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Circular RNAs and hereditary bone diseases

Naixiang Zhai"’, Yanqin Lu'"?, Yanzhou Wang’, Xiuzhi Ren", Jinxiang Han"**
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* School of Medicine and Life Sciences, University of Jinan-Shandong Academy of Medical Sciences, Ji'nan, China;

* Department of Paediatric Surgery, Shandong Provincial Hospital, Ji'nan, China;

* Department of Orthopaedic Surgery, The People's Hospital of Wuging District, Tianjin, China.

Summary Circular RNA (circRNA) is a non-linear form of RNA derived from exonic, intronic, and
exon-intron gene regions. circRNAs are characterized by covalent closed loops, highly stable
nuclease resistance, and specific expression in species and developmental stages. CircRNA
molecules have been identified as playing roles in the regulation of cell transcription,
transcriptional expression after translation, interactions with microRNAs, and protein
coding. A high stability and tissue- and disease-specific expression allow circRNAs to
serve as potential biomarkers both for diseases and prognosis. CircRNAs function in bone
remodeling by directly participating in bone-related signaling pathways and by forming
the circRNA-miRNA-mRNA axis. Studies have seldom reported on the low incidence
of circRNAs in genetic bone disorders. The current study reviews the characteristics of
circRNAs and recent research on their role in rare hereditary bone diseases.

Keywords: Circular RNA, biogenesis, hereditary bone diseases, osteoblast, osteoclast

1. Introduction

Circular RNA (circRNA) is a non-linear form of
RNA that was first discovered more than 40 years
ago (/). As next-generation sequencing has appeared,
tens of thousands of circRNAs have been identified
(2,3). CircRNAs are predominately expressed in the
cytoplasm and highly conserved among different
species (3). Great numbers of the functions of circRNAs
have been explored, including action as miRNA
sponges, to regulate transcription, and protein and
peptide coding (4,5). Many studies on circRNAs have
involved cancer and other complex diseases, but rare
hereditary bone diseases have seldom been reported.
Bone metabolism is related to both osteoblasts,
which are responsible for bone formation, and
osteoclasts, which are involved in bone resorption.
An imbalance in bone homeostasis greatly affects

*Address correspondence to:

Dr. Jinxiang Han, Shandong Medicinal Biotechnology Centre,
Shandong Academy of Medical Sciences, 18877 Jingshi
Road, Ji'nan 250062 China.

E-mail: samshjx@sina.com

bone health and induces related bone diseases. Hsa
circ_ 0019142 and hsa circ_0005846 have been
identified as regulators of osteoblast differentiation
and are related to the Wnt signaling pathway. The
spectrum of circRNA expression in different stages of
osteoclast differentiation in mice has been reported,
and this has provided fundamental data for study of the
function of circRNAs in bone resorption. Further study
of these rare genetic bone disorders would enhance
understanding of their underlying mechanisms, potential
molecular markers, and cures. Moreover, experience in
dealing with these rare bone disorders could increase
knowledge of more common bone diseases.

2. Circular RNA and its Features
2.1. The Discovery of circRNA

Noncoding RNA is a functional RNA molecule that
is not translated into a protein. It is the main product
of eukaryotic transcription, accounting for 95% of the
total RNA of eukaryotic cells (6). Noncoding RNAs
with regulatory roles are divided into two groups
according to their chain length (7,8). Short chain non-
coding RNAs are less than 200 nt in length and include
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small interfering RNAs, microRNAs (miRNAs), and
Piwi-interacting RNAs, while long chain non-coding
RNAs are longer than 200 nt and include circular RNAs
(circRNAs).

CircRNAs were first discovered in RNA viruses
during the 1970s (2,3). In the 1980s, they were
identified in yeast mitochondria, hepatitis viruses, and
humans (9). They are now known to be abundant in
eukaryotes and protozoa (10).

The low copy number of circRNAs meant that
they were first thought to be wrongly spliced mRNA,
RNA processing byproducts, or viruses (/). However,
subsequent studies found that endogenous circRNAs
are stable, conserved non-random products produced
by RNA splicing that play a role in controlling gene
expression (/7). As high-throughput technology
has advanced and corresponding databases such as
circBase, deepDase, and starBase have been created in
the 21st century, the number of verified circRNAs has
increased rapidly, with over 25,000 different types of
circRNA being reported in human fibroblasts (/2).

2.2. Formation of circulation

Different forms of circRNA have been identified:
exon circRNAs, intron circRNAs, and exon—intron
circRNAs (/3,14). Most circRNAs consist of exons,
some of which derive from encoded RNAs in 5' or 3'
untranslated regions (UTRs), while others are from
non-coded RNAs (/7,15). There are two hypotheses
for the formation of exon circRNAs. The first involves
skipping of precursor RNA over a section of exons
during transcription, followed by enzymatic shearing
at both ends of this section, and the connection of the
ends to form a lariat. The second hypothesis suggests
that introns at both ends of the exon carry out base
pairing during RNA transcription. The 3' end of the
downstream exon connects to the 5’ end of the upstream
exon to combine two introns, and then the cyclized
exon is released as circRNA (/6).

RNA polymerase cleaves the intron from pre-
mRNA to form an annulus. The circRNA formed
in this manner is known as circular intronic RNA
(ciRNA) (/3). ciRNAs mainly exist in the nucleus
and participate in regulating the expression of their
parent genes, instead of function as sponges. ciRNAs
processing relies on a consensus motif containing a
7-bp 5' end with splice sites rich in guanine and uracil
bases, a 7-nt GU-rich element near the 5’ splice site,
and an cytosine-enriched area near the RNA shear
branch sites of 11 bp in length (/4).

Many circRNAs in the nucleus contain introns
that have not been spliced. These are known as exon—
intron circRNAs (EIciRNAs) and are found at many
transcription sites. The removal of EIciRNAs reduces
the expression of parental mRNA, indicating that they
promote parental mRNA transcription (/3).

2.3. Characteristics of circRNAs

The difference between circRNA and linear RNA is that
the former is a closed annular structure without a 5' cap
or a 3' poly A tail, and hence it is not readily degraded
by exonuclease The inherent stability of this structure
affords it an important role in internal homeostasis
when faced with environmental challenges (/7,18).

CircRNAs are found in eukaryotes (/7), prokaryotic
organisms (/0), viruses (/9), and Archaea (20). Most
circRNAs exist in the cytoplasm of eukaryotic cells,
although some are found in the nucleus (/). Their levels
of expression are at least 10 times higher than those of
their linear isomers (/2), although expression varies
among different animal tissues, with the highest being
reported in the brain and blood (/3). RNA samples from
whole blood have been analyzed following the removal
of ribosome RNA from total RNA, and more than
4,000 specific circRNA molecules have been identified
using random primer inversion. These molecules were
compared to the ENCODE database, and the expression
of circRNAs in the blood was found to be higher than
that in the liver and cerebellum (76,21).

In addition to their structural stability and widespread
distribution, circRNAs are developmental-stage-specific.
An analysis of human oocyte and preimplantation
embryo transcription (/6) indicated that most circRNAs
are developmental-stage-specific (22) and that they
are regulated dynamically. In the brain of Drosophila,
some circRNAs increase with age (23). Nematodes
contain thousands of circRNAs that differ in expression
depending on the stage of growth or development.

CircRNAs are relatively conserved among species.
For example, circRNAs in the human brain are similar
to sequences in mice and Drosophila. Indeed, of the
1,903 circRNAs identified in mice, 81 are the same as
sequences found in humans (24). One study found that
20.2% of pig circRNAs have direct human homologs,
while 16.96% of pig circRNAs have direct mouse
homologs (25). Another study found a direct homology
between 29.4% of pig circRNAs in humans (295),
while 1,510 circRNAs (25.45%) in mice and 5,189
circRNAs (87.44%) in humans were homologous to
pig circRNAs. Sequential conservation analysis also
indicated that circRNAs may have conserved functions
in pigs, mice, and humans (26).

2.4. Biological function of circRNAs

CircRNAs contain miRNA binding sites, which make
them competitive endogenous RNAs that can be used
to isolate miRNA. For example, ciRS-7 with multiple
tandem miRNA-7 binding sites can bind to miRS-
7 in vitro. CircRNAs can also be used as endogenous
"miRNA sponges" that inhibit normal miRNA function
(27). miRNA sponges play a role in inhibiting miRNA
and targeting gene binding. They can also be expressed
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at different positions of the genome, so they can serve
as an important component of the miRNA-mediated
transcriptional regulatory network (28).

CircRNAs can be combined with proteins or used
to influence RNA splicing, which indirectly affects
protein function (29). For example, EIciRNAs combine
with the U1l small nuclear ribonucleoprotein promote
RNA polymerase 11 by interacting with its promoter
to enhance gene transcription (30). The expression of
mRNA encoded by the host gene was then reduced after
removing EIciRNAs, suggesting that nuclear circRNAs
have the potential to induce host genes to express
themselves. However, not all EICIRNAs are located at
transcription sites, so some may also modulate other
parts of the genome. Notably, endogenous circRNAs
are not associated with ribosome translation. Exogenous
circRNAs are translated in vitro and in vivo through
the internal ribosome entry site (IRES) or through the
rolling-circle amplification mechanism (37,32), which
amplifies short DNA or RNA into a longer strand.

CircRNAs play a similar role in association with
mRNAs by combining with the translation initiation
site or by destroying the integrity of mature linear
RNA to prevent translation. For example, EIciIRNAs
interact with RNA polymerase and bind Ul snRNP to
activate transcription of the parental gene, to inhibit
RNA-protein interaction, and to regulate miRNA
activity (33).

Recent studies have found that some circRNAs
have a coding capability. For instance, Circ-ZNF609
encodes muscle differentiation-related proteins (5)
generated from the second exon ring of its host gene
with a 753-bp open reading frame. Its UTR elements
rely on cis-control elements on the IRES sequence to
initiate protein translation from the middle of circRNA
(32), albeit at a lower rate than cap translation (5,34,35).
CircRNA can also be used after N°-methyladenosine
modification in non cap-dependent translation (36,37).
The N°-methyladenosine zone identifies YTHDF3
proteins, binds to circRNA modified sites, and attracts
elF4G2 proteins and other translation initiation factors
to drive circRNA translation (38). Some circRNAs
also combine with ribosomes to form Rib—circRNA
complexes that influence coding; their UTR regions
have similar IRES translation-driven functions, but they
have translation efficiency (39).

Intracellular circRNAs are secreted extracellularly.
Their stability and prevalence in outer secretions and
plasma (40,41) makes them suitable as potential disease
markers. Compared to healthy individuals, patients with
rectal cancer were found to lack 67 types of circRNAs
and to possess 257 new forms. Moreover, the level of
CircRNA-KLDHCI10 expression in this cancer was
significantly higher than that in normal serum (42),
while the ratio of circRNA to linear RNA in MHCC
Lm3-type hepatocellular carcinoma cells was six times
higher than that in normal cells (42). Expression of

hsa circ 0000190 decreased significantly in the plasma
and tissue samples of patients with gastric cancer (43),
and hsa circ_ 0000190 is a potential marker for gastric
cancer because it is more sensitive and more specific
than two traditional biomarkers, carcinoembryonic
antigen (CEA) and CA19-9t. Together, these findings
suggest that circRNAs could be used as reliable discase
markers with which to diagnose certain cancers (43).

3. CircRNA and Hereditary Bone Disease
3.1. CircRNA in osteoblasts and osteoclasts

Osteoblasts are the main functional cells of bone
formation and are responsible for the synthesis,
secretion, and mineralization of bone matrix. During
bone metabolism, osteoclasts bind to the target area and
secrete proteases to dissolve bone minerals, digest bone
matrix, and form bone resorption traps. Osteoblasts
secrete bone matrix into the trap, and then perform
mineralization to form new bone. Therefore, the
balance between osteoclasts and osteogenesis is key to
maintaining normal bone mass.

Osteoblast differentiation is regulated by a series
of hormones, cytokines, and transcription factors
(44,45). The transcription factor BMP2 belongs to the
transforming growth factor beta superfamily and is
one of the most important human cytokines. It induces
heterotopic bone and cartilage formation and plays
an important role in embryonic growth, cell growth
and differentiation, bone development, and fracture
repair. MC3T3-E1 cells treated with BMP2 had
differential expression of 158 circRNAs, 74 of which
were upregulated and 84 of which were downregulated
in comparison to control cells. hsa circ_0005846,
hsa_circ_0019142, and hsa_circ_0010042 increased
significantly following BMP2 treatment (46). hsa
circ_ 0005846 and hsa circ 0019142 interact with
51 and 21 miRNAs, respectively, and both act as a
sponge for miR-7067-5p. They are also involved in
the FGF, EGF, PDGF, and Wnt signaling pathways,
and they participate in cell growth and differentiation
(47). BMP2 induces osteogenic differentiation via the
hsa _circ_ 0019142/ hsa_circ_0005846 target miRNA—
mRNA regulation network (47), in which the level of
ALP, SP7, and RUNX2 mRNA expression increases
significantly. Moreover, hsa circ_0019142 interacts
with miR-222-3p and miR-7067-5p (48), with the
former functioning as an osteoclast inhibitor (49).

The expression of circRNAs is sequential in
different stages of osteoclast development in mice.
For example, of the 1797 circRNAs identified in
mice, 147 were up-regulated in pre-osteoclasts, and
109 were down-regulated. In mature osteoclasts, 78
circRNAs were up-regulated, while 111 circRNAs and
94 miRNAs were up-regulated in activated osteoclasts
(50). circRNA-miRNA synergistic regulation plays
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an important role in osteoclast formation. miR-103 in
the co-regulatory network was up-regulated by hsa
circ_0007873 and down-regulated by hsa_circ_0010763
and hsa circ 0015622 (57). In addition, miR-335-
S5p directs the down-regulation of DKK1 (a Wnt
inhibitor), it enhances Wnt signaling, and it promotes
osteoblast formation and development (52), while miR-
29a enhances osteoblast formation by regulating Wnt
signaling through a positive feedback loop (53).

3.2. CircRNA and osteoarthritis

CircRNA is associated with a variety of diseases such
as atherosclerosis and neurological disorders (54,55).
However, its role in cartilage and bone and its effects
on bone disease are rarely reported.

Osteoarthritis (OA) is a degenerative joint disease
caused by cartilage degradation, bone thickening, and
spur formation. A circRNA chip revealed differential
expression of 71 circRNAs in patients with OA,
including the up-regulation of 16 circRNAs such as
hsa circ 0100876 (circRNA-CER), hsa circ 0101178,
hsa circ_01011914, and hsa_circ_0100086 while a
further 55 were down-regulated. circRNA-CER can be
up-regulated by cell interleukin-1 and tumor necrosis
factor o, and it regulates the expression of MMP13 by
endogenously competing with miR-136 to facilitate
degradation of the chondrocyte extracellular matrix.

Wntl is the pathogenic gene for the autosomal-
recessive form of osteogenesis imperfecta. A study that
predicted circRNA interaction with miRNAs targeting
Whntl found that hsa circ 001042 interacted with miR-
21, miR-148, and miR-152, and that it may functions
in the MAPK signaling pathway. Has circ00048 and
24 other circRNAs may serve as molecular sponges of
miR-148 and miR-152 and may be involved in the focal
adhesion pathway (56).

4. Conclusion

In conclusion, circRNAs are diverse, widely
distributed molecules with stable structures and
complex functions. Little is currently known about
the association between circRNAs and hereditary
bone disease, but our understanding of the role of
miRNAs in hereditary bone disease has progressed
considerably. For example, miR-222-3p and miR-
7067-5p that are associated with osteoblasts are
regulated by circRNA5846 and circRNA19142. Given
the extensive interplay that exists between circRNAs
and miRNAs, circRNAs are likely to control
hereditary bone disease by interacting with miRNA or
by their own ability to code protein. Therefore, new
studies of circRNA will be crucial to the development
of novel treatments. Future work should also examine
the function of circRNAs in protein encoding and as
miRNA sponges.
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Summary Hereditary motor and sensory neuropathy with proximal dominant involvement (HMSN-P) is
a motor and sensory neuronopathy with autosomal dominant inheritance, adult onset, slowly
progressive course, and is associated with TRK-fused gene (TFG) mutation. At advanced
stages, respiratory failure and dysphagia becomes life-threatoning, and patients typically die
by their 70s. Although there is currently no evidence for effective treatment, a therapy may be
found by elucidation of the function of TFG. Recently its pathomechanism has been proposed
to be associated with abnormalities in protein transfer from the endoplasmic reticulum. Such
pathomechanisms might involve a similar process in amyotrophic lateral sclerosis; thus, its
pathomechanisms and treatment strategy might make it a good model for neurodegenerative
disorders. It is of great value to clarify the natural history of HMSN-P, in oder to judge the
treatment effect. By evaluating 97 patients (79 out of 97 were examined and all confirmed with
p-Pro 285 Leu mutation) in this study, it was confirmed that this disease follows a uniform
course in the earlier stages, and there are individual differences in the onset between 20 and
30 years. Such uniformity might be due to the proposed single gene abnormality. At advanced
stages, there are larger individual differences in the progression, but the reasons for these are
unknown. Longer survival might be achieved with a better care for respiratory failure and
dysphagia if such cares were undertaken at appropriate times.

Keywords: HMSN Okinawa type, natural history, TRK-fused gene

1. Introduction term HMSN-P) is a slowly progressive disease with
autosomal dominant inheritance and adult onset. It

Hereditary motor and sensory neuropathy with is fatal and leads to a condition requiring support for

proximal dominant involvement (HMSN Okinawa
type; HMSNO, OMIM # 604484, or HMSN-P used
in the first detailed report (/), and this report uses the
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swallowing/respiration in the 50s, which is more than
20 years after the first symptomatic painful muscle
spasm. When patients present initial symptoms at
around their late 30s, they have often had children.
Thus, the disease passed to the next generation very
easily.

Symptoms usually start with painful muscle
cramping of limbs/trunk in the patients' 30s to 40s,
followed by muscle weakness dominated by limb
proximal muscles, and accompanied by elevated
creatine kinase (CK) values (2). After their 50s,
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swallowing/respiratory dysfunction could be a life-
threatoning problem (2). Although HMSN-P is often
compared with familial amyotrophic lateral sclerosis
(ALS) and spinal muscular atrophy (SMA), there
are features that differ from ALS or SMA, such as
disappearance of the deep tendon reflex and obvious
electrophysiological abnormalities of sensory nerve
action potentials from early stages of the disease (/,2).
Clinical diagnosis of HMSN-P has been conducted
based on such characteristic clinical findings, detailed
family history, and laboratory findings including blood
examination and electrophysiological tests.

Since TRK-fused gene (TFG) was identified as
a gene related to the cause of HMSN-P in 2012 (3),
HMSN-P patients having the same mutation have
been reported in several regions of the world (4-6),
but the disease with the TFG p.Pro 285 Leu mutation
is documented only in patients with HMSN-P. On the
other hand, another TFG mutation, that is different
from the mutation found in HMSN-P, has been reported
in ALS patients (7). The relationship between TFG and
motor neuron degeneration has been discussed, and
the possibility of treating motor neuron disease has
been suggested (7), drawing attention widely from the
neurodegeneration research field. In 2016, p.Gly269Val
was reported as a second genetic mutation of HMSN-P
(8), which is identical to the mutation found in
autosomal dominant Charcot-Marie-Tooth disease
Type 2 (CMT2) families (9). Careful consideration
and further examination will be needed to determine
whether the phenotype differs between two different
mutations within a gene.

Recent studies on TFG abnormalities involved in
the pathomechanisms of HMSN-P have suggested
impaired protein transfer from the endoplasmic
reticulum (ER) to the Golgi body due to the localization
of the product protein. Although induced pluripotent
stem cells have also been prepared and proteasome
disorders were also described (/0), detailed mechanism
that specifically causes nerve cell degeneration is still
unclear. There are many diseases that may be involved
in ER stress, and ALS may be involved in the same way
(11). HMSN-P could serve as a disease model in which
the causative gene mutation is clear and may contribute
to the elucidation of the pathomechanisms of many
neurodegenerative diseases.

Under these circumstances, it is important to
clarify the natural history of HMSN-P in order to
better maintain the patient's quality of life, predict the
prognosis of each case, and consider new treatments
that will become available in the future. It is difficult
to describe the whole disease course because of its
length, therefore, there are few reports focusing on
clinical status at advanced stages in which swallowing/
respiratory abnormalities affect the clinical course.

We reviewed the detailed clinical course from more
than 130 cases from 28 families of HMSN-P patients

in the medical records at our hospital during a 30-year
period, and tried to clarify the characteristics of the
clinical course of HMSN-P, particularly the long-term
disease progression.

2. Materials and Methods

In National Hospital Organization Okinawa National
Hospital (Okinawa hospital), among more than 130
patients examined as HMSN-P since 1980, the clinical
course of 97 patients whom we could confirm detailed
medical records retrospectively were evaluated (a
typical family tree is presented on Figure 1). Evaluation
items were as follows: age at first visit, symptom onset
age (regardless of subjective or objective) for painful
muscle spasm, upper and lower limb muscular strength,
sense, standing, walking, swallowing, respiration, age
at death, the CK value at the first visit, and the type
of TFG mutation. For the analysis of the advanced
stage, we confirmed the onset/start age of dysphagia,
respiratory failure, tube feeding and tracheotomy, age
of death, and situation at the time of death (presence
of tube feeding/tracheostomy, cause of death). We
summarized the age at which each symptom was first
recognized (Figure 2). The ratio of the number of the
patients with each symptom at each age (every 5 years)
to the total number of patients was calculated (Figure
3). The onset age of each symptom in each case that
was confirmed for respiratory failure, tracheostomy,
dysphagia, tube feeding and death was further examined
especially in the advanced stage after age 50 (Figure 4).
The age at first visit and the CK values measured at that
visit were examined (Figure 5).

This study was discussed and approved by the ethics
committee at Okinawa Hospital (# 29-8).

3. Results

An example of a family tree of HMSN-P (Figure 1)
shows more than half of the brothers and sisters were
afflicted and the penetration rate is high. Similar
penetration rates are found in other families in this
study. The progression details of 55 men and 42
females were analyzed. TFG mutation was confirmed
in 79 cases (81.4%), all of which were p.Pro 285 Leu.
Genetic testing was not possible in all cases because
5 patients died before the test, 9 patients moved to
different hospitals, 2 could not be examined due to
sample defect, and 2 patients dropped out before the
exam. The average of age at the initial visit was 49.1
years, and the median was 48.5 years (17-74 years).
The median of each symptom was 38.0 years (13-59
years) for painful muscle spasm, 47.0 years (25-60
years) for muscle weakness in upper limbs, 48.0 years
(31-60 years) for muscle weakness in lower limbs, 50.0
years (40-68 years) for sensory disturbance, 53.0 years
(43-69 years) for inability to stand, 58.0 years (44-74
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Figure 1. A family Tree of HMSN-P. Autosomal dominant inheritance is shown.
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Figure 2. Natural history of HMSN-P. There is a specific order in the appearance of symptoms. There are individual differences

in the period of disease onset between 20 and 30 years.

years) for inability to walk, 66.5 years (53-78 years)
for respiratory failure, 64.5 years (56-79 years) for
tracheostomy, 65.5 years (44-79 years) for dysphagia,
65.0 years (56-78 years) for tube feeding, and 70.0
years (56-80 years) for death (Figure 2 and Figure
3). There was a specific order to the appearance of
symptoms (Figure 2). There are individual differences
in the period of symptoms appearing between 20 and
30 years.

We further analyzed the disease progression at
later stages as shown in Figure 4. There were 21
advanced stage patients who had impaired swallowing
and respiration (Figure 4). Among them, 10 patients
underwent tube feeding and tracheostomy; 3 had
tracheotomy only, 0 had tube feeding only and 7 had
both. Five patients had both tracheostomy and tube

feeding at the same time or within one year. However,
3 patients, who had have been admitted for a long time
in Okinawa hospital due to respiratory disturbance and
had tracheotomy and respiratory management done soon
after the occurrence of the problems, could extend the
period with possible oral intake from 2 to 6 years after
the tracheostomy. One patient died without tube feeding.
Another patient, followed at a different clinic, was still
orally ingestible even 7 years after tracheotomy. The
death age was confirmed in 17 patients, including those
who died at other hospitals. In 10 patients, the cause of
death was aspiration/pneumonia or respiratory failure
due to sudden deterioration of unexpected respiratory
condition. Seven patienss died due to other causes: acute
myocardial infarction (n = 2), cancer (n = 2), cerebral
infarction (n = 1), postoperative septicemia (n = 1), and
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Figure 5 CK value (first visit). The CK value tends to be
high in the 40s and 50s, and decrease from the late 50s when
walking becomes impossible.

unknown cause (n = 1).

Painful muscle spasms that appears early in the
disease tended to decrease at later stages. Three out of
97 cases did not show painful muscle spasm during the
entire course. CK also tended to decrease after the age
of 60 (Figure 5).

4. Discussion

Disease progression, in terms of the order of the
appearance of each symptom, is usually variable within
a neurodegenerative disease entity, including Alzheimer
disease, ALS, and Parkinson's disease. However, the
current study confirmed that the clinical course of
HMSN-P is extremely uniform with slow progression,
i.e., the order of symptom appearance is almost
identical in every patient for long after the onset (Figure
2 and Figure 3), although the onset age varied 20-30
years. This fact might be attributed to the proposed
pathophysiological mechanisms that HMSN-P is caused
by single gene abnormality. As a disease model for
neurodegenerative disorders of protein metabolism
failure based on a single gene abnormality, HMSN-P
provides a suitable example with some hope to plan
treatment strategies.

Recently many interesting observations are
accumulating about the role of TFG protein, which
belongs to the coat protein complex II transportation
system from the endoplasmic reticulum (ER) to the ER-
Golgi intermediate compartment (ERGIC), and plays
a very important role in maintaining the efficacy of the
vesicles (/2), in various areas of basic cellular biology
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(13), insulin metabolism (/4), and in a discussion of
future cancer therapy (/5). It is very important with this
background to shed lights on the detailed clinical facts
and the natural history in patients with HMSN-P.

In 2016, p.Gly269Val was reported as a second
genetic mutation of HMSN-P (8), which is identical to
the mutation found in autosomal dominant Charcot-
Marie-Tooth disease Type 2 (CMT2) families (9).
Although careful consideration and further examination
will be needed to determine whether the phenotype
differs between two different mutations within a gene,
the clinical manifestation in their reports might be
different from our experience on HMSN-P.

The factors causing individual differences in disease
onset could not be elucidated in the current study. It
has been reported that HMSN-P patients have many
complications of diabetes and dyslipidemia (/), and
the treatment of such complications may change the
clinical course. Since the effects of those factors on the
survival rate were not analyzed in this survey, differences
in prognosis due to the presence or absence of those
complications are subjects for the future analysis.

Another feature of the current study is the detailed
clinical descriptions of the advanced stage of HMSN-P.
The life-threatening risks for the patients with advanced
stage HMSN-P may be comparable to those for the
patients with ALS. However, because HMSN-P
progresses more slowly than ALS, the period for which
careful attention to risk management is needed can
be much longer than that for ALS. It is necessary to
carefully observe symptom progressions of HMSN-P
patients from the age of 50, when fatalities begin to
increase due to impaired swallowing and respiration
(Figure 3).

Compared to the circumstances for the patients 30
years ago when the HMSN-P study was initiated, many
medical situations have dramatically changed, including
managements of nutrition and respiratory failure, owing
to development of medical technology and equipment.
The clinical course of HMSN-P may be further
improved by providing advanced medical treatment
with higher quality and developing new treatments in
the future. Today, if a patient visits the hospitals, the
swallowing/respiratory state can be regularly evaluated,
and tracheotomy and tube feeding can be performed
at an appropriate time if needed. It is noteworthy that
there exist HMSN-P patients who can survive beyond
the age of 70 if optimal care is provided with optimal
timing. This fact also suggests that providing detailed
and precise information about natural history is crucial
for optimal treatment for patients with HMSN-P.

When the current study was began, we expected that
swallowing/respiration problems progress in this order;
breathing earlier and swallowing later. However, there
was no clear difference of the start time of disability
between these two. This is one of the limitations of
the current study. One possible explanation for this

is that as symptoms progressed and activity of daily
life declined, many patients had difficulty visiting the
hospital, so they were changed to home care, or entered
nursing home facilities. It could then be difficult to
have a precise evaluation at such nursing homes.

At motor function declines in the advanced stages,
some patients have fewer chances to walk, and they do
not report particular problems of respiratory systems
while resting. Some patients experienced "sudden"
respiratory episodes (e.g., sputum blocks, aspiration),
following a very slight physical condition change like
catching cold or mild dehydration. After such events,
some patients deteriorated to a condition in which they
needed to receive advanced respiratory care including
tracheostomy. It is noteworthy that in advanced stages,
the condition (especially respiratory function) easily
deteriorates. Therefore, regardless of the presence or
absence of subjective symptoms, regular respiratory
function checks are highly recommended starting when
patients are in their 50s. For swallowing, it is necessary
to establish a better evaluation routine utilizing, for
example, videofluorography or videoendoscopy for
swallowing.

Clinical reports focusing on disease progression
based on many patients with HMSN-P have not yet
been published. The current survey provides detailed
information that can be widely provided to patients and
families who traditionally get information only from
their relatives privately.

5. Conclusion

We surveyed medical records in detail from 97 patients
with HMSN-P. Disease progression, in terms of the
order of the appearance of each symptom, is extremely
uniform with slow progression, i.e., the order of
symptom appearance is almost identical in every patient
for long after the onset, although the onset age varied
20-30 years. At the later stages, the disease progression
and prognosis varied among patients, and its reason is
unknown yet. As a disease model for neurodegenerative
disorders caused by protein metabolism failure at
the ERGIC zone based on a single gene abnormality,
HMSN-P may provide a suitable example to develop
treatment strategies.
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Summary

Amyotrophic Lateral Sclerosis (ALS) is a muscle-bone degenerative disease, which lacks
a specific index for diagnosis. In our previous studies, we found that exosomes mediated
the interaction mechanism between muscle and bone at the cellular level, and myoblast
exosomes can transfer miR-27a-3p to promote osteoblast mineralization. Therefore, we
suppose that the expression of miR-27a-3p in the serum exosomes of ALS patients also
changes. In this study, we used healthy human serum as a sample to find out the conditions
and methods for extraction and detection. Then through comparison of the expression
of miR-27a-3p in the serum exosomes of 10 ALS patients and healthy subjects, we found
that in the ALS patients miR-27a-3p was down-regulated, and may be involved in the
development of ALS, and therefore has potential as a reference for the diagnosis of ALS in

the clinic.

Keywords: Amyotrophic Lateral Sclerosis (ALS), exosome, miR-27a-3p, serum, stem loop

1. Introduction

Amyotrophic Lateral Sclerosis (ALS) is a progressive
and fatal motor neuron degenerative disease, in which
the main manifestation is progressive muscle weakness
and atrophy, and gradually develops into systemic
muscle atrophy and paralysis, with death finally due
to respiratory failure. The cause is not yet clear, the
early symptoms are not obvious, and lack of specific
biological indicators makes clinical diagnosis difficult
with a high misdiagnosis rate (/). Once diagnosed, the
average survival time of patients are three to five years.
The disease develops rapidly, and there is a significant
difference between patients, with no definite diagnosis
and cure method.

Exosomes are double lipid vesicles with a diameter
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Shandong Medical Biotechnological Center, Shandong
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about 40-100 nm, which are secreted by a variety of
cells. Exosomes are widespread in the peripheral body
fluid, can carry and enrich various biologically active
molecules, such as proteins, nucleic acids and so on, and
have high stability, agility and specificity (2). Exosomes
can reflect the physiological and pathological changes
of the source cells, including proteins and nucleic acids,
which have a potential biomarker function, and make
exosomes have potential to be a new biomarker for
disease diagnosis (3). MicroRNA (miRNA) is a class of
endogenous non-encoding small RNA, with a length of
18-22 nt. MiRNAs are enriched in exosomes, and the
exosome membrane structure can protect miRNA from
degradation by RNA enzymes, this has made exosome
miRNA become a hotspot in recent years (4, 5).

In this experiment, we used the serum of healthy
subjects, and compared and analyzed different extraction
methods for serum exosomes and exosome miRNAs.
Detection of miRNA expression was by polyadenylate
poly A tail and stem loop methods, in order to find
the most suitable method for extraction and detection
of serum exosomes and exosome miRNAs. Then we
compared the expression level of miR-27a-3p in serum
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exosomes of ALS patients and healthy subjects, which
laid a foundation for further research on the role of
exosomes in the early diagnosis of ALS (Figure 1).

2. Materials and Methods
2.1. Materials

Serum from 20 healthy persons and 10 ALS patients
were provided by Qilu Hospital and Ji'nan infectious
diseases hospital, and stored at -800C. Exoquick
reagent and Anti CD63 were purchased from System
Biosciences (Mountain View, CA, USA). ExoEasy
Maxi Kit and miRNeasy Mini Kit were purchased
from Qiagen (Valencia, CA, USA). TRIzol reagent
was purchased from Invitrogen (Carlsbad, CA, USA).
MiDETECT A Track™ miRNA qRT-PCR Starter Kit
was purchased from RiboBio (Guangzhou, China).
Reverse transcriptase kit was from Toyobo (Osaka,
Japan).

2.2. Extraction and identification of serum exosome

The serum exosome was extracted by Exoquick reagent
(System Biosciences, Mountain View, CA, USA)
according to the manufacter's protocol with minor
modifications. The specific steps were as follows: the
serum was centrifuged at 3,000 x g for 30 min (4°C),
to obtain the supernatant. We used a 1 mL syringe
and repeatedly sucked 5 times. Exoquick reagent was
added in a proportion of 4:1, and mix thoroughly by
pipetting. It was stored at 4°C for 30 min, centrifuged
at 13,000 x g for 2 min, discarded the supernatant;
centrifuged again and discarded the supernatant, then
100 pL phosphate-buffered saline (PBS) was added for
resuspension, the exosome resuspension named exo-A
was obtained.

The serum exosome was extracted by exoEasy
Maxi Kit (Qiagen, Valencia, CA, USA) according to
the manufacturer's protocol with minor modifications.
Briefly, serum filtration was used to remove diameters
greater than 0.8 pum particles, an equal volume of buffer
XBP was added mixed well immediately, and transfered
into the exoEasy spin column and centrifuged 1 min at
500 x g, the flow-through was discarded; 10 ml Buffer
XWP was added and centrifuged 5 min at 5,000 x g,
the flow-through was discarded; the spin column was
transfered to a new collection tube, 100 uL Buffer XE
was added and centrifuged 5 min at 5,000 x g, the flow-
through was collected as exosome resuspension B,
named exo-B.

Western-blot for detection of exosome specific
marker proteins: Exosome protein content was
measured using the BCA protein assay kit (Beyotime
Institute of Biotechnology, Shanghai, China). Equal
amounts (20 pg) of exosome resuspension were taken
respectively, subjected to sodium dodecyl sulfate

New detection index
.

— L
ALS patients qRT-PCR
or healthy people
Poly A Stem loop
tail method  |method
Exoquick )
reagent Trizol
»
Serum RNA
miRNeasy
o0 Mini Kit
OO
Exosomes

Figure 1. Extraction and identification methods of exosome
miRNA in the study of ALS patients. A diagram showing the
conditions and methods for extraction and detection and their
applications. Exosome were isolated from ALS patients and
healthy subject's serum by Exoquick reagent or exoEasy Maxi
Kit, then using Qiagen miRNeasy Mini Kit to isolate RNA
from serum exosomes, finally using stem loop method to detect
the expression of miR-27a-3p in two groups of RNA samples.
The results of the different expressions can be used for the
clinical diagnosis of ALS patients.

polyacrylamide gel electrophoresis and transferred to
a polyvinylidene fluoride (PVDF) membrane. After
blocking, membrane was washed with TBST and then
incubated overnight using antibodies against CD63
(1:1,000, System Biosciences, Mountain View, CA,
USA). The blots signals were developed using ECL
Plus (Millipore, Billerica, MA, USA) and visualized
with Fusion SOLO S (Vilber, Collégien, France).

2.3. Isolation of total RNA from serum exosomes

Combined with the extraction of serum exosomes, we
used two different methods to isolate total RNA from
serum exosomes.

Using the traditional TRIzol reagent method to
isolate total RNA from serum exosomes: The extracted
exosome was mixed with a proper volume of TRIzol
reagent (Invitrogen, Carlsbad, CA, USA), stored at
room temperature for 5 min; chloroform was added
according to a proportion of 1:5 in order to separated
the lysate, transfer the upper aqueous phase to a new
collection tube, and add isopropyl alcohol to precipitate
the RNA, finally the RNA precipitation was cleaned
using 75% ethanol, and then RNA could be precipitated
after centrifugation.

Using Qiagen miRNeasy Mini Kit (Qiagen,
Valencia, CA, USA) to isolate total RNA from serum
exosomes: the extracted exosomes were washed and
centrifuged using Buffer XBP and XWP, and mixed
with a proper volume of QIAzol lysate, stored at
room temperature for 5 min; and chloroform was
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Table 1. Sequences of primers used in this study

Gene Primers

miR-27a-3p RT:

Reverse:
miR-16 RT:

Forward: CGCGCTAGCAGCACGTAAAT

Reverse: GTGCAGGGTCCGAGGT

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGCGGAA
Forward: CGGCGGTTTCACAGTGGCTAAG

CCAGTGCAGGGTCCGAGGTAT
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCGCCAAT

added according to the proper proportion to separate
the lysate, the upper aqueous phase was transferred
to a new collection tube, after addition of 2 volumes
of 100% ethanol, the mixture was transferred into an
RNeasy MinElute spin column in a 2 ml collection
tube, after centrifugation, RNA was combined on
the column membrane, and then washed with Buffer
RWT and RPE, DNase/RNase-Free water was added
and centrifuged 1 min at 12,000 x g, the flow-through
collected was the exosome total RNA.

The concentration and purity of RNA samples
were detected by Thermo micro spectrophotometer
NanoDrop2000, and values were recorded.

2.4. Quantitative real-time PCR (qRT-PCR)

The expression level of miR-27a-3p in serum exosomes
was detected by fluorescence quantitative polyadenylate
poly A tail and stem loop methods, with miR-16
as endogenous exosome control. We compared the
difference in expression of miR-27a-3p between ALS
patients and healthy subjects.

Polyadenylate poly A tail method: mature miRNA
sequences were provided (http://www.mirbase.org),
the primers were designed by RiboBio company, and
included reverse transcription, forward and reverse
primers. The qRT-PCR was performed with miDETECT
A Track™ miRNA qRT-PCR Starter Kit (RiboBio,
Guangzhou, China), specific steps and the reaction
system was conducted according to the manufacturer's
protocol.

Stem loop method: Based on the miRNA mature
sequences and the stem loop frame, we designed
specific RT primers with a stem loop structure and
forward-reverse primers, the sequence of the primers
for miR-27a-3p and miR-16 are listed in the Table 1.
RNA samples were premodified at 65°C for 5 min, and
a reverse transcriptase kit (Toyobo, Osaka, Japan) was
used for the RT reactions. After cDNA and diluted 20
times, the qRT-PCR reaction was performed according
to the following reaction system: Realtime PCR Master
Mix 5 pL, forward primer (10 pmol/L) 1 pL, reverse
primer (10 umol/L) 1 pL, and 3 pL cDNA dilution
solution. The conditions of qRT-PCR reaction were:
95°C 10 min; 95°C 2 s, 60°C 20 s, 70°C 10 s, 45 cycles.
After the end of the cycle, the melting curve was
analyzed immediately.

Figure 2. Identification of surface marker proteins of
exosomes. Using Exoquick and exoEasy Maxi Kit extract
exosomes from serum, respectively. CD63 level was monitored
by Western blot.

2.5. Statistical analysis

All data were analyzed statistically by SPSS software
(version 19.0). The measurement data are expressed
as mean + standard deviation (S.D.), the mean values
between groups were compared by one-way analysis
of variance (ANOVA), and p < 0.05 was considered
statistically significant.

3. Results
3.1. Identification of exosome

Western-blots were used to detect the specific marker
proteins (6) of serum exosomes extracted by the two
methods, and CD63 is one of the most commonly used
for identification of exosome protein molecules. The
results showed that CD63 proteins were all expressed in
two groups (Figure 2).

3.2. Comparison of the concentration and purity of
RNA were extracted by 4 different methods

In order to facilitate the description, the RNA samples
obtained by Exoquick-Trizol method were named group
A, those obtained by Exoquick- miRNeasy Mini Kit
were named group B, the exoEasy Maxi Kit — Trizol
method used to obtain the RNA samples were named
group C, and the exoRNeasy Serum/Plasma Midi Kit
method for the RNA samples were named group D.
The A group was extremely unstable, the
concentration range is wide and distributed from 3.6-
120.4 ng/uL, the mean value of OD260/280 was 1.42 +
0.02 and quality was bad. The concentration and purity
of group B were improved compared with group A,
and the mean value of OD260/280 was 1.54 + 0.051.
The concentration of group C tended to be stable, but
the purity of the group changed a little. Group D used
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Figure 3. Comparing the different extraction and identification methods. The exosome RNA were extracted by 4 different
methods and identificated by poly A tail or stem loop method, respectively. (A) The purity of Exosome RNA were extracted by 4
different methods, and group D was extracted by exoRNeasy Serum/Plasma Midi Kit compared with the other groups, the difference
was statistically significant (p < 0.05); (B) The Ct values of miR-27a-3p and miR-16 were detected by poly A tail or stem loop

method.

a Qiagen kit to extracted exosomes from the serum, we
continued to use the kit to isolate RNA, the concentration
was about 10 ng/pL and the purity was obviously
improved, the mean value of OD260/280 was 1.70 +
0.05, it basically met the requirements of the experiment,
and compared with the other groups, the difference was
statistically significant (p < 0.05) (Figure 3).

3.3. Comparison of the difference in expression of
miRNA by qRT-PCR

The exoRNeasy Serum/Plasma Midi Kit isolated RNA
from the serum exosomes, expression level of miR-
27a-3p was detected by fluorescence quantitative
polyadenylate poly A tail and stem loop methods
respectively, the internal control selected miR-16 which
is a serum exosome and was relatively stable.

Comparing the specificity of PCR products detected
by the two methods, dissolution curves were all a single
peak, which proved that the designed primers had
effectiveness and specificity.

When the poly A tail method was used to detect
miR-27a-3p and miR-16, the Ct values of the partially
complex hole is greater than 35, the test results were
negative, and the Ct values were unstable, and did not
have reproducibility. The qRT-PCR again after changing
the concentration of cDNA samples, the relative results
are the same as before. The results of the stem loop
method showed that the Ct values of miR-27a-3p ranged
from 31.31 to 31.71, the Ct values of miR-16 were from
25.5-26.1, which are less than 35 (Figure 3). It was
proved that the stem loop method is more sensitive than
the polyadenylate poly A tail method, the repeatability of
the compound holes is good and the stability is strong.

3.4. Comparing the difference in expression of miR-
27a-3p between ALS patients and healthy subjects

We used the exoRNeasy Serum/Plasma Midi Kit

" miR-27a-3p

< 1.57

> *

< [ ]

> L0 s

[ 0 [ ]

: -
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= 0.0 He'althy ALS
people

Figure 4. Comparing the difference in expression of miR-
27a-3p between ALS patients and healthy subjects. Using
stem loop method to detected the miR-27a-3p in 10 ALS
patients and healthy subject's serum exosomes, respectively.
Compared with the control group, the expression of miR-27a-
3p in the ALS group was down-regulated, and the difference
was statistically significant (p < 0.05).

to extract RNA from 10 ALS patients and healthy
subject's serum exosomes, respectively. The difference
in expression of miR-27a-3p in the two groups of RNA
samples was detected by the fluorescence quantitative
stem loop method. The Ct values of all the samples
were less than 35, the dissolution curves were all a
single peak, which proved that the amplification of data
was effective and the specificity was good. Compared
with the control group, the expression of miR-27a-3p in
the ALS group was down-regulated, and the difference
was statistically significant (p < 0.05) (Figure 4).

4. Discussion

Exosomes are a vesicular structure secreted by a
variety of cells, and has become a hotspot issue in the
field of biomedical research. It has the characteristics
of easy to collect and noninvasive or minimally
invasive. Noninvasive detection can be realized
through the identification of tumor exosomes, or
detection of individual biological characteristics used
for individualized diagnosis and treatment (7,8). It has
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been found that exosomes can reflect the phenotype
of the source of tumor cells through their molecular
characteristics, and the tumor specific antigen or
miRNA carried by them can be used as tumor diagnostic
markers. Thompson et al. studies have shown that the
exosome source of the central nervous system is related
to neurodegenerative diseases, and the exosomes in
cerebrospinal fluid and serum is an early diagnostic
marker for some neurodegenerative diseases by carrying
proteins and nucleic acids (9). According to blood tests,
researchers from Irish University found that miRNA
imbalance appeared in the exosomes of breast cancer,
so breast cancer cells can be monitored through miRNA
changes in the exosome, and it has proved that exosome
miRNA has potential as a marker for breast cancer
diagnosis (/0). All these suggested that miRNA has
the potential to be used as a tumor marker for early
diagnosis, evaluation of curative effect, and metastasis or
recurrence of the tumor.

The extraction of exosomes by overspeed
centrifugation or sucrose gradient centrifugation
are the most common methods (/7). However, the
operation is time-consuming, has a low recovery rate,
has an important influence on exosomes, and it is not
suitable for extracting sample volumes from a small
initial volume. However, Exoquick reagent and Qiagen
exoEasy Maxi Kit have obtained exosomes by compound
polymerization precipitation or membrane affinity
centrifugation columns. The operation is simple and
fast, and it is suitable for extraction of serum exosomes
(12,13).

In isolation of serum derived exosome RNA, two
different principles including traditional TRIzol and
miRNeasy Mini Kits were used in this study. The
isolation of RNA by TRIzol is a method of splitting
decomposition of phenol lysate, as chloroform makes a
two-phase separation with a final alcohol precipitation.
MiRNeasy Mini Kit was adopted for the phenol type
lysate combined with an affinity filtration column,
use of a membrane for particle adsorption, and the
purified RNA was obtained by different buffer multiple
purification.

The current methods of qRT-PCR mainly include a
TagMan probe method and fluorescent dye method. The
TagMan probe method specificity is strong, but the cost
is high. Therefore, in this experiment, the qRT-PCR was
carried out by combining the poly A tail method or the
stem loop method with the fluorescent dye. The polyA
tail method was added to miRNA under the action of
poly A polymerase, the template chain was obtained
by reverse transcription through specific primers, and
the fluorescence quantitative PCR was detected at last.
Stem loop method used primers with a folded structure
like stem loop, directly complementary miRNA to
get reverse transcriptional template chains (/4,15).
Experiments have shown that the stem loop method
has high sensitivity, specificity and less sample demand

for miRNA. It can effectively detect the expression of
miRNA in the samples, and laid a foundation for the
next step to effectively detect the expression of miRNA
in ALS patients.

As a fatal neurodegenerative disease, ALS seriously
influences and endangers the quality of daily life
of middle-aged and elderly people. The specific
pathogenesis is complex. Now, more detailed studies
are being carried out in order to find out the related
mechanisms of skeletal degenerative diseases, so as
to develop new preventive strategies and therapies.
Our previous study found that myoblast exosomes can
stimulate mineralization of osteoblasts through miR-
27a-3p regulation of the Wnt signaling pathway, which
proves that exosomes can regulate the interaction
between myoblasts and osteoblasts through miR-27a-
3p, and there may be a positive feedback mechanism.

So in this experiment, we compared the expression
of miR-27a-3p in patients with ALS and healthy human
serum exosomes, found compared with the healthy
group, miR-27a-3p expression in ALS patients was
down-regulated, and suggested that exosome miR-27a-
3p may act as a detection index of ALS, but the specific
mechanism is unclear and needs further study.
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Summary

Osteogenesis imperfecta (OI) is a heritable connective tissue disorder with a predominately
autosomal-dominant inheritance pattern. Recessive forms of OI are rare and involve many
different causative genes. WNTI mutations were found to cause either autosomal-recessive
OI or dominantly inherited early-onset osteoporosis. Here we describe a 32-year-old boy
with severe osteopenia and deformity of the extremities. The relative long thumb and ring
finger are obvious. We identified a novel combination of complex heterozygous WNT1
mutation of ¢.397 A>T (p.Alal133Thr) and ¢.506dupG (p.Cys170Leufs*) in the proband,
both parents and young brother were shown to be heterozygous asymptomatic carriers
of the mutation. This is the eleventh family and the thirteenth patient we have ever found
in China. Mutation of ¢.397 A>T (p.Alal33Thr) was found for the third time following
our previous findings in two individual families with four patients in total, and may be a
hotspot mutation in Chinese WNTI-related OI patients. In silico programs supported the
damaging effects for both mutations. The three-D structure demonstrated the severely
destroyed stability of WNT1. Serum levels of WNT1, LRPS, and B-catenin were decreased,
while higher levels of GSK-3 were detected. The molecular mechanisms of the complex
heterozygous mutations need further study.

Keywords: Osteogenesis imperfecta, WNTI mutation, Wnt signaling pathway, in silico prediction,
three-dimensional structure

1. Introduction

Osteogenesis imperfecta (OI) is a group of genetic
connective tissue diseases characterized by the
occurrence of frequent fractures and reduced bone mass.
Blue or grey sclera and dentinogenesis imperfecta are
also common (/). The primary inheritance pattern of Ol
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is autosomal dominant and most causative mutations are
in COLIAI and COLI1A42, which encode collagen type
I a chains (2,3). Recessively inherited forms of OI are
rare and are caused by mutations in many different genes
4,9).

WNTI was identified as a pathogenic gene
for autosomal-recessive Ol (6-9), or early-onset
osteoporosis (7,8,10). The molecular pathogenesis of
WNTI-induced Ol differs from that of other recessive
Ol types. In vitro study showed that the WNTI mutant
interferes with the LPR5-mediated B-catenin signaling
pathway, although the exact mechanism is currently
unclear (7). Meanwhile, decreased mTORC1-dependent
osteoblast function due to loss of WNT1 signaling
in osteocytes is part of the reason for WNT1-related
OI and osteoporosis according to mouse studies (/7).
In addition, OI patients with WNTI mutations do
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not gain a substantial therapeutic effect using oral
and intravenous bisphosphonate therapy, which is
effective in OI patients with type I collagen mutations
and anti-sclerostin antibody is a potential option for
OI patient's treatment (//). Thus far, no more than
30 WNTI mutations are identified and listed in the
OI mutation database (6,7,9,12-18). In this study, we
present the genetic and functional changes of a patient
with compound heterozygous mutation of WNT/ gene
in a 32-year-old Chinese boy with severe autosomal-
recessive OL.

2. Materials and Methods

2.1. Clinical phenotype and mutation detection of Ol
genes

This study was performed in accordance with The Code
of Ethics of the World Medical Association (Declaration
of Helsinki) for experiments involving humans.
The study was approved by the Ethical Committee
of Shandong Medicinal Biotechnology Central and
informed consent was obtained from the patient.
Peripheral blood was drawn from the patient and
his parents, and genomic DNA was extracted using the
E.ZN.A.” Blood DNA Kit (Omega Bio-Tek, Norcross,
GA, USA). Initially, we sequenced only COL/A! and
COL1A42 genes (19), but later we sequenced all reported
causative genes of recessive Ol with the exception of
MBTPS?2 and PLS3. A total of four PCR reactions were
conducted to cover the entire genetic coding region and
intron-exon boundaries of WNTI. PCR products were
subjected to Sanger sequencing (Beijing Genomics
Institute, Qingdao, China), and genetic variations
were analyzed by Mutation Surveyor 4.0 software
(SoftGenetics LLC, State College, PA, USA).

2.2. Molecular and 3-D structural predication of the
WNTI1 mutation

Predication of the mutational effect on protein function
was performed using Polyphen (20), Align-GVGD
(21), SIFT (22), and Mutation Taster (23) software.
Alignment of 19 different human Wnt family members
and WNTI from different animal species was conducted
by the Clustal X2 program (24). The WNTI mutation
was located on the N-terminal domain (PDB ID 4F0A)
of the WNTI protein by the PyMOL (Schrodinger LLC,
Portland, OR, USA) program.

2.3. Serum ELISA assay of Wnt signaling pathway
molecules

Serum ELISA assays for WNTI1, LPRS, and B-catenin
were performed according to the manufacturer's
instructions (Beinglay Biotech Co. Ltd., Wuhan, China).
Three age-matched healthy serums were included in the

assay as controls for the patient (control 1) and patient's
father (controls 2 and 3). Absorbance values were
measured at 450 nm on a Synergy HT multiplate reader
(Bio-tek, Winooski, VT, USA).

3. Results
3.1. Clinical description of the proband

The patient was born with normal height and weight
at delivery. He was around 1 meter tall and weighed
26kg. He was born to non-consanguineous parents with
no obvious phenotypic abnormalities. His sclerae were
normal in color, vision, and intellectual function was
normal. Teeth were sparse and progressive hearing loss
was obvious after 28 years old. Pectus cranatum and
scoliosis was obvious. Patient has a long face, with
abnormal facial features including tip head, narrowing
forehead, widening distance between the eyes and
eyelashes and hypogynous ears. His head leans
backward slightly. A relatively long thumb and ring
finger was obvious (Figure 1A) His first left humerus
fracture was documented over 1 year after birth. He
then sustained recurrent bilateral femur fractures (n =
7-8), and angled malformation was obvious in upper
and lower extremities. Lower extremities are in a frog
position (Figure 1B). Most of his fractures occurred
before 10 years old and no fracture has occurred after
13 years old, and this may partly due to long-term bed
life. Cortical bone was extremely thin according to
parents description, but X imaging was unavailable.

3.2. Molecular and 3-D structural analysis

The compound heterozygous mutation of ¢.397C>T
(p-Alal33Thr) and ¢.506dupG (p.Cys170Leufs*) in
the N-terminal a-helical domain (NTD) of WNTI were
identified in the patient and was present in both parents,
sibling has a heterozygous mutation (Figure 1C). SIFT
and Mutation Taster programs predicted these two
mutations to have a damaging effect, and class values
of C55 and C65 were predicted by Align-GVGD in
¢.397C>T and ¢.506dupG, respectively. The Polyphen
program predicted both mutations to have a probably
damaging effect. Both alignments of different types of
human Wnt family members (Figure 1D) and WNT1
among different species (Figure 1E) show high degrees
of conservation.

Figure 2D shows the 3D structural model of WNT1.
No obvious difference was observed between the wild-
type and mutant with respect to p.Alal33Thr change
(Figure 2A). Change of p.Cys170Leufs* induced the
loss of C-terminal domain, which is responsible for
Wnt binding and signaling transduction. Compared
with the wild-type residues, a large amount of B-sheet
structure was displaced by a loop region, with a loose
and truncated structure (Figure 2B).
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Figure 3. ELISA assay for serum quantification. (A) WNT1, (B) LRPS, (C) p-catenin, (D) GSK-3p.

3.3. Whnt signaling pathway molecules

Serum ELISA assays showed a significant difference in
the WNT signaling pathway molecule. The expression
of WNT1, B-catenin, GSK-33 were decreased and the
level of LRPS increased (Figure 3).

4. Discussion

We report one Chinese OI patient with an autosomal-
dominant WNTI mutation following our previously
identified 11 mutations (9 novel) from 10 individual
Chinese families, which was the largest group of
patients with recessive Ol ever reported (revision
data). The patient in our present paper has complex
heterozygous of ¢.397C>T (p.Alal33Thr) and
¢.506dupG (p.Cysl70Leufs*). Abnormalities in facial
and finger characteristics extended the phenotype
spectrum of OI patients with WNT1 mutations. Serum
ELISA analysis revealed decreased WNT1 and
impaired canonical Wnt/B-catenin pathway.

For heterozygous ¢.397C>T (p.Alal33Thr)
mutation, it was the third time that we found and the
fifth patient from three individual families. It was
identified to be combined with heterozygous ¢.667C>T
(p. Ser226Leu) and ¢.774C>A(p.Tyr258%*) in two
individual families, respectively. This mutation may be
a hotspot mutation (with 27.3%) in Chinese type XV
Ol patient. For ¢.506dupG (p.Cys170Leufs*), it was
recorded in the list of Osteogenesis Imperfecta Variant
Database (http.//www.le.ac.uk/ge/collagen) (12,13)
four times, including two homozygous mutations (both
type III) and two heterozygous mutations in correlated

c.506G>A (17), and ¢.259C>T (p.GIn87%*). For the
patient carrying ¢.506dupG and ¢.259C>T mutations,
multiple fractures, delayed development, recurrent
infections, ptosis, and high arched palate were seen
(9). However, no ptosis and multiple fractures were
observed in our patient, though these are common
phenotypes in related type XV OI according to the
data from our previous 10 WNT1 OI families. WNTI
knockout mouse model and spontaneous WNT/
mutations have demonstrated that it is necessary for the
formation of the cerebellum and midbrain (25,26), and
severe bone fragility (/7).

Three D analysis predicated that the p.Alal33Thr
change would nearly have no effect on protein structure.
Same results were obtained from expression of WNT1
by Western blot (unpublished data). The change of
cysteine to leucine at position of 170 leads to formation
of a loop region instead of the original -sheet, and
hence, the stability of WNTI is severity destroyed
as predicted. Premature termination codon mutations
mediate mRNA degradation through nonsense-mediated
RNA decay (27). Wnt has an N-terminal a-helical
domain (NTD) and C-terminal cysteine-rich domain
(CTD). The NTD contains seven a-helices with five
disulfide bonds formed by conserved cysteine residues,
while the CTD has two B-sheets stabilized by disulfide
bonds. Both the thumb loop from the NTD and index
finger from the CTD grasp the frizzled cysteine-
rich domain (Fz-CRD), which is responsible for Wnt
binding and signaling transduction. Wnts are post-
translationally acylated by the presence of palmitate
and/or palmitoleic acid at particular conserved serine
residues and further lipidation at the cysteine residue
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of the mature secreted protein. The truncated protein
caused by p.Cysl70Leufs* leads to the loss of the
lipidation site and CTD domain. Functional Wnt
signaling pathway impaired and this is in line with our
unpublished data and other group's finding (8).

Variable clinical phenotypes are notable in Ol
patients with WNT mutations. One of the most striking
phenotypes, compared with type I collagen gene related
Ol is that no deformities or fracture were noted at birth
according to our unpublished Wntl OI population.
Severe vertebral compressions was also obvious
according to a report (28) and our unpublished data.
Neurological problems can either be present or absent
(29). Other characteristics such as ptosis, recurrent
chest infections, hypotonia, and developmental
delay have all been documented in these previous
OI populations (9,7/4). The present study shows the
obvious abnormality in facial characteristics and fingers
in OI patient with identified WNTI mutations.
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Summary

Pseudoxanthoma Elasticum (PXE), caused by autosomal-recessive mutations in the ATP-
binding cassette transporter (ABCC6) gene, is known for high prevalence of atherosclerosis. A
novel method investigating elastic properties of arteries in atherosclerotic patients is vascular
strain analysis. We compared 44 PXE patients with peripheral artery disease (PXE+PAD
group) with 50 control patients, each 25 without (control group) and with PAD (PAD group).
All participants underwent an angiological examination including ankle-brachial index (ABI)
and were examined with speckle-tracking based vascular strain analysis of common carotid
arteries, measuring radial displacement (r.Dis), radial velocity (r.Vel), radial strain (r.Str),
circumferential strain (c.Str), radial strainrate (r.SR) and circumferential strainrate (c.SR).
We found significant lower ABI in patients with PXE compared to all other groups (each p <
0.01). The vascular strain analysis resulted in significantly decreased values in the PAD group
compared to PXE with PAD (each p <0.01) and controls without PAD (each p < 0.05), whereas
no significant difference could be found between PXE+PAD and controls without PAD. We
found significant negative correlations between low strain values and a higher prevalence
of PAD in non-PXE patients (r.Str r =-0.34; c¢.Str r = -0.35; r.SR: r = -0.51; ¢.SR: r = -0.53).
In conclusion, PXE patients had similar values for arterial stiffness compared to controls
without PAD in vascular strain analysis. In this group, arterial stiffness parameters were
significantly higher compared to non-PXE PAD patients. It is worth to discuss whether PAD-
like manifestations in PXE are a different kind of disease and might need another strategy in
diagnostics and therapy.

Keywords: Pseudoxanthoma Elasticum (PXE), carotid strain, vascular stiffness, ATP-binding
cassette transporter (ABCC6), peripheral artery disease (PAD)

1. Introduction

Pseudoxanthoma Elasticum (PXE) is a rare, autosomal
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recessive disorder with a prevalence of 1:25,000 to
1:100,000 caused by loss of function mutations in the
ATP-binding cassette transporter (ABCC6) gene (/—4).
It is also known as Gronblad-Strandberg syndrome
and represents a systemic mineralization disorder
due to a defect in the ABCC6 on the basolateral cell
surface, which influences the peripheral concentration
of pyrophosphate (PPi) in healthy persons (5,6). As
PPi is a strong inhibitor of calcification processes and
PXE patients had lower levels of PPi, this is a potential
reason for the observed manifestations including
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calcification and fragmentation of elastic fibres and
soft connective tissues (6—9). Histologic studies
revealed a thickening and calcification of Bruch's
membrane, mineralisation and fragmentation in the
mid-dermal layer elastic fibres and several vascular
changes in different organs (i.e. heart, muscles, lung,
kidney etc.) (2,4,10,11). Neither the signal pathways
from loss of function mutation of ABCC6 to structural
changes in soft tissues are known, nor is the underlying
pathomechanism of functional alterations in the vessel
wall or other organ systems completely understood
(7,12).

Characteristic clinical symptoms of PXE include
typical skin signs including yellowish papules and
inelastic skinfolds especially on the lateral neck,
the axillae and the popliteal fossae (/,2). Other
characteristic signs are ophthalmologic alterations
like angoid streaks or retinal pigment epithelium
atrophy and cardiovascular manifestations such as a
high prevalence of peripheral artery disease (PAD),
intermittent claudication or chronic vascular occlusions
which are mostly localized in the lower limb specially
the femoral arteries (/3—15). Atherosclerosis and PAD
are associated with changes in vascular elasticity as
observed in non-PXE patients (/6). These changes
may lead to hypertension and a decreased vascular
compliance, which is documented as an independent
risk factor for cardiovascular events (/7-19). There are
only few existing studies with PXE patients in which
arterial stiffness is investigated with conventional
methods like carotid-femoral pulse wave velocity or
distensibilty coefficient analysis (20,21). Results vary a
lot between different authors and cohorts. The findings
are contradictory as they spread between a more elastic
artery, no changes or stiffer arteries at different sites of
the arterial tree (/,9).

Speckle-tracking based vascular strain analysis
is a novel method to examine arterial elasticity used
since 2010 and has been demonstrated as a feasible and
reliable method (22,23). The technique is easy to apply,
provides information on the mechanical properties
of arteries and is proven to be as a superior method
for detecting patients with cardiovascular risks and
subclinical atherosclerosis (24-26).

Purpose of our study was to examine the elastic
properties of carotid arteries in PXE patients with the
technique of vascular strain imaging to generate more
information about mechanical changes caused by the
mineralisation disorder.

2. Materials and Methods
2.1. Patients
For this retrospective register data analysis, we enrolled

94 subjects. 44 patients had a clinical or a combined
clinical and genetical evidence of PXE. The clinical

evidence consists of characteristic skin lesions and
typical eye and retina changes, whereas the combined
evidence implies a genetical evidence of a biallelic loss
of function mutation in the ABCC6 gene, assessed in
the Institute for Laboratory and Transfusion Medicine
at the Heart and Diabetes Centre Bad Oeyenhausen and
at least one clinical sign as described above (/4).

PAD was defined by ultrasonographic findings (i.e.
calcified or inhomogeneous vessel wall deformations
and plaques) or an ankle-brachial index (ABI) lower
than 0.9 or higher than 1.3.

All 44 PXE patients had a proven PAD, including
11 patients with a chronic vascular occlusion (CVO),
and were classified as "PXE+PAD". Patients with PXE
without a proven PAD were excluded due to a very
small number of patients. 25 non PXE patients were
confirmed to have PAD and were rated as "PAD".
The last group named "control" comprised 25 patients
without neither signs of PAD nor of PXE. For baseline
characteristics see Table 1.

2.2. Angiological examination

Angiological examinations took place in the
Department for Internal Medicine II at the University
Hospital Bonn. Common cardiovascular risk factors
such as age, sex, smoking, diabetes, hypertonia, fat
metabolism disorder and an existing coronary artery
disease were recorded from our register data.

The investigated functional parameters were the
ankle-brachial index (ABI) (Vasoquant VQ 4000:
ELCAT, Wolfratshausen, Germany), the pulse-wave
index (PWI) and the central pulse wave velocity
(cPWV) (PWI and cPWV: Angio Experience Pro
8: Sonotechnik Karl Glantschnig GmbH, Kérnten,
Austria). The PWI is a novel marker which might allow
an early detection of subclinical atherosclerosis and is
calculated as follows (27):

higher amplitude of upper limb pulse wave

PWI=

= - - - - x peak time
amplitude of corresponding lower limb pulse wave

Values greater than 180 were considered as
pathological (28).

All patients underwent ultrasonographic examination
performed by experienced physicians. (iE 33 xMatrix
Echocardiography System equipped with a L11-3 Line
Array Scanner, Philips Healthcare, PC Best, Netherlands)
Bilateral images and maximum velocities of the common
carotid artery (CCA), internal and external carotid artery,
and vertebral artery were acquired. Lower limb arteries
were also examined. Additionally, during ultrasound
examination an ECG-triggered sequence of both CCA
from all enrolled patients was captured over five cardiac
cycles during a short breath hold for the following
vascular strain analysis.
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Table 1. Baseline characteristics

Ttems PXE+PAD Control PAD ANOVA PXE+PAD PXE+PAD PAD
(n=44) (n=25) (n=25) p-value vs. Control vs. PAD vs. Control
Age (years) 54.25+8.93 49.32+£9.76 53.60 +6.07 0.064
BMI 28.19+6.16 2410+ 3.52 23.28 +£4.46 0.014 0.03 0.24 0.96
Sex (male) [%] 19 [43.2] 11 [44.0] 12 [48.0] 0.925
Smoking [%] 20 [45.5] 6[24.0] 12 [48.0] 0.381
Diabetes [%)] 1[2.3] 0[0.0] 2[8.0] 0.252
Hypertension [%] 19 [43.2] 8[32.0] 14 [56.0] 0.231
Dyslipidédmia [%] 18 [40.9] 4[16.0] 9 [36.0] 0.121
Coronary heart disease [%] 5[11.4] 01[0.0] 5[20.0] 0.101

PXE = patients with pseudoxanthoma elasticum; PAD = peripheral artery disease; BMI = body mass index.

arm
M N\edng I&m

6209 ms.

Min. Value

2340

Figure 1. Carotid strain analysis. a) Region of interest (ROI) marked by green line with vectors of vessel movement. b) Graphic

display of 6 parts of circumferential strain by software,

2.3. Vascular strain analysis

As we described previously, vascular strain analysis
was performed at an offline work station equipped with
Image Arena™ Version 4.6 Build 4.6.2.12 (TomTec
Imaging Systems, Unterschleissheim, Germany) (29).
After choosing the sequence with the least motion
artefacts, a "region of interest" (ROI) was placed
by marking indicator points in the intima-media
complex so that the software was able to calculate the
circumferential contour of the vessel (30,37) (Figure
la). Adequate speckle-tracking based analysis was
verified by the operator and adjusted if necessary (22).
The vessel wall was divided automatically into six
parts and local parameters were assessed. For further
analysis, the six values were averaged (Figure 1b). For
characterisation of the arterial motion and deformation
six parameters were recorded: radial displacement (r.Dis)
(mm) describes the motion of the entire vessel wall,
whereas the radial strain (r.Str) (%) represents the radial
expansion during the cardiac cycle. Circumferential
strain (c.Str) (%) describes the circumferential stretching
and constriction of the artery. For these parameters the
maximum and minimum values were recorded by the
software and the amplitudes were calculated (26,31).
Radial velocity (r.Vel) (cm/s), radial strain rate (r.SR) (1/
s) and circumferential strain rate (c.SR) (1/s) correspond
as temporal derivation to the dynamic motion of the

Table 2. Reliability analysis with interclass correlation
coefficient (ICC)

Items Interrater ICC (95% CI) Intrarater ICC (95% CI)
r.Str (%) 0.895 (0.755-0.952) 0.891 (0.745-0.955)
c.Str (%) 0.958 (0.897-0.983) 0.940 (0.855-0.976)
r.SR (%) 0.883 (0.729-0.952) 0.823 (0.606-0.926)
¢.SR (%) 0.980 (0.950-0.992) 0.964 (0.912-0.986)

r.Str = radial strain; c.Str = circumferential strain; r.SR = radial strain
rate; ¢.SR = circumferential strain rate.

vessel wall. For these parameters, the maximum value
was recorded.

To consider stabilizing effects of current statin
therapy on radial strain in PAD patients we compared
existing statin therapy between PXE+PAD group and
PAD group but found no significant difference (40/43
(93%) vs. 23/25 (92%); p = 0.876) (29).

A reliability analysis for vascular strain measurement
was performed by calculating the interclass correlation
coefficient (ICC) for 20 random patients by two
experienced observers. The results are displayed in
Table 2 and for all investigated strain values (r.Str, c.Str,
r.SR and ¢.SR) we found good agreement for inter- and
intra-reader reliability.

2.4. Statistical analysis

Statistical Analysis was performed with SPSS 23°
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Table 3. Angiological examination with arterial stiffness analysis

Ttems PXE+PAD Control PAD ANOVA PXE+PAD PXE+PAD PAD
(n=44) (n=25) (n=25) p-value vs. Control vs. PAD vs. Control

ABI 0.83+£0.19 1.09£0.07 1.04£0.12 0.001 0.001 0.001 0.373
PWI 259.20+124.05 11547 +33.83 181.80 + 180.77 0.002 0.001 0.349 0.397
cPWYV (m/s) 510+ 1.04 5.65+1.14 6.27+2.07 0.058

r. Vel (cm/s) 0.07 £0.08 0.11 £0.04 0.07 £0.04 0.048 0.06 0.982 0.003
r.Dis (mm) 0.15+0.05 0.15+£0.05 0.11 +£0.06 0.008 0.997 0.014 0.041
r.Str (%) 530+ 1.72 4.73+£1.56 3.62+1.68 0.001 0.396 0.001 0.069
c.Str (%) 4.05+1.44 4.09 +1.47 2.90+1.73 0.007 0.991 0.014 0.026
r.SR (1/s) 0.39+0.11 0.36+0.10 0.25+0.10 0.001 0.685 0.001 0.001
c.SR (1/s) 0.28+0.10 0.30+0.11 0.18£0.10 0.001 0.799 0.001 0.001

ABI = ankle brachial index; PWI = pulse wave index; cPWV = central pulse wave velocity; r.Vel = radial velocity; r.Dis = radial displacement; r.Str =

radial strain; c.Str = circumferential strain; r.SR = radial strain rate; ¢.SR = circumferential strain rate.

a) 8,0 . b) 0,6 .

T =

= 20,5
& 6,0 5:’

a § 0.4
z 3
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g Eo0,2
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22,0 g

2 1 £ 01
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;0 0,0

PXE + PAD Control PAD

PXE + PAD Control PAD

Figure 2. Analysis of circumferential strain and circumferential strain rate. a) Comparison of circumferential strain [%] between
all groups. (PXE+PAD: 4.05 + 1.44 vs. Control: 4.09 + 1.47 vs. PAD: 2.90 + 1.73; p = 0.007). b) Comparison of circumferential
strain rate [1/s] between all groups. (PXE+PAD: 0.28 + 0.10 vs. Control: 0.30 + 0.11 vs. PAD: 0.18 + 0.10; p = 0.004).

(SPSS Inc. Chicago, IL, USA) and all values were
presented as mean + standard deviation. A significant
p-value was assumed as a two-sided p < 0.05. To
investigate distributions of non-parametric variables
Chi’ test was applied, whereas parametric variables
were explored with ANOVA test in case of comparison
of more than two groups. As post-hoc analysis we made
use of Tahame-T2 test for inhomogeneous variances
and a Scheffé procedure for homogenous variances.
In case of comparison of two groups a Gaussian
distribution was verified. For this purpose, a t-test was
used, while in non-Gaussian distributions a Mann-
Whitney-U-test was applied. Correlation analysis was
performed with Pearson's test for parametric variables
and Spearman-Rho test for non-parametric variables.

3. Results

Patients' baseline characteristics are displayed in Table
1. We found no differences in age and cardiovascular
risk profiles.

3.1. Angiological parameters

Analysing functional angiological parameters we found
significant differences in ABI (p < 0.01) and post-hoc
analysis revealed lower ABI in the PXE+PAD group
compared to all other groups (each p < 0.01). Likewise,

the ANOVA test for PWI resulted in a significant
overall difference (p < 0.01) and in pairwise analysis the
PXE+PAD group had significant higher values compared
to control group (259.20 + 124.05 vs. 115.47 = 33.83; p
<0.01). (Table 3)

3.2. Vascular stiffness analysis

Exploration of vascular stiffness parameters presented
a trend for cPWV to be higher in the PAD group
(p = 0.06). Results of vascular strain analysis are
also displayed in Table 3. For all six parameters the
ANOVA test produced significant p-values for overall
differences (r.Dis: p < 0.01; r.Str: p < 0.01; ¢.Str: p <
0.01; r.Vel: p = 0.048; r.SR: p < 0.01; c.SR: p < 0.01).
For each mentioned strain value, except radial velocity
and radial strain in comparison of PAD to control,
we found significant lower values in the PAD group
compared with PXE+PAD (r.Dis: p = 0.01; r.Str: p <
0.01; c.Str: p=0.01; r.SR: p < 0.01; ¢.SR: p <0.01) and
controls (r.Dis: p = 0.04; r.Str: p = 0.07; c.Str: p = 0.03;
r.SR: p < 0.01; c.SR: p < 0.01) in post-hoc analysis,
whereas no significant difference could be found
between PXE+PAD and controls without PAD (r.Dis:
p =0.99; r.Str: p = 0.40; c.Str: p =0.99; r.SR: p = 0.69;
c.SR: p =0.80) (Figure 2).

Across all groups we found weak but significant
negative correlations for cPWV and r.SR (= -0.362; p <
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Table 4. Subgroup analysis

Items PXE+PAD (n=33) PXE+CVO (n=11) p-value
Age 53.84 £9.39 55.73+8.14 0.577
ABI 0.90 +0.15 0.66 £ 0.20 0.000
PWI 237.70 £ 119.14 353.80 + 108.54 0.047
cPWV (m/s) 527+1.15 4.67+0.58 0.243
r. Vel (cm/s) 0.06 +0.09 0.09 £ 0.07 0.226
r.Dis (mm) 0.14 £0.05 .15+0.06 0.563
r.Str (%) 524 +1.54 551+£2.28 0.668
c.Str (%) 4.01 +£1.35 420+ 1.77 0.712
r.SR (1/s) 0.38£0.10 0.41+0.14 0.474
c.SR (1/s) 0.27 £0.09 0.30+0.12 0.325

ABI = ankle brachial index; PWI = pulse wave index; cPWV = central
pulse wave velocity; r.Vel = radial velocity; r.Dis = radial displacement;
r.Str = radial strain; c.Str = circumferential strain; r.SR = radial strain
rate; ¢.SR = circumferential strain rate.

0.01) and cPWYV and ¢.SR (r = -0.329; p = 0.02). Within
the non-PXE group (controls; PAD) we observed highly
significant correlations for the existence of PAD and r.Str
(r=-0.34; p=0.02), PAD and c.Str (» =-0,345; p=0.01),
PAD and r.SR (» =-0.51; p <0.01) and PAD and c.SR (r
=-0.53; p<0.01).

3.3. Subgroup analysis

For a subgroup analysis, the PXE+PAD group is divided
into a group with PAD and another group with chronic
vascular occlusions (CVO). ABI was lower in the
PXE+CVO group compared to the PXE+PAD subgroup
(0.66 £ 0.20 vs. 0.90 = 0.15; p < 0.01) and PWI was
higher in the PXE+CVO group (353.80 £ 168.54 vs.
237.70 £ 119.14; p = 0.047). Parameters for vascular
stiffness did not differ between these groups (Table 4).

4. Discussion

The present study demonstrated similar carotid
strain values of PXE patients with PAD and control
patients without PAD. Contrary to our expectation
PXE patients with PAD presented higher carotid strain
values compared to "normal" PAD patients, even if
they suffered from severe PAD with a high amount
of chronic vascular occlusions, as we already have
demonstrated (/5). Additionally, subgroup analysis
revealed no differences between PXE patients with PAD
and PXE patients with CVO, even their strain values
are consistent with the results of healthy controls.

In 2003 Germain et al. described a more elastic
radial artery, as well as less carotid wall stress in PXE
patients assessed with conventional methods of vascular
stiffness measurement (2/). As demonstrated by
Kornet et al., PXE patients show a stable compliance
coefficient of carotid arteries with increasing age in
comparison to controls with decreasing coefficients
over time. (9). Leftheriotis et al. published in 2011 that
patients with lower ABI were older and had a higher
carotid femoral PWYV, but they were not able to prove

that PWV could serve as predictor of ABI (20). To
our knowledge, the latest study regarding the vascular
stiffness of PXE patients, was performed by Campens
et al. in 2013 and showed that PXE had a higher PWV
compared to controls. They concluded, that PXE
patients' aorta was stiffer (/).

Studies with non PXE-patients described an
association of arterial stiffness with PAD in connected
with higher values for PWV (/6). In addition, Podgorski
et al. already performed vascular strain analysis to
examine arterial calcification (26). Bjillmark et al.
and Park et al. also revealed the association between
the novel parameters and subclinical atherosclerosis in
which they saw vascular strain imaging as a superior
method (22,32).

Another disease with a high prevalence of PAD
is obstructive sleep apnoea. It is associated with low
vascular stiffness values assessed by speckle tracking
strain analysis (33,34). Following these studies, we
expected low strain values in PXE patients as well.
In contrast to our expectation PXE patients had
inconspicuous values similar to controls without PAD.

The first histomorphological study of three PXE
patients was performed in 1978 where Mendelson ef al.
described fragmented and elastic laminae in the muscle
arteries followed by vascular calcification (35). In the
last decade studies from Nolte et al. and Miki et al. also
discussed degenerated, fragmented and calcified elastic
fibres (/0,36). An autopsy study of two PXE patients
was published in 2003 by Gheduzzi et al. In their
studied cases they found similar damages in arteries
and veins including fragmentation and mineralization
of elastic fibres. Additionally they observed changes
in collagen fibrils (37). To our knowledge, the latest
histomorphological study of the vascular system was
accomplished in 2004 by Kornet et al. Besides the well-
known fragmentized elastic fibres and calcifications
processes, which were found especially in the media
of the arterial wall, they found increased quantity
of proteoglycans in the media which may lead to a
diminished arterial stiffness (9).

PAD in non PXE patients is predominantly
characterized as a process affecting the intima of the
vessel wall with endothelial dysfunction, lipid deposition,
local inflammation, affectiion the smooth muscles and
remodelling of the extracellular matrix resulting in an
atherosclerotic plaque (38). Whereas histomorphological
changes regarding PAD in PXE patients are mainly
described in the media of the vessel wall and the
surrounding elastic laminae (9,35).

Having in mind the described histomorphological
changes, a possible explanation for the clinical results
of vascular strain analysis could be a combined
pathomechanism. On the one hand, the calcification and
mineralization of the arterial wall as observed in non-
PXE PAD patients, increase the arterial stiffness. On the
other hand, the combined effect of damaged arterial wall
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architecture — caused by fragmentation and degeneration
of elastic fibres — and changed vessel wall composition
with more proteoglycans leads to decreased arterial
stiffness. As final result of the antagonizing processes,
it is understandable that vascular stiffness measured
by vascular strain analysis did not change within PXE
patients with progressive PAD. In contrast, it seems to be
stable and similar to people without PAD. It is worth to
be discussed if PAD-like manifestations in PXE, with its
separate pathomechanism, are a fundamentally different
disease than PAD caused by "normal" atherosclerosis.
Following this consideration, we should think about
other diagnostic strategies for detection of CVO.

Limitations of the present study imply a lack of
information due to the design as register study, such as
baseline characteristics and measurement results, but
for all patients age, ABI and vascular strain data was
completely recorded. Another limitation is the small
number of patients. In further studies, we would like to
confirm our results with more patients and controls to
validate the unexpected inconspicuous strain values of
PXE patients with PAD and investigate the change of
vascular strain in patients with PXE over time.

5. Conclusion

Assessed by vascular strain analysis of common carotid
arteries PXE patients had unremarkable values for
arterial stiffness compared to controls without PAD.
Their arterial stiffness parameters were significantly
better than in non-PXE PAD patients, even if they had
a more servant PAD. In addition, we found a negative
correlation in non-PXE patients between low strain
values and a higher prevalence of PAD. We have to
consider a combined pathway of vascular alteration as
well as PXE as a fundamentally different disease which
needs other therapy strategies in those patients.
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Summary

Nasu-Hakola disease (NHD) is a rare autosomal recessive disorder, characterized by
progressive presenile dementia and formation of multifocal bone cysts, caused by genetic
mutations of either triggering receptor expressed on myeloid cells 2 (TREM?2) or TYRO
protein tyrosine kinase binding protein (TYROBP), alternatively named DNAX-activation
protein 12 (DAPI12), both of which are expressed on microglia in the brain and form the
receptor-adaptor complex that chiefly recognizes anionic lipids. TREM2 transmits the
signals involved in microglial survival, proliferation, chemotaxis, and phagocytosis. A
recent study indicated that a loss of TREM?2 function causes greater amounts of amyloid-p
(APB) deposition in the hippocampus of a mouse model of Alzheimer's disease (AD) owing
to a dysfunctional response of microglia to amyloid plaques, suggesting that TREM2
facilitates AP clearance by microglia. TREM2/DAP12-mediated microglial response limits
diffusion and toxicity of amyloid plaques by forming a protective barrier. However, the
levels of AP deposition in postmortem brains of NHD, where the biological function of
the TREM2/DAP12 signaling pathway is completely lost, remain to be investigated. By
immunohistochemistry, we studied the expression of Ap and phosphorylated tau (p-tau) in
the frontal cortex and the hippocampus of five NHD cases. Although we identified several
small Ap-immunoreactive spheroids, amyloid plaques were almost undetectable in NHD
brains. We found a small number of p-tau-immunoreactive neurofibrillary tangle (NFT)-
bearing neurons in NHD brains. Because AD pathology is less evident in NHD than the full-
brown AD, it does not play an active role in the development of NHD.

Keywords: Alzheimer's disease, amyloid-f§, Nasu-Hakola disease, phosphorylated tau

1. Introduction

activation protein 12 (DAP12), both of which are
expressed on microglia in the brain (/). Clinically, the

Nasu-Hakola disease (NHD), also designated polycystic
lipomembranous osteodysplasia with sclerosing
leukoencephalopathy (PLOSL; OMIM 221770), is
a rare autosomal recessive disorder, characterized
by progressive presenile dementia and formation of
multifocal bone cysts, caused by genetic mutations of
either triggering receptor expressed on myeloid cells
2 (TREM?2) or TYRO protein tyrosine kinase binding
protein (T7YROBP), alternatively named DNAX-
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patients with NHD show recurrent bone fractures during
the third decade of life, and a frontal lobe syndrome
during the fourth decade of life, and progressive dementia
and death until the fifth decade of life (2). Pathologically,
the brains of NHD patients exhibit extensive
demyelination designated leukoencephalopathy,
astrogliosis, accumulation of axonal spheroids, and
remarkable activation of microglia predominantly in the
white matter of frontal and temporal lobes and the basal
ganglia (3). TREM2, expressed exclusively on microglia
in the brain, serves as a receptor for anionic lipids,
lipoproteins and apolipoproteins (4,5). TREM2 forms
a complex with DAP12, a signaling adaptor having an
immunoreceptor tyrosine-based activation motif (ITAM)
capable of recruiting the protein tyrosine kinase Syk that
transduces a variety of downstream signals (6). TREM2
transmits microglial signals involved in survival,
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proliferation, chemotaxis, and phagocytosis (7).

Alzheimer's disease (AD) is characterized by the
hallmark pathology comprised of widespread amyloid-§
(AB) deposition, formation of neurofibrillary tangles
(NFTs) composed of abnormally phosphorylated tau
(p-tau), extensive neurodegeneration, and profound
activation of microglia in the brain (8). Recent studies
identified rare genetic variants of TREM?2, such as R47H
and R62H, closely associated with an increased risk for
development of AD (9).

A recent study showed that TREM2 deficiency
generates greater amounts of AP deposition in the
hippocampus of SXFAD mice, a mouse model of
AD, due to a dysfunctional response of microglia to
amyloid plaques, suggesting that TREM2 facilitates
AP clearance by microglia (4). TREM2 interacts with
fibrillar Ap decorated with anionic and zwitterionic
lipids (4). AB-lipoprotein complexes are efficiently
taken up by microglia, depending on TREM2 (95).
TREM2 deficiency induces apoptosis of microglia and
reduces recruitment of microglia around AP plaques in
the brains of mouse models of AD (4). Furthermore,
microglial processes enriched in TREM2 tightly
surround early amyloid fibrils and plaques, and promote
their compaction and insulation (/0). In TREM2- or
DAP12-deficient mouse models of AD, microglia
showed a markedly reduced ability to envelope amyloid
deposits, leading to an increase in less compact and
more diffuse plaques associated with greater neuritic
damage (10). These observations suggest that TREM2/
DAP12-mediated microglial response limits diffusion
and toxicity of amyloid plaques by forming a protective
barrier (/0,11). However, at present, the levels of
AP deposition in postmortem NHD brains, where
the biological function of TREM2/DAP12 signaling
pathway is completely lost, remain unknown. A
previous study reported a 48-year-old man of NHD
with numerous senile plaques and neurofibrillary
tangles throughout the cerebral cortex (/2), suggesting
that an impaired TREM2/DAP12 signaling function
facilitates AP accumulation in the human brain. In the
present study by immunohistochemistry, we investigate
the expression of AP and p-tau in NHD brains to
clarify whether the Alzheimer's disease pathology is
augmented in NHD.

2. Materials and Methods
2.1. Human brain tissues

The brain autopsies were performed at the National
Center Hospital, National Center of Neurology and
Psychiatry (NCNP), Japan and affiliated hospitals
of Research Resource Network (RRN), Japan.
The comprehensive examination by an established
neuropathologist (YS) validated the pathological
diagnosis. In all cases, written informed consent was

obtained. The Ethics Committee of the NCNP for the
Human Brain Research and the Human Research Ethics
Committee of the Meiji Pharmaceutical University
(MPU) approved the present study.

For immunohistochemical studies, serial sections of
the frontal cortex and the hippocampus were prepared
from five AD patients, composed of a 68-year-
old woman (AD1), a 68-year-old woman (AD3), a
56-year-old man (AD4), a 59-year-old man (ADY),
and an 80-year-old man (ADS) and five NHD patients,
composed of a 42-year-old man (NHD1), a 48-year-old
woman (NHD?2), a 44-year-old man (NHD?3), a 32-year-
old woman (NHD4), and a 38-year-old man (NHDS).
The homozygous mutation of a single base deletion of
141G (c.141delG) in exon 3 of DAP12 was identified
in NHDI1, NHD2, and NHDS5, while the genetic
analysis was not performed in NHD3 or NHD4. All AD
cases were satisfied with the Consortium to Establish a
Registry for Alzheimer's Disease (CERAD) criteria for
diagnosis of definite AD (/3). They were categorized
into the stage C of amyloid deposition and the stage VI
of neurofibrillary degeneration, following the Braak's
staging (14).

2.2. Immunohistochemistry

After deparaffination, tissue sections were heated in 10
mM citrate sodium buffer, pH 6.0 by autoclave at 110°C
for 15 min in a temperature-controlled pressure chamber
(Biocare Medical, Pacheco, CA, USA). Then, they
were treated at room temperature (RT) for 5 min with
formic acid before labeling with anti-A antibody. They
were incubated with phosphate-buffered saline (PBS)
containing 10% normal goat serum at RT for 15 min
to block non-specific staining, followed by incubation
in a moist chamber at 4°C overnight with mouse
monoclonal anti-A peptide antibody at a concentration
of 1 pg/mL (12B2; Immunobiological Laboratories,
Gunma, Japan) that reacts with AB40, AB42, and
AB43 or mouse monoclonal anti-phosphorylated tau
(Ser202, Thr205) antibody at 0.025 pg/mL (ATS;
ThermoFisher Scientific, Waltham, MA, USA). After
washing with PBS, tissue sections were incubated at RT
for 30 min with alkaline phosphatase (AP)-conjugated
secondary antibody (Nichirei, Tokyo, Japan), followed
by exposure to Warp Red chromogen (Biocare
Medical). For double immunolabeling, following
heat treatment, tissue sections were treated with 3%
hydrogen peroxide-containing water to block the
endogenous peroxidase activity, and immunolabeled at
4°C overnight with rabbit polyclonal anti-Ibal antibody
at 0.5 pg/mL (Wako Pure Chemical, Tokyo, Japan) for
a marker specific for microglia. They were incubated
at RT for 30 min with horseradish peroxidase (HRP)-
conjugated secondary antibody (Nichirei), followed
by exposure to diaminobenzidine tetrahydrochloride
(DAB) substrate (Vector, Burlingame, CA, USA). The
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Figure 1. Ap immunoreactivity in NHD and AD brains. (a) the hippocampus white matter of NHD (NHD4), AB (red) and
Ibal (brown), spheroids (arrows), (b) the frontal lobe white matter of NHD (NHDS5), Af (red) and Ibal (brown), spheroid, (c) the
hippocampus white matter of NHD (NHD2), AP (red) and Ibal (brown), spheroid, and (d) the frontal cortex of AD (ADS), AB (red)
and Ibal (brown), amyloid plaques.

Figure 2. P-tau immunoreactivity in NHD and AD brains. (a) the hippocampus of NHD (NHDS), p-tau (red) and Ibal (brown),
no NFT, (b) the hippocampus of NHD (NHD1), p-tau (red) and Ibal (brown), several NFTs, (c) the hippocampus of NHD (NHD?2),
p-tau (red) and Ibal (brown), one NFT, and (d) the hippocampus of AD (ADS), p-tau (red) and Ibal (brown), numerous NFTs.
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tissue sections were processed for a counterstain with
hematoxylin. Negative controls underwent all the steps
except for exposure to the primary antibody.

3. Results and Discussion

In mouse models of AD, the loss of function of TREM2
increases AP plaque burden possibly through decreased
phagocytic clearance of AP by microglia (4). Loss of
TREM?2 function reduces the ability of microglia to
engulf AP (/5). AD patients with the TREM2 variant
of R47H showed fewer microglia surrounding plaques,
increased numbers of filamentous non-compacted
plaques, and more p-tau-positive neurites around
plaques (/0). In all NHD cases, we found several
small AB-immunoreactive deposits, and some of them
might represent axonal spheroids located chiefly in the
white matter of the frontal cortex and the hippocampus
(Figure la-c). They were spherical in shape with
smooth margins devoid of the core. Ibal+ microglia
occasionally contacted these spheroids (Figure lc).
In support of these observations, a previous study
showed the persistent accumulation of AB42 in axonal
spheroids in a rat model of traumatic injury (/6). In
contrast, amyloid plaques, compact or diffuse, and
amyloid angiopathy were almost undetectable in any
cases. AB-immunoreactive spheroids consisted of
4-22 spots/20 fields in the frontal cortex and 2-16
spots/20 fields in the hippocampus of NHD brains
under microscopic examination at a magnification
of 200 x. In contrast, the deposition of AR was much
extensive in AD brains (Figure 1d). The omission of the
primary antibody did not show any positive reactions.
In NHD brains except for NHDS5, we identified a small
cluster of NFT-bearing neurons labeled by anti-p-tau
antibody located predominantly in the hippocampus
(Figure 2a-c). NFT-bearing neurons consisted of
0-11 neurons/20 fields in the frontal cortex and 0-34
neurons/20 fields in the hippocampus of NHD brains
under microscopic examination at a magnification of
200 x. We found a trend for the age-dependent increase
in p-tau-immunoreactive NFT-bearing neurons. In
contrast, numerous p-tau-immunoreactive neuronal
deposits, composed of NFTs and dystrophic neurites,
were observed in AD brains (Figure 2d). These results
indicated that the loss of function of TREM2/DAP12
signaling pathway does not accelerate AD pathology in
NHD brains.

The discrepancy between TREM2-deficient AD
mice showing greater amounts of Af deposition in
the hippocampus (4) and NHD patients not exhibiting
the acceleration of AP deposition in the frontal cortex
and the hippocampus is attributable to a difference
in species, ages, and genetic backgrounds. Plaque
accumulation is exacerbated at later ages in a TREM2
knockout AD mouse model (/7). In AD patients,
AP plaques appear a decade or two before clinical

symptoms of AD (/8). In the present study, NHD
patients are 32- to 48-year-old. Therefore, they could
be affected by the early AD pathology according to
their ages. Importantly, by using florbetapir-amyloid-
positron emission tomography (PET), a recent study
demonstrated extensive AP deposition in the grey
matter of the inferior frontal and occipital lobes of a
39-year-old Italian NHD woman with a homozygous
Q33X mutation in TREM2, suggesting the existence
of overlapping pathogenic mechanisms between NHD
and AD (/9). In the present study, three cases of NHD
showed the homozygous mutation of ¢.141delG in exon
3 of DAP12. A recent study showed that deficiency
of DAP12 does not modify the number and size of
AP plaque deposition in the prefrontal cortex and the
hippocampus of APP/PSEN1 mice, although DAP12
deficiency reduces plaque compaction, microglial
clustering, and phagocytosis (20). Furthermore,
phosphorylation of tau is attenuated in female APP/
PSENI mice with loss of DAP12. In contrast, silencing
of brain TREM2 exacerbates tau pathology in P301S tau
transgenic mice, associated with neuroinflammation-
induced overactivation of tau kinases, such as cyclin
dependent kinase 5 (CDKJY5) and glycogen synthase
kinase 3 beta (GSK3B) (27). Thus, the absence of
either DAP12 or TREM2 produces apparently opposing
effects on progression of AD pathology in mouse
models of AD.

In summary, we identified no obvious AP plaques
and a small number of p-tau-immunoreactive NFT-
bearing neurons in NHD brains. Because AD pathology
is less evident in NHD than the full-brown AD, it does
not play an active role in the development of NHD.
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Summary

Osteogenesis imperfecta (OI) and Ehlers-Danlos syndrome (EDS) are rare genetic disorders

that are typically inherited in an autosomal dominant manner. Few cases of OI/EDS overlap
syndrome have been documented. Described here is a 30-year-old Chinese male with OI
type III and EDS. Sequencing of genomic DNA revealed a heterozygous COL1A41 mutation
(c.671G>A, p.Gly224Asp) that affected the N-anchor domain of the alpha 1 chain of collagen
type L. Ultrastructural analysis of a skin biopsy specimen revealed thin collagen fibers with
irregular alignment of collagen fibers. These findings have expanded the genotypic spectrum

of the OI/EDS overlap syndrome.

Keywords: Ehlers-Danlos syndrome, osteogenesis imperfecta, transmission electron microscopy,

collagen type I

1. Introduction

Osteogenesis imperfecta is an inherited connective
disorder that is mainly characterized by increased bone
fragility, short stature, and blue or grey sclera. The
condition may also be associated with hearing loss,
dentinogenesis imperfecta, and scoliosis (/,2). OI has
a wide-ranging clinical spectrum, with type I being the
mildest form, types III and IV being more severe forms,
and type II usually being lethal (/,3). Mutations in the
COLI1AI and COLI1A2 genes encoding pro-al and pro-
02(I) chains of type I procollagen are present in the large
majority of patients with a typical OI phenotype (4,5).
Missense mutations are the most common, and especially
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glycine substitutions in the helical regions of the pro-
al(I) and pro-a2(I) chains.

Mutations in COLIA1 and COLIA2 can also lead
to Ehlers-Danlos syndrome types VIIA and VIIB when
they affect exon 6 of either gene (6,7). Mutations in this
region can impede the cleavage of N-proteinase and
the normal interhelical cross-linking of collagen fibers
(8,9). Individuals affected by such mutations usually
suffer from bilateral hip dislocation and severe joint
hypermobility (4,7).

A few patients with OI/EDS overlap syndrome have
been described as having the clinical symptoms of both
OI and EDS with different levels of joint laxity, skin
hyperextensibility, atrophic scars, and easy bruising (/0-
21). OI/EDS phenotypes can be caused by mutations
affecting the amino-terminal portion of the collagen type
I triple helix with some apparent genotype-phenotype
correlation. Patients with mutations that affect the most
N-terminal portion of the triple helix, such as exon 7
skipping and p.Glyl13Asp substitution, present with
relatively mild OI and more severe EDS, whereas
individuals harboring mutations in exon 11 (such as
p-Gly88Glu in COLIAI) have more severe Ol and a
milder EDS phenotype (8). Described here is a Chinese
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man with OI/EDS overlap syndrome with a heterozygous
mutation affecting the N-terminal portion of the prool(I)
triple helical domain.

2. Subjects and Methods
2.1. Patient

On examination at the age of 30 years, the patient
weighed 28 kg, was 120 cm in height, and had a head
circumference of 60 cm. His first femoral fracture had
occurred no more than 20 days after birth. He could not
walk until he was 7 years old and he had experienced
more than 60 fractures during his life. Most of these were
bilateral femoral fractures; fractures to the upper limbs
and tibiac were less frequent.

The patient's facial features included an oval-shaped
face, protuberant eyes and jaw, grayish-blue sclerae,
and tooth loss. Severe kyphoscoliosis was present,
and both radial heads were dislocated (Figure 1A, 1B,
Supplementary material, http://www.irdrjournal.com/
action/getSupplementalData.php?ID=17). Mild skin
hyperextensibility and dislocation of the interphalangeal
joints were also evident (Figure 1C, 1D, Supplementary
material, http://www.irdrjournal.com/action/
getSupplementalData.php?ID=17). The patient suffered
from easy bruising. He had a scar on the lower portion
of his deformed chest and typical symptoms of marked
ligamentous laxity and generalized joint hypermobility.
He had a prominent, asymmetric thorax and respiratory
distress, which limited his ability to walk. His hearing
and vision were normal.

The patient had a Beighton score of 6, but he could
not put his hands flat on the floor or bend either elbow
backwards due to radial head dislocation and bone
deformities. The tourniquet test was positive. X-ray
radiography indicated that long bones of the lower limbs
were deformed (Figure 1E) and that the heads of both
radii were dislocated (Figure 1F).

2.2. Methods

This study was conducted in accordance with the Code
of Ethics of the World Medical Association (Declaration
of Helsinki) for experiments involving humans. This
study was approved by the Ethical Committee of
the Shandong Medicinal Biotechnology Center, and
informed consent was obtained from the patient. Blood
was collected from the patient, his mother, and three
of his four sisters after their informed consent was
obtained. The patient's medical history and radiographs
were obtained from hospital records.

Genomic DNA was extracted using the E.ZN.A."
Blood DNA Kit according to the manufacturer's
instructions (Omega Bio-Tek, Norcross, GA, USA).
A total of 65 PCR reactions were performed to cover
the entire coding regions, intron-exon boundaries, and
flanking intronic sequences of COLIAI and COLI1A2
(22). PCR products were subjected to direct DNA
sequencing (Beijing Genomics Institute, Qingdao,
China). Genetic variations were analyzed with the
software Mutation Surveyor 4.0 (SoftGenetics LLC,
State College, PA, USA) using the human osteogenesis
imperfecta variant database. The following software
was used to assess the potential effect of a mutation
on functional changes: Polyphen; Align GVGD, SIFT
Human Coding SNPs, and RESCUE-ESE.

A skin biopsy sample was obtained from the
proband, fixed in 2.5% glutaraldehyde, post-fixed in
1% 0OsO,, and stained with 2% uranyl acetate. After
dehydration, the specimen was embedded in Spurr's
plastic resin. Thin sections (60 nm) were cut and placed
on formvar-coated grids and then counterstained with
7% methanolic uranyl acetate and lead citrate. The
stained grids were viewed with a transmission electron
microscope (JEOL-1200ES, Japan Spectroscopic,
Tokyo, Japan) and images were photographed. The
diameter of collagen fibers was determined using the
software Image-Pro Plus 6.0.

Figure 1. Clinical and radiographic features of the patient. (A), The patient presented with an oval face, protuberant eyes, a short
thorax, distinctive thoracic asymmetry, and dislocation of both radial heads; (B), Severe kyphoscoliosis; (C), Skin hyperextensibility;
(D), Dislocation of the interphalangeal joints; (E), The femoral neck was thick and short, both femoral shafts were irregular, and
tibial and fibular shafts on both sides were slender with expanded ends; (F), Bone structures were thin on both sides of the elbow,
with some expansion at the epiphysis. The olecranon process was small, and subluxation of the elbow was also present.
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3. Results and Discussion

Sequencing revealed a heterozygous c.671G>A
(p.Gly224Asp) in exon 9 of COLIAI in the patient
but not in his family members (Figures 2A and 2B).
Polyphen, Align GVGD, and SIFT analyses predicted
that this substitution would have a damaging effect.
Transmission electron microscopy revealed
irregularly arranged thin collagen fibers (Figure 2C).
Quantification of the diameter of the collagen fibers
revealed that they were significantly thinner in the patient
compared to those in the healthy controls (Figure 2D).
Previously reported COLIA41 mutations associated
with OI/EDS overlap syndrome mostly result from
glycine substitutions in the aminoterminal portion of
the triple helical domain (Table 1), but three Y-position
substitutions of arginine by cysteine, alanine by valine,
and one C-propeptide mutation have also been reported

A

cB71G Gly224

cB71 G>A.¢Gly224/-\sp

’ /‘-

i

Healthy control Patient

(4,15,17,20).

The current study reported on a Chinese man with OI/
EDS overlap syndrome who presented with the typical
features of severe Ol. He also has marked ligamentous
laxity, joint hypermobility, and skin hyperextension.
These features were more severe than what is usually
seen in Ol and are compatible with a diagnosis of EDS.

The current authors previously identified a
heterozygous p.Gly224Asp mutation in COLIAI
and submitted it to the Ol mutation database (13,14).
This mutation is located in the anchor domain of
type I collagen. Besides this mutation, a c.3733G>A
(pvall245Met) variation in the COLIA2 gene was also
noted, though this was later excluded by the Exome
Aggregation Consortium (ExAC) browser. A mutation
of p.Gly224Asp in COL1A1 was noted by Liu et al.,
who regarded a patient with this mutation as having OI
type I (23). The anchor domain consists of the first 85

Diametre of collage fibres

Healthy control

Patient

Figure 2. COL1A1 gene mutation and the structure and diameter of collagen fibers. (A), There is a heterogeneous G>A
mutation (p.Gly224Asp) of COLIAI in the patient but not in healthy family members; (B), Pedigree map of the patient; (C),
Irregular fibers in the patient; (D) Collagen fibers with significantly smaller diameters in the patient.

Table 1. Overview of COL1A1 mutations causing OI/EDS overlap syndrome

Exon DNA change aa substitution Position Ref.

7 c.563G>A p.Gly188Asp Gly Malfait et al., 2013 (18)

7 c.572G>A p.Gly191Asp Gly Cabral et al., 2005 (8)

071 c.588+4A>T - - Cabral et al., 2005 (8)

8 ¢.590G>A p.Gly197Asp Gly Marini et al., 2007 (4)

8 c.607G>T p.Gly203Cys Gly Malfait et al.,2013 (18)

8 c.609G>A p.Gly203Val Gly Cabral et al., 2005 (8)

8 c.617G>A p.Gly206Asp Gly Belgium:Ghent (/3,14)

8 €.634G>C p.Gly212Arg Gly Cabral eet al., 2005 (8)

9 c.643G>A p-Gly215Ser Gly Vandersteen et al., 2014 (21)
11 c.761G>A p.Gly254Glu Gly Cabral et al., 2005 (8)

11 c.796G>A p.Gly266Glu Gly Cabral et al.,2005 (8)

44 ¢.3106C>T p.Argl036Cys Y Lund et al., 2008 (15)

44 c.3196C>T p.Argl066Cys Y Cabral et al., 2007 (16)
37,44 .2522delC+ ¢.3196C>T p.Pro841Leufs*266+ p.Argl066Cys Y Ackermann et al., 2017 (19)
48 c.3521C>T p.Alal174Val Y Shi et al., 2015 (20)

49 ¢.3790A>G p-Met1264Val Met Symoens et al., 2004 (17)
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residues of the helical region (residues 179 to 263 of
the alpha 1 chain of procollagen type I) and is essential
for the correct folding and stability of the N-terminal
end of the triple helix. Therefore, mutations in this
domain usually lead to the unfolding of the helix and an
abnormal conformation of the N-propeptide cleavage
site. Hence, N-propeptide processing by procollagen |
N-proteinase is delayed, leading to defective collagen
crosslinking and thus the EDS phenotype (9). Direct
evidence for a defective collagen structure was found
in a skin biopsy specimen that also had collagen fibers
with a thin diameter. These changes may contribute to
the clinical observation of very thin and velvety skin.

The glycine to aspartate change that was found in
the current patient introduces a charged amino acid
that presumably leads to severe disruption of the triple
helix. This may explain why the current patient had
more severe bone fragility than a previously reported
individual with a glycine-to-cysteine substitution at
codon 224, which was associated with an OI type I
phenotype (24). A glycine to aspartic acid change in
exon 6 to 11 has been noted in phenotypes of both OI
and OI/EDS overlap syndrome. Severe and moderate
phenotypes are more prevalent than a mild phenotype
in patients with OI (/3,14).

In conclusion, this report describes a man with OI/
EDS overlap syndrome caused by a novel heterozygous
p.Gly224Asp mutation in COLIAI. These findings
have expanded the genotypic spectrum of the OI/EDS
overlap syndrome.

‘Web Resources

Align GVGD: http.://gvegd.iarc.fi/agvgd _input.php
Osteogenesis Imperfecta Variant database: http://www.
le.ac.uk/genetics/collagen

Polyphen: http://genetics.bwh.harvard.edu/pph
RESCUE-ESE: http://genes.mit.edu/burgelab/rescue-
ese/

SIFT: http://provean.jcvi.org/genome_submit.php
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Summary

Branchio-oto-renal (BOR) syndrome is a rare autosomal dominant disorder characterized
by branchial cleft fistulae or cysts, preauricular pits, ear malformations, hearing loss, and
renal anomalies. Mutations in the human homologue of the Drosophila eyes absent gene
(EYAI) are the most common cause of BOR syndrome. PCR and direct sequencing were
used to investigate all of the exons and exon-intron boundaries in the EYA gene in a patient
with BOR syndrome from China. The patient was a child who displayed clinical features of
BOR syndrome. Analysis of mutations in the EYAI gene revealed a novel single base-pair
deletion resulting in a truncated protein (c.1381delA; p.R461fs467X), and an analysis of
mutations in the family revealed that this mutation was a de novo mutation. This is the first
case of BOR syndrome in mainland China to be diagnosed based on clinical manifestations
and mutations in the EYAI gene. The novel c.1381delA mutation detected here expands the

spectrum of known mutations in the EYAI gene.

Keywords: EYAI gene, branchio-oto-renal syndrome, novel mutation

1. Introduction

Branchio-oto-renal (BOR) syndrome (MIM#113650)
is an autosomal dominant disorder that is associated
with branchial fistulae or cysts, preauricular pits, ear
malformations, hearing impairment, and renal anomalies
(7). The incidence of BOR syndrome is approximately
1:40,000 (2). Mutations in the EYAI gene, the human
homologue of the Drosophila eyes absent gene, have
been shown to cause BOR syndrome (3,4). The
EYAI gene consists of 16 exons spanning 156 kb on
chromosome 8q13.3 (5). The EYA/ gene is a member of
the EYA family, which is characterized by a divergent
N-terminal activation domain and a conserved C-terminal
Eya domain, and the gene functions as a transcriptional
co-activator in the Eya-Six regulatory network for early
development of different organs, including the ear and
kidney (3). Over 202 different mutations in the EYA/
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gene that cause disease have been found in various
populations (http.//www.hgmd.cf.ac.uk/, last updated
December 2017). However, few mutations have been
identified in the Chinese population (6). Reported here is
a de novo mutation of the £YA/ gene first identified in a
Chinese child with BOR syndrome.

2. Subjects and Methods
2.1. Patient

A girl was admitted to a local hospital in 2010 because of
her short stature at age 3. Proteinuria (2+) and abnormal
renal function (BUN 17.2 mmol/L, creatinine level 140
umol/L) were noted by the local hospital, and renal
ultrasound indicated that the left kidney was 24.4 mm
% 18.9 mm in size while the right kidney was 55.4 mm
% 23.0 mm in size. In March 2011, the girl was referred
to this facility for evaluation because of the continuing
deterioration of renal function at age 4.6. She underwent
surgery to remove a branchial cleft cyst at age 1.1 and
surgery to repair pre-auricular fistulae at age 4.

On admission, a clinical examination revealed scars
from surgery to repair fistulae in the preauricular region
and surgery to remove a branchial cleft cyst in the neck
(Figures 1A and 1B). Her height was between the 25th

www.irdrjournal.com



Intractable & Rare Diseases Research. 2018; 7(1):42-45. 43

and 50th percentile, and her body weight was in the 50th
percentile. Laboratory tests revealed proteinuria (2+,
total urine protein of 0.44 g/24 h), abnormal hemoglobin
(7.7 g/100 mL), and renal insufficiency (filtration rate <
15 mL/min/1.73m’, creatinine level of 505.0 mol/L, and
BUN of 44.9 mmol/L). Blood gases revealed metabolic
acidosis (pH 7.303, BE-7.8 mmol/L). Abdominal
magnetic resonance urography (MRU) revealed left
kidney hypoplasia. However, her hearing test was
normal.

The family's medical history was also investigated.
Informed consent was obtained from the parents. Ethical
approval to conduct this study was obtained from the
Ethics Committee of the Children's Hospital of Fudan
University.

2.2. Methods

In 2011, genomic DNA was extracted and purified from

TA

Figure 1. Clinical manifestations of BOR syndrome. (A),
scars from surgery to repair fistulae in the preauricular region
(B), scars from surgery to remove a branchial cleft cyst in the
neck.

peripheral leukocytes in whole-blood samples using a
DNA isolation kit (Qiagen, Hilden, Germany). All exons
of the EYAI gene were amplified using a polymerase
chain reaction (PCR). Primers for the EYA/ gene were
designed based on previously published information
regarding intron-exon boundaries. The PCR product
was purified with a QIA Quick PCR Purification Kit
(Qiagen, Hilden, Germany). The purified product was
cycle-sequenced with Big-Dye terminators (Applied
Biosystems, Foster City, CA, USA), and the cycle
sequence product was analyzed with an automated
sequencer (ABI Prism 310 Genetic Analyzer).
Novel mutations in EYA1 were investigated in 100
healthy controls using direct sequencing. Mutation
nomenclature was based on the EYA1 cDNA sequence
of NM_000503.3 (http://www.ncbi.nlm.nih.gov).

3. Results and Discussion

The patient's parents had no consanguinity, and there
was no family history of branchial cleft cyst, pre-
auricular fistulae, renal disease, or hearing loss. A novel
deletion mutation, c.1381delA, was detected in the
EYAI gene, and the patient was heterozygous for this
change (Figure 2A). This deletion causes a frameshift
of amino acids and results in a truncated protein

ctaraclccana crazclcccar cTA2GEGGG 44

Figure 2. Analysis of mutations in the EYAI gene (the arrow
indicates the mutation). P: patient; M: mother; F: father.

Table 1. Genotype of 21 patients with BOR syndrome from East Asia

EYALI gene
Nation Patient Year Ref.
exon nucleotide sequence amino acid sequence

China* 1 6 c.446C>T p-Q156X 2012 (7)
2 17 c.1735del G p.D579fs 2012 (7)
Korea 3 14 c.1474insC p-R492Pfs 2005 (16)
4 7 c.430C>T p.Q144X 2007 (17)
5 6 c.321delT p.A107fs 2009 (18)
6 - IVS8-2AG 2009 (19)
7 10 ¢.965 A>G p.E332G 2013 (20)
8 6 c418G>A p.G140S 2014 (10)
Japan 9 7 c.579C>G p.Y193fs 1999 (21)
10 9 c.792 R264X 2001 (22)
11 8 c.625A>G p.S189G 2003 (23)
12 14 c.1402_1408delACAACTA  p.T468fs 2004 (24)
13 6 ¢.533C>G p.S178X 2004 (25)
14 6 c.497T>A p.Y163X 2006 (26)

15 12 c.1107T>A p-Y370X 2006

16 10 c.952G>A p.D318Y 2006

17 - 1IVS9-2A>G 2006

18 - IVS14-1G>A 2006
19 17 ¢.1667insT p.D556fs 2007 (27)
20 5 Del exons 5 to 7 2010 (28)
21 8 c.634C>T p.R212X 2015 (29)

*: From Taiwan, -: on intron
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(p-R4611s467X). An analysis of mutations in the EYA/
gene in the family revealed that her parents did not
carry the c.1381delA mutation. The mutation was not
found in controls.

The patient was diagnosed with BOR syndrome
based on clinical features and genetic testing. The
patient subsequently received peritoneal dialysis. She
was switched to hemodialysis in 2015 due to the loss of
peritoneal function, and she received a kidney transplant
in 2016. She was assessed at this facility every three to
six months. The renal allograft is functioning normally.

BOR syndrome is characterized by a wide spectrum
of clinical manifestations that represents a combination
of branchial, otic, and renal anomalies (7). Individuals
with branchio-otic (BO) syndrome (OMIM#602588)
are affected by the same branchial and otic anomalies
as in BOR without the associated renal anomalies (8).
Due to the wide spectrum of phenotypic findings and
the phenotypic variability between and within families,
phenotypic criteria for clinical diagnosis of BOR
syndrome have been proposed (9). The major criteria
include branchial anomalies, deafness, preauricular
pits, and renal anomalies, while minor criteria
include external, middle, and inner ear anomalies and
preauricular tags. A definitive diagnosis is based on
meeting > 3 major criteria, meeting 2 major criteria
and > 2 minor criteria, or meeting 1 major criterion and
having a first-degree relative with BOR syndrome. The
patient in this study met 3 major criteria, i.e. branchial,
preauricular, and renal anomalies. The most common
manifestation of BOR is hearing loss, which can be
conductive, sensorineural, or mixed (/0). Some studies
estimate that BO/BOR has a prevalence of 2% amongst
profoundly deaf children (2). However, the current
patient has no hearing loss.

BOR is genetically heterogeneous, although
mutations in EYA1 are most commonly identified
and segregate with the BOR phenotype in about
40% of families (9). Causative variants include point
mutations as well as large and small deletions (/7-13).
EYAT1 encodes a transcriptional regulator, and mice
heterozygous for the targeted deletion of this gene have
renal abnormalities and a conductive hearing loss similar
to the human phenotype (/4). EYA1 homozygous null
mice lack ears and kidneys (/5).

The current patient has a heterozygous deletion
mutation (c.1381delA), which causes a frameshift
of amino acids and results in a truncated protein
(p-R461fs467X). This mutation is novel, and was not
detected in controls. Thus, c.1381delA was deemed
to be a disease-causing mutation. Over 202 different
mutations in the £YA/ gene that cause disease have
been found in various populations (Attp://www.hgmd.
cf.ac.uk/, last updated December 2017), but most have
been identified in subjects of European ancestry. More
than 21 different mutations in the EYA] gene have
been identified in patients with BOR/BO syndrome

in South Korea and Japan (Table 1) (/0,16-29). In
contrast, few mutations have been reported before in
patients with BOR syndrome in Taiwan, China (Table
1) (7). All of these mutations were scattered through
the EYA1 coding region; complex mutations involving
chromosomal rearrangements have not been found in
Asians.

Recent studies have found that mutations in both
the SIX7 and SIX5 genes are also associated with BOR
syndrome (/9). SIX1, the human homologue of the
Drosophila sine oculis gene, encodes a DNA-binding
protein associated with EYA1 (/9,30). Most mutations
identified in SIX1 are missense mutations, but small
deletions have also been reported in patients with BOR
syndrome (30). SIX1 plays a role in EYA-SIX-PAX
interaction in the development of the ears, kidneys, and
other organs (37). Evaluation of SIX1 and its related
target genes may provide clues to the mechanisms
involved in causing BOR syndrome (/3). The role of
SIXS5 in BOR is less clear. Although a few missense
mutations in SIX5 have been reported in patients
with BOR syndrome, the role of SIX5 variants in the
pathophysiology of BOR has been questioned (/3,19).

In conclusion, this case report has described a
Chinese child with BOR syndrome and it has identified
a novel frameshift mutation caused by a single base-
pair deletion in the £YA] gene. The novel c.1381delA
mutation is a disease-causing mutation, and this finding
expands the spectrum of mutations in the EYA/ gene.
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Summary

Low-molecular-weight proteinuria is one of the characteristic clinical manifestations of
renal tubular and interstitial diseases. Low-molecular-weight proteinuria is defined as
excessive urinary loss of al-microglobulin, p2-microglobulin, or other low-molecular-weight
plasma proteins. The current study examined the ratio of urinary al-microglobulin to
microalbumin in 24 Chinese pediatric patients with renal tubular and interstitial diseases,
including 10 patients with Dent disease, 2 patients with Lowe syndrome, 6 patients with
acute tubulointerstitial nephritis (ATIN), 4 patients with acute tubulointerstitial nephritis
with uveitis syndrome (TINU), and 2 patients with nephronophthisis (NPHP). Patients with
steroid-sensitive nephrotic syndrome, IgA nephropathy, Henoch-Schonlein purpura nephritis,
or lupus nephritis served as control groups. In all of the patients with tubular and interstitial
disease, urinary ol-microglobin increased 10-300-fold above the upper limit of the normal
range, the ratio of urinary al-microglobulin to microalbumin was greater than 1, and the
percentage of low-molecular-weight plasma proteins (LMWP) in urine was greater than 50%
according to urine protein electrophoresis. There was close correlation between the ratio of
urinary ol-microglobulin to microalbumin and the percentage of LMWP in urine according
to urine protein electrophoresis (r = 0.797, p = 0.000). We suggested firstly that the ratio
of urinary al-microglobulin to microalbumin, greater than 1, can be used as a diagnostic

criterion for tubuloproteinuria.

Keywords: al-microglobulinuria, microalbuminuria, tubuloproteinuria

1. Introduction

Low-molecular-weight proteinuria is one of the
characteristic clinical manifestations of renal tubular
and interstitial diseases, such as Dent disease, Lowe
syndrome, acute tubulointerstitial nephritis (ATIN)
without or with uveitis syndrome (TINU), Fanconi
syndrome, and nephronophthisis (NPHP) (/,2). Low-
molecular-weight proteinuria is usually detected with
urine protein electrophoresis (SDS polyacrylamide
gel electrophoresis), but this technique is complicated
and time-consuming. Elevated levels of urinary p2-
microglobulin and al-microglobulin can also serve as
markers of low-molecular-weight proteinuria, but there
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are no definitive levels of those plasma proteins in
urine.

The current study examined the ratio of urinary al-
microglobulin to microalbumin in several types of renal
tubular and interstitial diseases that present in childhood
in order to determine whether that ratio could be used
as a diagnostic criterion for tubuloproteinuria.

2. Subjects and Methods
2.1. Participants

This study was approved by Peking University First
Hospital (No. 2014-826) and followed the guidelines
of the 2000 Declaration of Helsinki and the 2008
Declaration of Istanbul. Consent was obtained from all
patients and their families.

Data were collected from 24 Chinese pediatric
patients with renal tubular and interstitial diseases,
including 10 patients with Dent disease, 2 patients with
Lowe syndrome, 6 patients with ATIN, 4 patients with
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TINU, and 2 patients with NPHP. Patients were seen
from January 01, 2014 to December 31, 2016 and were
analyzed retrospectively. All patients presented with
proteinuria. Patients with steroid-sensitive nephrotic
syndrome (NS), IgA nephropathy, Henoch-Schonlein
purpura nephritis, or lupus nephritis were also included
as control groups. These patients were seen during the
same period, and each group consisted of 20 patients.
Data were collected upon diagnosis.

The clinical diagnosis of Dent's disease is based
on meeting all three of the following criteria: i) low-
molecular-weight proteinuria (elevated urinary excretion
of al-microglobulin at least 100-fold greater than the
upper limit of the normal range, or greater than 50%
low-molecular-weight plasma proteins (LMWP) in
urine according to urine protein electrophoresis); ii)
hypercalciuria (> 0.1 mmol/kg according to 24-hour
urine collection or > 0.21 mg/mg calcium to creatinine
ratio according to a spot sample); and iii) at least one
of the following: nephrocalcinosis, kidney stones,
hematuria, hypophosphatemia, or renal insufficiency.

The identification of a mutation in either CLCNS
or OCRLI confirms the diagnosis (3,4). The clinical
diagnosis of Lowe syndrome is based on meeting three
of the following criteria: congenital bilateral cataracts,
renal Fanconi syndrome, hypotonia and neonatal
areflexia, motor and mental developmental delays, and
facial dysmorphisms. The identification of a mutation in
OCRL] confirms the diagnosis (5,6).

The clinical diagnosis of ATIN without or with
uveitis is based on the clinical course and laboratory
examinations including urinalysis and a renal function
test. A percutaneous renal biopsy reveals diffuse
interstitial nephritis with infiltration of neutrophil and
eosinophil granulocytes and numerous lymphocytes and
plasma cells. No granuloma is found. Typical bilateral
anterior uveitis concurrent with or preceding or following
the onset of renal dysfunction corroborates the diagnosis
of TINU (7,8).

The clinical diagnosis of NPHP is based on multiple
organ involvement that includes at least abnormal renal
and liver function or cysts, and urinalysis may reveal
a renal concentration defect. The identification of a
mutation in NPHPs confirms the diagnosis (9,70).

2.2. Clinic and laboratory examinations

Results of all examinations, such as a quantitative test
of 24-h urinary protein, were examined. The presence
of al-microglobinuria and microalbuminuria was also
determined. Results of urine protein electrophoresis
were examined.

2.3. Statistical analysis

Statistical analysis was performed with SSPS 12.0
software. Every index was measured three times and

summarized as the mean + SD, and the relationship
between the ratio of urinary al-microglobulin to
microalbumin and the percentage of LMWP in urine
according to urine protein electrophoresis was analyzed
using Pearson's correlation coefficient. An independent-
samples test was used to examine the mean ratio of
urinary al-microglobulin to microalbumin and the
mean percentage of LMWP in urine in patients with
renal tubular and interstitial disease and the control
groups. P values less than 0.05 were considered
statistically significant.

3. Results and Discussion

All 24 patients presented with proteinuria. Patients
with Dent disease or Lowe syndrome had proteinuria
in the nephrotic range while patients with ATIN,
TINU, or NPHP had proteinuria that did not fall in
the nephrotic range. Urinary al-microglobin and
microalbumin both increased significantly in all
patients. This was especially true for al-microglobin,
which increased 10-300-fold above the upper limit
of the normal range. In all patients, the percentage of
LMWP in urine was greater than 50% according to
urine protein electrophoresis, and the ratio of urinary
al-microglobulin to microalbumin was greater than
1. Urinary al-microglobin and microalbumin and the
percentage of LMWP in urine were closely correlated (»
=0.797, p=0.000), as shown in Table 1.

In contrast, urinary microalbumin increased
substantially but al-microglobin was almost normal in
all four control groups. There were almost no LMWP
in urine according to urine protein electrophoresis, and
the ratio of urinary al-microglobulin to microalbumin
was near zero. The level of al-microglobin, the ratio
of urinary al-microglobulin to microalbumin, and
the percentage of LMWP in urine according to urine
protein electrophoresis were much higher in patients
with renal tubular and interstitial diseases than those
in the four control groups (p < 0.01), while the level of
microalbumin was much lower in patients with renal
tubular and interstitial diseases than that in the four
control groups (p < 0.01), as shown in Table 2.

Low-molecular-weight proteinuria is one of the
major clinical manifestations of renal tubular and
interstitial diseases. Low-molecular-weight proteinuria
is defined as excessive urinary loss of al-microglobulin,
B2-microglobulin, or other low-molecular-weight
plasma proteins. The current study examined the
ratio of urinary al-microglobulin to microalbumin in
several types of renal tubular and interstitial diseases
that present in childhood, including Dent disease,
Lowe syndrome, acute tubulointerstitial nephritis, and
nephronophthisis, in order to find an easy, simple, and
quick diagnostic criterion for tubuloproteinuria.

Dent disease is an X-linked recessive renal
tubulopathy, and low-molecular-weight proteinuria is its
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Table 1. Clinical data on 24 patients with renal tubular and interstitial diseases

Patient Diagnosis Age at diagnosis ~ UPE (mg/kg/24 h)  al-MG (mg/L) MA (mg/L) al-MG/MA LMWP (%)
No. 1 DS* 9.8y 64 £ 18 402+ 113 285+ 89 1.51+£0.12 61.3+93
No. 2 DS 58y 58+ 17 349 + 125 301 +81 1.33+0.14 53.1+75
No. 3 DS 52y 55+15 305+ 108 257+76 1.31+0.11 53.5+84
No. 4 DS 45y S1+16 346 + 101 273 + 86 1.35+0.12 51.3+8.1
No. 5 DS 57y 53+ 14 375+ 134 268 =79 1.40 +0.10 56.5+7.2
No. 6 DS 58y 53+13 382+ 120 258 £ 82 1.51+0.16 59.5+7.6
No. 7 DS 35y 62+ 19 353+ 131 249 +73 1.33+£0.15 52.8+9.0
No. 8 DS 1.5y 50+ 17 258 102 197 + 68 1.43+0.13 56.3+6.5
No. 9 DS 51y 56+ 11 341+ 116 238 £ 62 1.42+0.12 56.1+7.5
No. 10 DS 52y 57+10 355+ 124 248 £ 61 1.44+0.13 559+6.3
No. 11 LS* 46y 49+ 12 315+ 106 216 +57 1.46 +0.11 54.8+7.2
No. 12 LS 49y 45+ 11 302 + 108 237+ 62 1.27+0.10 532+6.6
No. 13 ATIN* 75y 22+5 136 = 14 102+ 13 1.33+£0.14 54.7+7.6
No. 14 ATIN 82y 17+4 121+12 98 £ 11 1.24+0.11 51.6+7.2
No. 15 ATIN 94y 25+6 135+ 14 112+ 16 1.21+0.13 50.3+6.8
No. 16 ATIN 108y 19+5 124+ 16 89+ 12 1.40+£0.16 54.8+6.5
No. 17 ATIN 125y 23+7 130+ 15 115+ 14 1.13+0.14 52.5+6.9
No. 18 ATIN 98y 25+5 138+ 17 120+ 13 1.15+0.13 51372
No. 19 TINU* 124y 27+8 141 £18 124+ 15 1.17+0.15 52.7+6.8
No. 20 TINU 108y 19+4 118+ 16 88+ 12 1.34+0.15 55.7+7.1
No. 21 TINU 113y 12+3 98 £ 10 81+ 10 1.21£0.11 53.1+6.9
No. 22 TINU 136y 18+5 105+ 12 94 £ 11 1.12+0.14 52.7+6.6
No. 23 NPHP* 38y 28+5 109 + 16 87+ 15 1.25+0.10 535+7.1
No. 24 NPHP 9.6y 23+4 98+ 11 85+ 12 1.15+0.12 524+73

*DS: Dent disease; LS: Lowe syndrome; ATIN: Acute tubulointerstitial nephritis; TINU: Tubulointerstitial nephritis with uveitis; NPHP:

Nephronophthisis.

Table 2. Levels of a1-MG, MA, and 01-MG/MA and the percentage of LMWP in different groups

Groups Age (years) al-MG (mg/L) MA (mg/L) al-MG/MA LMWP (%)
Renal tubular and interstitial diseases 7.6+3.4 231 +78% 176 +43* 1.31+0.14* 542+73%
Nephrotic syndrome 6.8+3.1 0+0 3015 +£483 0+0 0+0
IgA nephropathy 78+1.7 8+2 1853 + 665 0+0 3.5+£1.6
Henoch-Schonlein Purpura nephritis 79+23 6+2 1873 + 587 0+0 32+15
Lupus nephritis 85+1.6 9+3 2981 =621 0+0 6.4+3.0

4: p <0.01 compared to other groups.

most constant feature. It mainly affects male children,
and female carriers are generally asymptomatic (//,12).
The level of proteinuria often reaches the nephrotic
range (/3,14). This hampers the diagnosis of Dent
disease and explains why it is often treated as NS
(15-17). The current results indicated that urinary
al-microglobin increased markedly (200-300-fold
above the upper limit of normal, 0-12 mg/L) in all 10
patients with Dent disease, and the ratio of urinary al-
microglobulin to microalbumin was greater than 1.
This suggests that the ratio of urinary al-microglobulin
to microalbumin could be used to measure LMWP in
urine in patients with Dent disease.

Lowe syndrome is also an X-linked recessive renal
tubulopathy that involves the eyes, central nervous
system, and kidneys. Renal disease is primarily
characterized by renal Fanconi syndrome, including low-
molecular-weight proteinuria, proximal renal tubular
acidosis, renal phosphate wasting, hypercalciuria,
aminoaciduria, and hypokaliemia (5,6). The current
results indicated that urinary al-microglobin also

increased markedly (about 300-fold above the upper
limit of the normal range) in the 2 patients with Lowe
syndrome, and the ratio of urinary al-microglobulin to
microalbumin was greater than 1. This suggests that the
ratio of urinary al-microglobulin to microalbumin could
be used to measure LMWP in urine in patients with
Lowe syndrome.

Tubulointerstitial nephritis (TIN) is characterized
histologically by inflammation of and damage to
tubulointerstitial structures, with relative sparing
of glomerular and vascular elements. The clinical
manifestations of TIN vary. The severity of renal
impairment ranges from asymptomatic urinary
abnormalities to mild azotemia, and even to non-
oliguric and oliguric acute renal failure (ARF) (/8,19).
The nonspecific nature of the clinical findings in TIN
highlights the need to perform a renal biopsy to make
a definitive diagnosis in questionable cases. Systemic
manifestations of hypersensitivity, such as a fever,
rash, and arthralgia, vary. However, mild to moderate
proteinuria (less than 1 g/day, mainly low-molecular-
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weight proteinuria) is found in most patients with TIN.
When tubulointerstitial nephritis is combined with
uveitis, the condition is known as tubulointerstitial
nephritis and uveitis (TINU) syndrome. This condition is
mainly seen in children with a favorable renal prognosis
(2). The diagnosis of TIN or TINU is difficult because
of variable and nonspecific clinical manifestations.
Studies have reported that urinary o.1-microglobulin and
B2-microglobulin excretion increase in patients with
TINU (20,21). The current results indicated that urinary
al-microglobin increased significantly (about 100-
fold above the upper limit of the normal range) in the 6
patients with ATIN and in the 4 patients with TINU, and
the ratio of urinary al-microglobulin to microalbumin
was greater than 1. This suggests that the ratio of urinary
al-microglobulin to microalbumin could be used to
measure LMWP in urine in patients with TIN or TINU.

Nephronophthisis (NPHP) includes a group of rare
autosomal-recessive cystic kidney diseases, characterized
by a broad genetic and clinical heterogeneity and
accounting for the majority of genetic causes of end-
stage renal disease (ESRD) during childhood. NPHP
is associated with extra renal manifestations in 10-
15% of patients (22,23). The diagnosis of NPHP is
difficult because of its genetic and clinical complexity
(24). However, the kidneys and liver are involved in
most cases, and a low urine specific gravity and low-
molecular-weight proteinuria are commonly seen in
urinalysis (25). The current results indicated that urinary
al-microglobin increased close to 100-fold above
the upper limit of the normal range in 2 patients with
NPHP, and the ratio of urinary al-microglobulin to
microalbumin was greater than 1. This suggests that the
ratio of urinary al-microglobulin to microalbumin could
be used to measure LMWP in urine in patients with
NPHP. However, albuminuria in the nephrotic range is
also seen in a few patients with NPHP (26), and LMWP
in urine is not always specific to NPHP.

NS, IgA nephropathy, Henoch-Schonlein purpura
nephritis, and lupus nephritis are the most common
glomerular diseases that present during childhood.
Proteinuria caused by these glomerular diseases
mainly involves albumin. Upon diagnosis, urinary
microalbumin increased markedly but ol-microglobin
was almost normal in all 4 control groups, there were
almost no LMWP in urine according to urine protein
electrophoresis, and the ratio of urinary o1-microglobulin
to microalbumin was near zero. The ratio of urinary al-
microglobulin to microalbumin differed substantially
from that in patients with renal tubular and interstitial
diseases.

In conclusion, this study is the first to suggest that
a ratio of urinary al-microglobulin to microalbumin
greater than 1 can be used as a diagnostic criterion
for tubuloproteinuria. However, this study has several
limitations. The sample size was small, few types of
renal tubular and interstitial diseases were examined,

and only pediatric patients were included. Multicenter
and larger-scale studies are needed to verify the current
results.
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Summary

The current report presents a case of an omental fibromatosis discovered incidentally in

a 46-year-old woman with no particular medical history and few symptoms. A surgical
biopsy was performed initially, and microscopic examination revealed myofibroblastic
proliferation. After additional immunohistochemical and molecular analyses, omental
fibromatosis was diagnosed. Omental fibromatosis, also called intra-abdominal desmoid, is
a rare and benign tumour but can be locally aggressive. Majority of cases are asymptomatic,
and difficult to diagnose based on clinical presentation and radiological investigation. Final
diagnosis is usually made on histopathology and immunohistochemistry studies. Surgical
wide excision is currently the treatment of choice.

Keywords: Omental fibromatosis, desmoid tumor, surgical resection

1. Introduction

Most intra-abdominal fibromatosis affect small bowel
mesentery (/). However, the omentum, transverse or
sigmoid mesocolon, or even ligamentum teres may
also be affected (2,3). Omental fibromatosis is a rare
benign fibroproliferative process but locally aggressive
which may infiltrate the adjacent organs or recur, but
do not create distant metastatic lesions (2-4). The term
"fibromatosis" was first described by a team of American
pathologists in the early 1960s (5). Omental fibromatosis
is also termed as intra-abdominal desmoids. These
tumors occur in a wide age range of patients, and have no
gender or race predilection (3). They are typically seen
in the third and fourth decades of life and the estimated
incidence is 3.7 new cases per million people per year
(6,7). Final diagnosis is usually made on histopathology
and immunohistochemistry studies. Surgical wide
excision is currently the treatment of choice (8).
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The current report presents a case of an omental
fibromatosis discovered incidentally in a 46-year-old
woman with no particular medical history and few
symptoms. The Regional Committee for Medical and
Health Research Ethics did not require ethical approval
for reporting individual cases. Written informed consent
was obtained from the patient for the publication of this
case report and its accompanying images.

2. Case Report

A 46-year-old woman, with no medical and surgical
history, presented electively for an epigastric hernia cure.
Due to chronic diffuse abdominal pain, increased fatigue
and weight loss of 2 kg in a few months, it was decided
to perform a laparoscopic hernia repair with concomitant
exploration of the abdominal cavity.

After introduction of the optical trocar in the left
flank, exploration revealed greyish-white diffuse nodules
of the great omentum, as well as a more localized
tumor near the right colonic angle (Figure 1). No
mesenteric adenopathy, ascites, or peritoneal implants
were identified. The rest of the laparoscopic exploration
revealed nothing more. A surgical biopsy was
performed. It was decided to stop the procedure in order
to obtain anatomopathological results and to provide an
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Figure 1. Exploratory laparoscopy: greyish-white nodule of
the great omentum.

Figure 2. Abdominal CT scan showing a discrete fat
infiltration of the greater omentum (white arrow), located
above the transverse colon, without individualizable nodule.

oncological assessment.

The retrospective clinical examination was
featureless. Tumor markers (CEA, CA 19-9, CA 125)
were within the normal range. Thoraco-abdominal CT
scan showed only a discrete fat infiltration of the greater
omentum, located above the transverse colon, without
individualizable nodule (Figure 2).

Macroscopic pathologic examination showed no
significant lesions, except for fibrous remodelling (Figure
3a). Microscopic examination revealed adipose tissue
with a clearly defined myofibroblastic fusocellular
proliferation foci (Figure 3 a, b, and c). After detailed
immunohistochemical analysis, fusiform cells expressed
smooth muscle actin (SMA), muscle specific actin (MSA)
and beta-catenin (Figure 3d), and were negative for S-100
protein and CD-117. The MIB-1 cell proliferation index
was very low (< 1%). This myofibroblastic proliferation
was morphologically and immunohistochemically
consistent with omental fibromatosis. The diagnosis
of omental fibromatosis was confirmed by molecular
analysis showing that exon 3 of the CTNNBI gene was
present.

After discussion at the local tumor board, it was
decided to proceed to a laparoscopic en bloc resection
of the greater omentum. Histopathological examination

Figure 3. Macroscopic examination showing focal, fibrous
remodelling (a). Microscopic examination revealing adipose
tissue with a clearly defined myofibroblastic fusocellular
proliferation foci (a, b, and c), expressing smooth muscle
actin and beta-catenin (d).

confirmed the lesion as omental fibromatosis.
3. Discussion

Omental fibromatosis is a rare and benign disease
occurring in a wide age range of patients, and has no
gender or race predilection. Patients have few symptoms
and its discovery can sometimes be unexpected during
radiological imaging or intraoperatively as in this present
case.

Fibromatosis have distinct biological behavior,
characterized by initial rapid growth, followed by
stability or even regression. Majority of fibromatosis
occur sporadically, or in association with Gardener
syndrome, familial adenomatosis polyposis coli (FAP)
and bilateral ovarian fibromatosis (2,9). Both males
and females are affected with equal frequency based on
literature review (35). These tumors are not encapsulated
and vary widely in size (§). Most tumors measure
between 5 and 10 cm in diameter, but they may be as
large as 30 cm (/0). Predisposing factors are pregnancy,
previous abdominal surgery or trauma, and estrogen
therapy (/,11-13).

Patients have few symptoms until the tumor reaches
a size large enough to cause pain, abdominal fullness,
pressure sensation, constipation, and even weight
loss (5,8). Most patients with omental fibromatosis
are asymptomatic or may present vague abdominal
pain, as in this case (2). Some complications that have
been reported include small-bowel obstruction and
hydronephrosis from ureteric obstruction (/4).

The imaging appearance of these tumors is variable
and depends on fibroblastic proliferation, fibrosis,
collagen content, and vascularity (/). Ultrasonography
or computed tomography may be helpful in diagnosis
but ultimately, final diagnosis is made by excision
and histological examination (2). On ultrasonography,
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desmoid tumors have variable echogenicity, appearing
as masses of low, medium, or high echogenicity with
smooth defined margins (7). Computed tomography
images typically demonstrate tumors as solid, well-
circumscribed masses of soft tissue density that do not
contain calcium, with homogenous enhancement at the
periphery and cystic pattern in the central region (8,75).

On macroscopic examination, desmoid tumors
are usually circumscribed lesions, but they may have
irregular or infiltrating borders, as in this current case.
On the surface, they are white and coarsely trabeculated,
resembling scar tissue (/). In 10-15% of cases, they are
multiple (/). Histologically, desmoid tumors are lesions
composed of bland spindled or stellate fibroblastic cells
embedded in a collagenous stroma, without evidence
of muscular or neural differentiation and with little or
no inflammatory component (/). Differential diagnosis
includes cysts, sclerosing mesenteritis, mesenteric
panniculitis, or tumours originating from smooth
muscle, neuronal tissue, adipose and stromal tissue of
gastrointestinal tract (2).

Treatment of choice is surgical resection (8).
Radiation therapy and/or chemotherapy demonstrated
no benefit (/6). Surgical approach includes wide local
excision of these tumours as they have tendency toward
local recurrence in up to 50% (2,8). Some authors
recommend a trial of observation with antioestrogens,
nonsteroidal anti-inflammatory drugs with limited role of
targeted agents such as Imatinib (2,6). There are no clear
guidelines for the treatment and follow-up of omental
fibromatosis because of its rarity. Therefore, close long-
term follow-up should be performed.

In conclusion, omental fibromatosis is usually a
benign tumour but can be locally aggressive. Majority of
cases are asymptomatic, and difficult to diagnose based
on clinical presentation and radiological investigation.
Final diagnosis is usually made on histopathology and
immunohistochemistry studies. Currently, surgical
excision is the only curative method of treatment.
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Summary

Behcet's Disease (BD) is a rare multi-systemic inflammatory disorder classified as a systemic
vasculitis of unknown aetiology. Vascular involvement occurs in approximately 5-51.6%
cases, affecting venous and arterial vessels. Cardiac involvement is rare in BD (6%). There
have been published approximately 93 cases of BD associated with intracardiac thrombosis,
with different treatments and courses. We present a case of a 35-year-old spanish male that,
after a percutaneous pharmacomechanical thrombectomy with venous stent placement,
developed high fever and extensive venous thrombosis despite anticoagulation including
intracardiac thrombosis (ICT) in the right ventricle and pulmonary embolism that leaded
to the diagnosis of BD. The patient was successfully treated with immunosuppressants,
achieving the complete resolution of ICT. We hypotesize that the endovenous procedure
could have acted as a trigger for the posterior acute attack of the disease, representing a
‘vascular pathergy phenomenon’. Vascular BD has to be suspected in cases of thrombosis
recurrence despite correct anticoagulation, and intense immunosuppressive treatment
should be considered.

Keywords: Behget disease, immunosuppressive agents, intracardiac thrombus, thrombectomy,
venous thromboembolism

1. Introduction

Behget's Disease (BD) is a rare multi-systemic
inflammatory disorder classified as a systemic vasculitis
of unknown aetiology. Onset occurs usually in the third
decade and it affects both genders equally. Diagnosis is
mainly clinical with no specific laboratory tests (/). A
correlation with human leukocyte antigen (HLA) class |
antigens, notably HLA-B51, but also others like A26 has
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been observed (2). Clinical course is characterized by
frequent relapses and remissions. BD may affect almost
all vascularized systems. Prevalence of BD worldwide
ranges between 0.12-420/100,000 persons with a
significant presence in the Silk Road countries (/-5).

We present a case of Behget's disease associated with
intracardiac thrombosis (ICT) that developed right after
pharmacomechanical thrombectomy of a previous deep
venous thrombosis (DVT). Venous manipulation acts as
a trigger or a vascular attack of Behget's disease.

2. Case Report
A 35-year-old spanish male had a history of

hypercholesterolemia, active smoking and 2 episodes of
pericarditis years ago. A year before he had an episode of

www.irdrjournal.com



Intractable & Rare Diseases Research. 2018; 7(1):54-57. 55

deep vein thrombosis (DVT) in the left lower extremity
that involved the common iliac vein, treated with
acenocumarol. Thrombophilia testing was normal. The
patient developed a severe post-thrombotic syndrome
(PTS) 3 months later. A computarized tomography (CT)
showed compression of the left common iliac vein by
the right common iliac artery (May-Thurner syndrome).
As a severe PTS persisted after one year of anticoagulant
treatment, percutaneous rheolytic pharmacomechanical
thrombectomy with venous stent placement was
performed without complications.

Ten days after the procedure, the patient presented
in the emergency department with a 10-day history
of high fever, shivers and pain in the left inguinal
region. Physical examination revealed: temperature
40°C, blood pressure 120/55 mmHg, heart rate 110
bpm, edema in the left lower extremity, and the
remainder was unremarkable. A stent-related infection
was suspected. Anticoagulation with low molecular
weight heparin and empirical broad spectrum antibiotic
therapy were started. Laboratory tests showed 16.850
leucocytes/mm’, 78% neutrophils, C-reactive protein
16.2 mg/dL, international normalized ratio (INR) 3.75,
erythrocyte sedimentation rate (ESR) 76 mm 1st hour,
and the remainder of the laboratory tests was normal.
The blood and urine cultures (6 times) were sterile. The
peripheral blood smear showed neutrophil granulation.
Proteinogram, autoantibodies, lupus anticoagulant,
serologies for human immunodeficiency virus,
hepatitis C virus, hepatitis B virus, syphilis, Rickettsia,
Mycoplasma, Rose Bengal agglutination, interferon-
gamma release assay and PCR for Thropheryma
whipplei, Bartonella sp and Coxiella burnetii
were normal. A chest X ray and a transesophageal
echocardiogram (TEE) were normal. A transthoracic
echocardiogram (TTE) showed dilation of the aortic
root (38 mm). An abdominopelvic CT showed a
subocclusive thrombosis in the iliac stent.

High fever and daily shivers persisted for 3
weeks despite anticoagulation and antibiotic therapy.
A Positron Emission Tomography - Computed
Tomography (PET-CT) was performed showing a
thrombus in the right ventricle with hyper-metabolic
activity, thrombosis in the infrarenal inferior vena cava
(IVC) and in both common iliac veins, thrombosis of
the stent in the left iliac vein with two areas of hyper-
metabolic activity that suggested infection of the stent
(Figure 1A, 1B), and a right pulmonary infarction
suggesting pulmonary embolism (PE). A TTE showed
a rounded moving 30 mm long image sticked on the
right ventricle apex with heterogeneous echogenicity,
compatible with moving thrombus (Figure 1C), and
a TEE showed no valvular damage. At this point,
the patient presented three oral aphthous ulcers and
papulopustular lesions in the back. Herpes simplex
virus culture isolation of an ulcer was negative. The
patient acknowledged oral and genital aphtous ulcers

Figure 1. (A), Positron Emission Tomography - Computed
Tomography (PET-CT) shows thrombosis of the stent in the
left common iliac vein with two areas of hyper-metabolic
activity (white arrows); (B), PET-CT reveals a thrombus in the
right ventricle with hyper-metabolic activity (white arrow);
(C), Transthoracic echocardiogram (TTE) discloses a rounded
moving 30 mm long image (white arrow) sticked on the right
ventricle apex with heterogeneous echogenicity, compatible
with moving thrombus; (D), TTE performed 2 months later
showing total resolution of ICT.

ocasionally in the past few years. A labeled leukocytes
scintigraphy was performed and ruled out intracardiac
or stent-related infection. He was finally diagnosed
as Behget's disease associated with extensive venous
thromboembolism including intracardiac thombus (ICT)
in the right ventricle and PE. The pathergy test was
negative and the phenotype HLA 1 was A26-A32/B39-
B40(B61)/C02-C12/(Bw4-Bw6). Immunosuppressants
were started: methylprednisolone bolus, rituximab and
cyclophosphamide. Fever dissapeared within 48 hours.
Acute phase reactants normalized after 1 week. A CT
performed 2 weeks later showed partial recanalization
of IVC and right iliac vein with persistence of
thrombus inside the stent. A TTE performed 2 weeks
later showed a reduction of the ICT size from 30 to
21 mm. The patient was discharged with prednisone,
cyclophosphamide, colchicine, and acenocumarol. A
TTE performed 2 months later showed total resolution
of ICT (Figure 1D).

3. Discussion

Vascular system is involved in BD in 5-51.6%
including venous and arterial beds and it has a relapsing
course (3,4). BD is unique among other vasculitides
as it usually affects veins rather than arteries and it
has significant thrombotic tendency associated with
vascular inflammation, which cannot be explained
by thrombophilic factors (3). The most common
type of vascular involvement is lower extremity
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Table 1. Clinical characteristics and vascular involvement of the previous cases* of Behcet's Disease with intracardiac

thrombosis in comparison with our case

Items Previous cases (n = 93) Our case
Male to female ratio 81:12 Male
Age at diagnosis (years) 27 (mean) 35
Oral involvement (2, %) 91 (98%) +
Genital involvement (1, %) 86 (93%) +
Skin involvement (1, %) 45 (57%) + (papulopustular lesions)
Pathergy test (7, %) 41 (61%) negative
Ocular involvement (n, %) 18 (23%) -
Pulmonary thromboembolism (7, %) 52 (56%) +
Venous thrombosis (1, %) 39 (42%) +
- Lower extremity Deep veins 31 (33%) +
- Inferior vena cava thrombosis 6 (6%) +
- Superior vena cava thrombosis 10 (11%) -
Arterial involvement (n, %) 35 (38%) + (dilation of the aortic root)
- Pulmonary artery aneurysm 33 (35%) -
Thrombosis in the right side of the heart 95% +
- Thrombosis in the right ventricle 74% +
- Thrombosis in the right atrium 40 (43%) -
Sinus thrombosis (1, %) 6 (6%) -
Budd-Chiari (n, %) 7 (7%) -

*Adapted from Aksu et al. (12).

vein thrombosis, forming 70% of all vascular events
(3,4). Pulmonary artery involvement (aneurysms
and thrombosis) (PAI) is the most common form of
arterial involvement (3,4). Inferior or superior vena
cava, hepatic veins, cerebral venous sinuses, PE, and
the right-side heart are other described locations of
venous involvement (3). PE has been described as a
rare complication, and this may be explained because
the thrombi in these patients are strongly adherent (3-
5) and formed in situ because from an anatomical and
physiological point of view, the right-side heart and
pulmonary arteries seem to be continuum of the vena
cava (3). Vascular involvement is not included in the
International Study Group criteria, but it is included in
the revised International Criteria for Behget's Disease
(2010) (6,7).

Cardiac involvement is a rare (6%) and life-
threatening complication. It may be present as
pericarditis, myocarditis, endocarditis with valvular
regurgitation, endomyocardial fibrosis, coronary
arteritis, Valsalva sinus aneurysms and as intracardiac
thrombus (ICT) (8-10). ICT are strongly associated
with pulmonary artery involvement and are mostly
located on the right side of the heart probably because
of the vena cava extension (3,8,//,12). These thrombi
contain inflammatory cell infiltrates and are tightly
bound to the underlying endocardium or myocardium
(3). Relapses are infrequent. Cardiac surgery is not
recommended unless there are severe complications
such as valve failure or pulmonary hypertension (3).
There have been published approximately 93 cases of
BD associated with ICT, most of them are case reports
and case series, which have been recently reviewed
by Aksu and Tufekcioglu (/2) with a male to female
ratio of 23:2 and a mean age of 27 years. At the time

of detection of ICT, fever, hemoptysis, dyspnea, and
cough were the predominant symptoms (/7,12). In 40-
56% of patients with ICT PAI was detected, 42-56%
of them had venous thrombosis, and 52-55% had PE
(5,11,12). ICT is uniformly associated with an elevated
ESR but it is a poor indicator of disease activity (//,13).
Cardiac involvement was the first clinical manifestation
of BD in 40-50% of cases (8,10,11). The similarity
and difference of the research findings between our
case report and that published by other studies are
summarized in Table 1.

Immunosuppressants, with or without
glucocorticoids, are essential in the management of
vascular involvement in BD. It has been shown to
reduce the relapse rate and to prolong survival in several
retrospective studies (3). Life-threatening conditions
such as pulmonary artery involvement, Budd-Chiari
syndrome, and peripheral arterial aneurysms/occlusions
are managed with aggressive medical treatment,
including cyclophosphamide and glucocorticoid pulses.
Corticosteroids, azathioprine, cyclosporine A, and
cyclophosphamide are recommended in the management
of acute DVT (4). In resistant cases, anti-tumor necrosis
factor (TNF) agents could be also effective (/4).
Whether to add anticoagulants to prevent relapses has
been an issue of debate. Several retrospective studies
showed the inefficacy of anticoagulation alone or added
to immunosuppressants in preventing recurrences
(3,15). Anticoagulation could increase the risk of
aneurysmal rupture (/5). Nevertheless, the tolerance
of anticoagulation therapy was satisfactory in patients
with low-risk of bleeding after ruling out pulmonary
artery aneurysms and it could be used in refractory
venous thrombosis along with monoclonal TNF-
alpha antagonists (/6). Rituximab and methotrexate
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were found to be more effective than traditional drugs
(cyclophosphamide, azathioprine, and prednisone) in
improving all the most dreadful ocular manifestations
in a single-blind randomized controlled trial (/7). When
indicated, surgical treatment is not advised in the active
phase of the disease. Invasive arterial techniques may
cause pseudoaneurysms, especially in the presence of
active inflammation (3,/8). Unfortunately, there are no
randomised controlled trials (RCT) (/3).

In our case, ICT developed shortly after venous
manipulation with pharmacomechanical thrombectomy
and venous stent placement. Quite similar to pathergy
phenomenon, this vascular insult could have triggered
the acute attack of BD. In a retrospective study, 32.6%
of surgeries in patients with BD were complicated
by wound dehiscence, infection, or graft failure and
they found that glucocorticoids used in conjunction
with immunosuppressive agents significantly reduced
the risk of postoperative complications (/8). There is
significant thrombotic tendency that could be triggered
even by intravenous needle or cannula insertion (3).

BD can cause substantial morbidity (blindness,
physical disability, cognitive impairment) and increased
mortality. Vascular manifestations like pulmonary
arterial lesions (with a 50% mortality within 3
years) and Budd-Chiari syndrome are the leading
causes of mortality in BD patients (3,5,/6). In a 25
cases series, the presence of ICT conferred a poor
prognosis (44% were treated with surgery, and 28%
died from different causes) (//), but in more recent
series immunosuppressive agents improved prognosis
achieving ICT remission (3, /0).

In conclusion, we present a case of ICT associated
with BD clinically manifested by prolonged high
fever of unknown origin, successfully treated
with immunosuppresants. We hypothesize that the
endovascular procedure could have acted as a trigger of
the acute attack of BD, representing a ‘vascular pathergy
phenomenon'. Vascular BD has to be considered in cases
of thrombosis recurrence despite correct anticoagulation.
Different treatment options for ICT in BD have been used
including steroids, immunosuppressants, anticoagulation
and surgery, with different outcomes. Surgical treatment
of ICT is ussually not recommended. Further studies are
needed to guide the management of vascular involvement
and other life-threatening complications of BD.

References

1. Zeidan MJ, Saadoun D, Garrido M, Klatzmann D,
Six A, Cacoub P. Behget's disease physiopathology: A
contemporary review. Auto Immun Highlights. 2016; 7:4.

2. Takeuchi M, Kastner DL, Remmers EF. The
immunogenetics of Behget's disease: A comprehensive
review. J Autoimmun. 2015; 64:137-148.

3. Seyahi E. Behget's disease: How to diagnose and treat
vascular involvement. Best Pract Res Clin Rheumatol.
2016; 30:279-295.

10.

11.

12.

13.

14.

15.

17.

18.

Calamia KT, Schirmer M, Melikoglu M. Major vessel
involvement in Behget's disease: An update. Curr Opin
Rheumatol. 2011; 23:24-31.

Fei Y, Li X, Lin S, Song X, Wu O, Zhu Y, Gao X,
Zhang W, Zhao Y, Zeng X, Zhang F. Major vascular
involvement in Behget's disease: A retrospective study of
796 patients. Clin Rheumatol. 2013; 32:845-852.
Davatchi F, Assaad-Khalil S, Calamia KT, et al.
International Study Group for Behget's Disease.
Criteria for diagnosis of Behget's disease. Lancet. 1990;
335:1078-1080.

International Team for the Revision of the International
Criteria for Behget's Disease (ITR-ICBD). The
International Criteria for Behget's Disease (ICBD): A
collaborative study of 27 countries on the sensitivity
and specificity of the new criteria. J] Eur Acad Dermatol
Venereol. 2014; 28:338-347.

Emmungil H, Yasar Bilge NS, Kii¢iiksahin O, Kili¢ L,
Okutucu S, Giicenmez S, Kalyoncu U, Kasifoglu T,
Turqay M, Aksu K. A rare but serious manifestation of
Behget's disease: Intracardiac thrombus in 22 patients.
Clin Exp Rheumatol. 2014; 32(Suppl 84):87-92.
Desbois AC, Wechsler B, Resche-Rigon M, Piette JC,
Huong Dle T, Amoura Z, Koskas F, Desseaux K, Cacoub
P, Saadoun D. Immunosuppressants reduce venous
thrombosis relapse in Behget's disease. Arthritis Rheum.
2012; 64:2753-2760.

Ahn JK, Lee YS, Jeon CH, Koh EM, Cha HS. Treatment
of venous thrombosis associated with Behcet's
disease: Immunosuppressive therapy alone versus
immunosuppressive therapy plus anticoagulation. Clin
Rheumatol. 2008; 27:201-205.

Mogulkoc N, Burgess MI, Bishop PW. Intracardiac
thrombus in Behget's disease: A systematic review.
Chest. 2000; 118:479-487.

Aksu T, Tufekcioglu O. Intracardiac thrombus in
Behget's disease: Four new cases and a comprehensive
literature review. Rheumatol Int. 2015; 35:1269-1279.
Esatoglu SN, Hatemi G, Leccese P, Olivieri 1. Highlights
of the 17th International Conference on Behget's
syndrome. Clin Exp Rheumatol. 2016; 34(Suppl 102):3-9.
Caso F, Costa L, Rigante D, ef al. Biological treatments
in Behget's disease: Beyond anti-TNF therapy. Mediators
Inflamm. 2014; 2014:107421.

Wang H, Guo X, Tian Z, Liu Y, Wang Q, Li M, Zeng X,
Fang Q. Intracardiac thrombus in patients with Behcet's
disease: Clinical correlates, imaging features, and
outcome: A retrospective, single-center experience. Clin
Rheumatol. 2016; 35:2501-2507.

Demirelli S, Degirmenci H, Inci S, Arisoy A. Cardiac
manifestations in Behcet's disease. Intractable Rare Dis
Res. 2015; 4:70-75.

Davatchi F, Shams H, Rezaipoor M, Sadeghi-abdollahi
B, Shahram F, Nadji A, Chams-Davatchi C, Akhlaghi
M, Faezi T, Naderi N. Rituximab in intractable ocular
lesions of Behcet's disease; randomized single-blind
control study (pilot study). Int J Rheum Dis. 2010;
13:246-252.

Park MC, Hong BK, Kwon HM, Hong YS. Surgical
outcomes and risk factors for postoperative complications
in patients with Behcet's disease. Clin Rheumatol. 2007;
26:1475-1480.

(Received January 12, 2018; Revised January 27, 2018;
Accepted February 19, 2018)

www.irdrjournal.com



58 Intractable & Rare Diseases Research. 2018; 7(1).:58-60.

DOI: 10.5582/irdr.2018.01001

Case Report

A case of stent thrombosis presenting as acute myocardial infarction
related to right coronary artery originating from the left coronary
system
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Summary Right coronary artery (RCA) originating from the left coronary system is a subtype of single
coronary artery (SCA) anomaly, and the origin of RCA as a branch from the left anterior
descending artery (LAD) is a very rare variant. A 55-year-old male who had a percutaneous
coronary intervention (PCI) history was hospitalized due to acute coronary syndrome.
Coronary angiography revealed an aberrant RCA originating from the mid-LAD as well as
stent thrombosis. A successful PCI was performed and he was discharged from the hospital
three days after the PCI. It is known that there is an increased incidence of atherosclerosis
and stent thrombosis in coronary anomaly patients. Therefore, interventional cardiologists

should consider the most suitable PCI strategy before stenting and avoid complex techniques.

Keywords: Coronary vessel anomalies, single coronary artery anomaly, percutancous coronary

intervention, stent thrombosis

1. Introduction

The incidence of coronary artery anomaly is about 1.3%
in the largest reported series (/). A rare anomaly of the
coronary arteries originating from a single coronary
ostium in the aorta is called a single coronary artery
(SCA) and its incidence ranges from 0.024% to 0.066%
in several studies (/,2). Right coronary artery (RCA)
originating from the left coronary system is a subtype
of this anomaly and the origin of RCA as a branch from
the left anterior descending artery (LAD) is a very rare
variant of the SCA anomaly. It is known that coronary
artery anomalies can be related to coronary ischemia and
sudden cardiac death (3).

We herein present a case introducing a patient with
a SCA anomaly in which the RCA arose from the LAD
mid-segment and percutaneous coronary intervention
(PCI) was performed due to stent thrombosis.
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2. Case Report

A 67-year-old male having a history of elective PCI two
years ago was admitted to our emergency service with
chest pain that had been ongoing for three hours. His
hemodynamic parameters were stable and he had no
property on physical examination. Electrocardiography
(ECQG) indicated normal sinus rhythm and ST-segment
elevation in both the D2-D3-aVF and V1-V3 derivations
(Figure 1). At the time he came to the hospital, he had
been on clopidogrel for two years because of prior stent
implantation. Coronary angiography was performed
immediately due to ST-segment elevation acute coronary
syndrome (ACS) and following this the LMCA was
selectively cannulated with a Judkins Left (JL) 4-6F
diagnostic catheter (Medtronic, New York, USA) and the
SCA anomaly was demonstrated. It was shown that the
RCA arose from the LAD mid-segment and it was seen
that the patient had a complex PCI history on the LAD-
RCA bifurcation lesion (Figure 2A). There was very
late stent thrombosis in the RCA stent, unlike LAD's
(Figure 2B). The catheter was changed with a Judkins
Left (JL) 4-6F guiding catheter. The LAD and RCA
were predilated with 3.0 x 12 mm and 3.0 X 15 mm
semi-compliant balloons, respectively (Figure 2C,D). A
3.0 x 23 mm DES (Everolimus eluting coronary stent,
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Figure 2. (A) Coronary angiography illustrating the complex coronary intervention on LAD-RCA bifurcation; (B)
Appearance of stent thrombosis in RCA stent in caudal position; (C,D) Predilatations before stenting with semi-compliant
balloons; (E) Appearance of stent implantation; (F,G) LAD postdilatation with balloon because of a hazy image.

Abbott, CA, USA) was implanted with 18 atm for RCA
including pre-stent LAD lesion (Figure 2E). After stent
implantation, the procedure was terminated with LAD
postdilatation with a 3.5 x 8§ mm non-compliant balloon
because of a hazy image in LAD after final kissing

(Figure 2F, G). The final angiographic result is illustrated
in Figure 2H, 1. The patient's hemodynamic parameters
were stable after PCI. Antiplatelet treatment changed
from clopidogrel to ticagrelor due to ACS on clopidogrel
therapy and also 100 mg acetylsalisylic acid treatment
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was added to ticagrelor (2 x 90 mg). He was discharged
from the hospital three days later after PCI with no
symptom relapse.

3. Discussion

The incidence of congenital coronary anomaly is 0.2-
1.4% in the normal population (4). Yamanaka and Hobbs
reported that the incidence of coronary artery anomaly
was 1.3% in their large coronary angiography series with
126,595 patients (/). However, they did not mention
SCA anomaly. SCA refers to coronary arteries originating
from a single coronary ostium. It was first described
by Hyrtl in 1841 (5) and in a larger series its incidence
ranged from 0.024% to 0.066% (2). RCA originating
from LAD is a very rare variant of SCA. In light of
literature analysis, it is an extremely rare anomaly with
an incidence of 0.024% in the general population (6).
SCA anomaly can be related to other congenital heart
diseases, including transposition of the great vessels,
coronary arteriovenous fistula, bicuspid aortic valve,
tetralogy of Fallot, truncus arteriosus, ventricular septal
defect, patent ductus arteriosus and patent foramen ovale
(7). None of these properties was seen in our patient.

Although most of SCA anomaly patients are
asymptomatic, it is well known that coronary artery
anomalies can be associated with chest pain, dyspnea,
palpitations, syncope, ventricular fibrillation, myocardial
ischemia and sudden cardiac death, especially following
exercise. Suggested mechanisms for ischemia include
external compression, acute angulation, kinging, torsion,
spasm and atherosclerotic obstruction (8). Despite
the mechanism of atherosclerosis in SCA patients not
being clear, the incidence of atherosclerosis increases
in these patients. It is more difficult to perform PCI in
SCA anomaly patients than in patients without coronary
anomaly. It is known that the incidence of stent restenosis
and thrombosis after PCI is higher in these patients than
in the normal population (9). This could be the reason for
stent thrombosis in our patient who had an anomalous
RCA arising from the mid-LAD. Furthermore, the
thrombosis occurred in our patient while he was on
clopidogrel treatment. Therefore antiplatelet treatment
was changed from clopidogrel to ticagrelor, although we
were not able to indicate a possible effect of clopidogrel.

Treatment options are medical, percutaneous and
surgical for coronary artery anomalies. PCI for RCA
arising from LAD was reported by various authors (9,10).
However, stent thrombosis rates are higher in these
patients than in patients without coronary anomalies.
Surgical treatment is used for osteoplasty, bypass grafting
of the RCA and translocation of the RCA to the aorta.

4. Conclusion

RCA arising from LAD is a very rare variant of SCA
anomaly and can be related to myocardial ischemia.

Abnormal origin or intramural course of the aberrant
artery and compression between the main pulmonary
artery and the aorta may be the reasons for atherosclerosis
in these patients. It is known that performing PCI in SCA
anomaly patients is not usually easy. Periprocedural
complications and the incidence of stent restenosis
and thrombosis are higher in these patients. The main
point in the treatment of bifurcation lesions in patients
who have coronary anomalies is determination of the
most suitable strategy for each lesion. Interventional
cardiologists should avoid a complex technique because
of the risk of stent thrombosis.
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Summary

Adult T cell lymphoma (ATL), is a peripheral T cell neoplasm associated with infection by
human T-lymphotropic virus (HTLV). This is a case of a 28-year-old lady who presented
with back pain for the past month and recent onset weakness in her lower extremities
bilaterally. She has a history of T-cell lymphoma secondary to HTLV-1 under remission
since 2014 and systemic lupus erythematosus complicated by lupus nephritis. On physical
examination patient had hyper-reflexia in both knees, ankle clonus bilaterally and spasticity
in both her lower extremities. She also had a diffuse, scaly, macular rash in her upper and
lower extremities and ulcer-like lesions on the plantar surface of both feet. Her lumbar
puncture showed lymphocyte predominance. The Western Blot test was positive for HTLV
antibodies in the CSF. The patient was started on IV Methylprednisone which considerably
improved her symptoms. The biopsy of her skin lesions showed an immunophenotype of
T-cells similar to the cells in the bone marrow at the time of diagnosis of the lymphoma.
HTLYV infection is an etiologic agent for ATL as well as for tropical spastic paresis. One
should have a high degree of suspicion for tropical spastic paresis in patients with HTLV-1
infection as it can easily go undiagnosed. Indolent forms of ATL can also present in the form
of skin lesions in later stages. It is also important to distinguish between skin manifestations
of ATL and cutaneous T cell lymphomas, and the importance of skin biopsies for the same
cannot be undermined.

Keywords: HTLV infection, T-cell lymphoma, tropical spastic paresis, cutaneous lymphoma

1. Introduction

Adult T cell leukemia-lymphoma (ATL), according
to the most recent World Health Organization (WHO)
classification of lymphoid neoplasms, is defined as a
peripheral T cell neoplasm associated with infection by
the human T-lymphotropic virus (HTLV), type I (HTLV-I)
(7). Although it is considered as one of the most highly
aggressive T cell non-Hodgkin lymphoma (NHL)
variants, the disease course is variable and sometimes
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quite indolent.

Infection with HTLV-1 is endemic in islands of
Japan, Caribbean islands such as Trinidad and Jamaica
and some parts of southeastern United States. In the
United States as a whole, the incidence of ATL is
approximately 0.05 cases per 100,000 people (2). Since
ATL is associated with HTLV-I infection, patients with
ATL are also at risk for HTLV-I-associated myelopathy,
also known as tropical spastic paraparesis.

We present a case of a young lady with known
history of Adult T-cell lymphoma presenting with new
skin manifestations of ATL as well as tropical spastic
paresis.

2. Case Report

A 28-year-old Haitian female patient presented to the
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emergency department in March 2017 with complaints
of back pain for one month prior to presentation
and recent onset weakness in her lower extremities
bilaterally.

She has a history of T-cell lymphoma secondary
to HTLV-1 infection. This was diagnosed the very
first time with a bone marrow biopsy in 2013 in
her oncologist's office. She completed 5 cycles of
chemotherapy (CHOP), the last one being in March
2014, after which the T-cell lymphoma was under
remission. However, she did not maintain follow-up
post chemotherapy and her current state of disease
during this presentation to the hospital was unknown.
On admission, the patient was afebrile, with a heart
rate of 88/min and a blood pressure of 110/70 mmHg.
Patient's neurological examination revealed hyper-
reflexia in both knees, as well as ankle clonus
bilaterally. There was also spasticity appreciated in
both her lower extremities. On skin examination, the
patient was found to have a diffuse, scaly, macular rash
in her upper and lower extremities and also in her sub-
mammary region. She also had ulcer-like lesions on her
soles.

A lumbar spine MRI did not show spinal cord
compression and was negative for acute disease process.
At this stage, there was concern for tropical spastic
paraparesis secondary to HTLV infection and indolent
course of the disease. She had a lumbar puncture
which revealed 12 white blood cells with lymphocyte
predominance, normal protein and glucose (Table 1). The
Western Blot test was positive for HTLV antibodies in
the CSF. The patient was started on IV Methylprednisone
40 mg every 8 hours which was tapered over the next 2
weeks. The patient experienced gradual improvement in
her lower extremity weakness over the next 2-3 weeks,
after starting the high-dose steroids. The infectious
disease team agreed with this treatment because there is
no definitive treatment for tropical spastic paresis.

As the diagnosis of T-cell lymphoma was already
established, a repeat bone marrow biopsy was not
performed during this admission. However, she had
a biopsy of one of the skin lesions on her right lateral
thigh which showed atypical T-cells, positive for CD3
and CDS8 and showing markedly decreased expression
of CDS5 and CD7. (Figures 1, 2, and 3).

The immunophenotype of the T-cells in the skin
biopsy findings was similar to the cells found in the
bone marrow in a repeat bone marrow biopsy in 2016

Table 1. Results of CSF fluid analysis

CSF Appearance Clear

CSF Color Colorless

CSF RBC 2 (cells/pL)

CSF Lymphocytes % 97 %

CSF Glucose 82 mg/dL (41-75)

CSF Total protein
CSF HTLV 12

35.3 mg/dL (15-45)
Positive

which showed an atypical T-cell population consistent
with a T-cell lymphoproliferative disorder which is the
previously diagnosed T-cell lymphoma (Figure 4). The
findings raised suspicion of involvement by a mature
T-cell lymphoma.

She has a known history of systemic lupus
erythematosus (SLE) since 2013, diagnosed by positive
ANA as well as ds-DNA and low complement ¢3 and
c4 levels. It was complicated by lupus nephritis and end
stage renal disease requiring hemodialysis. Patient also
had a history of hyperthyroidism and was diagnosed

Figure 1. Histopathological slide showing atypical T-cells
from biopsy of skin lesion.

Figure 2. Immunophenotye staining of biopsy from skin
lesion showing CD3 positive T-cells.

Figure 3. Inmunophenotye staining of biopsy from skin
lesion showing CD8 positive T-cells.
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Figure 4. Bone marrow biopsy showing population of
atypical T cells with CD8 positivity.

with subacute granulomatous thyroiditis. She was on
Methimazole for the same.

3. Discussion

Adult T-cell lymphoma (ATL) is an uncommon
neoplasm of the peripheral T lymphocyte cells and it is
etiologically associated with HTLV (3). About 5% of
the carriers of the HTLV virus can develop adult T-cell
lymphoma after a long latent period (4). As per the
Shimoyama Classification, Adult T-cell lymphoma can
present as different subtypes such as acute, smoldering
lymphoma and chronic (5). Among these, the smoldering
and chronic forms of ATL follow a more indolent course
(6). Our patient's disease course could also be considered
indolent as she was in remission for almost 3 years after
her last cycle of chemotherapy with no active disease,
until her presentation during this hospital admission.

Skin manifestations occur in almost one-third
of the patients of ATL (3). They are also seen more
commonly in patients with a more indolent course of
the disease, as seen in our patient (7). Skin lesions in
ATL mimic various other skin conditions, including
certain types of cutaneous T-cell lymphomas. Some of
these presentations include leukocytolastic purpura,
plaques, erythro-derma and a papulo-squamous eruption
(8). Often times it is seen that, when patients present
with a skin lesion as the first manifestation of ATL, the
diagnosis can be missed. In our patient, however, as her
diagnosis of ATL was already established, an immediate
biopsy of her skin lesions was done upon presentation.
The immunophenotype of the T- cells infiltrating the
skin lesions was very similar to the ones in the bone
marrow, establishing that the skin lesions are one of the
manifestations of the ATL.

A key differentiating feature between skin lesions of
ATL and other forms of cutaneous T-cell lymphomas is
the presence of HTLV-1 in the malignant cells of ATL,
which can be determined by testing for the antibody in
the blood.

Another significant finding in our patient was the

positive CSF analysis for HTLV-1 virus. Her medical
records showed that the she was hospitalized on two
occasions in the past for similar complaints of lower
extremity weakness. Given the patient's history and the
CSF findings, the likely etiology of the weakness and
spasticity on examination was thought to be tropical
spastic paresis due to infection with HTLV-1. Almost
10% of carriers of HTLV-1 develop HTLV-1 associated
myelopathy/tropical spastic paresis (9). Also our patient
had antibodies to HTLV-1 in serum as well as CSF, and
she could likely be developing a slowly progressive
myelopathy defined as 'definite' tropical spastic paresis
(10). One of the radiologic findings is diffuse muscle
atrophy of the extremities on MRI which was not
performed on our patient (/7). Other findings include
atrophic changes in the spinal cord and multifocal high-
signal-intensity lesions in the cerebral white matter on
T2-weighted images which were also not seen in our
patient (/2,13). However, our patient had a positron-
emission tomography (PET) scan in 2016 which reported
multifocal uptake in thoracic spine, lumbar spine and
pelvis, which has been reported in some patients with
tropical spastic paresis (/4).

Tropical spastic paresis is more common in females
than in males, in keeping with the high prevalence of
HTLYV infection in females. It affects less than 2% of
HTLV-1 carriers, so our patient was among the less than
2% population with spastic paresis.

Another important association of HTLV-1 is with
autoimmune diseases such as rheumatoid arthritis,
Sjogren's syndrome and SLE and has been studied
extensively at the molecular level. HTLV-1 virus infects
CD4+ T lymphocytes, which can in turn lead to changes
in their behavior and can trigger inflammatory reactions
that can break immune system tolerance, leading to
autoimmunity (/5). Our patient has a history of SLE,
and the association between SLE and HTLV infection
is thought to be based on molecular mimicry. A recent
study concluded that there is no real association between
SLE and HTLYV infection and that geographical and
environmental factors should be taken into consideration.

4. Conclusion

HTLV infection is an etiologic agent for ATL as well as
for tropical spastic paresis. Indolent forms of the disease
can also present in the form of skin lesions in later stages.
It is important to distinguish between skin manifestations
of ATL and cutaneous T cell lymphomas, and a key
feature is the HTLV positivity in the malignant T cells of
ATL. HTLV-1 DNA testing in tissues is a useful tool to
study T-cell lymphomas.
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Summary

Endoscopic retrograde cholangio-pancreatography (ERCP) is an important tool for treatment
of pancreaticobiliary diseases. However, ERCP may be difficult in patients who have altered
gastrointestinal anatomy due to congenital or surgical reasons. A 40-year-old male with
HIV infection presented with abdominal pain following abdominal trauma. The patient was
diagnosed to have traumatic pancreatic injury and underlying situs inversus. The pancreatic
fluid collection was drained using radiology guided pigtail placement done for the symptoms
of abdominal pain and vomiting. The resulting external pancreatic fistula was successfully
managed with ERCP and stenting. The patient improved with disappearance of ascites and
resolution of pigtail output which was then removed. We report the technique used for ERCP
in this patient. We also review the literature on pancreatic endotherapy in patients with situs
inversus. The published literature suggests that with modifications in the standard ERCP
technique like mirror image technique, 180 degree turn technique, left lateral technique ezc.

these patients can be managed successfully.

Keywords: Pancreatic trauma, pancreatic stent, fistula, situs inversus, ERCP, endoscopy

1. Introduction

Situs inversus viscerum (SIV) is a rare, autosomal
recessive genetic abnormality characterised by a left
to right transposition of all viscera thereby resembling
a mirror image of the usual pattern (/). In a complete
SIV, there is total transposition of all viscera and
dextroversion of the heart. Endoscopic retrograde
cholangiopancreatography (ERCP) is a widely used
procedure for intervention in pancreatic and biliary
tree for various benign and malignant conditions
like choledocholithiasis, chronic pancreatitis and
malignant extrahepatic biliary obstruction but may not
be successful (2-4). Very few reports of endoscopic
retrograde pancreatography in patients with SIV
have been described in the published literature (3,6).
We report here a case of acute pancreatitis with duct
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disruption due to trauma and external pancreatic fistula
in a patient of SIV which was successfully managed
with ERCP.

2. Case Report

A 40-year-old gentleman who was under treatment for
human immunodeficiency virus (HIV) infection with
highly active anti-retroviral therapy presented with
road traffic accident resulting in a fall from a bicycle
followed by abdominal pain. He was admitted in March
2017 and the investigations revealed haemoglobin of
14 gm%, total leucocyte count of 18,000 per cubic
mm. Liver and renal function tests were within normal
limits. Serum amylase and lipase were 3,400 IU/mL
and 4,500 IU/mL respectively. Abdominal computed
tomography was done for the patient which showed
presence of situs inversus with liver to the left and
spleen to the right and evidence of pancreatic duct
disruption in the head-body junction and presence of
fluid collection anterior to the pancreas (Figure 1).
The patient underwent percutaneous ultrasound guided
pigtail for pain abdomen, fever and vomiting and was
discharged after these symptoms settled. However, the
patient continued to have a persistent pigtail output
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Figure 1. Computed tomography showing situs inversus
with pancreatic disruption and fluid collection.

Figure 2. Endoscopic image of the papilla in the patient.

of 150 to 200 mL/day even a month after the onset
of symptoms. At this time, an ERCP was performed
for the patient. The procedure was done with the
patient in the usual prone position and scope also in
the usual position. The scope movements were made
in the direction opposite to the usual. After entering
the stomach, the scope tip was turned up and stomach
insufflated to see the stomach folds and scope was
moved to the antrum in this forward viewing position.
The duodenum was intubated as usual by keeping the
pylorus in setting-sun position and once in first part of
duodenum the scope was turned by moving the hand
counter-clockwise and turning the scope tip down the
junction of D1 and D2 was seen. Now the scope was
pushed into second part of duodenum. Further the
papilla was brought in the front by moving the right-left
knob of the scope to the left and withdrawing the scope
(Figure 2). The cannulation of the pancreatic duct was
then done by attempting to push the guidewire into the
left side of the papilla which is usually the direction of
the bile duct. The pancreatogram showed evidence of
complete ductal disruption at the neck of the pancreas

Figure 3. Pancreatogram showing duct disruption in the
region of pancreatic neck.

and a 5 Fr stent was placed into the disruption (Figure 3).
After ERCP, drain output decreased over the next week.
Two weeks later, the pigtail catheter was removed. At 2
months of follow-up the patient is doing well and free
of symptoms and the ultrasound showed resolution of
the collection.

3. Discussion

The index case describes ERCP involving pancreatic
system with successful endotherapy. While most
of the literature describes use of this procedure in
patients with biliary pathology, most common being
choledocholithiasis; and there are very few reports
of ERCP in patients with SIV in literature (2,4,7).
However, to the best of our knowledge, there are only
two reports describing pancreatic ERCP in patients with
SIV (5,6). Chowdhury et al described the procedure
in a patient with chronic calcific pancreatitis with
pseudocyst. They described the difficulties faced
and the modification maneuverers required for doing
the procedure (5). Another case was described by
Bichard et al, a patient with Chronic pancreatitis
associated with pancreas divisum with underlying
incomplete abdominal situs inversus (6). We searched
MEDLINE and Embase for papers published in English
till 30 September 2017 using the following terms:
("cholangiopancreatography, endoscopic retrograde"
[MeSH Terms] OR ("cholangiopancreatography"
[All Fields] AND "endoscopic" [All Fields] AND
"retrograde" [All Fields]) OR "endoscopic retrograde
cholangiopancreatography" [All Fields] OR "ercp"
[All Fields]) AND ("situs inversus" [MeSH Terms]
OR ("situs"[All Fields] AND "inversus" [All Fields])
OR "situs inversus" [All Fields]). Of the 38 results, 6
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Table 1. Various techniques described for ERCP in patients with situs inversus

Technique

Salient feature Ref.

Mirror image ERCP

Patient in right lateral position with endoscopist on patients right with all necessary endoscopic 8

maneuvers were performed inversely as per normal procedures.

180 degree turn technique Patient in prone position with endoscopist on patients right with duodenoscope has to be turned  (7,10,11,27)
180° clockwise in the stomach.

Left lateral technique Patient in left lateral position with endoscopist on patients left with minor endoscopic maneuvers. %)

1 o' clock papillotomy Patient prone on his right, endoscopist turned his right side toward the patient and papillotomy is (12)

done toward in direction of "1 o'clock".

Present report

Patient in usual position, and scope in usual position, Turn the scope tip up and inflate the

stomach, visualise the body and push to the antrum, cross pylorus and turn counter-clockwise,
turn the knob left and withdraw to focus the papilla.

were in non-English literature and 2 were not relevant.
Of the rest 30 results, data about 32 patients with situs
inversus was reported (2-5,7-8,10,12-35). To the best of
our literature search, this is the first report of successful
endoscopic therapy for a case of traumatic pancreatic
disruption. In our search, two patients had procedures
in surgically altered anatomy for the diagnosis of
CBD stone and anastomotic stricture in one patient
each (16,20). Of the rest 30 cases, the commonest
indication for ERCP in situs inversus was CBD stone
(18 patients), malignant biliary obstruction (6 patients),
biliary stricture (2 patients) while one patient each had
portal biliopathy, ampullary adenoma, chronic calcific
pancreatitis and normal CBD (2-5,7-8,10,12-15,17-
19,21-35). This suggests that pancreatic endotherapy
has been done very infrequently.

ERCP in patients with situs inversus is considered
a difficult procedure and has been reported to fail in
some cases (21,26,28,32). Various techniques have been
described in literature (Table 1). One of the technique
involves turning the duodenoscope 180° clockwise
when in stomach and then again when the scope reaches
second part of the duodenum (4). Another modification
of above technique describes 180° clockwise turn of
the scope in the gastric lumen and then use of a rotating
sphincterotome for cannulation (7). The literature also
describes a mirror-image method which places the
patient in the right lateral decubitus position. In this
technique, the equipment lies behind the patient with
all manoeuvres performed inversely during ERCP
(8). A different approach involves keeping the patient
supine on the table with the endoscopist on the left of
patient (9). These reports suggest that repositioning of
the patient during the procedure is extremely common
in order to obtain a stable position for the procedure.
Our technique is similar to the mirror image technique
but keeping the patient prone and also the last step
is different as we have done the cannulation of the
pancreatic duct rather than the bile duct as reported
previously. The benefit of the technique reported by us
is that the endoscopist is comfortable with maintaining

the usual position of the endoscope and the patient.

In conclusion, ERCP with a few modifications
to the standard technique, is feasible and safe in
patients with situs inversus. We describe a successfully
managed case of traumatic pancreatitis related external
pancreatic fistula using pancreatic ductal stenting while
maintaining the usual endoscope and patient position.
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Summary

Prevalence autism spectrum disorders (ASD) has been on rise, but many studies suggests
over-diagnosed. Currently, children have more access to electronic media on the daily
basis than those of previous generation. Some studies suggest that increases screen time is
associated with melanopsin-expressing neurons and decreasing gamma-aminobutyric acid
(GABA) neurotransmitter, and thus results aberrant behavior, decreased cognitive, and
language development. Early exposure of electronic media in early life (< 2 years old) gives an
impact on language, but it still inconclusive. We made a study aiming at revealing the impact
of early exposure of electronic screen on language development and autistic-like behavior.
Results showed that children who spent viewing < 3 hours per day had language delay and
short attention span, while children who spent viewing > 3 hours per day had language delay,
short attention span, and hyperactivity. While, we found that more than a half of children
(66.6%) had no parents-child interaction during the exposure, speech delayed and short
attention had been reported in all cases, and hyperactivity was found in 66.6% children.

Keywords: Screen exposure, speech delay, short attention span, hyperactivity

Prevalence of using electronic screen media was high
among children below 3 years, and tends to increase
within a decade. Some studies suggest that increased
screen time in young children is associated to negative
health outcomes such as decreased cognitive ability,
impaired language development, mood, and autistic-
like behavior including hyperactivity, short attention
span, and irritability (/,2). Currently, children worldwide
spend more time with electronic screen media compare
to children which previously more socially engage. The
first exposure have been found in much younger age
and, more overly, parents actively persuade them to use
electronic screen media as a companion to entertain and
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to keep them occupied, therefore, the parent can freely
working on their own. Surprisingly, almost all parents
proudly reported that their child aged below 2 years has
been able and enjoy electronic media in regular basis.
Early exposure to screen can cause neurochemical
and anatomical brain changes. Reduced melatonin
concentration has been found significantly in a
group of individual who were exposed to screen
(3). Neurotransmitter deficiency like dopamin,
acetylcholine, gamma aminobutyric acid (GABA), and
5-hydrotryptamine (5-HT) was observed in study on
internet-addicted urban left-behind children which may
cause a spectrum of aberrant behavior phenotype (4).
Takeuchi et al. (5) found that there is a positive effects
of screen exposure on regional grey matter volume and
white matter volume in the brain that may correlates with
verbal competence, aggression, and cognitive abilities.
The disruption of those biological daily light-dark
rhythms from environment can increase depression-like
behavior and cognitive function through melanopsin-
expressing neurons (6). Light input is detected by
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Table 1. Exposure history of electronic screen media among all cases who were not meet autism criteria

Case Age Sex Chief Behavioral Phenotype 1Q Score Time of first ~ Time spent  Parent-child
(month) Complain exposure viewing/day interaction

1 60 Male  Speech delay short attention span, hyperactivity 108 <1 years old > 5 hours No

2 78 Female Speech delay short attention span 100 <2 years old < 3 hours No

3 55 Female Non-verbal short attention span, hyperactivity 83 <1 years old > 5 hours Yes

4 56 Male Speech delay short attention span, hyperactivity 70 <2 years old 3-5 hours Yes

5 51 Female Speech delay short attention span 75 <2 years old 3-5 hours No

6 44 Male Speech delay short attention span, hyperactivity 72 <2 years old 3-5 hours Yes

7 68 Male Speech delay short attention span, hyperactivity 70 <2 years old 3-5 hours No

8 70 Male  Speech delay short attention span, hyperactivity 83 <2 years old 3-5 hours No

9 57 Male Speech delay short attention span 82 <2 years old < 3 hours No

and signaled to relevant brain regions through retinal
ganglion cells (RGCs). The majority of RGCs signal
light to thalamic nuclei and visual cortex for image visual
function, the minority, called intrinsically photosensitive
retinal ganglion cells (ipRGCs) for non-image visual
function expresses the photopigment melanopsin.
Melanopsin expression ipRGCs distribute to multiple
brain regions including suprachiasmatic nucleus (SCN),
ventrolateral preoptic area (VLPO), and limbic regions
in order to regulate circadian rhythms, sleep, cognitive
function, and mood (7).

Brain and behavioral studies indicate a very complex
set of interacting brain systems in the initial acquisition
of language. Attention and social interaction will activate
brain mechanisms that raise up a sense of relationship
between the self and other, and social understanding
systems that connect the perception and action (8).
Media screen exposure is electronic screen media as a
source of information and entertainment for children
that can contribute to children’s language development,
however, learning at an early age including language
extremely depends mainly on the influence of the context
of linguistic directly from social interactions.

In Indonesia, young children are commonly found
bounding with various electronic screen media in both
higher socio-economic level and lower socio-economic
level society. This phenomenon can easily be seen in
public places such as restaurant, shopping mall, playing
ground, and school.

We made an autism risk factor study in special
school for autism children in Probolinggo, East-Java,
Indonesia in 2016. Diagnostic and Statistical Manual of
Mental Disorders (DSM)-5 had been administered by
experienced Pediatricians to diagnosed Autism Spectrum
Disorders (ASD). Children who met criteria of ASD,
had an IQ under 70, and had syndromic intellectual
disabilities (ID) were excluded, only Children who had
autistic-like behavior were included. Intellectual Quotient
(IQ) was measured in 2016 using Wechsler. Parents
of children who had scored above 70 who signed the
consent form was administered structured interview of
electronic screen media exposure questionnaires to access
time of first exposure, spent time viewing, and parent-
child interaction. Chief complaint was obtained during

interview and confirmed by experienced pediatricians.
Risk factors of language delayed i.e family history
of language delayed, low birth weight, neurological
disorders, ear problems, severe toxic exposure, chronic
medical illness, severe infectious diseases were obtained
using questionnaire. Ethical Clearance was obtained
from Komite Etik Penelitian Kesehatan (KEPK), Faculty
of Medicine Diponegoro University/dr. Kariadi Hospital,
Semarang, Central-java.

Nine children who met criteria with autistic-like
behavior were included (6 males, 3 females; aged 44-
78 months). All children had speech delay as a chief
complain, and among those one case was non-verbal.
The time of first exposure was very early, all had
exposure before 2 years old, more overly, two cases had
been exposed before the age of first. Parents reported
having interaction with children during the exposure
only in three cases, while the majority of cases (66.6%)
there was no interaction during the exposure. Aberrant
behavioral phenotypes were observed including short
attention span was found in all cases and hyperactivity
in the majority of cases (66.6%). Children who spent
viewing < 3 hours per day had language delay and short
attention span, while children who spent viewing > 3
hours per day had language delay, short attention span,
and hyperactivity (Table 1).

In all cases, the first exposure was started before 2
years old and the intention of exposure was very high
in the majority of cases (= 3 hours/day). Chonchaiya et
al. found that children who started watching television
before 12 months and watched more than 2 hours a
day were six times more likely to have language delays
(2). Electronic screen stimulation in early stage leads
dysregulation and disorganization of various biological
systems. Escalation of stimulation especially in early
stage, will also influence other function, and language
is the function that mostly affected (9). Recently,
Fisher introduce a new term of electronic screen
syndrome (ESS), an unrecognized disorders associated
with exposure of electronic media and mental health
symptoms i.e. mood, anxiety, cognition, behavior, and
social interaction due to hyperarousal. (Unpublished
data, Martin H Fisher, Electronic Screen Syndrome: An
unrecognized disorder)
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This study found that more than a half of children
(66.6%) had no parents-child interaction during the
exposure, speech delayed and short attention had been
reported in all cases, and hyperactivity was found
in 66.6% children. Previous studies shown negative
associations between times spent viewing TV and the
range of cognitive outcomes in young children including
attention, intelligence and future educational attainment.
A longitudinal study in 2004 found that the more TV
watched by infants (aged 1-3), the more likely they
were to have attention problems (9). In addition, poor
quality of interactions with parents combine with screen
excessive use may have negative effects on children’s
health and development, parent-child interactions was
found had positive impact on language development
especially word learning and retention (/0). Studies in
rodent revealed the behavioral changes occurred because
ipRGCs project to the brain regions involved in mood.
Bedrosian TA and Nelson RJ summarizing the effect
of aberrant light and mood disorders through ipRGC
projections to brain regions involved in emotions (/),
and also an effective sources for suppressing nocturnal
melatonin that can lead sleep disruption (3).

Study Limitation: An important limitation is the lack
of a control group that would help us evaluate the effect
of screen exposure and whether autistic-like behavior
is indeed increased in children due to excessive screen
exposure.
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