to the movement
of groups to areas with better living conditions. The
latest verbal reports of patients with and without genetic
confirmation from other provinces where no cases had
Table 2. Prevalence of CGL in the department of Piura,
2000-2017
Year

Cases

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

2
2
2
3
3
4
4
6
7
12
13
15
17
19
22
21
19
16
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Prevalence (/100,000)
0.12
0.12
0.12
0.18
0.18
0.24
0.23
0.35
0.40
0.68
0.73
0.84
0.94
1.05
1.20
1.14
1.03
0.86
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Figure 1. Geographic location of patients with CGL in Piura, Peru.

been registered to reinforce our assumption and oblige
us to optimize the active search for them at the regional
level. Due to the fact that the first cases were reported in
the province of Piura and that this is the one that registers
the greatest number of patients, it is assumed that it is
where the type 2 CGL index case was presented.
Within the limitations it is necessary to highlight that
the prevalence is based on a hospital registry, however,
to the knowledge of the authors there are patients with
a probable diagnosis of CGL who have not gone to
a health center for different reasons such as cultural,
economic and geographic, so the actual prevalence could
be higher than reported in this study. In conclusion, the
department of Piura has a high prevalence of CGL.

2.

3.
4.

5.
6.

8.
9.
10.

11.

References
1.

7.

Lightbourne M, Brown RJ. Genetics of lipodystrophy.
Endocrinol Metab Clin North Am. 2017; 46:539-554.
Akinci B, Onay H, Demir T, et al. Natural history of
congenital generalized lipodystrophy: A nationwide study
from Turkey. J Clin Endocrinol Metab. 2016; 101:27592767.
Garg A. Acquired and inherited lipodystrophies. N Engl J
Med. 2004; 350:1220-1234.
de Azevedo Medeiros LB, Cândido Dantas VK, Craveiro
Sarmento AS, Agnez-Lima LF, Meireles AL, Xavier
Nobre TT, de Lima JG, de Melo Campos JTA. High
prevalence of Berardinelli-Seip Congenital Lipodystrophy
in Rio Grande do Norte State, Northeast Brazil. Diabetol
Metab Syndr. 2017; 9:80.
Torres R, Ballona R, Caytano M. Seip Berardinelli
Syndrome: Report of 5 cases at the Institute of Child
Health (ISN). Folia Dermatol (Peru). 1999; 10:43-47.
Gonzalo MM, Estefania CV. Congenital generalized
lipodystrophy type 2 in a patient from a high-prevalence

12.

13.

area. J Endocr Soc. 2017; 1:1012-1014.
Purizaca-Rosillo N, Mori T, Benites-Cóndor Y, Hisama
FM, Martin GM, Oshima J. High incidence of BSCL2
intragenic recombinational mutation in Peruvian type 2
Berardinelli- Seip syndrome. Am J Med Genet A. 2017;
173:471-478.
Araújo-Vilar D, Santini F. Diagnosis and treatment of
lipodystrophy: A step-by-step approach. J Endocrinol
Invest. 2019; 42:61-73.
Van Maldergem L. Berardinelli-seip congenital
lipodystrophy. In: GeneReviews®. 2016. https://www.ncbi.
nlm.nih.gov/books/NBK1212/ (Accessed August 5, 2019)
Rajab A, Bappal B, Al-Shaikh H, Al-Khusaibi S,
Mohammed AJ. Common autosomal recessive diseases in
Oman derived from a hospital-based registry. Community
Genet. 2005; 8:27-30.
Craveiro Sarmento AS, Ferreira LC, Lima JG, de
Azevedo Medeiros LB, Barbosa Cunha PT, Agnez-Lima
LF, Galvão Ururahy MA, de Melo Campos JTA. The
worldwide mutational landscape of Berardinelli-Seip
congenital lipodystrophy. Mutat Res. 2019; 781:30-52.
Zapata R. Piura one year after the tragedy: the current
situation after the coastal El Niño.Trade. https://
elcomercio.pe/peru/piura-ano-tragedia-situacion-actualnino-costero-noticia-507536 (accessed March 28, 2019)
Bayer AM, Danysh HE, Garvich M, Gonzálvez G,
Checkley W, Alvarez M, Gilman RH. An unforgettable
event: a qualitative study of the 1997-98 El Niño in
northern Peru. Disasters. 2014; 38:351-374.

Received January 14, 2020; Revised February 25, 2020;
Accepted February 27, 2020.
*Address correspondence to:
Nelson David Purizaca-Rosillo, Universidad Peruana
Cayetano Heredia, Av. Honorio Delgado 430, Urb. Ingeniería,
S.M.P. Lima, Perú.
E-mail: nelson.purizaca@upch.pe

www.irdrjournal.com

Intractable & Rare Diseases Research. 2020; 9(1):61-63.

Letter

61

DOI: 10.5582/irdr.2020.01009

Multiphasic acute disseminated encephalomyelitis and differential
with early onset multiple sclerosis
Arla Cinderella Stokes Brackett1, Otto Jesus Hernández-Fustes2,*, Carlos Arteaga Rodríguez3,
Olga Judith Hernandez Fustes4
1

Neurology Service, Hospital San Juan de Dios, Guatemala;
Neurology Department, InNeuro, Curitiba, Brasil;
3
Neurology Department, Universidad Positivo, Curitiba, Brasil;
4
Neurophysiology Department, Clínica das Américas, Curitiba, Brasil.
2

SUMMARY

Multiple sclerosis is considered the most frequent demyelinating disorder of the Central Nervous
System (CNS) among young adults, yet is very rare before 10 years old. Acute disseminated
encephalomyelitis is a monophasic, polysymptomatic disorder that involves the CNS white matter with
demyelinating lesions, which usually occurs after systemic viral infections. These two demyelinating
diseases can present initially as an acute focal neurological syndrome and they can be difficult to
distinguish. We describe a case of a nine-year-old girl that presented initially with dysphonia, gait
ataxia, eyelid myokymia and brainstem disturbances. This was her second episode; the first episode
was at the age of four years old. She recovered without neurological sequelae. The brain magnetic
resonance imaging (MRI) demonstrated multiple demyelinating lesions in the white matter, cortical
regions of the frontal lobe, periventricular distribution, internal capsule, corpus callosum and
cerebellum. The purpose of the presentation of this case was to highlight the similarities between these
two entities, since the clinical picture and neuroimaging are difficult to distinguish, mainly in relation
to the first episode.
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Multiple Sclerosis (MS) is considered the greatest
demyelinating disorder in young adults, yet rare before 10
years. The overall incidence of acquired demyelinating
syndromes in children and adolescents ranges from
0.6 to 1.66 per 100 000 children per year (1,2). Acute
disseminated encephalomyelitis (ADEM) is a singlephase, polysymptomatic disorder involving central
nervous system blanking, leading to demyelinating
lesions secondary to systemic viral infections, often
reaching the age of 5 years of age (3). For confirmation
diagnosis, there is no specific biological marker test
or confirmatory test, the MRI being considered the
elected exam. Analysis of the cerebrospinal fluid may
be useful, showing pleocytosis lymphocytic cells
without oligoclonal bands and elevation of albumin.
These pathologies may present with a focal neurological
syndrome whose differential diagnosis is difficult to
distinguish.
We describe a 9-year-old girl with a family health
history, that eight days before admission she had
gastroenteritis, and on admission presented difficulty
walking, dysphonia and dysphagia. Neuro-psychomotor

development was normal until that time. At the age of 4,
she presented a similar condition accompanied by altered
consciousness and coma that was interpreted as viral
meningoencephalitis, evolving without sequelae.
Physical examination revealed eyelid myokymia on
the right, ataxia, dysphonia, left upper limb monoparesis,
left central facial paralysis and involvement of the X and
XII cranial nerves.
Current brain MRI revealed multiple demyelinating
lesions in the white matter in the frontal and periventricular regions involving the internal capsule, corpus
callosum and cerebellum (Figure 1). Cerebrospinal fluid
found a slight increase in immunoglobulins (12.7%) and
absence of oligoclonal bands. Our patient met the criteria
for multiphasic acute disseminated encephalomyelitis
(MDEM): i) Two clinical events meeting criteria for
acute disseminated encephalomyelitis, separated in
time by greater than 3 months, and ii) No evidence for
clinically-silent new lesion formation on MRI between
acute disseminated encephalomyelitis episodes (4). The
patient was medicated with intravenous pulsotherapy
of methylprednisolone and acyclovir, obtaining a good
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Figure 1. MRI showing multiple nodular, cotton-like images with hyperintense signal at T2 and in the long RT sequence and above all the
flair sequence observed in the white matter of the semioval centers, as well as in the cortical regions of the left frontal lobe and suprasilvian
regions, some of periventricular distribution in the corpus callosum. Hyperintense images were also observed in the right temporo mesial
regions and in the left periaqueductal regions and in the path of the posterior legs of the internal capsules, the left middle cerebellar peduncle
and the dentate nuclei of the cerebellum.

recovery in three weeks.
The International Paediatric Multiple Sclerosis
Study Group defines ADEM as i) a first polyfocal,
clinical CNS event with presumed inflammatory
demyelinating cause; ii) encephalopathy not explained
by fever, systemic illness, or postictal symptoms; iii) no
new clinical and MRI findings emerging 3 months or
more after the onset; iv) brain MRI is abnormal during
the acute (3 mo) phase with diffuse, poorly demarcated,
large (> 1-2cm) lesions predominantly involving the
cerebral white matter (5).
The distinction between ADEM, MDEM or MS
has been previously explored with no satisfactory
consensus. Historically, ADEM was defined as the
initial presentation of disseminated encephalomyelitis
and MDEM as the occurrence of new symptoms in the
setting of a history of ADEM.
The hallmark of this new category was the occurrence
of two clinicoradiographic episodes of disseminated
encephalomyelitis separated by at least three months.
The clinical findings were defined as being new or a reemergence of prior symptoms. If the patient sustained
three or more episodes, it was classified as having a
chronic inflammatory demyelinating disorder (5).
Our patient had an interval of five years between the
first and the second clinical episode, the time between
them can vary from three months to 33 years as reported
by Numa et al. (6).
The presence of antibodies directed against antimyelin oligodendrocyte protein (MOG) occurs in
monophasic demyelinating disorders, particularly, in
younger children and patients with ADEM. However,
up to 1/3 of these children with MOG-abs will relapse
within 2 years. Recent cohorts have suggested that a
significant percentage of patients with recurrent optic
neuritis, multiphasic demyelinating encephalomyelitis,
ADEM associated with optic neuritis and neuromyelitis
optica spectrum disorders have MOG-abs (7,8).
A diagnosis of MS can be confirmed by the presence

of recurrent clinical demyelinating events and/or MRI
evidence for new lesions involving different regions of
the CNS. Implementation of the 2010 revised McDonald
criteria may allow for diagnosis to be made at the
time of the first demyelinating syndrome if imaging
demonstrates silent lesions in two of the four regions
typical for MS, at least one of which enhances with
gadolinium. When criteria are not met at the time of the
first event, new clinical attacks and/or serial imaging
demonstrating accrual of lesions are needed to confirm
the diagnosis of MS (9).
The purpose of the presentation of this case was to
highlight the similarities between these two entities,
since the clinical picture and neuroimaging are difficult
to distinguish, mainly in relation to the first episode.
Considering that 25% of cases with ADEM evolve
to MS, evolutionary studies of neuroimaging are
recommended.
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