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Mini-Review
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Rosai-Dorfman disease and the heart

Kevin O'Gallagher™, Luke Dancy, Aish Sinha, Daniel Sado

Cardiology Department, King's College Hospital NHS Foundation Trust, London, UK.

Summary

Rosai-Dorfman disease (RDD) is a non-malignant pathology of histiocyte proliferation. The

classical clinical presentation is with painless cervical lymphadenopathy, but extranodal
involvement is frequent, occurring in approximately 40% of cases. The literature was
systematically reviewed to identify reported cases of RDD with cardiac involvement.
Eighteen cases were identified (3 pediatric and 15 adult). In adult cardiac RDD (cRDD),
three patterns of disease were noted: an intra-cardiac mass, epicardial involvement, and
pulmonary artery involvement. Reported cases suggest that surgical excision of intra-
cardiac masses confers a good prognosis.

Keywords: Histiocytosis, non-Langerhans, cardiac

1. Introduction

First described in 1965 (/) and subsequently characterized
in 1969 (2), Rosai-Dorfman disease (RDD) is a non-
malignant disease of histiocyte proliferation. Although
the classical clinical presentation is with painless
cervical lymphadenopathy (hence the alternative term
"sinus histiocytosis with massive histiocytosis", or
SHML), extranodal involvement is frequent, occurring
in approximately 40% of cases. Common sites of extra-
nodal involvement include the skin, nasal cavities, and
paranasal sinuses. Cardiac involvement (cRDD) has
previously been documented as occurring in < 0.1% of
cases (3).

The etiology of RDD is as yet poorly defined and is,
in the absence of convincing evidence to the contrary,
currently considered to be idiopathic. A viral cause has
been postulated, either via direct infection or as a result
of an exaggerated immune response to the viral agent.
Human herpes virus 6 (HHV6) DNA has been detected
in RDD histiocytes (4), but in other cases HBV6 has not
been detected (5). Epstein-Barr virus (EBV) infection
has been identified in approximately half of patients

Released online in J-STAGE as advance publication February
1, 2016.
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with RDD (6), but no evidence of EBV RNA has been
found in isolated RDD histiocytes or lymphocytes (7).
Parvovirus B19 has been found in RDD lymphocytes
(but not histiocytes) (8). A genetic form of RDD —
Faisalabad histiocytosis, mapped to a mutation in the
SLC29A43 gene on chromosome 10g22.1 (9) — has been
identified but is isolated to 3 consanguineous families.
Definitive diagnosis is by histological assessment,
the two cornerstones of which are identification of
emperipolesis and appropriate immunohistochemical
analysis. Emperipolesis in relation to RDD refers to the
presence of histiocytes containing intact lymphocytes
within their cytoplasm. Emperipolesis is differentiated
from phagocytosis due to the intact nature of the
engulfed cell, which by definition is viable and can exit
the engulfing cell without any structural or functional
abnormality (/0). In addition to RDD, emperipolesis
is also seen in malignant disease processes, such as
lymphoma, leukaemia, myelodysplasia, and myeloma.
Immunohistochemical staining for S100 protein is
considered diagnostic. Cells will also be positive for
CD68 and negative for CDla, helping to distinguish
RDD histiocytes from Langerhans cells (/7).
Management of RDD is greatly dependent on the
extent and site of disease and also on the presence
or absence of symptoms (/2). Surgical resection
is appropriate for localized disease, with radiation
therapy an option for residual disease after resection.
In systemic/extensive extranodal disease, first line
therapy is corticosteroids. Other options include
immunomodulators, and/or cytotoxic chemotherapeutic
agents. Due to the infrequency of reported cases of

www.irdrjournal.com
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cRDD, no current treatment algorithm has been defined.
In general, RDD is considered a benign process, but
extensive lymph node or cutaneous involvement can lead
to disfigurement, and deaths have also been noted (/3)
(mortality 7% (/4)). RDD tends not to have an adverse
prognosis unless the disease has a profound effect on
vital organs or is extensive/disseminated.

Outcome™
Alive 18 months
post-transplant
Alive

2. Literature review

The literature was systematically reviewed (in line with
PRISMA guidance) to identify cases of RDD involving
the heart and/or great vessels. A search was carried
out via PubMed using the terms "Rosai Dorfman"
and "sinus histiocytosis" combined with "heart" and
"cardiac". Only English language publications were
considered. Nine hundred and forty-three results were
obtained. Those results yielded 17 papers describing
18 individual cases of cRDD (Table 1). Of the 18
individual cases, 3 were pediatric cases (< 16 years of
age) while 15 were adult (> 16 years of age).

Two of the identified papers cited an additional
reported case of cRDD (/5). It was, however, impossible
to obtain the full text of that report, so it has been
excluded from the current analysis. A further case report
was also cited (/6), but it has been excluded as it was not
written in English.

Needle biopsy,
explant biopsy
Needle biopsy,

Diagnostic Tool
PET-CT

Other pmh

Sickle cell
Sickle cell

cardiac transplant

Treatment
Pacemaker,

groove, aortic - oesophagus, posterior conservative
treatment

CRT,

3. Pediatric cRDD

Extra-cardiac RDD
mediastinum, renal

None

Of the 3 cases of pediatric cardiac involvement in RDD,
2 had very similar presentations: young male patients
with sickle cell disease, presenting with chest pain and
fever. Both of these patients had a mass in the interatrial
septum (IAS) with infiltration of other cardiac
structures. Both patients also presented with conduction
disease requiring permanent pacing. Despite the similar
presentations, the subsequent course was strikingly
different. Patient 1 suffered from a progressive
deterioration and required a cardiac transplant, while
patient 2 had an indolent course. Both patients survived.
The other case of pediatric cRDD involved a 14-year-
old Afro-Caribbean boy with tricuspid and pulmonary
valve involvement who underwent multiple surgical
interventions but who ultimately died from disease
progression.

RA,LA,AV LLL bronchus,

Other sites
RA mass, LV,
aortic root
root+arch

Main site

IAS
IAS

mass, complete

heart block
mass, complete

Type of cardiac
involvement
Intra-cardiac
infiltration and
heart block

Intra-cardiac
infiltration and

4. Adult cRDD

presentation
Chest pain,

Chest pain,
fever

Symptoms at
fever

The 15 adult cases involved 10 males and 5 females
ranging in age from 22-79 years (mean 49.5 years).
Ethnic origin was reported for only 3 patients, making
comment impossible. Three patterns were identified
for the primary reported site of cardiac involvement:
an intra-cardiac mass with or without underlying
infiltration, pericardial/epicardial involvement, and a
pulmonary arterial mass (Figure 1). Of the 15 adult

Ethnic

Origin
2M  AC
12/M  Ule

- Age

Patient/Ref. /Sex

Table 1. Reported cases of cardiac involvement in Rosai-Dorfman disease

1°/(17)
2°/(18)

www.irdrjournal.com

Death from disease
progression,
autopsy

Alive
Stable

surgical cardiac biopsy,

CT-guided biopsy,
excision biopsy

CT, ¢cMR, PET-CT,
VATS biopsy,

Concurrent necrotizing ~ CT guided lung biopsy,
pneumonia

Multiple surgical
procedures

and radiation
Excision of mass

therapy
No specific

treatment

lymphadenopathy

Mediastinal
LV,ascending Lungs, femur

aorta, SVC

None

Tricuspid,
pulmonary
valve

LA
LA

Intra-cardiac mass
Intra-cardiac mass

Palpitations
Atypical chest pain

27M  A-C*
55M  ulc

14M A-C*
, Pediatric; *, Adult; A-C”, Afro-Caribbean; Outcome™, at discharge unless otherwise stated.

3%/ (19)
4% (20)
5% (21)
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Intra-Cardiac Mass
+/- infiltration

Epi-/Pericardial

Pulmonary artery mass

Figure 1. Patterns of cardiac involvement in adults with Rosai-Dorfman disease.

patients, 4 had pericardial/epicardial involvement, 4
had involvement of the pulmonary artery, and 9 had
an intra-cardiac mass. Of those cases involving intra-
cardiac masses, 2 had a mass in the left atrium (LA),
5 had a mass in the right atrium (RA), 1 had a mass
in the left ventricle (LV), and 1 had a mass in the
right ventricular outflow tract (RVOT). Seven cases
presented with multi-focal cardiac involvement, i.e.
invasion/extension beyond the reported primary cardiac
involvement.

5. Management of and outcomes for patients with
cRDD

Of the 15 adult patients, 3 received corticosteroid
treatment. This resulted in stabilization of disease in 2
patients. The other patient who received corticosteroids
died of multi-organ failure related to cRDD. Affected
tissue/the mass was excised in 7 patients with good
results. Of the 4 patients with PA involvement, three had
a lesion that was successfully treated. The other patient
died during an invasive examination.

Five deaths in the cohort (/8) were reported (1
pediatric patient and 4 adults). Of the deaths, 3 were
related to the cRDD itself. One patient died of other
causes while 1 patient died during an invasive biopsy
procedure.

6. Discussion

Cardiac involvement in RDD is a rare manifestation
of a rare disease, occurring in 0.1-0.2% of cases. The
most common mode of presentation appears to be with
an intracardiac mass, which in the majority of cases
represents multi-focal underlying cardiac involvement.
This literature review suggests that successful surgical
excision of affected tissue carries a good prognosis.

This literature review has two main limitations.
First, it relies on case reports, so there is very limited
information on the subsequent follow-up of the patients
involved. Thus, no comment can be made on the
long-term clinical course, or indeed the frequency of
disease recurrence in patients. Second, the condition is
rare, so there are likely to be cases that have yet to be
diagnosed, either due to unfamiliarity with the disease
or due to lack of access to appropriate examinations.
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Summary

Angiogenic factors have been demonstrated to play important roles in modulating

angiogenesis of solid tumors. Recently, accumulating studies extensively indicated that
some angiogenic factors widely exist in malignant cells of hematologic malignancy, which
regulated the expression of a number of genes that were involved in abnormal proliferation,
differentiation and apoptosis of these cells. With deep research of angiogenic factors, its
expression, function and regulatory mechanism were gradually elucidated, and some of
them were related to the development and prognosis of leukemia, or provide more possible
strategies for treatment of patients with leukemia. Herein, we summarize the progress in
study of some important angiogenic factors and hematological malignancies.

Keywords: Angiogenesis, angiogenic factors, leukemia

1. Introduction

Angiogenesis, new blood vessel formation, is
fundamental to tumor progression and metastasis,
which has been documented for solid tumors. In
addition, it is also proved that the induction of new
blood vessel formation is a dependent factor of
hematological malignancies (/). For example, it
was first reported by Perez-Atayde et al. in 1997
that the angiogenesis phenomenon existed in the
bone marrow of childhood acute lymphoblastic
leukemia (ALL) (2). Much subsequent research
also discovered that a number of hematological
malignancies were accompanied with angiogenesis
which was related to the prognosis of childhood
ALL or made a contribution to the development and
progression of chronic lymphocytic leukemia (CLL)
(3,4). Usually, angiogenesis is regulated by a balance
of angiogenic and antiangiogenic cytokines, and
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angiogenesis can be induced by leukemia cells in the
bone marrow, and leukemia may be more likely to be
angiogenesis dependent, which raises the probability
for antiangiogenic drugs in the treatment of leukemia.
For example, some evidence indicated that several
antiangiogenic drugs, such as targeting vascular
endothelial growth factor (VEGF) or its receptors,
are able to treat patients with cancer (5). Moreover
inhibition of VEGF only is not as effective as first
believed. Therefore, it is necessary to develop more
effective targets for treatment of patients with leukemia
(6). A lot of angiogenesis-inducing factors so far have
been discovered, such as VEGF, fibroblast growth
factor (FGF), angiogenin (Ang), hypoxia-inducible
factor 1 (HIF-1), matrix metalloproteinase (MMP),
c-myc gene, endothelin (ET), transforming growth
factor (TGF), tumor necrosis factor (TNF), interleukin
(IL), integrin, hepatocyte growth factor (HGF),
placenta growth factor (PIGF) and so on. By way of
combination with their ligand-receptors, these growth
factors can promote the division of vascular endothelial
cells and induce formation of new vessels, which will
provide favorable conditions for the occurrence and
progression of the tumors. In addition to the above-
mentioned relationship between angiogenic factors and
angiogenesis in patients with leukemia, their roles in
modulating proliferation, differentiation and apoptosis
were also gradually elucidated. This review will briefly
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Figure 1. The role of VEGF in leukemia progression. VEGF can act on vascular endothelial cells with high efficiency and
specificity to promote endangium regeneration and increase vascular permeability via three tyrosine kinase receptors (TKR).

introduce roles of some of these angiogenic factors in
development of leukemias.

2. The role of VEGF involved in leukemia

More than 40 molecules that play an important role
in blood vessel recruitment have been identified,
especially the roles of VEGF and its receptors (3). VEGF
has at least six isoforms (VEGF-A, VEGF-B, VEGF-C,
VEGF-D, VEGF-E and PIGF) and all the isoforms are
secreted as dimeric glycoproteins (7). First of all, VEGF
becomes the most well characterized proangiogenic
factor, and it was first purfied from the in vitro culture
medium of bovine pituitary folliculo-stellate cells by
Ferrara et al (8). Named after its mitogenic activity
for vascular endothelial cells, VEGF is thought to be
the highly specific co-mitogen for vascular endothelial
cells and promoting factor of vascular permeability (9).
As is shown in Figure 1, VEGF can act on vascular
endothelial cells with high efficiency and specificity
promote endangium regeneration and increase vascular
permeability via three tyrosine kinase receptors (TKR):
VEGFR-1 (also known as Flt-1), VEGFR-2 (also
known as KDR/FIk-1) and VEGFR-3 (also known as
Flt4) (10). It has been discovered that VEGF-2 plays
a major role in VEGF-induced angiogenesis, and the
binding between VEGF and receptor Flk-1 can activate
the mitogen-activated protein kinase (MAPK) system
via protein kinase C (PKC) or Ras protein to induce
proliferation of vascular endothelial cells (/7). It has
been proved so far that VEGF is the only specific
growth factor for angiogenesis, while other growth
factors such as FGF and PDGF can act on various kinds
of cells in addition to vascular endothelial cells with
low specificity (/2). VEGF can regulate development
of hemopoietic stem cells, remodeling of extracellular
matrix and regeneration of inflammatory cytokines.
Furthermore, it seems that activation of VEGFR-2

plays a necessary and sufficient role mediating VEGF-
dependent angiogenesis and induction of vascular
permeability. In addition, VEGFR-1 and VEGFR-2
were predominantly expressed on vascular endothelial
cells (/3), and VEGFR-1 was expressed on other
diverse cells, including hematopoietic stem cells
(HSCs), vascular smooth muscle cells, monocytes
and leukemia cells (/4). However, VEGFR-2 is
chiefly expressed on endothelial progenitor cells and
megakaryocytes (/5). Regulation of lymphangiogenesis
was mainly dependent on binding of VEGF homologs
VEGF-C, VEGF-D and VEGFR-3, which is largely
restricted to lymphatic endothelial cells (6). In addition,
expression of VEGF-D was found to be strongly
expressed both in non-HL (NHL) and HL by HRS
cells in line with a high number of tumor microvessels,
suggesting a role for this cytokine in angiogenesis (/6).

The induction of tumor angiogenesis by an
angiogenic switch has become a characteristic of cancer
(17). As the angiogenesis switch of tumors, VEGF
can markedly increase vascular permeability. Many
leukemic cell strains and primary cells can synthesize
and secrete VEGF (/8), which can modulate the
malignant biological behavior of leukemic cells by two
positive-feedback loops: paracrine and autocrine. VEGF
secreted by leukemic cells interacts with the relevant
receptors on the endothelial cell surface, and the
endothelial cells produce growth factors such as G-CSF
that acts on the leukemic cells in return to increase their
proliferation activity and drug resistance, or directly
acts on relevant receptors on the autologous cell surface
to increase autologous proliferation activity and drug
resistance (/9). The functional interaction between
VEGF-A and formyl peptide receptor-like 1 (FPRL1)
mediated by secretion of connective tissue growth
factor (GTGF) was demonstrated by some scientists
(20). CTGF activates the downstream signals of FPRL1
by binding to FPRLI directly, such as increase in
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intracellular Ca’* concentration and extracellular signal-
regulated kinase (ERK) phosphorylation. In recent
studies, VEGF is thought to be closely related to MMPs
(21), which showed the complexity of VEGF-mediated
regulation of MMP-9 expression. In the other reports,
it is demonstrated that repeated social defeat stress
(RSDS) made a contribution to cancer angiogenesis
and metastasis, which was partially associated with
increased secretion of VEGF (22). The combination
has the possibility to be used in clinical trials if it can
be considered as a possible therapeutic option when
conducting suitable further investigations.

Emerging evidence suggests that it is also involved
in proliferation, abnormal differentiation, prognosis and
treatment of acute myeloid leukemia (AML) (23,24).
The upregulation of bone marrow microvessel density
and the levels of plasma pro-angiogenic cytokines also
support this above-mentioned theory (6). Simultaneously,
the representative cytokines, VEGFs and their receptors
are expressed on AML blasts in vascular and osteoblast
niches in both the BM and the peripheral circulation (25).
In the present review, we just focus on the discussion of
VEGEF as a therapy target for leukemia. Interestingly, as
an anti-angiogenic therapeutic approach, it is becoming
more and more effective and promising by using
immunomodulatory drugs, for example, anti-VEGF
monoclonal antibodies, VEGFR inhibitor and Histone
deacetylase inhibitors (26,27).

Hence, anti-angiogenesis therapy based on the
principle of inhibiting the physiological function of
VEGF has become the hotspot of oncotherapies. For
example, Ilorasertib (ABT-348) is a novel inhibitor
of aurora kinase, and could inhibit biomarkers for
aurora kinase and VEGF receptors (28). Heparan
sulfate D-glucosaminyl 3-O-sulfotransferase-
3B1 (HS3ST3B1) can promote angiogenesis and
proliferation by induction of VEGF in AML cells. It
was positively contributed to AML progression, and
these activities were associated with an induction of
proangiogenic factor VEGF expression and shedding
(29). Ginsenoside Rg3 has been not only used in anti-
angiogenic therapy of solid tumors, but also exhibits an
anti-leukemia effect in part due to its anti-angiogenic
activity via inhibiting PI3K/Akt and ERK1/2 pathways,
which act to regulate expression of HIF-1a and
VEGF (30). Histone deacetylase (HDAC) inhibitors
have been reported to inhibit tumor angiogenesis
via downregulation of angiogenic factors (37). The
mechanism underlying VPA induced antiangiogenesis
is associated with suppression of VEGF and its
receptors (3/). Furthermore, the combined use of
histone deacetylase inhibitor VPA, all-trans retinoic
acid (ATRA), and deoxyribonucleic acid polymerase-a
inhibitor cytarabine (Ara-C) is now considered for
disease-stabilizing treatment of AML, which was
related to antiproliferative effects, and modulation
of release of angiogenic mediator of endothelial

cells respectively (32). Foretinib is a multiple kinase
inhibitor undergoing clinical trials and it could suppress
activity of VEGFR-2 (33). It could be able to inhibit
VEGF-A, VEGF-C and Angiopoetin-2 stimulated
tube formation by reducing VEGFR-2, VEGFR-3
and TIE-2 activation (34). However, although VEGF
receptor inhibition is one potential mechanism by
which AML could be treated, the receptor tyrosine
kinase inhibitor AZD2171, against VEGF receptors
KDR and FLT-1, could not get confirmed responses in
other groups (35). Understanding the intricate cellular
components of the bone marrow microenvironment
can lead to discovery of novel extrinsic factors that are
responsible for initiation and progression of leukemic
disease. Activation of endothelial cells (ECs) by
VEGF-A provides cues that enable leukemic cells to
proliferate at higher rates and also increases adhesion
of leukemia to ECs. Development of drugs that target
the activation state of the vascular niche could prove
to be an effective adjuvant therapy in combination
with chemotherapeutic agents (36). On the other
hand, high-level expression of VEGF-C is associated
with chemoresistance and adverse prognosis in AML.
VEGF-C induces COX-2-mediated resistance to
chemotherapy through induction of ET-1 expression.
Acting as a key regulator in the VEGF-C/COX-2 axis,
ET-1 represents a potential target for ameliorating
resistance to chemotherapy in AML patients (37).
Lenalidomide is an IMID immunomodulatory agent
clinically active in patients with CLL, the anti-
CLL effect of lenalidomide is mediated through the
alteration of microenvironmental elements, implying
the modulation of several angiogenesis-related factors
and disruption of CLL crosstalk with endothelial cells
(38). Indeed, the leukemic environment is highly
enriched with lymphangiogenic stimuli, and that
inhibition of VEGFR-3 restored function of NK cells,
providing therapeutic value of modulation of NK cells
by blocking VEGFR-3 and provided a possibility of
advanced therapeutic approaches using immune cells
against myelogenous leukemia (39). Understanding
the functional characterization of lymphangiogenic
factors in the BM niche in AML will also be helpful
in interrupting the engraftment of leukemic stem cells
and enhancing immune cell function by modulating the
tumor microenvironment (25).

3. C-myc as an important tumor angiogenesis factor
in leukemia

The c-myc gene is a member of the Myc proto-
oncogene family, and it is a pleiotropic transcription
regulator. It can induce the instability of the genome
and affect the occurrence and progression of tumors
directly or indirectly, so it plays an important role in cell
proliferation and programmed cell death (40). Binding
DNA in a sequence-specific manner and having a basic
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helix-loop-helix leucine zipper transcription factor
can be attributed to c-myc (41). Heterodimerizing
with corresponding protein partner, MAX, binding
the enhancer box (E-box) sequence and stimulating
transcription of some corresponding downstream genes
provide support for the biological activities of c-myc
(42). With E-box binding sites, these genes include
ODC, ECA39, elF4E, CDC25, CAD, CDK4, elF4G1,
hTert, and CCNDI which belong to the direct target
genes of c-myc (43).

In recent years, it have been discovered that c-myc
also acts as an important tumor angiogenesis factor
(TAF) and participates in tumor angiogenesis, and
c-myc was related to the expression of VEGF (44).
There is a c-myc-binding region located at the 271bp
of the VEGF promoter. This region can bind c-myc
after the directed mutagenesis of the VEGF promoter
and induce VEGF expression in hypoxic conditions to
promote angiogenesis and tumorigenesis. On the other
hand, some other reports also elucidated the role of
c-myc in modulating angiogenesis. For example, tumor
angiogenesis could be promoted by miRNA-induced
c-myc activation (45), and IL-1p is the effector of the
c-myc-induced angiogenesis initiation (46).

Moreover, c-myc is highly expressed in HL-
60 leukemic cells and is related to proliferation and
differentiation of the leukemic cells. The c-myc gene can
be abnormally activated by amplification activation or
gene rearrangement, and its expression level is related
to the cell growth state and highly expressed in the
undifferentiated stage. It is an interesting target for novel
drug therapies because of its oncogenic activities and
overexpression in a majority of human cancers (47).
Binding inhibition of c-myc on gene promoters by some
small molecule inhibitors has been tried (48,49), and
found that some of them were effective in disrupting
essential protein-DNA interactions, for example, Pyrrole-
imidazole (PI) polyamides, specific sequence DNA-
binding small molecules (50-52), and can inhibit a part of
E-box-mediated c-myc downstream gene expression (47).
EGFR variant III (EGFRvVIII), which strongly induces
neovascularization in tumors, could induce Angptl4
expression through the ERK/c-myc pathway. Therefore,
ERK/c-myc, EGFRVIII or Angptl4 may be a possible
therapeutic target (53). Tumor-associated macrophages
(TAMSs) can also express c-myc, which can regulate their
phenotype and pro-tumor activities in vivo. Targeting
c-myc function in TAMs may control tumor growth
(54,55). As discovered in the above-mentioned reports,
c-myc has become an ideal target of gene therapies for
tumors or leukemias.

4. MMPs family in hematologic malignancies are
gradually elucidated

MMPs are a series of zinc-finger-dependent proteinases
with high homology (56). There are three common

domains of the MMPs: pro-peptide, catalytic domain
and hemopexin-like C-terminal domain. According to
the distinct specificities of their amino acid sequences
and substrates, they can be classified into five types:
collagenases (MMP-1, MMP-8, MMP-13, and MMP-
18), gelatinases (MMP-2, MMP-9), stromelysins
(MMP-3, MMP-10 and MMP-11), matrilysins (MMP-
7, MMP-26), and other types. MMPs can degrade the
extracellular matrix which is thought to be the start
signal and important pathway of angiogenesis, invasion
and metastasis of tumors.

Some studies have reported that MMPs expression
was related to metastatic potential of various human
tumors, and plays an essential part during the
development of leuko-diapedesis (57) and disseminated
intravascular coagulation (DIC) (58). As to the
modulation of MMPs, there are some important
transcription factors, such as activator protein-1 (AP-1),
Ets transcription factors PEA3, nuclear factor kappa-
light-chain-enhancer of activated B cells (NFkB) and
signal transducer and activator of transcription (STAT)
families, which are involved in the regulation of
MMPs expression, and many growth factors enhance
the levels of transcriptional regulation of VEGF (59).
The enhancement of the invasive properties of human
tumor cells was also related to the low expression of
tissue inhibitors of matrix metalloproteinases (TIMP)
(60), including TIMP-1,-2, -3 and -4. In addition, the
expression of TIMP levels could directly affect the
activity level of MMPs (617). Constitutive release of
several MMPs and TIMPs can be secreted by primary
human AML cells and affect the behavior of leukemia
cells. As for clinical use of MMPs and TIMPs, this must
be better clarified before we use such therapeutic agents
in the treatment of human AML (62). The amount of
ECM molecules including type IV, V and XI collagens,
laminin and aggrecan core protein will also be digested
by MMPs and was related to the angiogenesis and
metastasis of tumors (63), for example, MMP-1 as
a negative regulatory factor in angiogenesis, growth
and metastasis of tumors (64), MMP-13 promoting
secretion of VEGF and inducing tumor angiogenesis in
vivo (65), and important roles of stromelysin members
MMP-3, MMP-10 and MMP-11 in activation of
proMMPs or activation of tumor cells (66). Due to lack
of a hemopexin domain, matrilysins (MMP-7 and -26)
can be considered as MMPs, and it has been discovered
that MMP-7 not only plays an important role in the
degradation of the extracellular matrix proteins, but also
plays an equally important role in protein activation,
degradation, abscission and other biochemical
processes of non-extracellular matrix proteins, which
is essential for tumor growth and tumor angiogenesis
(67). The role of MMP-26 is different from most other
MMPs and needs further investigation (68). Meanwhile,
MMPs are usually overly expressed in tumors, and
overexpression of the gelatinases including MMP-2 and
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Figure 2. The regulation of MMPs and their roles in leukemia progression. AP-1: activator protein-1 ; NFkB : nuclear factor
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MMP-9 is always accompanied by growth, metastasis
and angiogenesis of the tumors, with different roles
concerning collagenases, for example MMP-2 targeting
collagens LII and III, but not MMP-9 (63).

Reports about the functions of MMP-2 and MMP-
9 in hematologic malignancies are gradually increasing,
and it is thought they are closely related to VEGF (69).
Serum MMP-9 not only can be likely to predict clinical
outcome of patients with early CLL but also can help
to refine the prognosis of CLL (70). In MDS, MMPs
expression may produce a useful tool for diagnosis,
prognosis and a possible target for clinical treatment.
Similar to chemokines, primary human AML cells
usually show constitutive release of several MMPs (71),
such as matrix MMP-2 and MMP-9, TIMP1 and VEGF
(26). In addition, the proteolytic release of VEGF from
tumor matrix by MMPs, predominantly by MMP-9,
which was delivered into the tumor microenvironment
by tumor-infiltrating leukocytes, plays an important
role in modulating proliferation of leukemia cells (72).
Moreover, as for a mutually coordinated manner on
a transcriptional level, it can regulate expression and
secretion of VEGF and MMPs. According to a common
master regulator, a hypoxia-inducible factor HIF-1 was
closely related to expression of both VEGF and MMP-
9 (73), and VEGF could significantly reduce MMP-
9 production in B-cell leukemia cells (27). MMPs
blockade can completely inhibit VEGF production
and significantly reduce the volume of angiogenic
vasculature (22). It has been confirmed in some
research that activation of MMP-2 is dependent on
metallopeptidase inhibitor 2 (TIMP-2) and membrane
type-1 matrix metalloproteinase (MT1-MMP). TIMP-

2 is the activity inhibitor of MMP-2, whereas, when
the concentration of TIMP-2 increases to a certain
level, it will combine with MT1-MMP and activate
MMP-2, which will give rise to a succession of tumor
activation (66). Figure 2 shows the role of MMPs
and its inhibitors in the progression of hematological
malignancies such as MDS, AML and chronic myeloid
leukemia (CML) (74). Because of the role of MMP in
development of leukemias, specific MMP inhibitors
are currently not only being developed but also being
considered for cancer therapy. However, there is
nothing harvested in passing clinical trials so far (795).
More attention should be paid on targeting of MMPs
as an antileukemic strategy due to the importantance in
future clinical development of this therapeutic strategy
(71). Therefore, in multiple ways, MMPs directly and
indirectly influence the VEGF-mediated development
of an angiogenic vasculature.

5. VEGF-related HIF-1 involved in hematological
malignancy

HIF-1 was first discovered as a hypoxia-inducible
nuclear factor connected to the hypoxia response
element (HRE) of the erythropoietin (EPO) gene. It
is an oxygen-sensitive transcription activator that can
activate the expression of many hypoxia response genes.
In hypoxia HIF-1a becomes stable and can interact with
the auxiliary co-stimulatory factor CBP/P300 to regulate
activity of oncogenes (76). Nuclear translocation of
HIF-1a is in need of the participation of its innate PAS
domain and C-terminal nuclear transport signal, but how
these sequences interact with oxygen-sensitive signals
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in detail still needs further clarification. HIF-1 could be
negatively regulated by inhibitory PAS domain protein
(IPAS), of which the pro-apoptotic activity is by way of
binding to pro-survival Bcl-2 family proteins (77). To
date it has been confirmed that in aerobic conditions the
conserved proline residue in HIF-1a can be hydroxylated
so that it can be recognized by the E3 ubiquitin
ligase complex containing the tumor suppressor gene
product VHL protein and undergo further proteasomal
degradation (78). HIF-1a not only stimulates Ang
production but also regulates the expression level of
the Ang receptor; In addition, HIF-1a also plays an
important role in the metabolism of the extracellular
matrix. HIF-a has various other effects after activation
such as causing adaptive changes in cell metabolism,
shifting aerobic metabolism to glycolysis-centered
anaerobic metabolism and meanwhile stimulating renal
cells to produce EPO which will act as the main regulator
inducing angiogenesis in malignant tumors (79). HIF-1a
can also affect angiogenesis and promote the growth and
development of tumor cells by enhancing the expression
of downstream target genes including VEGF (80).

It has been discovered in some research that with
accumulation of HIF-1a in myeloid leukemic cells
and normal hemotologic stem cells the simulacrum of
hypoxia or anoxia will lead to cell differentiation (81).
The Guogiang Chen research group has discovered that
hypoxia can lead to differentiation of leukemic cells
accompanied by accumulation of the hypoxia inducible
factor HIF-1a, and thereafter, that hypoxia can induce
differentiation and maturation of leukemic cells into
neutrophils (82). In addition, HIF-1a protein promotes
tumor growth, angiogenesis, and metastasis (§3), and
it could be increased by hypoxia in primary human
AML cells. Similarly, low HIF-1a expression and also
release of several proangiogenic cytokines by leukemia
cells can be induced by low oxygen concentration (84).
It is reported in some research that HIF-1a protein
can motivate differentiation of AML cells through an
independent transcription mechanism, inhibiting AML
progress (85). Studies showed that HIF-1a suppresses
the expression of miR-17 and miR-20a, two miRNAs
that can alleviate HIF-1a-induced differentiation and
hypoxia of AML cells, by downregulating c-Myc
expression(86). Moreover, miR-17 and miR-20a
immediately inhibit p21 and STAT3 expression (86).
Some observations indicated that HIF-1a, which plays
an important role in the survival of ALL blasts, may
be conductive to chemoresistance. It is proposed that
targeting HIF-1a itself (87), its upstream mediators
such as mTOR, or the glycolytic pathways will improve
therapeutic efficacy in ALL (88).

6. Angiogenin (Ang) family related to leukemogenesis

Ang is the secreted type of the angiogenic factors and
the angiogenin family includes Ang-1, Ang-2, Ang-

3, Ang-4 and the Ang-like proteins. These family
members have similar structures including secreted
protein signal sequence, coiled-coil domain and
fibrinogen-like domain. The angiogenin promoter
contains the binding site for TCF/LEF, and TCF/LEF is
a transctription factor with bilateral regulatory effects
which acts as the intermediate medium of the Wnt/
B-catenin signaling pathway (89). Ang-1 can support
remodeling and maturation of vascular endothelial
cells, and promote establishment of local collateral
circulation. Furthermore, depending on an attributed
anti-inflammatory role, Angl not only can promote
pericyte-dependent vessel integrity but also can support
a Tie2-constitutively activated state. As a result of
this, Ang-1 is able to modulate the quiescent vascular
endothelium (90). Acting in a mutually complementary
manner in angiogenesis, VEGF mainly functions
in early stages and Ang-1 mainly functions in later
stages. Although Ang-1 doesn't take part in initiation of
angiogenesis, it can maintain stability of the vessels and
promote maturation of the newly formed vessels. Angl
and Ang-2 are widely different in their biological roles
although they are homologous (9/). As the antagonist
of Ang-1, on the one hand, during vasculogenesis and
inflammation Ang-2 can be strongly released. On the
other hand, Ang-2 can be considered as an angiogenic
inhibitor that is involved in destabilization and vascular
remodelling (90,92). Ang-2 is related to angiogenesis
initiation and extention and affects cell growth
and metastasis. With high Ang-2 levels, there is an
associated upregulation of VEGF (93). Ang-2 doesn't
directly stimulate angiogenesis, but in the presence of
VEGF, Ang-2 can inhibit the stabilizing effects of Ang-
1 on the vessels, eliminate restriction on angiogenesis
caused by the basal membrane and peripheral stromal
cells and enhance sensitivity of endothelial cells to
growth factors, so that angiogenesis in tumors is
promoted (94).

This is an important reason that tumor initiation
and development contribute to the increasing levels
of Ang in malignancies (95). Ang upregulation was
investigated in AML, myelodysplastic syndrome (MS),
and a variety of other malignancies (96). CLL patients
may have a negative impact on their disease course
with a notable increase of Ang-2 ligand expression (97),
which is accompanied with an aberrant vascularization
in (bone marrow) BM sections (98). Recent epigenetic
evidence showed that Ang-2 displays lower DNA
methylation in CLL and correlates with poor prognosis
and shorter survival (97). Additionally, Binet staging
can be linked to elevated levels of Ang-2 (93). It was
shown in a series of experiments that Ang-2 regulates
the pathophysiology of CLL cells through the Ang-
Tie signalling pathways (5). The theory of suggesting
that Ang is a possible prognostic marker and potential
target of anti-angiogenic therapy was proposed by
Pavlov et al., previously (99). Ang-1 expression in
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BM sections, which is an independent prognostic
factor towards overall survival of MDS patients, has
potential to be a new biomarker for predicting clinical
treatment (/00). In human acute myelogenous leukemia
(AML) the balance between Ang-1 and the Ang-2 plays
an important role for both in leukemogenesis. The
release from AML cells, is a major source of Ang-1 in
leukemic BM. On the contrary, local Ang-2 is released
less commonly (/017). Further investigation will make
a contribution to act on the angiopoietin system as a
possible therapeutic target in AML patients.

7. The relationship between FGF and leukemias

FGF is a kind of mitogen-activated angiogenic factor,
which plays an important role in many tumors. FGF
is a protein family composed of at least 23 members:
FGF1 to FGF23. Acidic FGF (aFGF or FGF1) and
basic FGF (bFGF or FGF2) were discovered ecarliest
and also are the most widely studied ones with the most
important functions so far. With their respective acidic
isoelectric point and alkaline isoelectric point, FGF1
and FGF2 are called acidic fibroblast growth factor
and alkaline fibroblast growth factor respectively. They
are transported with the same mechanisms that can be
enhanced in the presence of heparin. They act on the
same receptor but the affinity of aFGF is 30 to 100
times stronger than that of bFGF. It was first reported
by Gospodarowicz that the alkaline fibroblast growth
factor was extracted and purified from the cerebrum
and pituitary with physical and chemical methods
(102). During the 80's, the amino acid sequence of
bFGF was clarified, and during the 90's, recombinant
bFGF was produced by genetic engineering abroad and
home successively, which forcefully propelled research
concerning bFGF.

Various studies have shown that bFGF can
stimulate and regulate proliferation and differentiation
of various types of cells stemming from mesoderm
and neuroectoderm such as vascular endothelial
cells, epithelial cells, myoblasts, osteoblasts and
neurogliocytes which play an important role in
embryogenesis and tissue healing, and additionally up-
regulate VEGF expression (/03). As a strong mitogenic
factor and chemokine of vascular endothelial cells,
bFGF is produced by paracrine and autocrine cells, and
can combine with different receptors on the surface
of vascular endothelial cells including TKR, heparan
sulfate proteoglycan and cell adhesion molecules
(CAMs) to activate their vasogenic characteristics
(104,105). bFGF can also activate the P13K signaling
pathway to inhibit apoptosis of vascular endothelial
cells and promote angiogenesis (/06). As a chemokine,
bFGF can attract many kinds of vascular intimal cells
by chemotaxis and induce them to produce proteolytic
enzymes and collagenase which can promote the
proliferation and migration of vascular endothelial

cells as well as degrade extracellular matrix proteins to
induce angiogenesis (/07).

It is reported that upregulation of bFGF can be
detected in acute myelocytic leukemia (AML), chronic
myelomonocytic leukemia (CML), and CLL, and
is correlated with poorer prognosis (/08). Through
the FGF receptor 3/RAS/c-RAF/mitogen-activated
protein kinase pathway, it was indicated that FGF2 is
able to promote the growth of both short- and long-
term assays (/09). At the same time, FGF2 in the
marrow was decreased relating to ponatinib, which
furthermore suggests that FGF receptor inhibition
can interrupt FGF2-mediated resistance (//0). In
addition, developing combinations of kinase inhibitors
that circumvent resistance can provide a potential
chance to identify critical ligand-RTK pathways of
resistance(/10).

8. Perspectives

As angiogenic factors and their functions are more and
more deeply understood, targeted therapy aiming at
angiogenesis in hematologic malignancies is attached
to more and more importance. In targeted therapy
based on antibodies against the vessels of hematologic
malignancies, it is crucial to detect new specific target
molecules of tumor vessels. Targeting to each segment
of tumor angiogenesis and relevant regulatory factors,
developing angiogenesis inhibitors to restrict tumor
growth and metastasis has become a new approach
and effective means in oncotherapies. In recent years,
combination therapy with multiple targets has provided
a brand-new research direction for anti-angiogenesis.
Although this research is still confined to basic
experimentation and clinical trials without reflection
of its value in clinical practice, with the development
of basic research and anti-angiogenic agents, the
deepening of tumor vascular targeting therapy will
open up a new area for treatment of hematologic
malignancies.
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Summary

Prader-Willi (PW) syndrome is a rare genetic disorder characterized by hypothalamic-
pituitary abnormalities and severe hypotonia, hyperphagia, behavioural and psychiatric
problems. Absence of satiety leads to severe obesity and frequently to diabetes. Furthermore,
adult patients suffer from a severe loss of muscle mass, which severely impacts their quality
of life. The mechanisms underlying alterations in muscle growth in PW remain to be clarified.
In this study we explored the hypothesis that, in PW cells, alterations of protein synthesis are
determined by dysfunctions in the promotion of cell growth. In order to study the molecular
changes leading to dysfunction in protein translation, primary fibroblasts derived from four
PW patients and five control subjects were used to study the insulin-mediated signaling
pathway implicated in the control of protein synthesis by immunoblotting. Here we present,
for the first time, evidences that the protein translation response to insulin is impaired in
PW fibroblasts. Insulin alone has a major upregulatory effect on protein kinase B (AKT),
glycogen synthase kinase (GSK3beta), while phosphorylation of p70S6K1 protein elongation
factor controlled by mammalian target of rapamycin complex I (nTORC1) is reduced. In
addition, we provide data that the response to insulin in PW cells can be restored by previous
treatment with the amino acid L-Leucine (L-Leu). Our experiments in primary cell cultures
demonstrate an impairment of insulin signaling that can be rescued by supplementation with
the branched aminoacid L-Leu, indicating a possible therapeutic approach for alleviating
muscle mass loss in PW patients.

Keywords: Prader Willi Syndrome, protein synthesis, primary fibroblasts, p70-kDa S6 protein
kinase, L-Leucine

1. Introduction

Prader-Willi (PW) syndrome is a complex neurogenetic
disorder caused by the lack of expression of genes
located on paternal chromosome 15q11-q13. It
is characterized by severe obesity, mild to severe
mental retardation and hypotonia. Muscle hypotonia
and weakness is present during the neonatal stage
and in childhood. It improves with time but adults
remain mildly hypotonic with a decreased muscle
mass (/). As consequence, patients show an altered
motor performance, abnormal gait pattern and overall
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a decreased physical activity that it is considered
to contribute to overweight and frailty. Physical
rehabilitation is commonly used to improve skeletal
mass performance and to control obesity of adult PW
patients. A retrospective analysis of a PW patient
cohort, trained at our institute, showed that intense
physical exercise programs have beneficial effects
on body weight, but do not improve muscle mass of
patients, despite normal calories intake (2). Our data
suggested that the regulation of muscle mass was
defective in PW patients.

Atrophy is a complex physiological process in
which wasting or decreasing in size of tissues or organs
undermine their functions. Various cells and tissues,
including muscles, undergo atrophy in response to
factors such ageing (sarcopenia), disuse, in fasting or
disease states such as cancer cachexia, diabetes (3),
obesity (4). The extent of cell atrophy is determined, at
least in part, by changes in cell capacity of promoting
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cell growth through the modulation of the protein
synthesis process. The mammalian target of rapamycin
complex 1 (mTORCY1) is the key regulator of initiation
and elongation of mRNA translation in response to
diverse upstream signals including insulin (and other
growth factors), amino acids and energy availability (5).
The insulin signaling pathway sequentially involves
the insulin receptor substrate-1 and -2 (IRS-1 and -2),
phosphatidylinositol (PI) 3-kinase, and protein kinase
B (PKB), also known as protein kinase B (AKT), that
regulates the mTORCI1 activity and the downstream
effectors: the p70-kDa S6 protein kinase (p70S6K1)
and the eukaryotic initiation factor 4E-binding protein
(4E-BP1) (6). Both proteins modulate translation
initiation, by controlling the binding of mRNA to the
40S ribosomal subunit (7).

mTORC]1 can also be activated independently
by branched-chain amino acids such as L-Leucine
(L-Leu), through an inside-out mechanism recently
described (8), where leucyl-tRNA synthetase is
identified as the intracellular sensor for amino acid
signaling to mTORC1 (9). The stimulatory effects
of L-Leu on protein synthesis have been recorded
in several model systems and it is known to interact
with insulin signaling pathway by modulating its
phosphorylation events (/0). The key role of mTORC1
in muscular trophism has been shown in several
mouse models where the specific ablation of mTOR or
Rictor induced specifically in the muscle, resulted in
progressive dystrophic phenotypes (/7). Furthermore,
some evidences in humans suggest that mTORC1 and
p70S6K1 protein expression (/2) or phosphorylation
status (/3) is reduced in muscles from sarcopenic
individuals, underlying the importance of the signaling
through mTORCI in the metabolic regulation of cell
atrophy.

At present there are no evidences of the existence
of molecular dysfunctions leading to PW cell wasting,
or the role of protein translation in PW’s muscle loss.
Giving the hypothesis that cell atrophy is associated
with alterations in protein synthesis, we wanted to
verify the protein synthesis activity in response to
insulin in PW cells and, if altered, whether stimulation
of mTORCI1 by L-Leu might rescue the associated
defect.

In order to circumvent possible health complications
arising from muscle biopsies taken from patients, and in
absence of suitable muscle models for our exploratory
investigations, we decided to use skin fibroblasts from
PW individuals, hoping that the supposed alterations
would be maintained in this type of cells.

In this report, we show for the first time, evidences
that the protein synthesis response to insulin is impaired
in PW primary fibroblasts, and that L-Leu treatment
restores the defective response. Our data support the
therapeutic potential of the mTORCI1 stimulation in
Prader Willi disease.

2. Materials and Methods
2.1. Human primary cell cultures

Human primary skin cells were obtained from 4 adult
patients with a clinical diagnosis of PW syndrome
established by fluorescent in situ hybridization and
DNA methylation-specific PCR assay. All analysed
patients showed deletions in chromosome 15q11-ql3.
Informed written consent was obtained from each
subject before participation in the study, after the
nature, purpose and risks of the study were explained.
All experimental procedures involved in this study were
formally approved by the Research Ethics Committee
of the Foundation. Primary cell lines used in this study
were established starting from sterile, non-necrotic
biopsy samples, taken from the forearm of PW patients
and directly transported in laboratory facilities in 50
ml tubes containing culture medium supplemented
with antimycotic (fungizone, Sigma-Aldrich, St. Louis,
MO, USA) and a double concentration of antibiotics
(pen/strep, Sigma-Aldrich, St. Louis, MO, USA). Skin
punches were then thoroughly washed with PBS and
tissue was mechanical fragmented into 1-2 mm in
size. The fragments were distributed in 24-well plates
and grown in Chang culture medium (Irvine scientific
CA, USA) containing 30% foetal bovine serum
(FBS, Thermo Fisher Scientific Waltham, Ma, USA),
antibiotic-antimycotic solution (1X), L-glutamine (2
mM). After 72 h, the extent of tissue adhesion and cell
growth was assed using phase-contrast microscopy.
Subsequently tissue fragments were removed and
primary cells were expanded in Chang medium
supplemented with 10%FBS until freezing. Control
fibroblasts were obtained at surgery from the neck or
arm skin of 5 control subjects. Biopsies were processed
as described above and the primary fibroblasts isolated
from skin tissue were used as controls. Primary cells
maintained the proliferative capacity with a doubling
time of 24h for more than 15 passages. Cells between
passages 3 and 15 were used for experiments. Cells
were routinely tested for Mycoplasma contamination
and for senescence by the senescence-associated P
galactosidase assay (/4).

2.2. Insulin, Serum and L-Leu stimulation experiments

Human control and PW fibroblasts were seeded one day
before at 0.15 x 10° cells in Chang medium containing
10% FBS. Cells were thoroughly washed with PBS
and incubated with 20% serum containing medium or
deprived of serum for 2h prior to exposure to 100 nM
insulin (Sigma-Aldrich, St. Louis, MO, USA) for 15
min. In the experiments with L-Leu (Sigma-Aldrich,
St. Louis, MO, USA), serum deprived cells were pre-
incubated with L-Leu for one hour and then stimulated
with 100 nM insulin for additional 15 min. We used
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a 100 nM concentration because it represents a well-
accepted level of insulin stimulation in cell cultures
commonly found in the literature (/0). At the end of
the treatment, cells were washed twice with cold PBS
and cells were lysed. Total proteins were extracted
as indicated in the immunoblotting paragraph. Each
experiment was repeated at least three times including
cell cultures, in order to have available biological
replicates. Measurements of each biological replicate
were repeated in a number of 3 technical replicates,
performed on different blots.

2.3. Immunoblotting

Cells were lysed with a buffer containing 50 mM
Tris-HCI, 0.5% NP40, 150 mM NaCl, 1 mM EDTA,
1 mM PMSF and proteases inhibitors (Cocktail
set 11, Calbiochem, Merck, Darmstadt, Germany).
After centrifugation at 12000xg at 4°C for 15
min, supernatants were removed and total protein
concentration was measured using the QuantiPro™
BCA Assay (Sigma-Aldrich, St. Louis MO, USA).
40 pg of protein homogenates were run on 10%
SDS polyacrylamide gels and transferred onto a
polyvinylidene fluoride membrane (PVDF, Bio-
Rad Laboratories, Carlsbad, CA, USA) using a semi
dry system Trans-blot apparatus. Even transfer of
proteins on membranes was evaluated by Ponceau S
(Sigma-Aldrich, St. Louis MO, USA) according to
the manufacturing protocol. Membranes were then
incubated in Tris-buffered saline (pH 7.5) containing
5% BSA and 0.1% tween-20 (TBST buffer) for 1 h
at room temperature. The following phospho-specific
antibodies were added and incubated overnight at 4°C
in blocking buffer: p70S6K Thr389, GSK3betaSer9
(Cell Signaling Technology, Danvers, MA, USA) and
AKTSer473 (Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA). Membranes were subsequently
washed and incubated with anti-rabbit HRP-conjugated
secondary antibody (1:10000; EDM Millipore) for 1 h
at room temperature. Following this, membranes were
washed repeatedly as before, and immune complexes
were visualised on films, (Kodak, Sigma-Aldrich, St.
Louis MO, USA) using enhanced chemiluminescence
solution (Supersignal West Pico, Pierce, Thermo Fisher
Scientific Waltham, Ma, USA). For normalisation, blots
were mild stripped and then subsequently reprobed
for total p70S6K, total GSK3beta, and AKT proteins
to verify the relative amount of analysed proteins.
Scanned images of photographic films were produced
on a flatbed scanner and the intensity of the bands was
quantified using ImageJ open source software (http.//
rsb.info.nih.gov/ij/index.html). Images were adjusted
in size and brightness, and backgrounds removed by
using the "rolling ball" algorithm and transformed to
bright background with dark protein bands. Intensity
of bands was measured as optical density (O.D.) units

by using a calibrated tablet with a density range of
0.05 to 3.05 O.D. In addition, for comparison between
different blots, the phosphorylated fraction of kinases
was corrected for the total fraction of the protein.

2.4. Protein synthesis measured by the Surface Sensing
of Translation

A recent developed method, known as surface sensing
of translation (SUnSET) allows the measurement
of protein synthesis in vitro and in vivo (15,16).
This non-radioactive technique involves the use of
puromycin, a structural analog of tyrosyl-tRNA, and
of an anti-puromycin antibody for the detection of
nascent puromycin-labelled peptides by Western blot.
Briefly, primary PW fibroblasts and control cells
were cultured on 6-well dishes in Chang medium
supplemented with 10%FBS. Upon confluence, cells
have been switched to serum free Dulbecco's modified
Eagle's medium (DMEM, Thermo Fisher Scientific,
Waltham, Ma, USA) for 16 h. The medium was then
replaced with fresh medium with or without 100 nM
insulin for 60 min. Subsequently, | uM Puromycin
(Merck, Darmstadt, Germany) was added to all wells
for an additional 30 min. Cells were then lysed and
total proteins were subjected to western blot. For the
detection of puromycin-conjugated peptides, PVDF
membranes were incubated overnight at 4°C with a
mouse IgG2a monoclonal anti-puromycin antibody
(clone 12D10, 1:5000, Merck, Darmstadt, Germany)
dissolved in TBST containing 1% BSA. After several
washes, membranes were incubated for 1 h at room
temperature in 5% milk-TBST containing horseradish
peroxidise conjugated anti-mouse IgG Fc 2a antibody
(1:50,000 Jackson ImmunoReasearch Laboratories Inc.,
West Grove, PA, USA). The immune complexes were
visualized by enhanced chemiluminescence solution.
After the capture of relevant images on photographic
films the PVDF membranes were stained with
Coomassie Blue to verify equal loading of proteins. The
rate of protein synthesis was calculated by determining
the intensity of each whole lane (incorporating
the entire molecular weight range of puromycin-
labeled peptides) of the three replicate samples and
by correcting for total protein intensity measured on
PVDF stained membranes using the ImagelJ software.
Experiments were performed in triplicates and data are
expressed as arbitrary units (a.u.).

2.5. Statistics

All analyses were performed by the statistical package
SPSS, v.16.0 (SPSS Inc., Chicago, IL, USA). Student
t-test and one-way analysis of variance assay were used
for comparison of untreated and stimulated conditions
in control and PW cells. A p value of p < 0.05 was
accepted as the statistically significant.
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3. Results

3.1. PW cells do not increase protein synthesis in
response to insulin

Skin fibroblasts from PW patients were used as cellular
model for the verification of possible dysfunctions
in the regulation of protein synthesis. Insulin and its
related growth factors, has been shown to stimulate
protein synthesis in a variety of cells in culture (/7).
Hence, we measured the insulin capacity of promoting
protein synthesis in PW cells, using the non-radioactive
SUnSET method. This technique quantifies the
puromycin-labeled peptides by immunodetection,
as measurement of global protein synthesis (15).
Fibroblasts from control and patients were serum
deprived for an overnight and stimulated for 1h with
insulin, followed by 30 min incubation with puromycin.
The translation activity recorded in 5 independent
control samples increased significantly after exposure
to insulin (5260 a.u. £ 972 vs. stimulated cells 8205

A B

Puro CB Puro
199 =—

199 —|

A

18 b 4 - 18—

4

82—

in

i
i L
A

39 | g & 39—

15 =i g 15

- +
PW cells

Insulinf = + - + Insulin
Control cells
Control cells PW cells
5 14000 * ; n.s.
% S 14000 ‘
12000 c
2 S 12000
T 10000 ® ‘
5 5 10000 .
2 000 : [ ‘ T
g ) IS ——
£ 000 £ 6000 - =
LE, 4000 f-, 4000 ‘
> = ‘
£ 2000 E 2000 4
g g |
=3 o - 3 [
& + a - *
Insulin Insulin

Figure 1. Insulin fails to stimulate protein synthesis in
PW cells. A non-radioactive assay (SUnSet test) was used
to evaluate protein synthesis in 5 controls and 4 PW-derived
fibroblasts. Primary cells were serum deprived for 16 h. The
medium was then replaced with fresh serum-free DMEM with
(+) or without (-) 100 nM insulin for 1h and the incorporation
of puromycin-labeled peptides was determined as described
in materials and methods. (A) and (B): Representative images
of WB analysis for puromycin (Puro) - and Coomassie Blue
staining (CB) to verify equal loading of proteins - in Controls
(A) and PW cells (B). (C) and (D): Quantification of protein
translation in response to insulin is expressed as arbitrary units
(a.u.) and it is shown in panel (C) (Controls n = 5) and (D)
(PW cells n = 4). Each data points are the mean of experiments
conducted in triplicates. Data reported are means + SEM. The
statistical significance level was set at p < 0.05 (*); n.s. non
significant.

a.u. £ 193, p < 0.05), whereas the rate of puromycin
incorporation was unaltered in skin fibroblasts derived
from 4 PW individuals (6933 a.u. = 862 vs. stimulated
cells 6134 a.u. = 193, p = 0.43) (Figure 1 C and 1D).
We measured no significant difference between PWs
and controls in the rate of protein translation at baseline
(without serum), although the puromycin incorporation
was 25% higher in patients compared to controls
(compare Figure 1 A and 1B, Puro panels). We conclude
that protein synthesis is unresponsive to insulin in PW
fibroblasts.

3.2. PW fibroblasts do not activate p70S6K1 after
insulin treatment

In order to gain insight into the changes of the
insulin signaling pathway occurring in PW cells
and responsible of the observed reduction of protein
synthesis, we monitored the main phosphorylation
events on pivotal kinases. Initially, we analyzed the
activity of AKT/PKB in consideration of its central
role as mediator of insulin signaling (/8). Subsequently
we focused on the action of active AKT/PKB that
promotes initiation of protein translation (/7) by
phosphorylating the GSK3beta. As last, we considered
the effects of AKT/PKB activation on mTORCI,
which in turns regulates p70S6K1, leading to an
increased protein elongation during protein synthesis.
The phosphorylation profile of these 3 kinases was
determined after exposure to 20% serum or to insulin
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Figure 2. Insulin activates AKT but not p70S6K1. (A):
Representative Western blots of PW and control cells for
pAKT S473 and total AKT, pGSK3betaS9 and total GSK3beta,
p70S6K1T389 and total p70S6K 1, after exposure to 20%
serum or to 100 nM Insulin. NT, Not treated; W/o serum,
without serum. (B) and (C): Phosphorylation profile obtained
by densitometric quantification of the effects of insulin and
serum respectively. Data are means + SEM (n = 3). The
statistical significance level was set at p < 0.05 (*). Open bars,
control cells; solid bar, PW cells.
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Figure 3. PW cells show low p70S6K1 activation in response
to insulin. (A): Representative blots of the expression level of
p70S6K1 T389 (a) and total p70S6K1 (b), after treatment with
20% serum or insulin of controls (C1-5) and patients (PW1-
4). NT, Not treated cells; W/o serum, without serum. (B):
Densitometric quantification of the effects of treatments on the
analyzed cells. Open bars, serum stimulation; solid bar, Insulin
stimulation. Data reported are means = SEM. The statistical
significance level was set at p < 0.05 ().

(Figure 2). Serum increased the phosphorylation of
all 3 kinases, with a significant upregulatory effect
on AKT/PKB in patient compared to control cells
(Figure 2A and 2B). Likewise, insulin treatment
induced a phosphorylation increment of AKT/PKB
and GSK3beta, although to a less extent compared to
serum. A substantial difference was recorded for the
phosphorylation of p70S6K1 that was significantly
higher in control and PW fibroblasts stimulated with
serum while no insulin-mediated increase of p70S6K1
phosphorylation was observed in PW fibroblasts
(Figure 2C).

To assess whether the dysfunctional insulin
response is a feature of PW fibroblasts, we extended
the analysis to 3 additional PW patients and 4 controls.
The AKT/PKB phosphorylation profile resembles that
one shown in Figure 2, confirming that insulin activates
the AKT/PKB-mediated signaling in both control
and patient groups (data not shown). By focusing on
signaling downstream of AKT/PKB, we quantified the
p70S6K1 phosphorylation in response to stimulations.
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Figure 4. Leucine pretreatment augments insulin effect
on p70S6K1 in PW cells. (A): Representative blots of the
expression level of p70S6K1 T389 (a) and total p70S6K 1
(b), after pre-treatment with L-Leu (0.5, 5, 10mM) alone or in
combination with insulin (Ins, 100 nM) in PW cells (PW1-4).
20% serum stimulation was used as positive control (serum).
(B): Densitometric quantification of the effects of stimuli on
PW cells. Data are means = SEM. The statistical significance
level was set at p < 0.05 ().

All control fibroblasts showed an increment of the
p70S6K1 phosphorylation at T389 following exposure
to serum and four in five control samples to insulin. On
the contrary, none of the four PW patients responded
to insulin by increasing the p70S6K1 activation,
while all responded to serum (Figure 3A and 3B).
Overall, our data support the existence in PW cells of
a dysfunctional protein translation response to insulin,
mediated by AKT/mTORC1/p70S6K1 axis.

3.3. L-Leu pretreatment augments insulin effect on
p70S6K1 signaling

Protein synthesis is stimulated by the availability
of amino acids and energy (ATP). Besides their
use as substrate for the building of polypeptide
chains, the essential amino acids have been shown
to directly activate the regulatory proteins of mRNA
translation (/9). Particularly interesting is the effect
of the branched amino acid L-Leu, which enhances
translation initiation and protein synthesis via induction
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of the mTOR pathway (6,20,21) and activation of
the downstream target p70S6K1. Therefore L-Leu is
considered the main anabolic signal responsible for the
increase of protein synthesis.

Since both L-Leu and insulin are known activators
of p70S6K1, we wondered whether L-Leu could
rescue the insulin-mediated p70S6K1 response in PW
fibroblasts. The addition to serum deprived cells of 0.5,
5 or 10 mM L-Leu for 1h followed by 15 min insulin
stimulation, resulted in a significant activation of
p70S6K1 quantified in 2.7-folds at 0.5 mM, 4.2-folds
at 5 mM and 3.7-folds at 10 mM (Figure 4 A and 4B).
No significant effects on the kinase activity of L-Leu
alone were detected, despite a slight improvement
observed at 5 mM (1.2-folds) and at 10 mM (2.2-folds)
L-Leu. These results suggest beneficial effects of
L-Leu administration to PW cells and confirmed the
role of L-Leu as modulator of the insulin signaling
pathway and in particular of the protein translation via
mTORCI.

4. Discussion

The regulation of protein synthesis by specific metabolic
signaling pathways is crucial for normal cell growth. In
a patient cohort trained at our institute we observed that
muscular mass did not increase after training in a normal
dictary regimen (2). Muscle mass loss in PW patients
has been pointed out by others (/,22) and contributes to
alterations in motor performance that leads to obesity
and severe disabilities. The causes of muscle weakness,
and motor problems in PW patients are not clear. In this
paper we explored the possibility that muscle mass loss
at cellular level may be caused by alteration in protein
translation, impairing cellular growth. Our hypothesis
was tested on skin primary fibroblasts of control and PW
group exposed to growth stimuli. As mentioned earlier,
the choice of this model was determined by the absence
of a suitable in vitro model for PW muscle, and by the
risks associated with muscular biopsies for patients.
Although we are aware of the limitations of this model,
our data may represent a useful step forward in the
comprehension of muscle atrophy in PW disease.

Our major finding is that the translation response
to insulin is impaired in the PW group compared
to controls (Figure 1). The baseline of translational
activity in absence of serum was overall higher
in diseased cells (Figure 1A and 1B, Puro panel),
suggesting that their metabolic phenotype could be
slightly more active compared to controls. Additionally,
we recorded more variable response to insulin in control
cells as evidenced by the lack of p70S6K1 activation
in one of the control sample (Figure 3A, Control cells,
C4a, Insulin 100nM).. It may be possible that the
variability of control group selected on the absence of
apparent diseases and availability of biopsies, mirrors
underestimated biological factors in few samples.

Nevertheless, we considered more appropriate to
include all control samples in the statistical analysis.
Overall our data showed a dysfunctional translation
response in PW patients.

The analysis of the phosphorylation profile induced
by serum showed no changes in the activation in
diseased or control cells. On the contrary, the molecular
analysis of the insulin mediated signaling pathway
showed that while AKT/PKB and GSK3beta activity is
unchanged (Figure 2), the phosphorylation of p70S6K1
is decreased in PW cells (Figure 2 and Figure 3). Since
the AKT activity, as well as the downstream target
GSK3beta, is comparable in PW and control fibroblasts,
our data suggest that the dysfunction to insulin response
resides in mTORC1/p70S6K1 axis. A further support to
the existence of an alteration in the mTORC1/p70S6K 1
signaling pathway is the rescue effect exerted by L-Leu
treatment on Insulin mediated phosphorylation of
p70S6K1 recorded in PW fibroblasts (Figure 4).

It is known that L-Leu is a modulator of the
insulin activity in several in vitro and in vivo models
(10,23) by regulating the mTORCI1 activity. The
mechanism by which L-Leu activates mTORCI has
been recently elucidated (8). According to this model,
L-Leu stimulates mTORC]1 activity in a manner
that requires v-ATPase, the Ragulator and the Reg
GTPase, and favours the translocation of mTORCI1 to
the membrane compartment of the lysosomes, where
Rheb (small GTPase Ras homolog enriched in brain),
phosphorylates mTORCI activating it (Figure 5).

In our experimental settings, L-Leu alone shows
slight effects of p70S6K1 phosphorylation, indicating
that mTORCI is not fully active (Figure 4). Since the
magnitude and rate at which mTORCI] is activated by
L-Leu is reduced in KO cells for Reg GTPase (8), it is
tempting to speculate that dysregulation of RegGTPase,
which binds to and recruits mTORCI to lysosomes,
might be the possible cause of the modest effects of
L-Leu treatment.

Addition of insulin to L-Leu treated cells resulted
in a significant enhancement of the p70S6K1
phosphorylation levels and therefore of mTORC1
activity (Figure 4). Insulin activates mTORC]1 through
AKT/PKB mediated phosphorylation of PRAS40
and TSC1/TSC2 complex, preventing their inhibitory
effects on mTORC1 (24,25) and favours the docking
of mTORCI to lysosome where mTORCI is activated
by Rheb (Figure 5). It is conceivable that alterations of
mTORCI activation observed in PW fibroblasts are the
result of pathological modifications in the interaction
between mTORCI and regulatory proteins, Rags, Rheb
and PRAS40, induced by L-Leu or insulin.

Given the complexity of the mTORC]1 pathway and
the presence of feedback loops between components,
further investigations are needed to establish the
mechanisms underlying our observations. In addition
we cannot exclude that other pathways in addition to
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Inactive mTCORCA1

Lysosomes

Insulin

e11d

Lysosomes

Figure 5. Critical regulatory proteins in leucin and insulin signaling to mTORCI. Protein translation is controlled by the
activity of mTOR. L-Leu or insulin activates mTOR through Rag GTPase or Rheb GTPase, respectively. Insulin stimulation after
pre-treatment with L-Leu favours the modulation of regulatory proteins such as raptor, PRAS40, Rheb, and the Rag GTPases that
leads to increase protein stimulation in PW cells. Critical proteins are filled in grey. mTORC1 is composed of the serine/threonine
protein kinase, mTOR, the regulatory associated protein of TOR, raptor, and the G-protein -subunit like protein, GBL. PRAS40
(proline-rich Akt substrate of 40-kDa); TSC1/TSC2 (tuberous sclerosis complex 1 and 2); RagsGTPase (small guanosine

triphosphatases).

mTORC1/p70S6k1 may play a role in the regulation of
protein translation in response to growth factors. In this
context p70S6K1 has emerged as a critical signaling
component in the development of insulin resistance
through phosphorylation and inhibition of insulin
Receptor 1 and 2 functions (26).

The evidences reported in this manuscript were
obtained from a limited number of patients, but they
represent a good starting point for further investigations.
Our data suggest a common dysfunction in the regulation
mechanism of protein translation in response to insulin
in PW fibroblasts. In addition, our in vitro data show a
possible molecular link between alterations in protein
synthesis in vitro and reduced muscle mass growth
observed in vivo in PW patients (23).

We are aware that the results obtained with patient
fibroblasts, cannot reproduce the complexities of what
occurs in muscle cells in vivo. Therefore our findings
must be further evaluated in different models such as
patient muscle biopsies or PW reprogrammed fibroblasts
differentiated into muscle cells. Nevertheless, patient-
derived skin fibroblasts have been proven to be suitable
disease models for studying phosphorylation events in
response to growth factors because of their dependency
to trophic signals. PW primary fibroblasts therefore
must be regarded as a useful in vitro model for studying
signal transduction.

In conclusion, in this study we showed for the
first time that protein translation in response to
insulin is dysfunctional in PW primary fibroblasts
and it is associated with a decrease in P70S6K1
phosphorylation. Since protein synthesis regulation is

crucial for maintenance of cellular growth, our data
support a molecular basis for the motor problems
observed in PW patients. Finally we show that pre-
incubation with the branched amino acid L-Leu can
restore the insulin sensitivity suggesting its possible use
in the treatment of muscle mass loss of PW patients.
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Summary

Type 2 diabetes mellitus (T2DM) and post-transplant diabetes mellitus (PTDM) are non-
synonymous forms of diabetes. Glucokinase (GCK) plays a key role in glucose metabolism.
The relationship between the GCK promoter and specific types of diabetes, such as PTDM
and T2DM, in the Asian Indian population is unknown. We examined the occurrence of
a specific GCK promoter variant (-258G/A) in patients with T2DM and PTDM. The case-
control study enrolled 640 Asian Indian subjects, including controls (r = 250) and T2DM
(n = 250), PTDM (n = 42), and non-post-transplant diabetes mellitus (non-PTDM) (n =
98) patients. Purified Deoxyribonucleic acid (DNA) was genotyped with the polymerase
chain reaction (PCR) and restriction fragment length polymorphism (RFLP) analysis. The
digested PCR products were analyzed on 12% polyacrylamide gels. The anthropometric,
biochemical, and clinical details of each group were documented. GCK -258G/A alleles and
genotypes were not associated with T2DM. However, among PTDM subjects, we detected a
higher frequency of heterozygotes (52.4%) and a positive association with alleles/genotypes.
The results suggest that the promoter region (-258G/A) of GCK plays an important role in

PTDM in Asian Indians.

Keywords: GCK, -258G/A, T2DM, PTDM, Asian Indians

1. Introduction

Multifactorial metabolic disorders in humans include type
2 diabetes mellitus (T2DM) and post-transplant diabetes
mellitus (PTDM), an irreversible form of diabetes that
occurs in men and women. Impaired B-cell function and
insulin resistance are key determinants of T2DM (/).
The etiology of T2DM is thought to involve genetic and
environmental factors, and the disease is characterized
by decreased insulin secretion and insulin resistance (2).
Hyperglycemia in the fasting state is one criterion that
defines the disease; it can predict hard clinical endpoints
in non-diabetic individuals, as well as in T2DM patients
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when corrected (3). PTDM, also known as new-onset
diabetes after transplantation (NODAT), is a frequent
complication in renal transplant (RT) patients who
receive immunosuppressive therapy with calcineurin
inhibitors (4). Recipients with PTDM/NODAT and
non-PTDM receive immunosuppressive drugs such as
cyclosporine (CsA) and Tacrolimus (Tac) after renal
transplantation and exhibit complications similar to those
of T2DM patients in the general population, but with an
accelerated rate of onset (5,6). Previous investigations
have focused on candidate genes expressed in pancreatic
B-cells that modulate insulin secretion and resistance
and predispose individuals to PTDM and T2DM in later
life. One such gene, glucokinase (GCK), encodes an
enzyme in the glycolysis pathway that regulates glucose-
stimulated insulin secretion from pancreatic -cells and
metabolizes glucose in the liver (7).

Hepatic GCK activity is closely and rapidly adapted
by short and long term regulatory mechanisms. Peter et
al. (8) group for the first time demonstrated the positive
correlation between hepatic GCK expression and liver
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triglyceride content in humans. A reduction in GCK
levels or activity in B-cells could increase the glucose
threshold for insulin secretion, leading to atypical
hyperglycaemic status (9). The GCK gene is located
at chromosome 7p15.3 and has 12 exons (/0). GCK
genetic variants contribute to the risk of T2DM in men
and women of different ethnicities, but their frequencies
in Asian Indians with PTDM and T2DM have not been
examined. There are no studies that have been carried out
with -258G/A variants in the Indian population with any
of these diseases. Hence, the current study investigated
whether the -258G/A variant in the promoter region of
GCK modifies the risk of T2DM and PTDM in Asian
Indians with and without a family history of T2DM.

2. Materials and Methods
2.1. Ethical approval

The study was approved by the ethics committee of
Kamineni Hospitals, Hyderabad, India (KHL No.
e373/07). The participants signed written informed
consent forms before enrolment.

2.2. Selection of subjects

For this study, we recruited 640 Asian Indian subjects:
250 subjects with T2DM, 250 healthy controls, 42
subjects with PTDM, and 98 subjects without PTDM
(non-PTDM). The selection of T2DM subjects, controls,
and PTDM subjects and the inclusion and exclusion
criteria for the specific groups are described in previous
publications (/,5,11). We collected 3 mL of serum
for biochemical analysis and 2 mL of anticoagulated
blood for mutational analysis. The anthropometric,
biochemical, and clinical measurements for T2DM,
PTDM, and non-PTDM cases and control subjects are
described in our previous reports (/,5,11).

2.3. Mutational analysis

DNA was routinely purified at Kamineni Hospitals
using a salting out procedure (/2,13). The region 173
bp upstream of the GCK coding region was genotyped
with polymerase chain reaction (PCR) and restriction
fragment length polymorphism (RFLP) analysis. Primers
were designed according to previous studies (/4) and
synthesized by BioServe Biotechnologies (Hyderabad,
India). The amplified products were digested with the
Accl restriction enzyme (GTG'TAC) for 2 hours, and the
fragments were analyzed on 12% polyacrylamide gels
stained with ethidium bromide (Figure 1).

2.4. Statistical analysis

Clinical data were expressed as the mean + standard
deviation (SD). Differences in genotype and allele

Figure 1: Digested products separated by 12%
polyacrylamide gel electrophoresis for assessment of -258G/
A GCK variants. Lane: 1, 2, 5, 6, 8 Homezygous GG 173bp;
Lane: 3 Ladder (100bp); Lane: 4, 7, 9 Heterozygous GA
173/154bp.

frequencies were determined with the gene counting
method for T2DM vs. controls and PTDM vs. non-
PTDM subjects. An odds ratio (OR) with a 95%
confidence interval (CI) was calculated for the
-258G/A mutation. The chi-square (y) test was used
to compare expected and observed frequencies of
categorical variables, at a significance level p = 0.05.
The Yates correction was also used to analyze genotype
frequencies. The Hardy-Weinberg equilibrium (HWE)
was measured using the y” test to assess goodness of fit
(15). A value of p < 0.05 was considered to indicate a
significant disequilibrium. Statistical calculations were
performed with Openepi software.

3. Results

3.1. Baseline characteristics of T2DM patients and
controls

The anthropometric, biochemical, and clinical
characteristics of the study groups are shown in Table
1. The average age was 57.19 + 8.22 years for T2DM
patients and 53.93 + 6.32 years for controls. The mean
body mass index (BMI) was 27.5 + 4.1 kg/m’ for
T2DM cases and 25.8 + 3.9 kg/m” for controls. There
were significant differences between T2DM patients
and controls in the levels of fasting blood sugar, post-
lunch blood sugar, triglycerides, HDL-C, and total
cholesterol (p < 0.05). Gender, BMI, LDL-C, and
family history were not significantly associated with
T2DM (p > 0.05), although family history was closely
associated with T2DM (58.4%).

3.2. Characteristics of the PTDM and non-PTDM
subjects

The characteristics of the PTDM and non-PTDM
subjects are given in Table 2. Biochemical tests were
used to assess PTDM in 140 RT patients; 30% of
RT recipients developed PTDM. The study included
42 patients diagnosed with PTDM and 98 patients
diagnosed as non-PTDM subjects. The PTDM
patient group contained 30 men and 12 women, with
similar mean ages, 39.39 + 2.12 and 40.0 1+ 11.63,
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Table 1. Clinical details of T2DM patients and the healthy controls

Characteristics T2DM Cases (n = 250) Healthy Controls (n =250) p value
Age (Years) 41-82 (57.19 £ 8.22) 41-60 (53.93 + 6.32) 0.0003
Males/Females (%) 138 (55.2%)/112 (44.8%) 144 (57.6%)/106(42.4%) 0.3461
BMI (kg/m?) 27.5+4.1 258+3.9 0.4306
T2DM Interval 13.1+£6.3 NA NA
FBS (mg/dL) 143.61 £ 55.66 93.54+12.13 0.0001
PPBG (mg/dL) 201.29 +25.25 117.29 +19.07 0.0001
TG (mg/dL) 156.42 +£78.97 138.77 + 53.69 0.0001
TC (mg/dL) 183.95+51.54 175.06 + 33.05 0.0001
HDL-C (mg/dL) 88.72 £23.1 82.61 +£20.6 0.01
LDL-C (mg/dL) 38.76 £4.4 35.53+4.1 0.2658
Family History, n (%) 146 (58.4%) 138 (55.2%) 0.3745
NA = Not Analyzed/ Not Applicable.
Table 2. Clinical characteristics of PTDM and non-PTDM subjects
Baseline characteristics PTDM (n=42) non-PTDM (n = 98) p value
Males / Females 0/12 75/23 0.001
Age:
a) Males (Mean + SD) 3939+ 12.12 39.55+10.58 0.27
b) Females (Mean + SD) 40.01 +11.63 39.26 +10.87 0.58
Weight:
a) Males (Mean + SD) 62.73 £15.81 66.03 £12.73 0.08
b) Females (Mean+ SD) 61.71£16.93 65.49 + 13.68 0.09
Therapy:
a) On CsA therapy 22 58 0.01
b) On Tac therapy 20 40 0.02
Dose:
a) CsA Dose (mg) 163.88 £57.4 201.29 +76.86 0.03
b) Tac Dose (mg) 3.15+1.24 3.11+1.62 0.05
Levels:
a) C2 levels (ng/mL) CsA 750 £299.03 1024.8 +£353.42 0.23
b) Trough levels (ng/mL) Tac 9.55+3.38 8.0+£3.32 0.86
Levels:
a) C2 levels/dose of CsA 524 +2.59 552+1.97 0.02
b) Trough levels/dose of Tac 3.62+1.96 2.98 +1.49 0.02

respectively. Of the 42 patients with PTDM, 22 (54%)
were receiving cyclosporine A (CsA) treatment,
whereas 20 (47.6%) were receiving tacrolimus (Tac).
The mean age of the PTDM patients on the date of
post-transplant blood sample collection was 20.4 +
15.3 years. The t-test was performed between PTDM
and non-PTDM subjects, gender, weight, subjects with
cyclosporine drugs (i.e., CsA, Tac) and along with the
dosage were found statistically significant (p < 0.05).

3.3. Hardy-Weinberg Equilibrium

The distributions of the genotype frequencies of the
-258G/A variants in case and control subjects were in
accordance with the HWE (Table 3). The genotypic
distribution of GCK variants and their allelic frequencies
in the patients (T2DM and PTDM) and controls
enrolled in this study are shown in Table 4.

3.4. Association of the -258G/A variant with T2DM and
PTDM

The genotype and allele distributions in cases (T2DM

Table 3. Details of Hardy Weinberg equilibrium

Gene Glucokinase
SNP ID 1rs1799831
Chromosome Tpl15.3
Position (Build36.3) 44,199,142
PMID 11112984
Organism Homosapiens
Alleles 1/2 G/A

Risk allele A

T2DM genotypes (11/12/22) 246/04/00
PTDM genotypes (11/12/22) 20/22/00
Non-PTDM genotypes (11/12/22) 92/06/00
Control Genotypes (11/12/22) 248/02/00
Risk allele frequency (T/P*) 0.8/26.2
HWE (Chi square) (T/P*) 0.02/1.73
HWE (p value) (T/P*) 0.99/0.9

(T/P*) indicates T2DM/PTDM.

and PTDM) and controls (healthy controls and non-
PTDM) are shown in Table 4. The genotype frequency
of GG and GA was 98.4% and 1.6% in T2DM cases
and 99.2% and 0.8% in controls, respectively. In the
statistical analysis, we did not find any association
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Table 4. Genotype and allele distribution of -258G/A GCK variants in all cases (T2DM and PTDM) and controls (healthy

controls and non-PTDM)

GCK T2DM (n = 250) Controls (n = 250) ba 0dds ratio™ (95% CI) p value
GG 246 (98.4%) 248 (99.2%) Reference* - -
GA 04 (1.6%) 02 (0.8%) 0.67 2.0(0.36, 11.1) 0.41
A4 00 (00) 00 (00) 0.001 1.0 (0.01-51) 0.31
GA+A44 04 (1.6%) 02 (0.8%) 0.57 1.8 (0.38, 8.6) 0.70
G 496 (99.2%) 498 (99.6%) Reference* - -
A 04 (0.8%) 02 (0.4%) 0.67 2.0 (0.36, 11.0) 0.41
PTDM (n = 42) Non-PTDM (n = 98) ba 0dds ratio™ (95% CI) p value
GG 20 (47.6%) 92 (93.9%) Reference* - -
GA 22 (52.4%) 06 (6.1%) 39.04 16.8 (6.0, 46.9) 0.0001
A4 00 (00)* 00 (00) 0.66 4.5(0.08,234.1) 0.63
GA+A44 22 (52.4%) 06 (6.1%) 38.35 15.6 (5.7, 42.2) 0.0001
G 62 (0.74) 190 (0.97) Reference* - -
A 22 (0.26) 06 (0.03) 34.83 11.2 (4.3,28.9) 0.0001

*Crude odds ratio (95 % CI); * odds ratio (95 % CI) Adjusted for Yates correction. *Reference indicated the normal allele/genotypes i.e. GG is

normal/homozygous genotype and G allele is wild allele.

between alleles and genotypes (G vs. A: OR = 2.0
[95% CI: 0.36-11.0], p = 0.41; GA vs. GG: OR = 2.0
[95% CI: 0.36-11.1], p = 0.41). Statistically significant
differences in allele and genotype frequencies were
observed when PTDM and non-PTDM subjects were
compared (G vs. A: OR = 11.2 [95% CI: 4.3-28.9], p <
0.0001; GA vs. GG: OR = 16.8 [95% CI: 6.0-46.9], p <
0.0001). The dominant model also showed a significant
association (GA+AA vs. AA: OR = 15.6 [95% CI: 5.7-
42.2], p <0.0001).

4. Discussion

Gene identification is important for understanding the
pathophysiology of disease and for improving diagnosis,
prevention, and treatment (/6). We performed a case-
control study to evaluate the association between -258G/
A GCK variants and PTDM and T2DM in the Asian
Indian population. To our knowledge, this study is the
first to find that alleles and genotypes are associated
with an increased risk of PTDM (p < 0.0001). T2DM
and PTDM are chronic disorders characterized by
hyperglycemia, insulin resistance, and impaired insulin
secretion due to pancreatic f-cell defects; the diseases
have a strong genetic component (7). In India, 65.1
million adults have been diagnosed with T2DM (/7).
PTDM has become a serious health complication
worldwide. Insulin is used to monitor glucose values
for more than 6 months after transplantation, in PTDM
subjects and lifelong without transplantation. In those
with T2DM, the disease develops in the later thirties and
early forties and progresses. Those with PTDM develop
diabetes 3 months after RT and may later develop T2DM.

One of our goals was to investigate whether -258
G/A variants in the promoter region of GCK are
associated with T2DM in the Asian Indian population.
We compared T2DM cases with control subjects and
found no significant differences in allele or genotype

frequencies. This was the first study carried out in
this population. The discrepancy between the results
of the present study (T2DM vs. controls) and those of
Chinese studies can be attributed to the GCK gene in
the Chinese population (/8). Our study is consistent
with three previous studies of T2DM in different
races and ethnicities, which found that GCK was not
associated with T2DM (/9-21). Our results also showed
that the -258G/A GCK variant had no significant
effect on abnormal glucose levels in T2DM patients
receiving noninsulin treatment. The extent to which the
GCK promoter variants affect these traits might vary,
possibly explaining the contrasting results. Mutations in
GCK can alter the reaction. Some rare exonic mutations
have been investigated previously, and the role of these
mutations in the pathogenesis of reduced fetal growth
and in adult insulin resistance has been established.
GCK is associated with reduced B-cell function,
impaired glucose tolerance, and T2DM (22). Yang et
al. (23) performed a meta-analysis of the -30G>A GCK
polymorphism in gestational diabetes mellitus (GDM)
and T2DM and concluded that the A allele was a risk
factor for GDM and T2DM among whites. Fu et al. (7)
also performed meta-analysis studies of T2DM with
298,468 subjects, and the results agree with those of
Yang et al. (23). Our study is not in agreement with
these studies. The small sample size could be one
reason.

In the comparison of PTDM vs. non-PTDM patients,
promoter region variants were significantly associated
with PTDM (p < 0.0001). Our results in PTDM subjects
are in accordance with those from a study of a Korean
population (24). In our study population, PTDM and
GDM (unpublished data) were strongly associated
with GCK. Given these results, we cannot conclude
that mutations in GCK have no role in the Asian Indian
population. The lack of any significant association
between the variants and disease might be due to several
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factors, including ethnicity, low sample size, and low
statistical power. Of 640 subjects, none had the AA
genotype, suggesting that the AA genotype is associated
with disease development.

The current study has several limitations. Firstly,
we enrolled a small number of PTDM (n = 42), and
non-PTDM (n = 98) subjects. Secondly, only promoter
region variants were selected. Thirdly, GDM data was
excluded to strengthen the study. In addition, insulin
levels were not measured. Finally, biochemical data
for PTDM and non-PTDM subjects were not obtained.
Our study suggests that large, unbiased epidemiological
studies of genetic predisposition can provide insight into
the in vivo relationship between candidate genes and
diseases. The reproduction of genetic association studies
can be problematic because of insufficient power,
multiple hypothesis testing, population stratification,
source of controls, publication bias, and phenotypic
heterogeneity (25).

5. Discussion

The findings of this study indicate that PTDM has a
strong genetic association with GCK. Our findings
also indicate that the -258G/A variant in the promoter
region of GCK is not an independent risk factor for the
development of T2DM in Asian Indian subjects.
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Summary

China lacks a registry for most rare diseases, so specific epidemiological data on those
diseases are lacking. A strategy involving the DISMOD II model was recently formulated to
estimate the epidemiological parameters of rare diseases, and this strategy has been used to
study several rare diseases. The current study used this strategy to estimate the prevalence
of one such rare disease, Wegener's granulomatosis (WG), in China based on its incidence,
mortality, and rate of remission according to the software tool DISMOD II. The incidence
of WG was calculated based on inpatient data from 100 hospitals throughout China. The
cause-specific mortality from WG was estimated based on data from the National Vital
Statistics System of the United States and adjusted for the Chinese population. The rate of
disease remission was based on the results of previous study. The current results indicated
that the prevalence of WG in China is 1.94/100,000, which is slightly lower than that in
Europe and the United States. The mean age at onset of WG in China was calculated to be
38.9 years for males and 39.3 years for females and the duration of disease was 28 years
for both male and female patients. These figures are similar to published data from other
countries. In conclusion, the DISMOD II model was used to estimate the prevalence of WG
in China, providing a basis to evaluate the potential disease burden and orphan drug use by
patients with WG. The DISMOD II model could be used to estimate the prevalence of other
rare diseases.

Keywords: Wegener's granulomatosis, prevalence, rare diseases, DISMOD II, China

1. Introduction

Epidemiological data such as disease prevalence is
particularly useful in establishing healthcare policies
for patients with rare diseases. A conventional sampling
approach in an epidemiological study is not suitable for
rare diseases because of their extremely low incidence
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rates. In developed countries such as the United States,
patient registries are used to obtain key epidemiological
data on rare diseases, but data on only some of
those diseases are available. Compared to developed
countries, China lacks rare disease registries. Therefore,
epidemiological data on most rare diseases are lacking.
DISMOD 11 is a software tool that is widely used
to check the consistency of estimates of incidence,
prevalence, duration, and case fatality for different
diseases (/). Recently, several studies have formulated
a strategy of using DISMOD II to extrapolate the
epidemiological parameters of several rare diseases.
For example, Yang LP et al. (2) entered incidence,
cause-specific mortality, and remission data into
DISMOD II to evaluate the prevalence of scleroderma
in Spain. Chung et al. (3) used DISMOD II to calculate
the epidemiological parameters of multiple sclerosis
in South Korea based on its prevalence, incidence,
mortality, and duration of disease. Phanthunane et al. (4)
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determined the incidence and duration of schizophrenia
based on its mortality, remission, and prevalence in
Thailand.

Wegener's granulomatosis (WG) is a typical rare and
life-threatening disease with chronic systemic vasculitis
that mainly affects the lungs and kidneys (5). In patients
with WG, the risk of death increases significantly as
the disease progresses, making WG a significant public
health problem (6). The estimated prevalence of WG in
Europe ranges from 2.4/100,000 to 15.7/100,000 (7).
In the United States, the prevalence of WG has been
estimated to be approximately 2.6/100,000 (8), and in
Iran the prevalence of WG is about 0.06/100,000 in
children under the age of 15 (9). However, the prevalence
of WG in China has not been known until now.

The current study estimated the epidemiological
parameters of WG, i.e. its incidence, mortality, and
rate of remission, based on inpatient data from 100
hospitals throughout China. Although such an approach
has limitations, it can provide a general view of the
epidemiology of WG in China. The results may help
to garner more attention and to develop strategies to
prevent and reduce the risk of this ignored rare disease.

2. Data Collection and Methods
2.1. Estimation of the incidence of WG in China

Currently, China has no registry for WG. Data on
inpatients with WG in 2011 were used to estimate the
incidence of WG in China. Inpatient data were obtained
from 100 hospitals in 7 provinces (Shandong, Anhui,
Zhejiang, Hebei, He'nan, Jiangxi, and Fujian) in a
national pilot project to study rare diseases in China.
All data used in this study were accessed in accordance
with ethical requirements and did not violate individual
rights to privacy. Patients who were diagnosed with
WG, i.e. code M 31.3 of the International Classification
of Diseases, Tenth Revision (ICD-10), were identified.
Clinical data were collected for all patients with
WG, including age at the onset of disease, gender,
and a confirmed diagnosis of WG. Patients with an
unconfirmed diagnosis were excluded. The incidence
of WG was estimated based on the number of patients
with WG divided by the population served by these
hospitals.

2.2. Estimation of WG-specific mortality in China and
remission data

Since data on mortality from WG is currently
unavailable in China and other Asian countries, the
following strategy was adopted to determine the
mortality from WG in China: first, WG is a systemic
connective tissue disorder, and information on the total
age-specific and sex-specific mortality from systemic
connective tissue disorders is available for both China

and the United States; second, information on the
age-specific and sex-specific mortality from WG in
the United States is available; third, the least squares
method was used to predict the mortality from WG in
China. US data on WG was used to refine the model.
Systemic connective tissue disorders served as an
independent variable. Data on Chinese age-specific and
sex-specific mortality from WG served as dependent
variables.

X ={xf,x}, -, xf -+, x}} expresses the independent
variable, where & is sex and i is an age variable up to N
(in the current study, N was 18).

Y=k, v vk} expresses the dependent
variable, where £, i, and N represent the same variables
as in the formula for the independent variable. The least
squares criterion was used to construct a univariate
linear regression model where:

min. f(a,b)=2 (0 =31) =2 0f —(@+b*x})

Here, ' =a+b*x' indicates the fitting results for the
independent variable X*.

WG is a rare multisystem autoimmune disease
of unknown etiology. According to one study (/0),
patients with WG may enjoy stable periods from a
clinical standpoint, but their return to a healthy state
is considered impossible. Based on the criteria in a
previous study that defined the rate of remission of
scleroderma (/7), the current study assumed that the
rate of remission of WG was zero.

2.3. Other data sources

Population data for 7 provinces by age group and sex
was obtained from the Chinese Public Health Data
Center. The general age-specific and sex-specific
mortality for the entire Chinese population were
obtained from the Chinese Center for Disease Control
and Prevention.

2.4. Data analysis using DISMOD I software

Age-specific and WG-specific mortality, incidence,
and rate of remission were entered into DISMOD II.
The general age-specific and sex-specific mortality
for the entire Chinese population were entered in the
tool along with population data. Equations were solved
mathematically using the finite differences method,
which is a method of iterative approximation. Estimates
were calculated assuming a Poisson distribution.

2.5. Using DISMOD I to estimate the prevalence of
hepatolenticular degeneration and hemophilia A in
China

To verify whether the DISMOD II model would be
suitable for determining the prevalence of rare diseases
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Table 1. Estimated prevalence of WG in China by age group and gender, based on the cause-specific mortality from WG

determined using formulae

Input (/100,000) Output (/100,000)
Age group Estimated incidence Estimated mortality Prevalence Incidence
Males Females Males Females Males Females Males Females

0-4 0.00 0.00 0.01 0.00 0.20 0.19 0.08 0.07
5-9 0.05 0.05 0.00 0.00 0.56 0.52 0.07 0.06
10-14 0.05 0.05 0.01 0.01 0.85 0.77 0.06 0.05
15-19 0.05 0.04 0.01 0.01 1.09 0.95 0.06 0.05
20-24 0.05 0.04 0.01 0.02 1.33 1.11 0.07 0.05
25-29 0.09 0.06 0.02 0.02 1.63 1.28 0.08 0.06
30-34 0.09 0.06 0.01 0.02 2.01 1.48 0.10 0.06
35-39 0.08 0.05 0.01 0.03 2.43 1.68 0.10 0.06
40-44 0.08 0.05 0.02 0.02 2.84 1.87 0.10 0.06
45-49 0.12 0.08 0.03 0.04 3.27 2.10 0.12 0.08
50-54 0.12 0.08 0.03 0.03 3.75 2.37 0.13 0.09
55-59 0.11 0.08 0.06 0.04 4.18 2.65 0.13 0.09
60-64 0.11 0.08 0.12 0.06 437 2.87 0.12 0.09
65-69 0.08 0.09 0.15 0.08 4.24 3.01 0.10 0.10
70-74 0.08 0.09 0.26 0.16 3.76 2.95 0.08 0.08
75-79 0.6 0.04 0.37 0.22 2.76 245 0.07 0.06
80-84 0.06 0.04 0.94 0.47 1.70 1.77 0.07 0.05
85+ 0.00 0.00 0.00 0.00 1.50 1.63 0.02 0.02
Total NA NA NA NA 2.25 1.63 0.09 0.07

in China, the procedures described earlier were
used to estimate the prevalence of hemophilia A and
hepatolenticular degeneration in China with DISMOD
II. Previous studies have examined the prevalence of
these two rare diseases in China (/2-13). Therefore,
predictions were compared to known prevalence rates
for the two diseases.

3. Results

The incidence of WG in 2011 was estimated based
on inpatient data from 100 hospitals in 7 provinces
of China. As shown in Table 1, the incidence of WG
increased with age, peaking at 49-74 years for female
patients and 25-74 years for male patients. Generally,
male patients had an earlier onset and higher incidence
of WG than female patients.

Data on mortality from WG is unavailable in China,
so the least squares method was used to determine the
age- and gender-specific incidence of WG based on
data from the United States. Two formulae were derived
to predict the mortality from WG in China, and results
per 100,000 people in different age groups and with a
different gender are shown in Table 1.

(1) For males, the optimal formula was:

P =0.0027 +0.0446* x""
(2) For females, the optimal formula was:

Pl =0,0033+0.0237% x

In the two formulae, the R2 statistic was 0.9827
and 0.9734, respectively, indicating that estimates were
highly reliable.

Based on previous studies (/0,11), the rate of
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Figure 1. Estimation of the prevalence of WG by age
group and gender in China.
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Figure 2. Age of onset of WG by age group and gender in
China.

remission of WG can be assumed to be 0. Based on the
estimated incidence, mortality, and rate of remission,
the prevalence of WG in China was calculated with
DISMOD II to be 2.25/100,000 for males versus
1.63/100,000 for females. There were no significant
differences between males and females in terms of the
prevalence of WG. The prevalence of WG increased with
age and peaked at 60-64 years for males and 65-69 years
for females (Table 1).
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After adjusting for the Chinese population, the
incidence, mortality, and rate of remission of WG were
entered into DISMOD II. China is estimated to have
26,006 patients with WG consisting of 15,384 male and
10,622 female patients. The ratio of males to females
in the patient population was 1.45:1 (Figure 1). As
seen in Figure 2, the average duration of WG in China
was estimated to be 28 years for both male and female
patients. In the Chinese population with WG, male
patients had an average age of onset of 38.9 years, which
is slightly younger than the average age of onset in
female patients (39.3 years).

Using the same procedures as were used to analyze
WG, the incidence, mortality, and rate of remission
of hepatolenticular degeneration and hemophilia A
were entered into DISMOD II. The prevalence of
hepatolenticular degeneration was estimated to be
2/100,000, which is slightly lower than its actual
prevalence (4.93/100,000). The prevalence of hemophilia
A was estimated to be 2.85/100,000, which is relatively
close to its actual prevalence (2.2/100,000) (12-13).

4. Discussion

Although rare diseases are a topic of growing interest,
the epidemiology of rare diseases is still a new area (/4).
Conventional studies with random sampling are not
suitable for studying rare diseases, so epidemiological
data on rare diseases is primarily obtained from disease
registries or via extrapolation from other data sources.
China does not have a specific registry for rare diseases,
so important epidemiological data, and especially
prevalence, are lacking for most rare diseases (/5).
A major challenge for China is to develop its medical
policies on rare diseases (/6-17).

The current study used WG as an example to
calculate the prevalence of a rare disease with DISMOD
II based on extrapolation. This strategy has been used to
study other rare diseases. In the current strategy, three
parameters (incidence determined from inpatient data,
rate of remission, and estimated mortality) were entered
into the DISMOD model. Results indicated that both
inputs and outputs had almost the same distribution, so
the strategy is highly valid. Moreover, this DISMOD
[I-based approach was validated with two other rare
diseases. The estimated prevalence of these two rare
diseases was close to the actual prevalence, suggesting
that the current strategy can aptly reflect the actual
prevalence of rare diseases. The DISMOD II model
could be used to estimate the prevalence and other
epidemiological parameters of other rare diseases in
China.

Our results indicated that WG has a prevalence of
1.94/100,000 in China, which is close to its prevalence in
other countries. This figure is lower than the prevalence
of WG in Europe and the United States, where its
prevalence ranges from 2.4 to 15.7/100,000, but this

figure is higher than the prevalence of WG in Iran
(0.06/100,000). The incidence of WG in the current study
reflects the number of inpatients with WG in proportion
to the entire population, so some outpatients who were
diagnosed with WG might have been left out. Therefore,
the parameters for WG obtained here represent the
lower limits, and the estimated prevalence of WG can
be viewed as the lower limits of its prevalence in China.
Figures for the age at onset and the duration of disease
were similar to previously reported figures (/0).

Despite the lack of a specific treatment to cure
WG, some orphan drugs such as rituximab and
methylprednisolone sodium succinate have been found
to markedly improve survival. However, most of the
orphan drugs to treat WG are still unavailable in China.
The estimated incidence and prevalence of WG in China
should provide a reference to help authorities develop
a specific health policy on WG in the future, such as
evaluating the cost-effectiveness of having the healthcare
system cover orphan drugs to treat WG. The evidence-
based estimates of the prevalence and incidence of WG
should also help to encourage industry to research and
develop innovative orphan drugs to treat this devastating
rare disease.

Although the current results are promising, this study
has limitations. First, the effects of some factors, such
as socioeconomic status and level of medical care, were
not precisely quantified. Second, the exact number of
cases of WG throughout the country cannot be readily
assessed due to the lack of data from registries. When
these data become available, the prevalence of WG and
other epidemiological parameters can be estimated more
precisely.

In summary, the current study used DISMOD 11
software to estimate that the prevalence of WG in China.
The current results indicated that the prevalence of
WG is at least 1.94/100,000 and that China has a total
of 26,006 patients with WG. These estimates should
serve as an important reference when authorities work
to increase the availability of orphan drugs to treat WG
and when they develop a medical insurance policy for
Chinese patients with WG. The model used here can be
used to predict the prevalence of other rare diseases in
China.
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Castleman's disease of a submandibular mass diagnosed on
Fine Needle Cytology: Report of a case with histopathological,
immunocytochemical and imaging correlations
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Summary Castleman's disease (CD) is an unusual inflammatory lymphoproliferative disorder of
uncertain aetiology, mainly involving lymphatic tissue in the mediastinum, but also occurring
in the neck, lung, abdomen, pelvis, skeletal muscle and retroperitoneum. Fine Needle
Cytology (FNC) is a quick, cost-effective and safe diagnostic modality to investigate on
organs involved by CD, also providing a guide to treatment and management of patients
with lymphoadenopathy. We report a case of a 44-year-old man who underwent FNC of
a submandibular mass with subsequent surgical excision. Cytology revealed an atypical
lymphoproliferative process, which arose the suspicion of CD. Histopathological study of
the excised masses combined with immunhistochemistry and imaging of the submandibular

and neck areas, confirmed the suspicion. A final diagnosis of Unicentric Castleman's disease,

hyaline-vascular type, was made.

Keywords: Lymphoproliferative disorder, aspiration cytology, hyaline vascular type

1. Introduction

Castleman's disease (CD) was firstly described in 1956
by Castleman and his collaborators in a group of patients
with benign localised hyperplastic lymph nodes in the
mediastinal area (/).

It is a rare lymphoproliferative condition of unknown
cause, with the two main hypotheses being abnormal
immune response and viral infection (2,3). The age of
affected patients ranges from 8 to 69 (4,5), with no sex
predilection (5,6). Although the disease is mostly located
in the mediastinum, CD can occur wherever lymphoid
tissue is found (7,8).

CD is divided into localized/unicentric (UCD) and

*Address correspondence to:

Dr. Maria Gabriella Malzone, S.S.D. di Citopatologia e S.C. di
Anatomia Patologica, Istituto Nazionale Tumori "Fondazione G.
Pascale", via Mariano Semmola, 80131 Napoli, Italy.

E-mail: gabriellamalzone@hotmail.com

generalized/multicentric (MCD) due to the profound
clinical differences between the two variants. Patients
with UCD are generally asymptomatic, with a painless
solitary mass usually localized to the mediastinum or
pulmonary hilum, although other locations like the
pelvis, neck, abdomen, axilla and retroperitoneum have
also been described (9). A minority of patients may
present few symptoms, such as cough, dyspnea, fever,
night sweats, peripheral lymphadenopathy, splenomegaly
and hepatomegaly, depending on the histopathological
subtype (3,70). UCD has a benign prognosis.

In contrast, MDC involves multiple lymph nodes
separately or in a confluent pattern and patients present
systemic symptoms including autoimmune phenomena
and an aggressive course (//). MCD is frequently
associated to HHVS infection, Kaposi sarcoma and HIV
infection (/2,13).

Microscopically, two distinct histological patterns
have been described: the hyaline-vascular type (HV)
and the plasma cell type (PC). A third "mixed" type
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presenting histopathological features of both HV and
PC types has also been reported (3,74).

Fine Needle cytology (FNC) is a useful, minimally
invasive technique to obtain a preoperative diagnosis
in many organ sites (/5) and to rule out reactive
lymphadenopathies and malignant lymphoma or other
neoplastic conditions (/6-18). Although the cytologic
diagnosis of conditions that affect lymph nodes can be
very challenging, the overall diagnostic FNC accuracy
has been reported to be 90% approximately, with a
sensitivity of 85-95% and specificity of 98-100% (19,20).

False-negative cytological diagnoses on lymph
nodes are more common than false-positive, due to
inadequate sampling, inexperience with their cytology
and overlapping of morphological features (20,21).
Therefore, ancillary techniques and/or excisional biopsy
may be very helpful for a definitive diagnosis.

We report herein the cytomorphological features,
based on FNC, of a case of UCD hyaline-vascular
type correlated to imaging, immunocytochemistry and
histological findings.

2. Case Report

In 2009 a 44-year-old male was admitted to a local
hospital for the excision of a left submandibular lymph
node. The diagnosis of reactive hyperplasia was made
and confirmed by a later counselling at a hospital in
Bologna. The patient was suffering from microcytic
anemia with thrombocytopenia since childhood and
had been splenectomised without success. In 2014 a
painless and moderately hard lump appeared under the
submandibular scar, measuring 5 cm in diameter, and
he was then referred to our Institute.

FNC samples were obtained under palpation or
ultrasound guidance by using 23-25G needles, without
suction. The smears were air-dried and stained with Diff
Quik™ or wet-fixed in 95% ethanol and stained with
Papanicolaou (Pap). Immunocytochemistry was also
carried out: the smears were stained for CD3, CD20,
CD21, CD30 and Ki67.

A few days later the patient returned to our Institute
for an ultrasound examination followed by surgical
removal of the submandibular lymph node and a
salivary gland. Immunohistochemistry was performed,
using CD10, CD20, B-cell lymphoma 6 (Bcl6), B-cell
lymphoma 2 (Bcl2), Ki67 protein on the lymph node
sample and CD20, CD1, CD34, CD3, CD30, CD138,
B-cell lymphoma 6 (Bcl6), B-cell lymphoma 2 (Bcl2),
Ki67 protein on the salivary gland sample.

Since the operation, the patient showed no
progression or recurrence of the disease during the
follow-up.

2.1. Cytological findings

The submandibular lymph node smears showed

a polymorphic cytological picture represented by
lymphoid cells in different maturation stages, of
both B- and T-cell type. The general impression was,
nevertheless, that of a relative depletion of follicular
centre cells, with numerous atypical lymphoid cells
of medium to large-size, later found to be atypical
follicular dendritic cells. These cells were characterised
by a transparent cytoplasm, with indistinct dendritic
processes on both Pap and DQ stained slides; they
showed a single large, sometimes nucleolated, vesicular
nucleus with homogeneously scattered heterochromatin
(Figure 1A and 1B). Occasionally, bi- and plurinucleated
atypical cells with similar nucleo-cytoplasmic features
were also found (Figure 1C). Sporadic histiocytes
were also observed; their cytoplasm engulfed with
intact mature lymphocytes (Figure 1D). Thin capillary
fragments were scattered among the cells (Figure
1E). Immunocytochemical staining showed a diffuse
membrane positivity for CD20 in the lymphoid B-cells
and for CD3 in the lymphoid T-cells. The atypical cells
did not show any expression of CD30 but diffusely
expressed CD21, which also enhanced their cytoplasmic

Figure 1. Cytological findings: FNC samples. (A) A sheet
of large atypical lymphoid cells can be seen admixed with
lymphocytes in various stages of maturation. The cells show
oval nuclei with vesicular chromatin appearance. Scattered
chromocenters and occasional nucleoli may be seen.
(Pap, x400, original magnification). (B) A single atypical
lymphoid cell shows a large vesicular nucleus with rough
chromatin pattern and a prominent nucleolus of irregular
shape. Also notice the delicate, slightly cianophylic dendritic
cytoplasmic extensions surrounding its nucleus (Pap, x630,
original magnification). (C) Atypical follicular dendritic
cells showing both a single large, nucleolated, vesicular
nucleus with homogeneously scattered heterochromatin
and bi/ plurinucleation (DQ, x400, original magnification).
(D) Histiocytes with cytoplasm engulfed with intact mature
lymphocytes (DQ, x400, original magnification). (E)
Capillary fragments scattered among the cells (DQ, %200,
original magnification).
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Figure 2. Immunocytological findings. (A) An atypical cell diffusely expressing CD21, which also enhanced its cytoplasmic
dendritic processes (Immunoperoxidase, x600, original magnification). (B) CD21 showed a diffuse positivity in the atypical
cells as well as among the mature lymphoid cells (Immunoperoxidase, x600, original magnification). (C) Ki67 staining ratio

(Immunoperoxidase, x200, original magnification).

dendritic processes (Figure 2A). CD21 also showed a
diffuse interstitial positivity among the mature lymphoid
cells (Figure 2B). Ki67 staining ratio was extremely
high (almost 100%) (Figure 2C).

A cytological diagnosis of atypical lymphoproliferative
disease was made. The possibility of Castleman's disease
was also hypothesized and therefore surgical resection
of the mass and its histopathologic examination were
suggested.

2.2. Imaging features

Ultrasound examination of the left submandibular
area showed a major hypoechogenic mass of 5 x 2.5
cm of diameter approximately, with regular margins
and light internal lobulations (Figure S1A), and a few
other adjacent masses less than 1cm of diameter. Color-
Doppler examination showed both intralesional and
peripheral vascularisation. Three other normal appearing
lymph nodes between Level III (10 mm) (Figure S1B)
and IV (10 and 12 mm) (Figure SI1C) of the neck were
also detected.

No signs of further submandibular, laterocervical or
supraclavear lymphadenomegaly were found. Computed
tomography of the thorax and abdomen revealed no
suspicious masses.

2.3. Histological findings

Lymph node of the Il left submandibular Level.
Histopathology revealed a well-preserved lymph nodal
structure formed by germinal centres surrounded by
thick mantle zones (Figure S2). Germinal centres were
immunochemically positive for CD10, CD20, Bcl6 (but
no positivity was detected in the interfollicular areas)
and negative for Bcl2. The Ki67 proliferative index was
very high (90%). These findings were compatible with a
reactive lymphadenopathy.

Left submandibular scialectomy. The scialectomy
sample consisted of a mass of 7 x 4 x 3 cm with an annex
fibro-fatty fragment containing the submandibular salivary
gland of 5 x 3 x 2.5 cm. The mass was capsulated, with
a gray-whitish cut surface and surrounded by an irregular
paler area of 1 cm in diameter. A lymph node measuring
of 2 x 1 cm was also present in the periphery of the

A

Figure 3. Microscopic and immunohistochemical examination
of the left submandibular scialectomy. (A) Microscopic
appearance of the lymph node (HE, x40, original magnification).
(B) The lymph node was characterised by enlarged follicular
structures immunochemically positive for CD20 (x100, original
magnification). (C) The lymph node was formed by germinal
centres immunochemically positive for Bel6 (X100, original
magnification). (D) The germinal centres contained small
atrophic follicular dendritic cells immunochemically positive for
CD21 (x100, original magnification).

Figure 4. Further histological findings and their immuno-
chemistry examination. (A) Blood vessels between the
follicles immunochemically positive for CD34 (x100, original
magnification). (B) Small lymphocytes immunochemically
positive for CD3 (%100, original magnification). (C) plasma
cells immunochemically positive for CD138 (%200, original
magnification). (D) Ki67 staining ratio (x100, original
magnification).

mass. Microscopic examination showed an organized
lymphoid tissue consistent with a lymph node (Figure
3A), characterised by enlarged follicular structures
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(CD20+; CD1-) (Figure 3B) formed by germinal centres
(Bcl6+; Bel2-) (Figure 3C) containing small atrophic
follicular dendritic cells (CD21+) (Figure 3D), which
were sometimes of large size and bizarre shape, and
surrounded by a normal mantle zone.

Hyalinized small blood vessels penetrated the
follicular germinal centres perpendicularly. Between
the follicles there were numerous vascular structures
(CD34+) (Figure 4A), small T-lymphocytes (CD3+)
(Figure 4B) and few plasma cells (CD138+) (Figure
4C). No immunoreactive cells for HHVS or CD30 were
detected. The Ki67 proliferative index was very high
(90%) (Figure 4D). The histopathological findings were
consistent with Unicentric Castleman's disease, hyaline
vascular type, with the presence of giant follicular
dendritic cells.

3. Discussion

Castleman's disease (CD) is a rare benign lymphoepithelial
disorder that usually occurs in the mediastinum as a
nodal mass (22) but there have been reports describing
extramediastinal lymph node enlargements (3). CD may
be asymptomatic, as it often occurs in case of the
hyaline vascular variant, or symptomatic, with diffuse
lymphadenopathy and severe systemic symptoms, such
in the plasma cell variant (23). The aetiology of CD
is not completely clear yet: clinical evidences include
chronic antigenic stimulation by a virus (human herpes
virus 8 or Kaposi sarcoma-associated herpes virus)
(13,14), chronic inflammation (/), immunodeficient
state (24) and autoimmunity (25,26).

Furthermore, excess production of interleukin-6 (IL-
6) plays an important role in the pathogenesis of the CD
(27). Giant lymph node hyperplasia is generally treated
with surgery (28).

According to the latest investigations, complete
resections provide the same surgical results in deep and
superficial CD (29). No recurrences have been reported
in the literature after complete resection of the hyaline
vascular type. Cytoreduction with radiotherapy and a
combination of chemotherapies have been recommended
in cases where complete resection is not achievable
(30,31), such as the multicentric forms. The prognosis
and outcome of the multicentric type are usually poorer
due to many factors, like progression rate, infections and
comorbidities (32-34).

Fine Needle Cytology (FNC) is a quick, cost-
effective and safe diagnostic tool, which can be
particularly advantageous in non-surgical diseases
and has proved very useful for the discrimination
between reactive lymphadenopathies and other
malignant conditions. The use of FNA has led to a wide
knowledge of the cytology of reactive lymph nodes,
including the rarest conditions (/6-18). However,
FNA remains rather underutilized for the evaluation of
lymphadenopathy, partially due to the lack of available

expertise for the performance and interpretation of such
samples (27). Several authors have emphasised the
diagnostic importance of FNC in CD (35,36). Although
only case reports are available in the literature, attempts
have been made to describe the cytomorphological
findings in CD (37-42) which can be indicative enough
for it to be considered preoperatively, among other
entities.

In our report the cytological picture was represented
by lymphoid cells in different maturation stages, of both
B- and T-cell type, and numerous atypical lymphoid
cells varying from medium to large-size, similar to
those reported by Hidvegi (37) and Cangiarella (38).

Mallik (43) suggested that the main and most
consistent clue to the cytological diagnosis of CD is "the
presence of large atypical cells with "crumpled tissue
paper" like chromatin, occasional multinucleation,
nuclear indentations and nuclear grooves". In our case
the only characteristic that could be appreciated was
the occasional multinucleation, whereas the atypical
cells had scant cytoplasm, a single large, sometimes
nucleolated vesicular nucleus with homogeneously
scattered heterochromatin. Only few atypical cells with
prominent nucleolus mimicking Hodgkin's cells, as
commented by Mallik (43), were present in our samples,
which did not show any expression of CD30. Hidvegi
and his collaborators in the first FNA case report of CD
(37) described the presence of capillary vessels in their
aspirate. We also found capillary fragments in our case,
which posed CD among the possible diseases. When
the cytological features suggest this entity, imaging data
and immunochemistry may play an important role in
the final diagnosis. A hypoechogenic and hypervascular
mass showing well-defined margins on imaging, with or
without systemic symptoms, should include CD in the
differential diagnosis. A polymorphic B-cell population
(CD20+) with normal T cells (CD3+) and CD30
negative large atypical mononuclear, binucleated or
multinucleated cells excludes the diagnosis of Hodgkin's
lymphoma and thymoma. The observation, in such
clinical setting, of large mono- bi- or multinucleated
atypical cells with vesicular, nucleolated nuclei which
do not display any reactivity for CD30, should raise
the possibility of CD. In our case, the histological
examination combined with immunohistochemistry
gave the final confirmation of CD.

In conclusion, although it is probably not possible to
give a definitive diagnosis of CD on FNC samples, the
presence of branching hyaline capillaries penetrating
reactive follicular germinal centres should at least raise
this diagnostic possibility. After exclusion of other
lymphoproliferative disorders, a careful review of the
cytomorphology and clinical features should be carried
out. Given the cytomorphological overlap and atypia in
some cases, ancillary studies and/or excisional biopsy
should be recommended and Castleman's disease can
be suggested to the surgeon as a diagnostic possibility.
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Supplemental Figures

Figure S1. Ultrasound images of the nodules. (A) Ultrasound
examination of the left submandibular area showing a major
hypoechogenic mass with regular margins and light internal
lobulations. (B) Normal appearing lymph nodes between Level
II and (C) Level IV of the neck.

Figure S2. Histological findings. Structure of the lymph
node of the II left submandibular Level formed by germinal
centres surrounded by thick mantle zones (HE, x40, original
magnification).
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Summary

Peutz-Jeghers syndrome (PJS) is a rare, but life-threatening, familial inherited disease,

characterized by mucocutaneous pigmentation and hamartomatous polyps. The estimated
incidence of PJS ranges from 1/50,000 to 1/200,000. PJS can significantly increase the risk
of malignancies, and especially gastrointestinal malignancies. Reported here are 4 cases of

PJS in one family.

Keywords: Peutz-Jeghers syndrome, hamartomatous polyp, malignancy

1. Introduction

In 1921, Peutz first reported a case of a Dutch family
with multiple polyps throughout the gastrointestinal
tract and mucocutaneous pigmentation. In 1949, Jeghers
et al. reported 10 cases involving similar complaints
and they noted a connection between multiple polyps
and pigmentation. Peutz-Jeghers syndrome (PJS) is
a rare, but life-threatening, familial inherited disease
(1,2). The estimated incidence of PJS ranges from
1/50,000 to 1/200,000. PJS can significantly increase
the risk of malignancies, and especially gastrointestinal
malignancies (3). Reported here are 4 cases of PJS in
one family.

2. Case report

On April 2015, a 22-year-old male was admitted to this
department for intermittent abdominal discomfort and
diarrhea. The young man had scattered black spots on
his lips and fingers. Eight years ago, he was diagnosed
with intestinal obstruction due to multiple polyps in his
small intestine and he underwent intestinal resection
at a local hospital. PJS was diagnosed. Computed
tomography scans of the abdomen (Figure 1) and
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colonic endoscopy and upper gastrointestinal endoscopy
(Figure 2) at admission to this Department revealed a
number of large polyps. The maximum length of polyps
in the transverse colon was 12 cm. Subsequently, the
patient underwent endoscopic polypectomy. Histology
confirmed the presence of inflammatory polyps (Figure
3). The patient was discharged without problem.

On June 2015, his cousin, a 19-year-old girl, was
also admitted to this Department for colonic endoscopy.
The girl had slight mucocutaneous pigmentation on
her lips and fingers. She was diagnosed with PJS by
a local hospital and intussusception was noted, so
she underwent intestinal resection in 2012. Histology
confirmed the presence of hamartomatous polyps.
Upon admission, the polyps were treated via a double-
balloon endoscopic polypectomy. The patient refused to
undergo subsequent histological examinations, and she
was discharged without problem.

After a detailed survey of 14 members of the original
patient's family, his father and uncle were also diagnosed
with PJS. His father died of a post-operative infection
at the age of 30. His uncle died of lung adenocarcinoma
at the age of 44. His cousin was alive and age 19. Other
family members had no symptoms or signs of PJS (Figure
4). The original patient and his cousin are being followed
with regular endoscopic examinations.

3. Discussion

PJS is an autosomal dominant disease with no
significant difference in the gender or race of
individuals it affects. Patients with PJS have different
complications such as obstruction, intussusception,
and anemia (4).The treatment of PJS often depends on
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Figure 1. Computed tomography scans of the abdomen.
Red arrows point to polyps.

Figure 2. Endoscopic examination. (A), Colonic polyp; (B),
Gastric polyp.

Figure 3. Histological examination. (A), Gastric histology
confirmed the presence of inflammatory polyps; (B), Colonic
histology confirmed the presence of inflammatory polyps.

Dj@
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Figure 4. Family tree. A square refers to a male and a circle
refers to a female. A slash indicates a person who has died.

those complications. Laser therapy can be used to treat
pigmentation if the patient so desires. Double-balloon
endoscopy allows both examination and treatment of
polyps. A timely polypectomy with double-balloon
endoscopy can reduce the need for abdominal surgery
and consequent problems in patients with PJS (5).

The WHO diagnostic criteria for PJS include: i) >3
hamartomatous polyps; ii) hamartomatous polyps and a
family history of PJS; iii) mucocutaneous pigmentation
and a family history of PJS; or iv) mucocutaneous
pigmentation and hamartomatous polyps (6).
Hamartomatous polyps were considered to be benign
lesions, but there is uncertainty as to whether or not
PJS-associated hamartomas were pre-malignant in PJS.

Some researchers believe that PJS is an epiphenomenon
preceding a cancer-prone state (7,8). In contrast, some
researchers hypothesize that PJS polyps follow the
hamartoma-carcinoma sequence, leading to a high
risk of malignancy (3,7). Three of the family members
studied here had hamartoma polyps that were confirmed
histologically, but one only had inflammatory polyps.
One family member had hamartomatous polyps that were
confirmed histologically and eventually died of lung
adenocarcinoma. Inflammatory polyps, hamartomatous
polyps, and lung adenocarcinoma were found in one
family. Thus, PJS polyps may follow the hamartoma-
carcinoma sequence. A further follow-up study of this
family is needed to prove this hypothesis.

Further screening for the STK///LKBI gene
mutation should help to evaluate the risk of malignant
transformation in two young survivors (9). However,
both patients refused genetic testing. Clearly, a close
follow-up with physical examinations and endoscopy is
recommended.
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Summary

Vaginal fibroids rarely exist as a primary vaginal tumor. Approximately 300 cases have been

reported in the literature. Here we are reporting a rare case of giant vaginal fibromyoma. It
was diagnosed as cervical fibroid polyp preoperatively but found to be vaginal fibromyoma

peroperatively.
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1. Introduction

Leiomyomas are the most common benign tumors
of the uterus. However vaginal myomas are very
rare and may be confused with a variety of vaginal
tumors. Approximately 300 cases have been reported
in the literature (/). Vaginal fibromyomas are usually
asymptomatic but variable symptoms can be present
depending on site including lower abdominal pain,
low back pain, vaginal bleeding, dyspareunia, urinary
symptoms like frequency, dysuria or other features of
urinary obstruction (2). Here we are reporting a case
of giant vaginal fibromyoma which was diagnosed
preoperatively as cervical leiomyoma.

2. Case report

A 30-year-old nulliparous female admitted to our hospital
on 19th March 2015 with complaints of oligomenorrhea
for the last year and purulent discharge per vaginum for
the past six months. Her cycles were of 55-60 days with
a two day duration with reduced flow. On examination
a lump was present in infraumblical region.Size of lump
was almost equal to 18 weeks of gestational uterus.
Slight foul smelling discharge was detected on
local examination. Speculum examination showed free
flowing excessive purulent discharge. A huge mass was
found high up in the vagina which almost occupied
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the whole upper vagina. On bimanual examination a
huge mass was felt high up in vagina which was firm
in consistency. Uterus could not be felt separately from
the mass. Ultrasonography showed bulky cervix. A
heterogeneously hypoechoic space occupying lesion
was found in endocervical canal with minimal increased
vascularity suggestive of cervical fibroid polyp (7.2 x
4.4 cm).

Diagnosis of cervical fibroid polyp was made.
Patient was prepared for polypectomy by vaginal
route under antibiotic coverage. Her operation was
performed on 4th April 2015. Procedure could not
be done vaginally as pedicle of fibroid polyp could
not be accessed vaginally. On laparotomy, uterus and
adnexa were visualized and found to be normal. Vagina
was found to be ballooned up. Uterovesical fold of
peritoneum was incised, bladder was pushed down
and anterior vaginal wall at cervicovaginal junction
was opened. A sessile fibroid polyp was present in the
vagina. A fibroid polyp base of around 4-5 cm was
attached to anterior vaginal wall. Due to excessive
bleeding peroperatively a decision of hysterectomy was
taken with consent of the attendant. After achieving
hemostasis, base of vaginal fibromyoma was serially
clamped and was removed subsequently.

Gross pathological examination reported a single
globular soft tissue piece measuring 12.5 x 10.8 cm
with outer surface appearing grey white and one
end showing grey white growth measuring 5.5 x 5.5
cm (Figure 1). The cut surface showed a whorled
appearance. Microscopic examination reported fascicles
and interlacing bundles of smooth muscle cells showing
elongated to oval nuclei with eosinophilic cytoplasm,
the section also showed hypercellular and myxoid
areas. Intervening stroma showed mild to moderate
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Figure 1. Gross appearance of vaginal fibromyoma. (A),
showing upper surface which was attached to vaginal wall; (B),
lower surface of vaginal fibromyoma with irregular margins.

inflammatory infiltrates comprised of lymphocytes,
and polymorphs with few plasma cells (Figure 2).
Immunohistochemical analysis for CD34, CD117 and
DOG1 was found to be negative.

3. Discussion

Leiomyomas are mainly tumors of myometrium
although they can occur in round ligament, broad
ligament, urinary bladder, renal pelvis, spermatic
cord, glans penis, urethra and even in peritoneum (3).
Most common site of vaginal leiomyomas is anterior
vaginal wall (4) followed by lateral wall (5). They
may also arise from posterior wall (6). It can also
cause obstruction to birth passage if present along with
pregnancy (7).

Twenty-six patients of vaginal leiomyoma
were analyzed by Zhao Y et al. retrospectively. S-P
immunohistochemistry was used to detect smooth muscle
actin (SMA), S-100 protein (calcium binding protein),
CD34 (cluster of differentiation 34), ER (Estrogen
receptor) and EGFR (Epidermal growth factor receptor).
Imunohistochemical staining demonstrated them to
be strongly positive for SMA, and negative for S-100
protein and CD 34 in all cases, positive expression of ER
and EGFR was 38.5 (10/26) and 34.6 (9/26) respectively.
There was significant correlation between expression of
ER and EGFR. They concluded that estrogen hormone
and EGF (epidermal growth factor) might play an
important role in development and growth of leiomyoma
of vagina (8).

Preoperative diagnosis can be made by

Figure 2. Microscopic appearance of vaginal fibromyoma
showing fascicles and interlacing bundles of smooth
muscle cells. (A), fibroid 10 x 0001; (B), fibroid 40 x 0002
hyaline.

ultrasonography but is better delineated with magnetic
resonance imaging. In MRI (magnetic resonance
imaging) they appear as homogenous lesions with
signal similar to myometrium (9). In this case
ultrasonography showed cervical leiomyoma.

MRI usually clinches the diagnosis of vaginal
fibromyoma. In MRI they appear as well demarcated
solid masses of low signal intensity in T1 and
T2 weighted images with homogenous contrast
enhancement while leiomyosarcoma and other vaginal
malignancies show characteristic high T2 signal
intensity with irregular and heterogenous areas of
necrosis or hemorrhage (9,70) MRI could not be done,
because the patient could not afford the investigation.

Surgical removal is the treatment of choice.
Vaginal approach is usually feasible but at times
abdominoperineal approach may be required to complete
the excision in large tumors (/7). If diagnosis could be
made preoperatively, gonadotrophin releasing hormone
(GnRH) analogue can be tried to reduce their size (3,12)
or preoperative embolization can be performed before
excision to reduce intraoperative blood loss (13).

Sim CH et al. (14) reported a case of necrotising
ruptured vaginal leiomyoma which was preoperatively
diagnosed as vaginal malignancy. MRI revealed a
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mass of 7 X 5 cm at distal end on left anterior aspect
of vagina with its low signal intensity of T1 weighted
image, high signal intensity on T2 weighted image.
Antibiotics were given for 10 days, and subsequently
the patient underwent excision of mass through vaginal
approach.

Liu (/5) analyzed 11 vaginal leiomyomas and their
average time to become symptomatic was 8.4 years
with an incidence of 9.1% for malignant change.

4. Conclusion

We should learn from this case that we should always
make a sure diagnosis by MRI whenever there is such a
huge mass in the vagina. GnRH analogues can also be
given to reduce the size of fibromyoma preoperatively.
In this case we could not give GnRH analogues as the
mass was so infected that we could not postpone the
procedure.
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Summary

Apixaban, a non-vitamin K antagonist oral anticoagulants, is a Factor Xa inhibitor that is

prescribed for the treatment of non valvular atrial fibrillation. Rectus sheath hematoma is
a rare but significant complication of oral anticoagulant treatment. The important causes
of rectus sheath hematoma include treatment with anticoagulants, hematologic diseases,
trauma, intense physical activity, coughing, sneezing and pregnancy. In this report, we
describe case of a 71-year-old woman undergoing apixaban treatment for non valvular
atrial fibrillation who presented with spontaneous rectus sheath hematoma.

Keywords: Apixaban, oral anticoagulant, rectus sheath hematoma

1. Introduction

In recent years, new oral anticoagulants are used as the
alternatives of warfarin in non-valvular atrial fibrillation
(7). Apixaban is a directly absorbed, competitive
Factor Xa inhibitor with an extremely fast-onset
action profile. An additional advantage to the use of
apixaban is that it is not reported to adversely interact
with any known drug. When compared to warfarin,
therapeutic intervention with apixaban (2 x 5 mg dose)
has been found to be significantly more efficacious
in the treatment of non valvular atrial fibrillation;
use of apixaban is strongly associated with a marked
decrease in the incidence of stroke, formation of
systemic emboli, major bleeding, intracranial bleeding,
death and common end (2). Unfortunately, unlike
warfarin, apixaban has no known antidote available
for therapeutic use hence bleeding, following apixaban
treatment, is considered as a major complication and is
often difficult to manage. Formation of rectus sheath
hematoma is one such severe complication that requires
a close follow up as it is associated with a high risk of
mortality.

In this communication, we have presented a unique
case regarding spontancous development of rectus
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sheath hematoma following apixaban treatment. To our
knowledge such an occurrence has not been previously
reported in literature.

2. Case report

A 7l1-year-old female patient with a history of atrial
fibrillation and coronary artery disease was referred
to the cardiology clinic following complaints of
abdominal pain and dyspnea for the last 24 hours.
It was also noted that she had been suffering from a
cough for the past one week as a result of an upper
respiratory tract infection. The patient's blood pressure
was recorded as 100/60 mmHg, heart rate was
arrhythmic at 94 beatsmin. The patient's body weight
is 70 kg. On physical examination, it was noticed that
she had a tender, hard, colorless soft tissue swelling
located on the left side of the umbilicus. Laboratory
evaluation revealed mild anemia (Hb: 11.5 mg/dL) as
well as renal function impairment [blood urea: 79.6
mg/dL, creatinine: 1.83 mg/dL, predicted Glomerular
Filtration Rate (GFR): 33 mL/min]. Results of other
laboratory tests were within normal acceptable limits.
As a result of the patient's impaired renal function,
computed tomography with contrast was ruled out
as a diagnostic option and it was decided to employ
emergent abdominal ultrasonography (USG) instead.
USG revealed the presence of a left sided rectus sheath
hematoma measuring 11 x 7.5 x 3 c¢cm in size (Figure 1).

As part of a treatment module for her non valvular
atrial fibrillation, the patient had been using apixaban
at a dose of 10 mg/day (2 x 5 mg) for the past three
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Figure 1. Left sided rectus sheath hematoma on abdominal
USG.

40.0 mm

Figure 2. Rgression of size of the hematoma on abdominal
USG in the follow-up.

months. She had no history of trauma, had not
undergone any surgical procedure and had not been
prescribed any other drug that could account for the
bleeding and hematoma formation. For relieving
symptoms of upper respiratory tract infection the
patient was taking suitable antibiotics and drugs. Her
daily drug schedule was as follows: diltiazem 120 mg
b.i.d., digoxin 0.125 mg/day and furosemide 40 mg/
day. Her CHADS-VASc score was 3 (Age one point,
Coronary arter disease one point and Female one point)
with a HASBLED score of 2.

The patient was moved to intensive care unit
(ICU) and apixaban treatment was instantly stopped.
Intravenous fluid resuscitation was commenced and vital
signs such as blood pressure, heart rate, respiratory rate
and pulse oxygen saturation were constantly monitored.
Hemoglobin values were regularly controlled and
showed no significant decrease during the course of
follow up analysis. Two days following intervention,
the abdominal USG revealed regression of the rectus
sheath hematoma (size: 4 x 3 cm) (Figure 2). Apixaban
treatment was reinstated 5 days later with a reduced dose
of 5 mg/day (2 x 2.5 mg). The patient was discharged
from the hospital and asked to revisit for follow-up after

a period of one week. A week later she underwent routine
examination at the clinic but no medical complaint,
symptom of hematoma or any other complication was
detected.

3. Discussion

Unlike warfarin, treatment with apixaban does not
necessitate an INR follow up. This is one of the
primary reasons for the increased use of apixaban
and other novel oral anticoagulants in the treatment
of non valvular atrial fibrillation. A severe drawback
associated with this issue is the increased incidence of
bleeding related complications. The situation is further
complicated by the absence of specific antidotes to these
oral anticoagulants; this makes management of above
mentioned bleeding complications extremely difficult
because only follow up supportive treatment can be
offered to the patient (3). The half life of apixaban is
12 hours and about 25% of the drug is renally excreted
(4). For this reason supportive treatment and follow up
of apixaban treated patients is very crucial. In our case,
the patient had been receiving apixaban (daily dose: 2 x
5 mg) for treatment of non valvular AF for a period of 3
months.

Rectus sheath hematoma is a rare but significant
complication of oral anticoagulant treatment. The
important etiological causes of rectus sheath hematoma
include anticoagulant treatment, hematologic diseases,
trauma, intense physical activity, coughing, sneezing
and pregnancy (5). Older patients, because of their
deteriorating physical status, are especially vulnerable
to rectus sheath weakness. Under such conditions, it
is imperative to diagnose early, immediately evaluate
and begin treatment so as to prevent the occurrence
of severe complications including hemodynamic
instability, abdominal compartment syndrome, multi-
organ dysfunction and even death. The main strategy
for treatment is discontinuation of the responsible drug,
regular hemoglobin follow up, fluid replacement and
blood transfusion as and when required. Our patient
was predisposed to the formation of rectus sheath
hematoma as a result of her advanced age and her week-
long cough attack. Upon diagnosis we immediately
terminated apixaban treatment and commenced fluid
replacement. In the ICU, hemoglobin controls were
obtained and vital signs were rigorously monitored.
In our case no blood transfusion was required as the
hemoglobin values were stable. Control USG revealed
that the hematoma was decreasing in size as a result of
the steps outlined above.

Factors that increase the tendency to bleed while
undergoing apixaban treatment are well documented
in literature. Some of the most important risk factors
include advanced age, a history of bleeding, stroke
or transient ischemic attack, diabetes, decreased
creatinine clearance and drug use (6). Although it has
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been previously reported that with conventional oral
anticoagulant use, there is a decreased incidence of
bleeding among patients with mild renal impairment
(50-80 mL/min), this is not applicable for patients
suffering from moderate and severe renal impairment
(GFR < 50 mL/min) (7). In our case the patient
suffered from renal function impairment (GFR:
33 mL/min) and this, in our opinion, might have
increased the risk of bleeding. Reduced apixaban
doses (2 x 2.5 mg/day) are suggested in patients with
two or more of the following criteria: The age being
> 80 years, the body weight being < 60 kg, or the
serum creatinine level being > 1.5 mg/dL (2). In our
case the patient had one criteria (the serum creatinine
level was > 1.5 mg/dL). However, it is well known
that the risk of hemorrhage increases in patients with
renal dysfunction (6,7). In addition, the concomitant
use of apixaban and strong dual inhibitors of P-gp and
CYP3A4 are not recommended, or the dose must be
reduced (8). Diltiazem is a moderate inhibitor of dual
P-gp and CYP3A4, and increases plasma concentration
of apixaban (9). In our case the patient had renal
dysfunction, major/mortal bleeding like rectus sheath
hematoma, and was receiving concomitant diltiazem
therapy, therefore we reduced the apixaban dosage (2
x 2.5 mg/day).

Drug interaction with apixaban treatment is a
rare phenomenon but a recent study has reported that
ketoconazole and diltiazem are observed to increase
plasma concentration of apixaban (9). In direct relation
to the aforementioned findings, our patient was
undergoing diltiazem therapy along with apixaban and
this drug interaction might have impacted the tendency
to bleed.

In literature there are documented cases that
report the formation of muscle hematomas following
anticoagulant or anti-platelet therapy (/0). To our
knowledge, only two reports that associated the
formation of rectus sheath hematoma with use of the
new oral anticoagulant rivaroxaban are known (3,17).
Our case report is the first of its kind to highlight the
association between apixaban treatment and formation
of rectus sheath hematoma.

In conclusion, patients on apixaban therapy who
complain of abdominal pain must always be evaluated
for formation of rectus sheath hematoma. Upon
diagnosis appropriate treatment modalities must be
immediately planned and executed.
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Summary

Certain clinical pathologies affecting the ear and hearing mechanism may co-exist. It
is necessary to probe in detail into such conditions so that the pathophysiology is well
understood. This research paper through a single case study tries to explain the probable
pathophysiology behind coexistence of three different clinical conditions namely auditory
dys-synchrony, hyperacusis and tinnitus. These conditions are common in the clinics, but
the coexistence of all the three is rare and demands explanation beyond what is available
in the literature. The assumed model highlights involvement of the outer hair cell's motor
function in the cochlea along with the auditory central gain mechanism to explain possible
pathophysiology behind coexistence of the three conditions. This model will provide insight
into the probable link between the contribution of peripheral and central structures of
hearing in generating tinnitus and hyperacusis in individuals having auditory dys-synchrony.

Keywords: Auditory dys-synchrony, tinnitus, hyperacusis

1. Introduction

Communication and exchange of information is an
important part of our everyday lives. Having a hearing
loss can significantly impact a person's ability to
communicate with others, leading to a reduced quality
of life. People with hearing loss face difficulties in their
emotional, social and physical well-being (/). There
are different types of hearing loss namely conductive,
sensorineural and mixed hearing loss, each of which
has different effects on living. Sensorineural hearing
loss happens due to mutilation in the cochlea, that is the
inner ear, or to the nerve pathways from the inner ear
to the brain (2). Auditory dys-synchrony/neuropathy
(AN/AD) is a hearing impairment where outer hair cell
amplification is normal, but auditory pathway's afferent
neural conduction is disordered (3). The diagnosis is
based on the integrity revealed by the presence of oto-
acoustic emission by the outer hair cell, absence or
severe abnormality of the auditory brainstem responses,
impaired speech perception and acoustic middle ear
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reflexes showing absence of responses or marked
elevation (4). 1 in 200 hearing impaired children had
an audiological indication of dys-synchrony (5). In
individuals with sensorineural hearing loss in Mysore,
the prevalence was around 1 in 183 (6). Most of the
individuals with auditory dys-synchrony reported
difficulty in understanding speech, and tinnitus was
found to be one of the complaints (6,7). It was reported
that 50% of individuals with auditory dys-synchrony
had bilateral tinnitus (6).

Tinnitus is described as a conscious expression of
a sound which instigates in an involuntary manner in
the head of its owner, or might appear to him to do so
(8). It is due to over activity of the cochlear hair cells
that leads to growth in the (spontaneous) firing rate
of primary auditory nerve fibers. The generators of
tinnitus are ideally located in the auditory pathway, and
are explained using various theories like edge theory
and discordant damage theory. Those present in the
central auditory system are explained in terms of other
studies like, the auditory pathway theory, the crosstalk
theory, the limbic and autonomic nervous system, and
the somatosensory system (9). Prevalence of tinnitus
ranged between 4.4 and 15.1% in adults (/0). Tinnitus
can have a significant impact on our life, although most
have learned to live with it. It can disturb concentration
and cause sleeping problems, depression and stress. The
incidence of hyperacusis is very high among individuals
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with tinnitus; 40 and 86% of those who have tinnitus
also have hyperacusis (/7).

Hyperacusis is defined as an abnormal lowered
tolerance to sound (/2). Hyperacusis is an abnormally
strong reaction occurring within the auditory pathways
resulting from exposure to moderate sound; as a
consequence, patients express reduced tolerance to
supra-threshold sounds (/3). As a result of compensatory
increase in neural amplification in the auditory system
which tries to compensate for a loss of sensory input
from the cochlea tinnitus and hyperacusis might result
(14). Lesions causing tinnitus could have some direct
effect on the loudness perception that leads to a reduced
uncomfortable loudness level (15).

The co-existence of auditory dys-synchrony, tinnitus
and hyperacusis is very rare. This article provides
information on the co-existence of all three conditions
with the help of a case study outcome of an adult who
was diagnosed as auditory dys-synchrony with tinnitus
and hyperacusis. Also, it explains a hypothetical model
to describe their co-existence.

2. Case report
2.1. Assessment

Evidence from the literature for the co-existence of
all three conditions has not been reported. Because
all three conditions are reported to All India Institute
of Speech and Hearing (AIISH), it was necessary to
find the reason for the occurrence of these conditions
in the same person. The patient is a 24 year-old male
who was previously diagnosed as having mild to
moderately severe sensorineural hearing loss in both
ears. The patient underwent different medications for
the problems listed, even though no other non-medical
treatments were taken.

The patient complained of reduced hearing
sensitivity in both ears, difficulty understanding
speech, severe tinnitus (continuous ringing type) and
intolerance to sounds. However, the patient did not
mention intolerance to specific sounds. The patient
also had severe psychological issues due to continuous
ringing tinnitus and also had sleep disturbances due to
the same problem. He exhibited all these signs since
5 years old and had consulted many centers but failed
to get a solution. Computed Tomography (CT) scan of
the brain done at Bengaluru, India indicated calcified
granuloma in left parietal lobe (5.6 x 4.1 cm) with no
peri-lesional edema. The EEG results indicated no
electrographic evidence of focal structural abnormality.
Diagnosis from audiological evaluations done at
different centers is given in Table 1.

Late Latency Potential (LLR) was done to find
whether the patient is a candidate for cochlear implant
or not because he was not benefiting from a hearing
aid (combination device). The patient had undergone

Table 1. Summary of results of audiological evaluations
done at different centers

Date (Center ) Provisional diagnosis
12/04/2011 Right ear: Mild SNHL
(Centre 1) Left ear: Moderate SNHL (raising pattern)
02/06/2011 Right ear: Moderate SNHL
(Centre 2) Left ear: Moderately severe SNHL
26/02/2012 Right ear: Moderate SNHL
(Centre 3) Left ear: Moderately severe SNHL
Bilateral retro-cochlear pathology
27/08/2014 Right ear: Moderate SNHL
(Centre 4) Left ear: Moderate- Moderately severe SNHL

a hearing aid trial on January 9, 2015. Different
combination devices were tested which included two
programs. First program wherein only amplification
was provided and the second program where only noise
was given without amplification.

2.2. Diagnostic tests and interpretations

The diagnostic tests used in the present patient included
pure-tone audiometry, auditory brainstem responses,
otoacoustic emissions and middle ear reflexes. The
patient underwent pure-tone audiometry on January 8,
2015 at AIISH. The diagnosis made was mild hearing
loss in right ear and moderate sensorineural hearing loss
in left ear (rising pattern audiogram) with auditory dys-
synchrony and hyperacusis. Speech identification scores
were poor and worsened in a speech in noise test (SPIN).
The middle ear reflexes were absent with the presence
of robust otoacoustic emissions. Auditory brainstem
response (ABR) - site of lesion was performed and the
results were absence of ABR for click stimulus at both
11.1 and 90.1 repetition rate. The results obtained in the
evaluations done at AIISH are provided in Table 2.
There was absence of middle ear reflexes, oto-
acoustic emissions and ABR in this patient. This might
be because of very few inner and outer hair cells
remaining. If only outer hair cells remain, emissions
are seen but without synchronous firing of the neural
elements stemming from inner hair cells, which is the
hallmark of AN/AD (76). As the patient complained
of tinnitus, tinnitus evaluation was done and there was
absence of residual inhibition in both ears. Tinnitus
evaluation was done and frequency and pitch matching
was done at 2,000 Hz at 80 dBHL and 750 Hz at 70
dBHL in right and left ear respectively. Uncomfortable
level of loudness for speech stimulus was found to be
> 90. However, the patient had a tolerance problem at
higher frequencies when administered with Johnson's
Hyperacusis test. The loudness discomfort levels were
obtained and the Johnson's Hyperacusis Quotient (JHQ)
was 50-74 which indicated moderate hyperacusis in
both ears. The patient obtained a score of 84 when
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Table 2. Summary of results of audiological evaluations done at AIISH

Date Audiological evaluations

Results

08/01/2015 Pure-tone audiometry

Speech audiometry

Immittance

Otoacoustic emissions

Auditory Brainstem Response (SOL)

Tinnitus evaluation (Residual inhibition)

09/01/2015 Tinnitus Handicap Inventory
Johnson's Hyperacusis Test

11/03/2015 Pure-tone audiometry
Speech audiometry
Immittance

Otoacoustic emissions

LLR

Right ear: Mild hearing loss
Left ear: Moderate sensorineural hearing loss

Poor speech identification scores
Absence of reflexes in both ears
Presence of robust OAE's in both ears
Absence of ABR in both ears
Absence of residual inhibition

Score:- 84
Impression: Catastrophic tinnitus

JHQ:- 50-74

Moderate sensorineural hearing loss in both ears
Poor SIS scores

Absence of reflexes in both ears

Presence of robust OAE's

Presence of LLR in both ears

administered the Tinnitus Handicap Inventory (/7) and
the impression made was catastrophic tinnitus.

The management option initially tried was a
combination device. A combination device is a hearing
aid with a built-in sound/noise generator for treating
tinnitus. However, the performance using this device
was not satisfactory as the patient also had auditory dys-
synchrony. The patient was re-evaluated after 3 months
and the pure-tone thresholds were slightly elevated.
Both right and left ear had moderate sensorineural
hearing loss. As the patient was not benefited by the
hearing aids, LLR was done to check whether patient is
a good candidate for cochlear implantation. The LLR
was present in both ears for tone burst and also for
speech stimulus.

3. Discussion

The results of the present study show that the patient
had all the aforementioned clinical conditions co-
existing. The possible reason for the co-existence
is explained based on the pathophysiology of these
conditions through a hypothetical model generated
for the same (Figure 1). Starr et al.(4) in 1996 defined
"auditory dys-synchrony as a condition to describe
hearing loss characterized by normal or near normal
hair cell function and absent or abnormal auditory
function". The etiology can be at the junction between
the cochlear branch of VIII nerve and the inner hair
cell that is the synapse, the inner hair cell or at the VIII
nerve itself (4, /8) ((A) in Figure 1).

Auditory dys-synchrony is characterized by absent
or abnormal ABR, presence of cochlear microphonics

(CM), and otoacoustic emissions (OAEs) (4,19-21).
A normal middle ear function is reflected by normal
outer hair cell function in the cochlea inferred through
oto-acoustic emissions. But, in some patients who
have normal otoacoustic emissions, there will be either
absence of inner hair cells or compromised neural
synchrony (4,18). In the organ of corti the outer hair
cell's motile function is involved in both increasing the
activity on the basilar membrane accompanying low
intensity sound and with the fine tuning of the activity
(22). The efferent fibers innervate the OHC from the
central auditory system in large part, which will analyze
the sound environment and will influence the cochlear
function accordingly. The stereocilia and cuticular
plate region has an active bidirectional transduction
mechanism with the OHC. First, the mechanical
energy applied to the hair bundle is transduced into
electrochemical energy of receptor potential/current
of the OHC to drive the hair bundle mechanically.
The active mechanical force at the OHC hair bundle
would push against the tectorial membrane and drive
the organ of corti, conceivably reducing the mechanical
damping associated with vibration of the organ of corti.
This property of OHC gives rise to active/non-linear
biomechanical behavior of the cochlea, and is highly
vulnerable physiologically (23).

The mechanical response of the cochlea to the
receptoneural signals by the THC subsystem is to
transmit the auditory information with high spatial and
temporal resolution via the bulk of the afferent cochlear
nerve channel to the higher centers of the brain. It has
been determined that stereocilia of the outer hair cell
are firmly rooted in the overlying tectorial membrane
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Figure 1. Hypothetical model to explain the co-existence of auditory dys-synchrony, hyperacusis and tinnitus based on
their pathophysiology. Link 1 depicts the etiology leading to auditory dys-synchrony (which can be at the junction between
the cochlear branch of VIII nerve and the inner hair cell that is the synapse, the inner hair cell or at the VIII nerve itself); link 2
represents hyperacusis (which arises due to compensation by central nervous system for a decrease in sensory input, by increasing
the sensitivity of other centers involved in perception) and, link 3 represents tinnitus (due to both auditory dys-synchrony and
hyperacusis, there is reduction in the central efferent suppression which leads to an increase in the gain of cochlear amplifier and

results in tinnitus).

while the stereocilia of the inner hair cell make only
a feeble connection. The basilar membrane is held
below the inner hair cells while the outer hair cells
are located near the center of the basilar membrane
where vibrations will be greatest. This suggests that
the resulting modulation of the ionic currents resulting
from the movement of stereocilia is likely to be greater
for outer hair cells than inner hair cells (23).

In the patient, there is co-existence of all the three
conditions of auditory dys-synchrony, tinnitus and
hyperacusis. Tinnitus, the perception of phantom
sounds, and hyperacusis, the reduced tolerance for
sounds, are often comorbid (/2). Both hyperacusis and
tinnitus arise from either sound-evoked or spontaneous
hyperactivity in the auditory neural pathways. This
reduction in peripheral neural activity occurs due
to damage to sensory cells that reduces synaptic
transmission to cochlear nerve terminals (24,25). It is
suggested that tinnitus and hyperacusis, result from
a maladaptation of the central auditory system to
peripheral dysfunction, while triggered by cochlear
damage (26). Both tinnitus and hyperacusis could be
explained in terms of a central gain model.

4. Central gain mechanism

The neural activity transmitted from the cochlea to
the central auditory system is reduced in sensorineural

hearing loss. Despite reduced output from the cochlea,
there will be enhancement in neural activity in central
auditory structures at suprathreshold levels (27).
Tinnitus and hyperacusis, while triggered by cochlear
damage, result from a maladaptation of the central
auditory system to this peripheral dysfunction (26). As
the feedback reaching from the central structures to
the cochlea is not adequate, suppression will not take
place and hence leads to over firing of the fibers. This
is indicated through the outcomes from Oto-acoustic
emissions which was robust for this patient.

Thus, central gain modulation is linked to loudness
perception, which suggests that central gain enhancement
may manifest as hypersensitivity to loudness, i.e.,
hyperacusis. To support this, the uncomfortable level of
loudness for speech stimulus was found to be > 90 and
also moderate Hyperacusis in both ears as indicated in
JHQ.

There was absence of middle ear reflexes and
ABR in this patient which could be due to damage in
the inner and outer hair cells. If only outer hair cells
remain, emissions are seen, but without synchronous
firing of the neural elements stemming from inner hair
cells, which is seen in auditory dys-synchrony.

The compensatory increase in response to the loss of
sensory input in the central auditory activity is referred
to as central gain enhancement. According to the
central gain mechanism, there will be recalibration of
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mean firing rate activity of the central auditory system
to a new "set-point" due to lack of sensory input, thus
generating an amplification of neural noise, which
will be perceived as tinnitus. Notably, this neuronal
recalibration can result in an enhancement of incoming
sensory signals, which may increase the loudness
intolerance and hyperacusis which often accompanies
hearing loss (27). Hence, the Central Gain Model
accounts for both tinnitus and hyperacusis.

Thus, the possible reason for the coexistence of
these three conditions is explained as follows. As there
is auditory dys-synchrony, the feedback to the OHC
from the central gain mechanism will be affected
and there will be a greater firing rate and hence over
excitation of OHC even for less intense sounds. There
will be compensation by the central nervous system for
a decrease in sensory input, by increasing the sensitivity
of other centers involved in perception (28). This may
lead to intolerance to sound termed as hyperacusis ((B)
in Figure 1).

Due to both auditory dys-synchrony and hyperacusis,
there is reduction in central efferent suppression. This
leads to an increase in the gain of cochlear amplifier and
results in over activity related symptoms like tinnitus
((C) in Figure 1). A study demonstrates that tinnitus is
accompanied by a change of the tonotopic map in the
auditory cortex. A marked shift of the tinnitus frequency
to the adjacent area was observed in the tonotopic
location. There is also a positive association between
subjective strength and the amount of shift of the tinnitus
frequency in the auditory cortex. The reorganizational
changes occur in the auditory cortex with both increase
and decrease in input (26).

One of the rehabilitation options available for
this condition is combination devices. Combination
devices are one of the best treatments for tinnitus and
hearing impairment as these devices mask the tinnitus
and also amplify the sound to overcome the loss of
hearing sensitivity. As this was not beneficial for the
patient a cochlear implant was recommended. There
are many studies which suggest the use of cochlear
implants for people with auditory neuropathy spectrum
disorder as these devices improved synchronous
activity in the auditory nerve and help improve speech
perception (29-31).

Link 1 represents the pathophysiology of auditory
dys-synchrony which can be at the level of inner hair
cell, junction of the inner hair cell and the cochlear
branch of VIII nerve or at the VIII nerve itself. Link
2 represents the dys-function in the central gain
mechanism which is responsible for hyperacusis. Link
3 explains the reduction in central gain mechanism
due to both auditory dys-synchrony and hyperacusis
which further leads to tinnitus. As there is auditory dys-
synchrony, the feedback to the OHC from the central
gain mechanism will be affected and there will be a
greater firing rate and hence over excitation of OHC

even for less intense sounds. The central nervous
system will compensate for a decrease in sensory input,
by increasing the sensitivity of other centers involved
in perception. This may lead to intolerance to sound
termed as hyperacusis. Due to both auditory dys-
synchrony and hyperacusis, there is reduction in central
efferent suppression, which leads to an increase in the
gain of cochlear amplifier and results in over activity
related symptoms like tinnitus.

In conclusion, the test results reported here of a
single case study, imply that all three conditions can co-
exist as the way it is explained in the hypothetical model
based on their pathophysiology. Tinnitus and hyperacusis
result from a compensatory increase in gain in the central
auditory system to compensate for a loss of cochlear
sensory input.
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Summary

Pacemaker contact sensitivity is a rare condition. Less than 30 reports of pacemaker

skin reactions have been described. We report a 57-year-old woman who underwent an
implantable cardiac defibrillator (ICD) implantation for ventricular tachycardia. A skin
patch test was positive on almost all components of the pacemaker system. She was treated
with topical corticosteroids and skin lesions resolved within 2 weeks. Because of widespread
use of various devices, we will see this more often and therefore it is important to recognize
this problem and its effective management.

Keywords: Dermatitis, implantable cardiac defibrillator (ICD), skin patch test

1. Introduction

Contact dermatitis is an inflammatory response that
appears from the contact of irritant or allergic substances
to the skin. Contact dermatitis due to pacemaker devices
is a rare clinical situation. There are possibilities of being
not detected and being misdiagnosed because of negative
skin tests. The most important step of the diagnosis is the
skin patch test. The treatment management may also be
problematic once the contact dermatitis is diagnosed (/).
We have presented a case who had localized erythema
development after an implantable cardiac defibrillator
(ICD) implantation nearly 8 months ago, the ICD was
removed from the patient and re-implanted, and the
patient had contact dermatitis 24 hours after the re-
implantation.

2. Case report

A 57-year-old woman was admitted to our hospital for
replacement of an ICD for hypertrophic cardiomyopathy
who had suffered ventricular tachycardia. Her medical
history included an ICD implantation 8 months ago
which had been removed for suspected pacemaker
infection with localized erythema at the side of the
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generator pocket one week after implantation. No
bacterial infection had been found in microbiological
screening tests. The patient underwent reimplantation
successfully but within 24 hours of reimplantation
localized erythema was limited within the border of
the generator and pruritis occured at the side of the
generator pocket (Figure 1) as in the past described by
the patient. This time the reaction occurred earlier than
formerly and allergic contact dermatitis was suspected.
She underwent patch testing that showed reaction to the
various components of the pacemaker such as nickel,
chromium, and titanium. Skin lesions resolved within 2
weeks with topical corticosteroids. After an 18-month
follow-up, the patient is still asymptomatic.

3. Discussion

The first contact dermatitis case due to a permanent
pacemaker device was reported by Rague and
Golschmidth (2). There were several case presentations
after this. Implantable loop recorder induced allergy
has also been reported (3). Many allergens have
been suspected to influence contact dermatitis due to
permanent pacemakers, and it has been determined that
the most frequent allergens are titanium and nickel.
The duration of the appearance of symptoms has been
reported to vary between 2 days and 2 years. However,
the reaction generally appears within a few weeks after
the implantation. According to the data obtained from
the biopsy material, the pathophysiology includes a
delayed hypersensitivity reaction (Type 3 - Type 4) (4-7).
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Figure 1. This photograph shows the skin reaction over the
pacemaker after the second pacemaker implantation.

Clinical suspicion is the most important step
in diagnosis of the cases. Complete blood count
(hemogram) of the patient is generally normal;
however, sometimes eosinophilia may be observed
(8). The diagnosis is made with the skin patch test.
It must be kept in mind that negative results will not
exclude pacemaker contact dermatitis. A skin patch test
following a pacemaker implantation may give negative
results due to the antibiotics that are being used. The
use of corticosteroids may also lead to wrong negative
skin test results. This situation makes it difficult for
diagnosis. The skin test results of 6 out of 17 patients
were negative. They had reactions after pacemaker
implantation and were treated successfully (4-6,9).
The test that is used for titanium, which is the most-
frequent allergic material, is not very reliable. Titanium
tetrachloride, which is highly diluted and hydrolyzed
in water, is used for this test (). Some other methods
such as electron probe microanalysis (EDAX) and a
lymphocyte stimulation test have also been used for
difficult diagnoses (6,9). In our case, although the
reaction developed 24 hours after implantation, the skin
test result was positive, and therefore the diagnosis was
made easily.

The real treatment of contact dermatitis is removing
the agent that causes the allergy. Although there
are cases that react to topical steroids (6), treatment
management is difficult in many cases. Long-term use
of systemic steroids may be influential in difficult cases,
but they are not recommended due to their side effects.
Antihistaminic drugs may also be used to decrease
symptoms. A device that does not contain allergic
components and that is confirmed with a negative skin
test may be used in cases that do not react to treatment.
Another choice is the possible use of generators with
non-allergic coatings. The recommended materials may
be silicone (10), parylene, and gold (/7). There have
been some allergies reported for these materials in some
cases as well (7). Kang J ef al. reported three cases of a
cardiac rhythm device induced contact dermatitis which

was treated by device extraction and reimplantation with
another device without offending agent or coating with
a non-allergenic substance (/2). In our patient this is the
second implantation of a device so we first tried to treat
with topical corticosteroids and antihistaminics. Topical
corticosteroids were applied twice daily at the side of
the generator pocket. After treatment pruritis decreased
first and localized erythema dissolved slowly within two
weeks.

In conclusion, pacemaker contact dermatitis is a
rare clinical condition. In some cases, diagnosis and
treatment are difficult. Cardiologists should always
keep pacemaker allergy in mind when a patient appears
with wound complications.
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Summary

A spontaneous portosystemic shunt is a rare malformation of the vessels supplying the liver.
This condition often leads to the development of hepatic encephalopathy due to excessive
shunting of blood from the portal vein to the inferior vena cava. Some studies have
suggested that the presence of spontaneous portosystemic shunts is inversely associated with
the appearance of large esophageal varices. Spontaneous intrahepatic portosystemic shunts
(SIPSS) are far less frequently observed than extrahepatic portosystemic shunts, which
include spleno-gastric-renal shunts, mesenteric-caval shunts, and a large patent umbilical
vein. Reported here is a case of decompensated liver cirrhosis with a large SIPSS without
any incidence of overt hepatic encephalopathy.

Keywords: Spontaneous intrahepatic portosystemic shunt; liver cirrhosis; hepatic encephalopathy;

embolization

1. Introduction

A spontaneous portosystemic shunt is a rare
malformation of the vessels supplying the liver that can
lead to the development of hepatic encephalopathy (HE)
due to excessive shunting of blood from the portal vein
to the inferior vena cava (/-2). That said, a study has
indicated that patients with spontaneous portosystemic
shunts had significantly fewer large esophageal varices
than those without such shunts (3). Color Doppler
ultrasound and computed tomography are the first-
line imaging modalities that are used to diagnose a
spontaneous portosystemic shunt. Angiography should
be the gold standard for diagnosis of those shunts.
Depending on the location of the shunt, spontaneous
portosystemic shunts primarily include extrahepatic
and intrahepatic shunts. Spontaneous intrahepatic
portosystemic shunts (SIPSS) are far less frequently
observed than extrahepatic portosystemic shunts, which
include spleno-gastric-renal shunts, mesenteric-caval
shunts, and a large patent umbilical vein. Reported here
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is a case of decompensated liver cirrhosis with a large
SIPSS without any incidence of overt HE.

2. Case Report

On October 10, a 58-year-old male was admitted to
this Department for intermittent pain in the left upper
abdomen that had persisted for about 10 years. The man
was diagnosed with hepatitis B virus (HBV) infection-
related liver cirrhosis 10 years prior. The man also had
a 20-year history of alcohol abuse (100 g daily) but had
abstained from alcohol consumption for 10 years. The
man denied any previous history of trauma.

On physical examination, there was mild tenderness
in the left upper abdomen with no rebound, shifting
dullness, and edema in both lower extremities.
Laboratory results revealed a white blood cell count
of 3.9 x 10°/L (reference range: 3.5-9.5 x 10°/L), a red
blood cell count of 4.30 x 10'"*/L (reference range: 4.3-
5.8 x 10"*/L), a hemoglobin level of 136 g/L (reference
range: 130-175 g/L), and a platelet count of 45 x 10°/L
(reference range: 125-350 x 10°/L). Blood was positive
for HbsAg and HBcAb-IgG, HBV DNA was 9.2 x 10°
copies/mL (reference range: < 1.0 x 10’ copies/mL),
total bilirubin was 48.9 umol/L (reference range: 5.1-
22.2 pmol/L), alanine aminotransferase was 66.04 U/L
(reference range: 9-50 U/L), aspartate aminotransferase
was 93.11 U/L (reference range: 15-40 U/L), albumin
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Figure 1. Abdominal axial contrast-enhanced computed tomography scans in the venous phase showing a spontaneous
intrahepatic portosystemic shunt. Panels A-F are CT scans from top to bottom. The right portal branch (fine solid arrow)
communicates with the inferior vena cava (fine dashed arrow) through a large portosystemic collateral vessel (thick dashed arrow).
Notes: A thick solid arrow represents the left portal vein branch, a fine solid arrow represents the right portal vein branch, a thick
dashed arrow represents the collateral vessel between the right portal vein branch and inferior vena cava, and a fine dashed arrow

represents the inferior vena cava.

was 31.0 g/L (reference range: 40-55 g/L), prothrombin
time was 19.3 seconds (reference range: 11.5-14.5
seconds), the international normalized ratio was 1.69,
blood ammonia was 35 umol/L (reference range: 9-54
umol/L), and alpha fetoprotein was 3.3 ng/mL (reference
range: 0-6.7 ng/mL).

Contrast-enhanced computed tomography scans
of the abdomen in the venous phase showed moderate
ascites, splenomegaly, and right pleural effusion.
Notably, there was a large collateral vessel between the
right portal vein branch and the inferior vena cava (Figure
1). Thus, the patient was diagnosed with SIPSS, but no
overt HE was observed. The presence of esophageal
varices was confirmed by upper gastrointestinal
endoscopy. Symptomatic treatment was given, including
diuretics and hepatoprotective drugs. Abdominal pain
gradually disappeared. On October 19, laboratory tests
were performed again. Total bilirubin was 27.0 pumol/
L, alanine aminotransferase was 44.97 U/L, aspartate
aminotransferase was 68.02 U/L, albumin was 23.6 g/L,
serum sodium was 137.2 mmol/L, and blood ammonia
was 69 umol/L. The patient was discharged and
followed-up on an outpatient basis.

3. Discussion

Portal hypertension may be a major predisposing factor
for SIPSS. Theoretically, the shunting of blood from
the portal vein to the inferior vena cava may help to
decrease portal pressure (2). In an experimental study,
Geraghty et al. found that portal pressure and extent of
portosystemic shunting were correlated a day after the

portal vein was partially ligated (4), but the correlation
was absent in cirrhotic portal hypertension. However,
SIPSS reduces the liver's ability to detoxify blood,
thereby increasing the entry of toxic substances into
the brain (2). In an early experimental study, Vogels et
al. found that only rats with a portacaval shunt, rather
than rats with a sham portacaval shunt, developed
encephalopathy after hyperammonemia was induced
with infusion of ammonium acetate (5). In contrast,
Hsin et al. suggested that significant liver damage,
rather than portosystemic shunts, would be required
to induce the development of HE in cirrhotic rats (6).
Despite the controversial findings from experimental
studies, the clinical evidence appears to be unequivocal.
A case-control study indicated that the prevalence of a
large portosystemic shunt was significantly higher in
cirrhotic patients with recurrent or persistent HE than in
those without previous or present signs of overt HE (/).
Notably, patients and the control group in that study
were well matched in terms of age and the severity of
liver dysfunction.

To the extent known, few studies have reported
the presence of SIPSS in cirrhotic patients. More
importantly, the patient in the current case was
asymptomatic and did not receive embolization.
Similarly, Tsauo et al. reported the presence of SIPSS
in a patient with autoimmune hepatitis-related liver
cirrhosis (7). Ding et al. also reported the presence of
SIPSS in a patient with Budd-Chiari syndrome (§).
In the two previous cases, no SIPSS-induced HE was
observed. Thus, surgical or interventional vascular
treatment of SIPSS was unnecessary.
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Patients with symptomatic SIPSS should benefit
from treatment. Recently, An et al. have shown
that angiographic embolization of a spontaneous
portosystemic shunt can improve the survival and
liver function of cirrhotic patients with recurrent HE
(9). Endovascular embolization of large spontaneous
portosystemic shunts should be considered first (/0-11).
Several studies have recently described the Amplatzer
device for embolization of large shunts. Kessler et al.
used the Amplatzer Vascular Plug to embolize a large
retroperitoneal shunt during a transjugular intrahepatic
portosystemic shunt procedure (/2). Ramirez-Polo et al.
reported the use of the Amplatzer device to occlude an
extrahepatic portosystemic shunt (i.e., a porto-femoral
"umbilical" shunt) in a patient with persistent HE (/3).
Wu et al. also reported the use of the Amplatzer device
for embolization of a spontaneous splenorenal shunt in
a cirrhotic patient presenting with HE after placement
of a transjugular intrahepatic portosystemic shunt (/4).
Since an endovascular procedure is technically difficult,
laparoscopic closure of SIPSS could be a treatment
alternative (15).

Based on this unique case report, hepatologists
should be mindful of the possibility of SIPSS in patients
with liver cirrhosis. The decision to embolize SIPSS
may depend primarily upon the presence of HE.
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London, UK, 2000; pp. 1-15.

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

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

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

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

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

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

5. Submission Checklist

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

6. Online submission

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

7. Accepted manuscripts

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

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

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

(As of February 2013)
Editorial and Head Office:

Pearl City Koishikawa 603
2-4-5 Kasuga, Bunkyo-ku
Tokyo 112-0003, Japan

Tel: +81-3-5840-9968

Fax: +81-3-5840-9969

E-mail: office@irdrjournal.com
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