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The role of L-type amino acid transporter 1 in human tumors
Yu Zhao1,2, Lin Wang1,2, Jihong Pan1,2,3,*
1

University of Ji’nan Shandong Academy of Medical Science School of Medicine and Life Science, Ji'nan, China;
Shandong Medicinal Biotechnology Center, Ji'nan, China;
3
Key Laboratory for Rare Diseases of Shandong Province, Ji'nan, China.
2

Summary

L-type amino acid transporter 1 (LAT1) is an L-type amino acid transporter and transports
large neutral amino acids such as leucine, isoleucine, valine, phenylalanine, tyrosine,
tryptophan, methionine, and histidine. LAT1 was found to be highly expressed especially
in human cancer tissues, and up-regulated LAT1 can lead to dysfunction in human tumor
cells. These findings suggest that LAT1 plays an important role in human tumors. This
review provides an overview of the current understanding of LAT1 expression and its
clinical significance and function in tumors.
Keywords: LAT1, human tumor, proliferation, angiogenesis

1. Introduction
Cancer cells require a large amount of nutrients
and amino acids for rapid growth and continuous
proliferation. This situation is facilitated by the
upregulation of amino acid transporters. Amino acid
transporters located on the plasma membrane facilitate
the movement of amino acids cross the cytoplasm.
System L is a major transport system providing cells
with large neutral amino acids, including branched or
aromatic amino acids (1). To date, four L-type amino
acid transporters (LATs), LAT1-LAT4, have been
identified at the molecular level. LAT1 has been found
in many malignant cells, while LAT2 functions in the
epithelium of the kidney proximal tubules and digestive
tract. LAT3 and LAT4 have been localized to the apical
plasma membrane of podocytes and to the distal tubules
and collecting ducts (2).
Among the known LATs, LAT1 has garnered
particular attention because of its limited distribution
and higher expression in malignant tumors. Previous
studies have demonstrated that LAT1 is regulated in
various tumors to increase amino acid transport (3).
LAT1 can transport large neutral amino acids such
Released online in J-STAGE as advance publication September
8, 2015.
*Address correspondence to:
Dr. Jihong Pan, Shandong Medicinal and Biotechnology
Center, Shandong Academy of Medical Sciences, 18877
Jingshi Road, Ji'nan, Shandong 250062, China.
E-mail: pjh933@sohu.com

leucine, isoleucine, valine, phenylalanine, tyrosine,
tryptophan, methionine, and histidine (4-6). Encoded
by SLC7A5, the 55-kD protein forms 12 putative transmembrane domains (7), and the functional expression
of LAT1 requires covalent association of the heavy
chain of 4F2 cell surface antigen (CD98) (8). LAT1
is also an exchanger, and it can exchange intracellular
glutamine for external large neutral amino acids. The
apparent affinity for large neutral and aromatic amino
acids is in the physiological micromolar range on the
extracellular portion and up to 100-fold higher on the
cytosolic portion of the transporter (9).
Because of its proposed role in supplying nutrients
necessary for tumor growth and proliferation, LAT1
may be a critical target for cancer intervention. The
current review provides an overview of the current
understanding of the clinical significance of LAT1
expression and its function in tumors.
2. Expression of LAT1 in various tumors
Although LAT1 can provide essential amino acids for
normal cell growth, its expression is limited to organs
such as the brain, spleen, thymus, and testes. Importantly,
however, LAT1 is also highly expressed in human
cancer tissues (10,11), including cholangiocarcinoma,
multiple myeloma, malignant glioma, and lung, uterine
cervical, oral, prostate, and breast cancer. The use of
molecular techniques has revealed that the level of LAT1
expression in malignant tumor tissues is significantly
higher than that in surrounding healthy tissues and
benign tumor tissues. Moreover, the expression of LAT1
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in malignant tumor tissues with distant metastasis is
higher than that in tissues without distant metastasis.,
LAT1 is over-expressed in human gliomas and is
predominantly expressed in the vascular endothelium
and the cytoplasm of tumor cells, as well as in the
plasma membrane of tumor cells (12). In addition, the
level of LAT1 expression is higher in infiltrating glioma
cells than in cells located in the center of a tumor (13).
These findings suggest that LAT1 may be associated
with the metastasis of tumors in humans. Similar results
were reported for uterine cervical carcinoma, in which
LAT1 expression is limited to the basal layer of normal
squamous epithelium, and the level of LAT1 expression
in invasive squamous cell carcinoma is significantly
higher than that in cervical intraepithelial neoplasia (14).
In the lungs, LAT1 is not detected in normal epithelial
cells but its expression is noted in non-small lung cancer;
in addition, LAT1 expression is significantly higher in
patients with mediastinal lymph node metastases than
in patients without those metastases (8). Interestingly,
non-solid tumors also display altered LAT1 expression:
LAT1 acts an activation antigen in T lymphocytes
and T-cell leukemia results in higher levels of LAT1
expression compared to normal activated T cells (15).
The distribution, level of expression, and methods of
detection of LAT1 are summarized in Table 1.
Thus, a wealth of evidence indicates that the level
of LAT1 expression is abnormally high in human
cancer cells. However, the mechanism underlying this
expression remains unclear. Yamauchi et al. reported
that LAT1 can activate the mammalian target of the
rapamycin (mTOR) signaling pathway, which plays an
important role in protein synthesis and energy supply
(16). However, few studies have identified the molecular
mechanisms by which LAT1 may be promoting
tumorigenesis.
3. The biological activity of LAT1 in tumors
Since LAT1 is overexpressed in various types of tumors,
the question of whether up-regulation of LAT1 leads
to the transformation of human tumor cells, or whether
its overexpression is a by-product of tumorigenesis,
must be considered. Previous studies have reported
that LAT1 can regulate multiple biological processes,
including cell growth, invasion, and angiogenesis, that
primarily characterize malignant tumors.
3.1. LAT1 and tumor cell proliferation
Amino acids are essential for protein synthesis, which
is necessary for tumor cell growth. LAT1 can mediate
amino acid uptake, and its upregulation in tumor cells
suggests that LAT1 may promote tumor cell growth.
Importantly, many studies have demonstrated that
inhibition of LAT1 can reduce tumor cell proliferation.
Apoptosis, the major form of cell death, is

deregulated in tumors, allowing their continuous
growth. The upregulation of LAT1 in tumor cells may
affect caspase activity, thereby altering apoptosis.
Kim et al. reported that in KB, Saos2, and C6 cell
lines, down regulation of LAT1 by 2-aminobicyclo(2,2,1)-heptane-2-carboxylic acid (BCH) inhibits cell
growth by activating apoptosis through the induction
of caspase-3 and caspase-7 (17). Similarly, Kobayashi
et al. reported that over-expression of LAT1 in gliomas
with low endogenous expression of LAT1 significantly
enhanced the rates of tumor cell growth in athymic
mice but that treatment with BCH promoted apoptosis
through the activation of caspases (18).
3.2. LAT1 and tumor cell invasion
Tumor invasion and metastasis are the major causes of
morbidity and death in cancer patients. The supply of
nutrients, and especially amino acids, is critical to this
process. LAT1 upregulation is associated with tumor cell
invasion, and down-regulated LAT1 can suppress tumor
cell invasion. Indeed, cell migration and invasion were
reduced after LAT1 knockdown in cholangiocarcinoma
cells (3). Similarly, downregulation of LAT1 expression
can inhibit the invasion and migration of gastric cancer
cells (19). However, the exact mechanism underlying
this process is not fully understood.
3.3. LAT1 and tumor angiogenesis
Angiogenesis is critical to tumorigenesis because new
blood vessels are necessary to supply nutrients and
oxygen and to dispose of metabolic waste products.
Moreover, an enhanced vascular supply could reflect
malignant potential. Many studies have demonstrated
that LAT1 is associated with angiogenesis. Indeed, the
protein is observed in vascular endothelium, and its
level of expression is markedly associated with glioma
microvessel density (12). Moreover, the expression of
LAT1 is correlated with tumor angiogenesis as assessed
by vascular endothelial growth factor expression,
microvessel density, and vascular invasiveness of
tumors (8).
4. Clinical significance of LAT1 in tumors
Since LAT1 functions as an amino acid transporter,
its clinical significance in cancer can be traced to
differences in amino acid transport within tumors.
Several studies have noted an increased uptake of
radio-labelled amino acids, including 6-18F-fluoro-L3,4-dihydroxy-phenylalanine (18F-DOPA), L-[3-18F]α-methyl tyrosine ( 18F-FAMT), and anti-1-amino-3[ 18F]fluorocyclobutane-1-carboxylic acid (anti-[18F]
FACBC), in human cancers (20). The uptake of these
radio-labelled amino acids is mediated by LAT1, with
a direct correlation between uptake levels and levels
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Table 1. Summary of reported distribution, level of expression, and methods of detection of LAT1 in human tumors
Link to disease

Expression

Method of detection

Uterine cervical carcinoma

Higher in invasive squamous cell carcinoma than in
cervical intraepithelial neoplasia

Immunohistochemistry

(14,34)

Non-small cell
lung cancer

Higher in patients with mediastinal lymph node
metastases than in those without

Immunohistochemistry,
quantitative real-time PCR

(4,27)

Oral cancer

High

Immunohistochemistry

Breast cancer

High

Immunohistochemistry,
quantitative real time PCR,
Western blotting

(37,38)

Renal cell carcinoma

High

Quantitative real-time PCR

(20)

Esophageal squamous cell carcinoma

High

Immunohistochemistry

(37)

Leukemic

High

Western blotting

(15)

Cholangiocarcinoma

High

Quantitative real- time PCR

(4)

Multiple myeloma

High, associated with increased proliferation

Immunohistochemistry

(39)

Malignant gliomas

Higher in infiltrating glioma cells than in cells
located in the center of the tumor

Immunohistochemistry

(13)

Gastric cancer

High

Quantitative real-time PCR,
Western blotting

(40)

Prostate cancer

High

Immunohistochemistry

(28,31,41)

Thymic carcinomas

High

Immunohistochemistry

(18)

of LAT1 expression. In particular, LAT1 expression is
significantly correlated with L-3,4-dihydroxy-(ring2,5,6-3H) phenylalanine (3H-L-DOPA) uptake in human
gliomas in vitro and 18F-DOPA uptake in vivo (21).
Similar, in oral squamous cell carcinoma the uptake of
18
F-FAMT is mediated by LAT1 expression. Moreover,
18
F-FAMT positron emission tomography (PET)
imaging has displayed a higher specificity at detecting
malignant lesions than 2-[18F]fluoro-2-deoxy-D-glucose
(18F-FDG) PET (22). In breast cancer, over-expression
of LAT1 is correlated with anti-[18F] FACBC, which
can serve as a potential biomarker for diagnosis of
breast cancer (23). Thus, evidence has demonstrated
that the relationship between radio-labelled amino acids
and LAT1 expression can be used to diagnose cancer.
LAT1 may also be a promising molecular target
for human cancer therapy. BCH, as an inhibitor of
the system L amino acid transporters, suppresses
cancer cell growth and migration. Specifically,
inhibition of LAT1 has significant anti-tumor action
on cholangiocarcinoma and augments the therapeutic
efficacy of 5-fluorouracil (5-FU) and gemcitabine
(GEM) (4). Inhibition of LAT1 by BCH also has antitumor action in non-small cell lung cancer. Moreover,
BCH reduced mortality in a model involving C6
glioma-bearing rats (24). Importantly, though, BCH
is not a highly specific inhibitor of LAT1. In contrast,
JPH203, a novel tyrosine analog, has a high level of
selectivity for LAT1. Administration of JPH203 can
effectively induce suppression of cell growth and cell

Ref.

(22,35,36)

apoptosis in YD-38 human oral cancer cells (25) and
also inhibit cell growth in human colon and leukemia
cancer cells (15,26). The knockdown of human LAT1
by small interfering RNAs or stable transduction with
lentivirus can also lead to the inhibition of cancer cell
growth and migration (27). Similarly, down- regulating
LAT1 can lead to decreased growth of prostate cancer
cells (28) and human oral cancer cells (29). However,
the over-expression of LAT1 has been suggested as a
target for combination therapy with anti-proliferative
aminopeptidase inhibitors to combat ovarian cancer
(30). Recent studies have proposed that LAT1 may be
useful as a targeted drug transporter (31). Nonetheless,
further work is needed to uncover its potential utility in
clinical settings.
To date, surgical resection is still the primary
treatment for human cancer, but the prognosis after
treatment remains poor. Therefore, clinical markers that
can predict the response to a specific therapy and aid in
determining prognosis should be identified. LAT1 has
been used as a prognostic marker in a variety of tumors
types. For example, a high level of LAT1 expression is
a significant factor for predicting a poor outcome after
surgical resection. Specifically, the over-expression
of LAT1 is a pathological factor for predicting the
prognosis for patients with surgically resectable
stage III non-small cell lung cancer (8). Patients with
hepatocellular carcinoma and a high level of LAT1
expression are reported to have a significantly shorter
overall survival (5). Similarly, in prostate cancers, over-
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expression of LAT1 can predict local progression under
expectant management (32). Over-expression of LAT1
can also serve as a novel independent biomarker of
high-grade malignancy, which can be utilized together
with the Gleason score, to assess prognosis (33). Thus,
LAT1 may be useful as a prognostic marker to predict a
poor outcome after surgical resection.
5. Conclusions and perspectives for the future
In conclusion, LAT1 plays a critical role in the formation
and development of cancer, and a high level of its
expression apparently has clinical significance. As LAT1
is studied, new opportunities are arising to determine
the mechanisms of tumor origin and progression. Thus,
the potential exists to prevent, diagnose, assess, and
treat malignancies by intervening in LAT1 expression or
activity. Although promising, further studies are needed
to discover and optimize its therapeutic uses in the future.
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Summary

Sarcoidosis is a chronic multisystem disorder without any defined etiology. Cardiac
sarcoidosis (CS) is detected in 2-7% of patients with sarcoidosis and more than 20% of
the cases of sarcoidosis are clinically silent. Cardiac involvement in systemic sarcoidosis
(SS) and isolated cardiac sarcoidosis (iCS) are associated with arrhythmia and severe
heart failure (HF) and have a poor prognosis. Early diagnosis of CS and prompt
initiation of corticosteroid therapy with or without other immunosuppressants is crucial.
Electrocardiography, Holter monitoring, and Doppler echocardiography with speckle
tracking imaging can serve as the initial steps to diagnosis of CS. Cardiac magnetic
resonance (CMR) imaging and positron emission tomography (PET) are promising
techniques for both diagnosis and follow-up of CS. This review discusses the main aspects
of cardiac involvement in sarcoidosis.
Keywords: Sarcoidosis, cardiac involvement, diagnosis, treatment

1. Introduction
Sarcoidosis, formerly called Mortimer's Malady, is
a chronic multisystem disorder without any defined
etiology. It is characterized by noncaseating granulomas
in the affected organs or tissues (1). Its incidence varies
from 3-4 to 35-80 per 100,000 according to ethnicity,
region, and gender (2). Lymph nodes and lungs are the
most frequently affected tissues, but sarcoidosis can
also affect other organs and tissues like the skin, the
central nervous system, the eyes, muscle, bone, and
the heart (1,2). Cardiac sarcoidosis (CS) is detected
in 2-7% of the patients with sarcoidosis, but more
than 20% of the cases of CS are clinically silent (3).
Interestingly, cardiac involvement can be as high as
58% in Japanese patients with sarcoidosis and CS is
responsible for 85% of the deaths due to sarcoidosis
in this population (1). Complete heart block, bundle
branch block, ventricular tachycardia (VT), congestive
heart failure (HF), and sudden death are common
presentations in CS (1). Endomyocardial biopsy (EMB),
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electrocardiogram (ECG), Holter monitoring, twodimensional and Doppler echocardiography including
strain imaging, radionuclide studies, cardiac magnetic
resonance (CMR) imaging, and positron emission
tomography (PET) are among the main techniques
used to diagnosis CS. Corticosteroids with or without
immunosuppressants are the mainstay of therapy for
CS. This review will summarize the epidemiologic,
pathophysiologic, diagnostic, clinical, and therapeutic
aspects of CS.
2. Epidemiology
Sarcoidosis is a chronic multisystem disorder,
characterized by noncaseating granulomas in multiple
tissues and organs. According to previous data,
sarcoidosis has a prevalence of 10-40/100,000 persons
in the United States and Europe. Interestingly, AfricanAmericans have a higher prevalence of the disease
compared to Caucasians, with a ratio between 10 and
17 to 1 (4). Similarly, the Scandinavians have a higher
prevalence of sarcoidosis than other whites (5). A study
in Turkey found the incidence of sarcoidosis to be 4
per 100,000 (6). Sarcoidosis is said to have a slight sex
preference since females between the ages of 20 and 40
have the highest incidence of systemic sarcoidosis (SS),
but myocardial involvement does not show any gender
preference according to the current data (7,8). CS can
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be part of SS or it can be detected in an isolated form.
According to a pathology series, cardiac involvement
occurs in 20-30% of patients with sarcoidosis (6).
Cardiac involvement is associated with a poor prognosis
(9). Myocardial granulomas were detected in 27% of
84 autopsies of patients with pulmonary sarcoidosis
(PS) (10). In Japanese patients with sarcoidosis, cardiac
involvement was reported to be high as 58% (11,12).
Cardiac involvement in sarcoidosis can be responsible
for up to 85% of the deaths among Japanese patients
with sarcoidosis (12,13). In clinical practice, however,
only 5% of patients with sarcoidosis have clinical
manifestations of heart disease, and about 50-60%
of patients with CS diagnosed at autopsy were not
diagnosed with the disease while they were living (1).
According to a study by the American Thoracic Society
in 1999, respiratory failure is the most common cause of
mortality among patients with sarcoidosis, accounting
for an overall mortality of 1 to 5% (8). In contrast to
previous studies, isolated cardiac sarcoidosis (iCS) is
much more common than suspected (3). In a previous
autopsy study, 40% of patients with CS had no signs
of extracardiac involvement (3,14); in a retrospective
study, 66% of patients with CS had disease isolated to
the heart (3).
3. Pathogenesis and Etiologic Factors
The etiology and pathophysiology of sarcoidosis has
not been fully understood, but the literature features
some promising data that can help to understand the
mechanism at the core of the disease process. Discrete,
compact, noncaseating epithelioid cell granuloma
is the principal lesion found in organs affected by
sarcoidosis (8). These epithelioid cell granulomas
consist of highly differentiated mononuclear phagocytes
(epithelioid cells and giant cells) and lymphocytes
(15,16). Granuloma formation occurs as a result of
a cell-mediated delayed hypersensitivity immune
reaction in individuals with immune dysfunction. After
macrophages phagocytize the antigen, they present
the antigen and effector CD4+helper T cells secrete
IL-2 and IFN-γ that trigger a Th1 immune response.
Non-necrotizing granuloma is formed as a result of
the collection of highly differentiated mononuclear
phagocytes (epithelioid cells and multinucleated giant
cells), Schaumann bodies or asteroid bodies, patchy
fibrosis, and lymphocytes (3,15,16). Three categories
of potential etiologic factors have previously been
defined: infective, noninfective, and genetic (17).
Viruses (herpes, Epstein–Barr, retrovirus, coxsackie
B virus, and cytomegalovirus), Borrelia burgdorferi,
Propionibacterium acnes, Mycobacterium tuberculosis
and other mycobacteria, Mycoplasma orale, beryllium,
aluminum, zirconium, clay, talc, hairspray, pine
tree pollen, peanut dust, mineral oil, and drugs (e.g.
sulfonamide or methotrexate) can induce granuloma
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formation in genetically-predisposed individuals
with abnormal immune responses (8,18-22). The
variability of disease presentation (pattern of disease,
severity, and prognosis) among different races and
in individuals with specific HLA sub-types and the
presence of some familial clusters indicate a genetic
susceptibility for sarcoidosis (5,23,24). First-degree
relatives of patients with sarcoidosis were found to
have a relative risk of sarcoidosis five times that of
control subjects (1,25). In a case-control etiologic study
of sarcoidosis (ACCESS) a significantly elevated risk
of sarcoidosis was observed among first- and seconddegree relatives of patients with sarcoidosis compared
to that in relatives of matching control subjects (26).
HLA analyses of affected families showed that the
mode of inheritance of the risk for sarcoidosis can
be polygenic, most commonly including the class I
HLA-A1 and -B8 and class II HLADR3 genotypes
(27-29). Genetically predisposed individuals are likely
to develop granulomas after exposure to antigens that
trigger an exaggerated cellular immune response (8).
The presence of HLA-DQB1*0601 and the allele
TNFA2 in Japanese female patients with CS also
indicates a genetic etiology (23,24).
4. Clinical Manifestations
Although the incidence of cardiac involvement is
higher in autopsies, the clinical manifestations of
cardiac involvement are seen in about 5% of patients
with sarcoidosis (1,8,30). The extent and location
of granulomas are the determinants of the clinical
manifestations of sarcoidosis. There are three consecutive
histological stages including edema, granulomatous
infiltration, and fibrosis leading to postinflammatory
scarring (1). Granulomatous inflammation can involve
either the myocardium, endocardium, or pericardium
(10,16,31,32). The myocardium is the portion of the heart
most commonly affected by CS, but the pericardium
and endocardium are usually involved as a result of the
spread of myocardial inflammation (3,10,32,33). The
free wall of the left ventricle, interventricular septum
(IVS), papillary muscles, right ventricle (RV), and atria
can be involved, though with less frequency (3,14,32).
A physician should be alert for CS if there is fibrosis and
scar formation in unusual myocardial regions atypical
of coronary ischemia in the absence of coronary artery
disease (CAD) in a young individual (3).
There is significant variability in clinical
presentation ranging from benign arrhythmia to severe
heart block and sudden death (7,8). The clinical
manifestations also vary from patient to patient (7). The
presence of mere cardiac symptoms such as palpitations
should be carefully evaluated. In previous studies, the
most common cardiac presentations were allocated
into three major groups: arrhythmia, cardiomyopathy,
and pericardial involvement (1,7,12). The prevalence
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of arrhythmia ranges from 0 to 65%. The prevalence
of specific arrhythmias is as follows: 26-62% in AV
block, 12-61% in bundle branch block, 0-15% in
supraventricular tachycardia, 2-42% in VT, and 1265% in sudden cardiac death (7). In patients with CS,
complete heart block is among the most common
arrhythmias and occurs in younger patients in contrast to
older patients presenting with complete heart block due
to other causes (34). Scarring or granuloma formation
in the basal septum or involvement of the nodal artery
leading to ischemia in the conduction system can result
in complete heart block and bundle branch block (12).
Complete heart block can directly cause sudden cardiac
death. Interestingly, Japanese women over 50 years of
age are frequently admitted with complete heart block,
leading to diagnosis of CS in 11% of cases (35). VT
is another common tachyarrhythmia in CS (7). In a
previous study by Sekiguchi et al., sudden cardiac death
due to ventricular tachyarrhythmia and complete heart
block was reported to cause 25-65% of the deaths due
to CS, and the study also indicated that sudden death
can be the initial presentation in 40% of patients with
CS (36). Abnormal automaticity, reentrant circuits due
to sarcoid granulomas, or scar tissue can lead VT (1). In
an emergency setting, CS should be considered in cases
of sudden cardiac death with no definite etiology. Atrial
arrhythmia is less common than ventricular arrhythmia
and often results from atrial dilatation or pulmonary
involvement rather than atrial granulomas (32).
Cardiomyopathy was reported to have a prevalence
of 10-30% (1,7,12). Left ventricular (LV) systolic
failure, HF with preserved ejection fraction, or right
ventricular failure secondary to pulmonary disease
are the main manifestations of cardiomyopathy in
sarcoidosis (1,7,12). According to one study, 25% to
75% of cardiac deaths in patients with CS are due to
progressive HF (33). CS can be difficult to differentiate
from idiopathic dilated cardiomyopathy (IDC) (1). A
significantly higher frequency of complete heart block
(67% vs. 0%), right bundle branch block (57% vs.
17%), and abnormal left ventricular wall thickness (73%
vs. 17%) in sarcoidosis can help to exclude IDC (33).
Pulmonary hypertension (PH), a predictor of poor
prognosis, was found to have a prevalence of 73.8%
in advanced sarcoidosis (37). In a previous study
at a Japanese outpatient clinic, PH was found to be
present in 5.7% of cases of CS (38). PH can be due to
impaired forward flow because of poor left ventricular
function and can result from PS in patients with
hypoxic vasoconstriction leading to cor pulmonale (1).
PH can be caused by encroachment of the pulmonary
vasculature due to intimal and medial infiltration by
noncaseating granuloma and extrinsic compression
of pulmonary arteries by enlarged mediastinal lymph
nodes (39). PH is diagnosed based on an estimation
of right ventricular systolic pressure (RVSP) using
Doppler echocardiography and a modified Bernoulli

equation. RVSP is considered to be equal to the systolic
pulmonary artery pressure (sPAP) in the absence of
right ventricular outflow obstruction. It is calculated
as follows: sPAP = right ventricular systolic pressure
= transtricuspid gradient + right atrial pressure, where
the transtricuspid gradient is 4v2 (v = peak velocity
of tricuspid regurgitation in meters per second) (40).
According to the WHO criteria for classification of PH,
sarcoidosis is included in group 5, which includes PH
with unclear multifactorial mechanisms (41).
Pericardial involvement is detected in 20% of
patients with CS. Pericardial involvement is most
commonly evident as pericardial effusion detected
in echocardiography. Pericarditis is a rare clinical
presentation (1,7,12). Direct granulomatous involvement
of cardiac valves (less than 3%), coronary artery
granulomatous disease leading to myocardial ischemia,
constrictive pericarditis, and intracardiac masses are
other rare clinical presentations of CS (1,7,42-44).
Although direct valvular involvement is rare, valvular
insufficiency secondary to papillary muscle dysfunction
is seen in 68% of patients with CS (42).
Another issue in CS is ventricular aneurysms.
These occur in 10% of patients with sarcoidosis (1).
The most commonly affected areas are the anterior
and septal walls, and apical involvement alone is
very rare (1). Fibrotic tissue formation due to longterm corticosteroid use to treat cardiac granulomas
and extension of myocardial sarcoid lesions can lead
aneurysm formation (45,46). However, patients with
untreated CS can develop myocardial aneurysms,
so corticosteroids should be used if indicated (1).
Frequent and complex ventricular arrhythmias can
be seen in patients with myocardial aneurysms (1).
Since impaired arterial perfusion in the proximity of
cardiac granulomas can impair the local delivery of
antiarrhythmic drugs and certain acidic acute phase
molecules can react with antiarrhythmic drugs with a
high pK to reduce their serum levels, resection of the
aneurysm can be an option for treatment of intractable
ventricular tachyarrhythmia (1).
5. Diagnosis
The diagnosis of cardiac involvement in sarcoidosis is
somewhat challenging (2). There were no clinical signs
or symptoms of the disease in 37% of patients with
cardiac involvement (1). Early diagnosis and prompt
initiation of antiinflammatory therapy is crucial to
preventing poor outcomes (1,47). Nevertheless, there
is no gold standard to test for CS (2). Over the past
ten years, some important diagnostic and management
strategies have been proposed like the revised
Japanese Ministry of Health and Welfare Guidelines
(JMHWG) from the Japan Society of Sarcoidosis and
Other Granulomatous Disorders and the Delphi study
(48,49). However, there is lack of consensus regarding
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the management of CS (2). Medical history, physical
examination, ECG, 24-hour Holter monitoring, and
echocardiography should be the components of
initial clinical evaluation (2). Patients may have some
nonspecific symptoms like chest pain, palpitations,
syncope, bradycardia, peripheral edema, dyspnea, and
orthopnea (50,51). In a previous study examining a
cohort with CS, patients presented with atrioventricular
block (50%), left-sided HF (40%), syncope (31%),
palpitations (17%), chest pain (14%), and bradycardia
(10%) (Table 1) (50). Clinical findings can be helpful
in drawing conclusions about the extent of disease and
inflammatory activity (2). A previous prospective study
reported that at least one abnormal screening result,
including cardiac symptoms, a cardiac examination, 12lead ECG, echocardiogram, and Holter monitor, had
a 100% sensitivity and 87% specificity at detecting
CS, with history/examination, an echocardiogram, and
Holter monitor being the most useful (47).
5.1. Electrocardiography
A resting ECG is commonly accepted as an appropriate
test to screen for patients with sarcoidosis (3,8,47,52).
ECG was reported to have a sensitivity of 33% to 58%
and a specificity of 22% to 71% at detecting CS (53,54).
ECG abnormalities like conduction disturbances,
arrhythmia, or nonspecific ST and T-wave changes have
been detected in 20 to 31% of patients with sarcoidosis
(10,55-57). An autopsy study of sarcoidosis with mild
(microscopically evident granulomas) and severe (gross
evidence of cardiac granulomas or infiltration at autopsy)
cardiac involvement reported finding arrhythmia in
42% of patients and conduction disturbances in 75% of
patients (10). ECG can be useful in estimating the extent
of disease or inflammatory activity but only persistent
ventricular tachycardia can predict an adverse outcome
(58). Although the role of signal-averaged ECG (SAECG)
in diagnosing CS is unclear, a recent study reported that
it had a sensitivity of 52% and specificity of 82% as a
technique to screen for CS (59). Holter monitoring can
be a predictor of cardiac involvement in sarcoidosis
with a sensitivity of 50% and a specificity of 97%
when using CMR or PET as a reference (47). Another
study concluded that Holter monitoring is a powerful
screening tool with which to predict a positive CMR or
PET scan (60). Yet another study reported that 24-Holter
monitoring had a sensitivity of 67% and a specificity of
80% at detecting CS (61).
Table 1. Common presentations of patients with CS
Atrioventricular block
Left-sided heart failure
Syncope
Palpitations
Chest pain
Bradycardia

50 %
40 %
31 %
17 %
14 %
10 %
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5.2. Echocardiography
Echocardiography is another important tool with which
to diagnose CS. Echocardiographic abnormalities are
detected in 24-77% of patients with CS (7,62-64). These
abnormalities include abnormal septal thickening or
thinning, dilatation and systolic dysfunction of the LV,
regional wall motion abnormalities without involvement
of the coronary arteries, a focal intracardiac mass
caused by a large granuloma, diastolic dysfunction,
valvular regurgitation, papillary muscle dysfunction,
pericardial effusions, and macroscopic areas of bright
echoes indicating granulomatous inflammation (a
speckled or snowstorm pattern) (1,3,7,31,33,42,6567). Further investigation is necessary if a patient
has extracardiac sarcoidosis with abnormal 2-D
echocardiographic findings and subtle abnormalities
in diastolic flow patterns (7). A previous retrospective
study reported that Doppler echocardiography was
abnormal in 67% of patients, with abnormalities that
included dilated cardiomyopathy (32%), abnormal left
ventricular relaxation (29%), and diffuse or localized
dyskinesia or hypokinesia (26%) (1,53). A previous
study reported that 14% of patients with pulmonary
sarcoidosis without known cardiac involvement had
diastolic dysfunction as a result of CS (68). A prolonged
isovolumic relaxation time and a reversed E/A Doppler
ratio are the most common echocardiographic patterns
of diastolic dysfunction seen in early CS (68). Although
these Doppler findings have some role in diagnosing CS
and determining its prognosis, they lack the sensitivity
and specificity to detect early cardiac involvement
(7). The cycle-dependent variation of myocardial
integrated backscatter may involve mechanisms such
as decreased regional myocardial contraction, altered
myocardial acoustic properties due to myocytolysis, and
cell infiltration in the myocardium; this variation may
be reduced in the basal septum even in the absence of
2-D echocardiographic abnormalities, providing a new
technique for detection of cardiac involvement (1,69). In
a recent clinical prospective cohort study by Degirmenci
et al., the role of speckle tracking echocardiography
(STE) was evaluated in patients with PS without clinical
or echocardiographic evidence of cardiac involvement
(70). The left atrial global longitudinal strain (LAGLS),
total atrial conduction time (TACT), and LV function
were studied in patients with PS (70). The results
were as follows: LAGLS was significantly lower,
TACT was significantly longer, LV longitudinal strain
and strain rate (SR) measurements were significantly
lower, and LVR-apical and LV-torsion (LVTR) values
were significantly higher in patients with recently
diagnosed sarcoidosis than in healthy controls (70).
Thus, identification of left atrial and LV myocardial
deformations with speckle tracking echocardiography
can indicate subclinical LV dysfunction and subclinical
electrophysiologic changes in patients with PS and aid
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the physician in prompt initiation of therapy (70).
5.3. Cardiac Magnetic Resonance Imaging/Positron
Emission Tomography/Radionuclide Scintigraphy
CMR imaging with a high spatial and soft-tissue
resolution detects the active, inflammatory phase of
disease and the chronic phase that includes mostly
scarring and fibrosis in both SS and iCS (2). Focal wall
thickening due to infiltration or edema and wall motion
abnormalities seen on T1-weighted (cine) images,
increased signal intensity on T2-weighted images, and
early gadolinium enhancement are characteristics of
the inflammatory phase (11). Wall thinning and delayed
gadolinium enhancement, indicating myocardial
damage, scarring, and fibrosis are findings in the
chronic phase (71). Delayed gadolinium enhancement
was recently reported to be the strongest hallmark of
CS (49) and was reported to be associated with adverse
events and cardiac death (2). Gadolinium enhancement
can be useful in evaluating the response to steroid
therapy (72,73). CMR imaging is probably more
sensitive than radionuclide imaging (11,51) and has a
similar sensitivity and a highly improved specificity in
detecting CS compared to PET (74,75).
PET with 18F- fluorodeoxyglucose (FDG) is a form
of functional imaging that indicates inflammation and
that is useful in early diagnosis, monitoring of therapy,
and image-guided biopsy (76). A patchy, focal uptake
pattern specifically indicates CS (2,3). There are several
ways in which 18F-FDG uptake is characterized (77),
including no uptake, diffuse uptake, focal uptake, and
focal on diffuse uptake (78). Other researchers have
characterized patterns while incorporating data from
perfusion and 18F-FDG PET images: normal perfusion
and normal 18F-FDG, either abnormal perfusion or
abnormal 18F-FDG, or both abnormal perfusion and
abnormal 18F-FDG (79).
The degree of abnormal perfusion and 18F-FDG
uptake can also be characterized as: normal (normal
perfusion/normal 18F-FDG), early stage (mild
perfusion defect/increased 18F-FDG), progressive
stage (moderate perfusion defect/increased 18F-FDG),
progressive myocardial impairment stage (severe
perfusion defect/increased 18F-FDG), and fibrosis
stage (severe perfusion defect/minimal or no 18F-FDG
uptake) (80). These stages can be helpful in initial
diagnosis and follow-up of patients and assessment of
the response to therapy (77).
Combining 18F-FDG PET with a perfusion scan
and ECG gating can rule out CAD and show resting
perfusion defects due to inflammation-induced tissue
damage (76). Cardiac imaging can be combined
with whole-body imaging to evaluate extracardiac
sarcoidosis lesions (2). In a previous meta-analysis,
18F-FDG PET imaging was reported to have a
sensitivity of 89% and a specificity of 78% at detecting

CS compared to the JMHWG (81). CMR is more
specific at detecting scar formation in later stages
of the disease process, but PET is more sensitive at
detecting early stages of inflammation (74). As a result,
combining PET and CMR can provide complementary
data for the diagnosis of CS (74). In a previous study,
18FDG uptake on PET and focal perfusion detection
were reported to have some impact on prognosis,
including death and VT, in comparison to the Japanese
criteria (79). Nevertheless, 18F-FDG-PET has some
limitations, including physiological uptake of 18FDG in
the myocardium in healthy subjects, physiologic uptake
in normal myocardium on the basal and lateral LV
walls, increased uptake in RV and IVS in PH because
of the mechanical overload, and nonspecific uptake in
non-sarcoid dilated cardiomyopathies (82).
Before the introduction of PET, 201 Tl, 99mTcsestamibi, and 67 Ga scintigraphy were commonly
used to diagnose and monitor cardiac involvement
in sarcoidosis (83). Thallium-201 (201Th) or
technetium-99 m (99mTc) resting perfusion scintigraphy
can show areas of decreased uptake in CS due to
fibrogranulomatous replacement, regional metabolic
abnormalities, or microvascular vasoconstriction (51,8385). In CS, perfusion defects commonly decrease with
exercise and vasodilator infusion (reverse perfusion)
(54). Accumulation of gallium-67 (67Ga) in areas of
active inflammation allows the detection of CS (7).
Unfortunately, 67Ga does not accumulate in areas of
fibrogranulomatous scarring, so 67Ga scintigraphy has
a lower level of sensitivity than other radionuclides (1850%) (11,51). Recently, CMR and PET have replaced
radionuclide studies in the detection of CS because of
their superior attributes (2,3,7).
5.4. Serum Markers
There are no disease-specific markers for diagnosis
of CS (22). Although serum angiotensin-converting
enzyme (ACE) is elevated in 60% of patients with SS
(86,87), it is not a sensitive marker and is detected
in only 21.8% of patients with CS (3,54,88). Serum
IgG (89), lysozyme (90), high-sensitivity troponin
T (90), atrial and brain natriuretic peptides (91), and
soluble IL-2 receptor (89,92,93) have been proposed as
biomarkers, but they lack the sensitivity and specificity
to detect CS or there are insufficient data regarding
their role in CS (22).
5.5. Endomyocardial Biopsy
CS can be definitively diagnosed via an endomyocardial
biopsy (EMB) indicating noncaseating epitheloid
granulomas (1). However, the pitfalls of EMB are a low
level of sensitivity (19-32%) and sampling and technical
errors (36,65,94,95). Biopsies are commonly performed
in the right ventricle, but they can be performed in the
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left ventricle (22). EMB can reveal some nonspecific
findings like myocardial interstitial fibrosis, myofibril
disarrangement and fragmentation, and inflammatory
mononuclear cell infiltrates (16,36,96). The free wall of
the right ventricle and apical interventricular septum are
the most common locations where biopsy specimens
are obtained, but sarcoid granulomas are mostly located
in free wall of the left ventricle or the basal septum (3).
Because of the pathology and nonuniformity of sarcoid
granulomas, those granulomas are seldom revealed by
EMB (94-96). However, repeated and imaging-guided
biopsies of the myocardium or mediastinal lymph
nodes via CMR imaging or 18FDG-PET can be helpful
and may improve the rate at which CS is detected
(94). Since a biopsy is potentially fatal and imaging
studies such as CMR imaging and PET are preferable
options, EMB cannot be recommended as a routine tool
for diagnosis of CS (3,83,97,98). Even if an EMB is
unhelpful, cardiac involvement should be assumed in
cases of sarcoidosis along with cardiac dysfunction and
ECG abnormalities without any alternative etiology (3).
5.6. Coronary Angiography
Coronary angiography is commonly performed in
patients with suspected CS in order to exclude CAD
(3). Any wall motion abnormality can be detected
during ventriculography and coronary arteries are
typically normal (3,99). Vascular filling defects due to
granulomatous vasculitis are rarely seen (100).
5.7. Differential Diagnosis
Dilated cardiomyopathy of any cause, arrhythmogenic
right ventricular cardiomyopathy, idiopathic giant cell
myocarditis, lymphocytic myocarditis, connective tissue
diseases, vasculitis (Takayasu arteritis and Wegener
granulomatosis), amyloidosis, dengue fever, Chagas
disease, and other infectious causes like rheumatic
fever, syphilis, fungal infections, and tuberculosis
should be considered in the differential diagnosis of CS
(33,50,82,101-111).
6. Prognosis, Therapy, and Follow-up
6.1. Prognosis
Cardiac involvement in SS and iCS is associated with
arrhythmia and severe HF and has a poor prognosis
(22). However, sarcoidosis without cardiac involvement
is a relatively benign condition, and 28-70% of
patients recover and most of their lesions disappear
spontaneously within two years (112,113). The increased
risk of sudden death in CS necessitates prompt initiation
of antiinflammatory therapy (1). Recognizing lethal
ventricular arrhythmia, including sustained VT and
ventricular fibrillation, and ICD implantation for
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secondary prophylaxis are crucial to improving prognosis
(114). If patients have or are likely to have CS according
to different imaging modalities, a positive EMB is
not necessary and medical treatment should be started
immediately (1).
6.2. Drug Therapy
Corticosteroids are the mainstay of the initial therapy
for CS (1,22). Long-term corticosteroid use was shown
to be beneficial to patients with an LV ejection fraction
(LVEF)> 55% and <54% by preventing LV remodelling
and reducing the LV volume and increasing the LVEF
(115). The same study also found that there was no
beneficial effect of therapy in patients with an LVEF
< 30%, highlighting the importance of the prompt
initiation of therapy in the early or middle stages of
the disease. Although there are scant data indicating
that corticosteroid treatment improves prognosis, a
previous study found that steroid therapy may improve
survival, especially in patients with an LVEF > 50
% (58,115,116). Steroid therapy can alleviate an
atrioventricular conduction disturbance (35,117) and
reduce the frequency of premature ventricular beats
and non-sustained VT (118). The evidence for use
of other immunosuppressive drugs in CS, including
methotrexate, azathioprine, leflunomide, mycophenolate
mofetil, anti-TNFα antibodies, and hydroxychloroquine,
is poor, but the use of these drugs may be reasonable in
order to avoid long-term side-effects of corticosteroids,
or these drugs can be given preference in cases where
corticosteroids are contraindicated or the patient is
resistant to corticosteroids (114,119-124). The optimal
agents for the treatment of CS and the optimal duration
of therapy remain to be elucidated (3,22). However,
a treatment regimen including 3-day pulse intravenous
methylprednisolone and prednisone 40 mg/day for a
minimum of 4 weeks with a maintenance dose of 10
mg by 6 months may be reasonable (3). Dual or triple
therapy with addition of azathioprine (or methotrexate
or cyclophosphamide) and hydroxychloroquine,
respectively, has been reported by Lynch et al. (3). During
clinical relapses of CS, high-dose corticosteroids (IV
pulse methylprednisolone) and/or immunosuppressive or
cytotoxic agents may be required (3).
6.3. Other Therapies
ICD implantation is indicated for secondary prophylaxis
in patients with lethal ventricular arrhythmia, including
sustained VT and ventricular fibrillation (114).
Antiarrhythmic drug therapy is controversial due to the
high rate of recurrence and sudden death (1). Electrical
ablation therapy may be efficacious in patients with
sustained monomorphic VT despite medical therapy
(125-127). Ventricular arrhythmia and heart block are
among the key causes of morbidity and mortality in CS,

www.irdrjournal.com

176

Intractable & Rare Diseases Research. 2015; 4(4):170-180.

and appropriate risk stratification and implantable device
considerations are required in all patients with CS (7).
Although corticosteroid therapy can be efficacious at
restoring AV conduction, implantation of a permanent
pacemaker should be performed immediately in patients
with a severe AV block (1,7,118).
Cardiac transplantation is reserved for endstage disease unresponsive to medical therapy with
angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers, β blockers, and diuretics (8,128).
Resistant ventricular tachyarrhythmia and severe
intractable HF, especially in younger patients, are the
major indications for cardiac transplantation (1). Starting
corticosteroid treatment before the occurrence of severe
systolic dysfunction can avoid cardiac transplantation
(1). Sarcoidosis can develop in the transplanted heart 24
weeks to 19 months after transplantation (1).
6.4. Follow-up

4.

5.
6.
7.
8.

9.

Doppler echocardiography and STE at 3 months and
PET and/or CMR imaging (at 3–6 months) can be used
to follow up patients with CS (3). Serial PET/CT scans
and an echocardiographic examination at 6-month
intervals are reasonable for patients with complete
remission (3). Using an ambulatory Holter ECG to
observe for fatal arrhythmia should be considered for
patients at 3 and 6 months (129).
7. Conclusion

10.

11.

12.

Cardiac involvement in sarcoidosis is associated with a
poor prognosis. The increased risk of sudden death in
CS necessitates prompt initiation of antiinflammatory
therapy. Medical history, physical examination, ECG,
24-hour Holter monitoring, and echocardiography should
be the components of an initial clinical evaluation. This
review has discussed 2D and Doppler echocardiography
as well as a relatively new technique, STE. Using STE
to identify left atrial and LV myocardial deformation
can indicate subclinical LV dysfunction and subclinical
electrophysiologic changes and aid the physician in the
prompt initiation of therapy. The risk of sudden cardiac
death in patients with CS necessitates regular monitoring
by means of symptoms, ECG, ambulatory ECG, and
echocardiography. The impact of CMR and PET imaging
on diagnosis and follow up of CS and the smaller role
played by EMB were also examined.

13.

14.

15.
16.
17.

References
1.
2.
3.

Sekhri V, Sanal S, DeLorenzo LJ, Aronow WS, Maguire
GP. Cardiac sarcoidosis: A comprehensive review. Arch
Med Sci. 2011; 7:546-554.
Schatka I, Bengel FM. Advanced imaging of cardiac
sarcoidosis. J Nucl Med. 2014; 55:99-106.
Lynch JP, Hwang J, Bradfield J, Fishbein M, Shivkumar
K, Tung R. Cardiac involvement in sarcoidosis: Evolving

18.
19.
20.

concepts in diagnosis and treatment. Semin Respir Crit
Care Med. 2014; 35:372-390.
Rybicki BA, Major M, Popovich J Jr, Maliarik MJ,
Iannuzzi MC. Racial differences in sarcoidosis incidence:
A 5-year study in a health maintenance organization. Am
J Epidemiol. 1997; 145:234-241.
Lee LS, Rose CS, Maier LA. Sarcoidosis. N Engl J Med.
1997; 336:1224-1234.
Musellim B, Kumbasar OO, Ongen G, et al.
Epidemiological features of Turkish patients with
sarcoidosis. Respir Med. 2009; 103:907-912.
Houston BA, Mukherjee M. Cardiac sarcoidosis: Clinical
manifestations, imaging characteristics, and therapeutic
approach. Clin Med Insights Cardiol. 2014; 8:31-37.
Statement on sarcoidosis. Joint Statement of the
American Thoracic Society (ATS), the European
Respiratory Society (ERS) and the World Association
of Sarcoidosis and Other Granulomatous Disorders
(WASOG) adopted by the ATS Board of Directors and
by the ERS Executive Committee, February 1999. Am J
Respir Crit Care Med. 1999; 160:736-755.
Bernstein M, Konzelmann FW, Sidlick DM. Boeck's
sarcoid: Report of a case with visceral involvement. Arch
Intern Med. 1929; 44:721-734.
Silverman KJ, Hutchins GM, Buckley BH. Cardiac
sarcoid: A clinicopathologic study of 84 unselected
patients with systemic sarcoidosis. Circulation. 1978;
58:1204-1211.
Tadamura E, Yamamuro M, Kubo S, Kanao S, Saga T,
Harada M, Ohba M, Hosokawa R, Kimura T, Kita T,
Togashi K. Effectiveness of delayed enhanced MRI for
identification of cardiac sarcoidosis: Comparison with
radionuclide imaging. Am J Roentgenol. 2005; 185:110115.
Matsui Y, Iwai K, Tachibana T, Fruie T, Shigematsu
N, Izumi T, Homma AH, Mikami R, Hongo O, Hiraga
Y, Yamamoto M. Clinicopathological study on fatal
myocardial sarcoidosis. Ann N Y Acad Sci. 1976;
278:455-469.
Tachibana T, Iwai K, Takemura T. Study on the cause of
death in patients with sarcoidosis in Japan. Presented at
the XII World Congress on Sarcoidosis, Kyoto, Japan,
September 8, 1991.
Tavora F, Cresswell N, Li L, Ripple M, Solomon C,
Burke A. Comparison of necropsy findings in patients
with sarcoidosis dying suddenly from cardiac sarcoidosis
versus dying suddenly from other causes. Am J Cardiol.
2009; 104:571-577.
Barnard J, Newman LS. Sarcoidosis: Immunology,
rheumatic involvement, and therapeutics. Curr Opin
Rheumatol. 2001; 13:84-91.
L a g a n a S M , P a r w a n i AV, N i c h o l s L C . C a r d i a c
sarcoidosis. A pathology-focused review. Arch Pathol
Lab Med. 2010; 134:1039-1046.
Sehgal VN, Riyaz N, Chatterjee KK, Venkatash P,
Sharma S. Sarcoidosis as a systemic disease. Clin
Dermatol. 2014; 32:351-363.
Hance AJ. The role of mycobacteria in the pathogenesis
of sarcoidosis. Semin Respir Infect. 1998; 13:197-205.
Newman LS. Beryllium disease and sarcoidosis: Clinical
and laboratory links. Sarcoidosis. 1995; 12:20-27.
Vuyst DE, Dumortier P, Schandene L, Estenne M,
Verhest A, Yernault JC. Sarcoidlike lung granulomatosis
induced by aluminum dusts. Am RevRespir Dis. 1987;
135:493-497.

www.irdrjournal.com

Intractable & Rare Diseases Research. 2015; 4(4):170-180.
21. Skelton HG, Smith KJ, Johnson FB, Cooper CR,
Ty l e r W F, L u p t o n G P. Z i r c o n i u m g r a n u l o m a
resulting from an aluminum zirconium complex: A
previously unrecognized agent in the development of
hypersensitivity granulomas. J Am Acad Dermatol. 1993;
28:874-876.
22. Isobe M, Tezuka D. Isolated cardiac sarcoidosis: Clinical
characteristics, diagnosis and treatment. Int J Cardiol.
2015; 182:132-140.
23. Naruse TK, Matsuzawa Y, Ota M, Katsuyama Y,
Matsumori A, Hara M, Nagai S, Morimoto S, Sasayama S,
Inoko H. HLA-DQB1*0601 is primarily associated with
the susceptibility to cardiac sarcoidosis. Tissue Antigens.
2000; 56:52-57.
24. Takashige N, Naruse TK, Matsumori A, Hara M, Nagai S,
Morimoto S, Hiramitsu S, Sasayama S, Inoko H. Genetic
polymorphisms at the tumour necrosis factor loci (TNFA
and TNFB) in cardiac sarcoidosis. Tissue Antigens.
1999; 54:191-193.
25. Baughman RP, Teirstein AS, Judson MA, et al. Clinical
characteristics of patients in a case control study of
sarcoidosis. Am J Respir Crit Care Med. 2001; 164:18851889.
26. Semenzato G. ACCESS: A case control etiologic study
of sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis. 2005;
2:83-86.
27. Pasturenzi L, Martinetti M, Cuccia M, Cipriani A,
Semenzato G, Luisetti M. HLA class I, II, and III
polymorphism in Italian patients with sarcoidosis: The
Pavia-Padova Sarcoidosis Study Group. Chest. 1993;
104:1170-1175.
28. Gardner J, Kennedy HG, Hamblin A, Jones E. HLA
associations in sarcoidosis: A study of two ethnic groups.
Thorax. 1984; 39:19-22.
29. Lenhart K1, Kolek V, Bártova A. HLA antigens
associated with sarcoidosis. Dis Markers. 1990; 8:23-29.
30. Iwai K, Sekiguti M, Hosoda Y, DeRemee RA, Tazelaar
HD, Sharma OP, Maheshwari A, Noguchi TI. Racial
difference in cardiac sarcoidosis incidence observed at
autopsy. Sarcoidosis. 1994; 11:26-31.
31. Ayyala US, Nair AP, Padilla ML. Cardiac sarcoidosis.
Clin Chest Med. 2008; 29:493-508.
32. Roberts WC, McAllister HA Jr, Ferrans VJ. Sarcoidosis
of the heart. A clinicopathologic study of 35 necropsy
patients (group 1) and review of 78 previously described
necropsy patients (group 11). Am J Med. 1977; 63:86108.
33. Yazaki Y, Isobe M, Hiramitsu S, Morimoto S, Hiroe M,
Omichi C, Nakano T, Saeki M, Izumi T, Sekiguchi M.
Comparison of clinical features and prognosis of cardiac
sarcoidosis and idiopathic dilated cardiomyopathy. Am J
Cardiol. 1998; 82:537-540.
34. Fleming HA. Sarcoid heart disease. Br Heart J. 1974;
36:54-68.
35. Yoshida Y, Morimoto S, Hiramitsu S, Tsuboi N,
Hirayama H, Itoh T. Incidence of cardiac sarcoidosis
in Japanese patients with high-degree atrioventricular
block. Am Heart J. 1997; 134:382-386.
36. Sekiguchi M, Numao Y, Imai M, Furuie T, Mikami R.
Clinical and histological profile of sarcoidosis of the
heart and acute idiopathic myocarditis. Concepts through
a study employing endomyocardial biopsy. Jpn Circ J.
1980; 44:249-263.
37. Shorr AF, Davies DB, Nathan SD. Predicting mortality in
patients with sarcoidosis awaiting lung transplantation.

177

Chest. 2003; 124:922-928.
38. Handa T, Nagai S, Miki S, Fushimi Y, Ohta K, Mishima
M, Izumi T. Incidence of pulmonary hypertension and
its clinical relevance in patients with sarcoidosis. Chest.
2006; 129:1246-1252.
39. Preston I, Klinger JR, Landzberg MJ, Houtchens J,
Nelson D, Hill NS. Vasoresponsiveness of sarcoidosisassociated pulmonary hypertension. Chest. 2001;
120:866-872.
40. Yock, PG, Popp, RL. Noninvasive estimation of right
ventricular systolic pressure by Doppler ultrasound in
patients with tricuspid regurgitation. Circulation. 1984;
70:657-662.
41. Simonneau G, Robbins IM, Beghetti M, Channick RN,
Delcroix M, Denton CP, Elliott CG, Gaine SP, Gladwin
MT, Jing ZC, Krowka MJ, Langleben D, Nakanishi N,
Souza R. Updated clinical classification of pulmonary
hypertension. J Am Coll Cardiol. 2009; 54:43-54.
42. Lewin RF, Mor R, Spitzer S, Arditti A, Hellman C,
Agmon J. Echocardiographic evaluation of patients with
systemic sarcoidosis. Am Heart J. 1985; 110:116-122.
43. Lam CSP, Tolep KA, Metke MP, Glockner J, Cooper
LT. Coronary sarcoidosis presenting as acute coronary
syndrome. Clin Cardiol. 2009; 32:68-71.
44. Garrett J, O'Neill H, Blake S. Constrictive pericarditis
associated with sarcoidosis. Am Heart J. 1984; 107:394.
45. Lull RJ, Dunn BE, Gregoratos G, Cox WA, Fisher GW.
Ventricular aneurysm due to cardiac sarcoidosis with
surgical cure of refractory ventricular tachycardia. Am J
Cardiol. 1972; 30:282-287.
46. Jain A, Starek PJ, Delany DL. Ventricular tachycardia
and ventricular aneurysm due to unrecognized
sarcoidosis. Clin Cardiol. 1990; 13:738-740.
47. Mehta D, Lubitz SA, Frankel Z, Wisnivesky JP, Einstein
AJ, Goldman M, Machac J, Teirstein A. Cardiac
involvement in patients with sarcoidosis: Diagnostic
and prognostic value of outpatient testing. Chest. 2008;
133:1426-1435.
48. Soejima K, Yada H. The work-up and management of
patients with apparent or subclinical cardiac sarcoidosis:
Wi t h e m p h a s i s o n t h e a s s o c i a t e d h e a r t r h y t h m
abnormalities. J Cardiovasc Electrophysiol. 2009; 20:578583.
49. H a m z e h N Y, Wa m b o l d t F S , We i n b e r g e r H D .
Management of cardiac sarcoidosis in the United States:
A Delphi study. Chest. 2012; 141:154-162.
50. Okura Y, Dec GW, Hare JM, Kodama M, Berry GJ,
Tazelaar HD, Bailey KR, Cooper LT. A clinical and
histopathologic comparison of cardiac sarcoidosis and
idiopathic giant cell myocarditis. J Am Coll Cardiol.
2003; 41:322-329.
51. Kim JS, Judson MA, Donnino R, Gold M, Cooper LT Jr,
Prystowsky EN, Prystowsky S. Cardiac sarcoidosis. Am
Heart J. 2009; 157:9-21.
52. Johns CJ, Michele TM. The clinical management of
sarcoidosis. A 50-year experience at the Johns Hopkins
Hospital. Medicine (Baltimore). 1999; 78:65-111.
53. Chapelon-Abric C, de Zuttere D, Duhaut P, Veyssier P,
Wechsler B, Huong DL, de Gennes C, Papo T, Blétry O,
Godeau P, Piette JC. Cardiac sarcoidosis: A retrospective
study of 41 cases. Medicine (Baltimore). 2004; 83:315334.
54. Okayama K, Kurata C, Tawarahara K, Wakabayashi
Y, Chida K, Sato A. Diagnostic and prognostic value
of myocardial scintigraphy with thallium-201 and

www.irdrjournal.com

178

55.

56.
57.

58.

59.

60.

61.
62.

63.
64.

65.

66.
67.

68.

69.

Intractable & Rare Diseases Research. 2015; 4(4):170-180.
gallium-67 in cardiac sarcoidosis. Chest. 1995; 107:330334.
Fahy GJ, Marwick T, McCreery CJ, Quigley PJ,
Maurer BJ. Doppler echocardiographic detection of
left ventricular diastolic dysfunction in patients with
pulmonary sarcoidosis. Chest. 1996; 109:62-66.
Thunéll M, Bjerle P, Stjernberg N. ECG abnormalities
in patients with sarcoidosis. Acta Med Scand. 1983;
213:115-118.
Gibbons WJ, Levy RD, Nava S, Malcolm I, Marin JM,
Tardif C, Magder S, Lisbona R, Cosio MG. Subclinical
cardiac dysfunction in sarcoidosis. Chest. 1991; 100:4450.
Yazaki Y, Isobe M, Hiroe M, Morimoto S, Hiramitsu
S, Nakano T, Izumi T, Sekiguchi M. Prognostic
determinants of long-term survival in Japanese patients
with cardiac sarcoidosis treated with prednisone. Am J
Cardiol. 2001; 88:1006-1010.
Schuller JL, Lowery CM, Zipse M, Aleong RG, Varosy
PD, Weinberger HD, Sauer WH. Diagnostic utility of
signal-averaged electrocardiography for detection of
cardiac sarcoidosis. Ann Noninvasive Electrocardiol.
2011; 16:70-76.
Freeman AM, Curran-Everett D, Weinberger HD, Fenster
BE, Buckner JK, Gottschall EB, Sauer WH, Maier LA,
Hamzeh NY. Predictors of cardiac sarcoidosis using
commonly available cardiac studies. Am J Cardiol. 2013;
112:280-285.
Suzuki T, Kanda T, Kubota S, Imai S, Murata K.
Holter monitoring as a noninvasive indicator of cardiac
involvement in sarcoidosis. Chest. 1994; 106:1021-1024.
Yazaki Y, Hongo M, Hiroyoshi Y. Cardiac sarcoidosis
in Japan: Treatment and prognosis. In: Prognosis
and Treatment of Cardiomyopathy and Myocarditis
(Sekiguchi M, Richardson PJ, eds.). University of Tokyo
Press, Tokyo, Japan, 1994; pp.351-353.
Chapelon-Abric C. Cardiac sarcoidosis. Curr Opin Pulm
Med. 2013; 19:493-502.
Burstow DJ, Tajik AJ, Bailey KR, DeRemee RA,
Taliercio CP. Two-dimensional echocardiographic
findings in systemic sarcoidosis. Am J Cardiol. 1989;
63:478-482.
Winters SL, Cohen M, Greenberg S, Stein B, Curwin
J, Pe E, Gomes JA. Sustained ventricular tachycardia
associated with sarcoidosis: Assessment of the
underlying cardiac anatomy and the prospective utility of
programmed ventricular stimulation, drug therapy and an
implantable antitachycardia device. J Am Coll Cardiol.
1991; 18:937-943.
Sharma OP, Maheshwari A, Thaker K. Myocardial
sarcoidosis. Chest. 1993; 103:253-258.
Angomachalelis N, Hourzamanis A, Salem N, Vakalis
D, Serasli E, Efthimiadis T, Triantaphyllou I. Pericardial
effusion concomitant with specific heart muscle disease
in systemic sarcoidosis. Postgrad Med J. 1994; 70:S8S12.
Fahy GJ, Marwick T, McCreery CJ, Quigley PJ,
Maurer BJ. Doppler echocardiographic detection of
left ventricular diastolic dysfunction in patients with
pulmonary sarcoidosis. Chest. 1996; 109:62-66.
Hyodo E, Hozumi T, Takemoto Y, Watanabe H, Muro T,
Yamagishi H, Yoshiyama M, Takeuchi K, Yoshikawa J.
Early detection of cardiac involvement in patients with
sarcoidosis by a noninvasive method with ultrasonic
tissue characterization. Heart. 2004; 90:1275-1280.

70. Degirmenci H, Demirelli S, Arısoy A, Ermiş E, Araz Ö,
Bakırcı EM, Hamur H, Büyüklü M, Topal E. Myocardial
deformation and total atrial conduction time in the
prediction of cardiac involvement in patients with
pulmonary sarcoidosis. Clin Respir J. 2015; [Epub ahead
of print].
71. Greulich S, Deluigi CC, Gloekler S, et al. CMR imaging
predicts death and other adverse events in suspected
cardiac sarcoidosis. JACC Cardiovasc Imaging. 2013;
6:501-511.
72. Vignaux O, Dhote R, Duboc D, Blanche P, Dusser D,
Weber S, Legmann P. Clinical significance of myocardial
magnetic resonance abnormalities in patients with
sarcoidosis: A 1-year follow-up study. Chest. 2002;
122:1895-1901.
73. Shimada T, Shimada K, Sakane T, Ochiai K, Tsukihashi
H, Fukui M, Inoue S, Katoh H, Murakami Y, Ishibashi
Y, Maruyama R. Diagnosis of cardiac sarcoidosis
and evaluation of the effects of steroid therapy by
gadolinium-DTPA-enhanced magnetic resonance
imaging. Am J Med. 2001; 110:520-527.
74. Ohira H, Tsujino I, Ishimaru S, Oyama N, Takei T,
Tsukamoto E, Miura M, Sakaue S, Tamaki N, Nishimura
M. Myocardial imaging with 18F-r-2-deoxyglucose
positron emission tomography and magnetic resonance
imaging in sarcoidosis. Eur J Nucl Med Mol Imaging.
2008; 35:933-941.
75. Tadamura E, Yamamuro M, Kubo S, Kanao S, Hosokawa
R, Kimura T, Kita T, Togashi K. Multimodality imaging
of cardiac sarcoidosis before and after steroid therapy.
Circulation. 2006; 113:e771-e773.
76. Mc Ardle BA, Leung E, Ohira H, Cocker MS, deKemp
RA, DaSilva J, Birnie D, Beanlands RS, Nery PB. The
role of F(18)-fluorodeoxyglucose positron emission
tomography in guiding diagnosis and management in
patients with known or suspected cardiac sarcoidosis. J
Nucl Cardiol. 2013; 20:297-306.
77. Skali H, Schulman AR, Dorbala S. 18F-FDG PET/CT for
the assessment of myocardial sarcoidosis. Curr Cardiol
Rep. 2013; 4:352.
78. Tahara N, Tahara A, Nitta Y, Kodama N, Mizoguchi M,
Kaida H, Baba K, Ishibashi M, Hayabuchi N, Narula
J, Imaizumi T. Heterogeneous myocardial FDG uptake
and the disease activity in cardiac sarcoidosis. JACC
Cardiovasc Imaging. 2010; 3:1219-1228.
79. Blankstein R, Osborne M, Naya M, Waller A, Kim CK,
Murthy VL, Kazemian P, Kwong RY, Tokuda M, Skali H,
Padera R, Hainer J, Stevenson WG, Dorbala S, Di Carli
MF. Cardiac positron emission tomography enhances
prognostic assessments of patients with suspected
cardiac sarcoid. J Am Coll Cardiol. 2014; 63:329-336.
80. Okumura W, Iwasaki T, Toyama T, Iso T, Arai M,
Oriuchi N, Endo K, Yokoyama T, Suzuki T, Kurabayashi
M. Usefulness of fasting 18F-FDG PET in identification
of cardiac sarcoidosis. J Nucl Med. 2004; 45:1989-1998.
81. Youssef G, Leung E, Mylonas I, Nery P, Williams K,
Wisenberg G, Gulenchyn KY, Dekemp RA, Dasilva J,
Birnie D, Wells GA, Beanlands RS. The use of 18F-FDG
PET in the diagnosis of cardiac sarcoidosis: A systematic
review and metaanalysis including the Ontario
experience. J Nucl Med. 2012; 53:241-248.
82. Nunes H, Freynet O, Naggara N, Soussan M, Weinman
P, Diebold B, Brillet PY, Valeyre D. Cardiac sarcoidosis.
Semin Respir Crit Care Med. 2010; 31:428-441.
83. Le Guludec D, Menad F, Faraggi M, Weinmann P,

www.irdrjournal.com

Intractable & Rare Diseases Research. 2015; 4(4):170-180.
Battesti JP, Valeyre D. Myocardial sarcoidosis: Clinical
value of technetium-99m sestamibi tomoscintigraphy.
Chest. 1994; 106:1675-1682.
84. Bulkley BH, Rouleau JR, Whitaker JQ, Strauss HW,
Pitt B. The use of 201thallium for myocardial perfusion
imaging in sarcoid heart disease. Chest. 1977; 72:27-32.
85. Tellier P, Paycha F, Antony I, Nitenberg A, Valeyre D,
Foult JM, Battesti JP. Reversibility by dipyridamole of
thallium-201 myocardial scan defects in patients with
sarcoidosis. Am J Med. 1988; 85:189-193.
86. Lieberman J. Elevation of serum angiotensin-convertingenzyme (ACE) level in sarcoidosis. Am J Med. 1975;
59:365-372.
87. Lannuzzi MC, Rybicki BA, Teirstein AS. Medical
progress: Sarcoidosis. N Engl J Med. 2007; 357:21532165.
88. Kato Y, Morimoto S. Analysis of clinical manifestations
of cardiac sarcoidosis-A multicentre study: Preliminary
report, JPN J Sarcoidosis Granulomatous Disord. 2010;
30:73-76.
89. Shijubo N, Ichimura S, Itoh T, Takahashi R, Shigehara
K, Yamada G, Ohmichi M, Hiraga Y. Analysis of several
examinations in 516 histologically proven sarcoidosis
patients. Jpn. J. Sarcoidosis Granulomatous Disord.
2007; 27:29-35.
90. Baba Y, Kubo T, Kitaoka H, Okawa M , Yamanaka S,
Kawada Y, Yamasaki N, Matsumura Y, Furuno T, Sugiura
T, Doi YL. Usefulness of high-sensitive cardiac troponin
T for evaluating the activity of cardiac sarcoidosis. Int
Heart J. 2012; 53:287-292.
91. Yasutake H, Seino Y, Kashiwagi M, Honma H, Matsuzaki
T, Takano T. Detection of cardiac sarcoidosis using
cardiac markers and myocardial integrated backscatter. Int
J Cardiol. 2008; 102:259-268.
92. Müller-Quernheim J, Pfeifer S, Strausz J, Ferlinz R.
Correlation of clinical and immunologic parameters of
the inflammatory activity of pulmonary sarcoidosis. Am
Rev Respir Dis. 1991; 144:1322-1329.
93. Grutters JC, Fellrath JM, Mulder L, Janssen R, Bosch
JMM, Velzen-Bland H. Serum soluble interleukin-2
receptor measurement in patient with sarcoidosis. Chest.
2003; 124:186-195.
94. Kandolin R, Lehtonen J, Graner M, Schildt J, Salmenkivi
K, Kivistö SM, Kupari M. Diagnosing isolated cardiac
sarcoidosis. J Intern Med. 2011; 270:461-468.
95. Uemura A, Morimoto S, Hiramitsu S, Kato Y, Ito
T, Hishida H. Histologic diagnostic rate of cardiac
sarcoidosis: Evaluation of endomyocardial biopsies. Am
Heart J. 1999; 138:299-302.
96. Ratner SJ, Fenoglio JJ Jr, Ursell PC. Utility of
endomyocardial biopsy in the diagnosis of cardiac
sarcoidosis. Chest. 1986; 90:528-533.
97. Felker GM, Hu W, Hare JM, Hruban RH, Baughman KL,
Kasper EK. The spectrum of dilated cardiomyopathy.
The Johns Hopkins experience with 1,278 patients.
Medicine (Baltimore). 1999; 78:270-283.
98. Veinot JP. Diagnostic endomyocardial biopsy pathology:
Secondary myocardial diseases and other clinical
indications - A review. Can J Cardiol. 2002; 18:287-296.
99. Ishikawa T, Kondoh H, Nakagawa S, Koiwaya Y,
Tanaka K. Steroid therapy in cardiac sarcoidosis.
Increased left ventricular contractility concomitant with
electrocardiographic improvement after prednisolone.
Chest. 1984; 85:445-447.
100. Ward EV, Nazari J, Edelman RR. Coronary artery

179

vasculitis as a presentation of cardiac sarcoidosis.
Circulation. 2012; 125:e344-e346.
101. Bagwan IN, Hooper LV, Sheppard MN. Cardiac
sarcoidosis and sudden death. The heart may look normal
or mimic other cardiomyopathies. Virchows Arch. 2011;
458:671-678.
102. Basso C, Thiene G, Corrado D, Angelini A, Nava
A, Valente M. Arrhythmogenic right ventricular
cardiomyopathy. Dysplasia, dystrophy, or myocarditis?
Circulation. 1996; 94:983-991.
103. Choo WK, Denison AR, Miller DR, Dempsey OJ, Dawson
DK, Broadhurst PA. Cardiac sarcoid or arrhythmogenic
right ventricular cardiomyopathy: A role for positron
emission tomography (PET)? J Nucl Cardiol. 2013;
20:479-480.
104. Litovsky SH, Burke AP, Virmani R. Giant cell myocarditis:
An entity distinct from sarcoidosis characterized by
multiphasic myocyte destruction by cytotoxic T cells and
histiocytic giant cells. Mod Pathol. 1996; 9:1126-1134.
105. Yoshizawa S, Kato TS, Mancini D, Marboe CC. Outcome
of patients having heart transplantation for lymphocytic
myocarditis. Am J Cardiol. 2013; 112:405-410.
106. Mavrogeni S, Sfikakis PP, Gialafos E, Bratis K, Karabela
G, Stavropoulos E, Spiliotis G, Sfendouraki E, Panopoulos
S, Bournia V, Kolovou G, Kitas GD. Cardiac tissue
characterization and the diagnostic value of cardiovascular
magnetic resonance in systemic connective tissue diseases.
Arthritis Care Res. 2014; 66:104-112.
107. Kang EJ, Kim SM, Choe YH, Lee GY, Lee KN,
Kim DK. Takayasu arteritis: Assessment of coronary
arterial abnormalities with 128-section dual-source CT
angiography of the coronary arteries and aorta. Radiology.
2014; 270:74-81.
108. Miszalski-Jamka T, Szczeklik W, Sokołowska B, Karwat
K, Belzak K, Mazur W, Kereiakes DJ, Musiał J. Standard
and feature tracking magnetic resonance evidence of
myocardial involvement in Churg-Strauss syndrome
and granulomatosis with polyangiitis (Wegener's) in
patients with normal electrocardiograms and transthoracic
echocardiography. Int J Cardiovasc Imaging. 2013;
29:843-853.
109. Mohty D, Damy T, Cosnay P, Echahidi N, Casset-Senon
D, Virot P, Jaccard A. Cardiac amyloidosis: Updates in
diagnosis and management. Arch Cardiovasc Dis. 2013;
106:528-540.
110. Marques N, Gan VC, Leo YS. Dengue myocarditis in
Singapore: Two case reports. Infection. 2013; 41:709714.
111. Nunes MC, Dones W, Morillo CA, Encina JJ, Ribeiro AL.
Council on Chagas Disease of the Inter-American Society
of Cardiology. Chagas disease: An overview of clinical
and epidemiological aspects. J Am Coll Cardiol. 2013;
62:767-776.
112. James DG. Course and prognosis of sarcoidosis: London.
Am Rev Respir Dis. 1961; 84:66-70.
113. Hunninghake GW, Gilbert S, Pueringer R, Dayton C,
Floerchinger C, Helmers R, Merchant R, Wilson J, Galvin
J, Schwartz D. Outcome of the treatment for sarcoidosis,
Am. J. Respir. Crit Care Med. 1994; 149:893-898.
114. Exner DV, Pinski SL, Wyse DG, Renfroe EG, Follmann
D, Gold M, Beckman KJ, Coromilas J, Lancaster S,
Hallstrom AP, and the AVID Investigators. Electrical
storm presages nonsudden death: The Antiarrhythmics
Versus Implantable Defibrillators (AVID) Trial.
Circulation. 2001; 103:2066-2071.

www.irdrjournal.com

180

Intractable & Rare Diseases Research. 2015; 4(4):170-180.

115. Chiu CZ, Nakatani S, Zhang G, Tachibana T, Ohmori
F, Yamagishi M, Kitakaze M, Tomoike H, Miyatake
K. Prevention of left ventricular remodeling by longterm corticosteroid therapy in patients with cardiac
sarcoidosis. Am J Cardiol. 2005; 95:143-146.
116. Sadek MM, Yung D, Birnie DH, Beanlands RS, Nery
PB. Corticosteroid therapy for cardiac sarcoidosis: A
systematic review. Can J Cardiol. 2013; 29:1034-1041.
117. Kato Y, Morimoto S, Uemura A, Hiramitsu S, Ito T,
Hishida H. Efficacy of corticosteroids in sarcoidosis
presenting with atrioventricular block, Sarcoidosis Vasc.
Diffuse Lung Dis. 2003; 20:133-137.
118. Yodogawa K, Seino Y, Ohara T, Takayama H, Katoh T,
Mizuno K. Effect of corticosteroid therapy on ventricular
arrhythmias in patients with cardiac sarcoidosis. Ann.
Noninvasive Electrocardiol. 2011; 16:140-147.
119. Valeyre D, Prasse A, Nunes H, Uzunhan Y, Brillet
PY, Muller-Quernheim L. Sarcoidosis. Lancet. 2014;
383:1155-1167.
120. Baughman RP, Lower EE. Novel therapies for
sarcoidosis. Semin Respir Crit Care Med. 2007; 28:128133.
121. Mulluer-Quernheim I, Kienast K, Held M, Pfeifer
S, Costabel U. Treatment of chronic sarcoidosis with
azathioprine/prednisolone regimen, Eur Respir J.
1999;14:1117-1122.
122. Sahoo DH, Bandyopadhyay D, Xu M, Pearson K,
Parambil JG, Lazar CA, Chapman JT, Culver DA.
Effectiveness and safety of leflunomide for pulmonary and
extrapulmonary sarcoidosis. Eur Respir J. 2011; 38:11451150.

123. Kouba DJ, Mimouni D, Rencic A, Nousari HC.
Mycophenolate mofetil may serve as a steroid-sparing
agent for sarcoidosis. Br J Dermatol. 2003; 148:147-178.
124. Sweiss NJ, Barnathan ES, Lo K, Judson MA, Baughman
R; T48 Investigators. C-reactive protein predicts response
to infliximab in patients with chronic sarcoidosis.
Sarcoidosis Vasc Diffuse Lung Dis. 2010; 27:49-56.
125. Uusimaa P, Ylitalo K, Anttonen O, Kerola T, Virtanen V,
Pääkkö E, Raatikainen P. Ventricular tachyarrhythmia as
a primary presentation of sarcoidosis. Europace. 2008;
10:760-766.
126. S t e e s C S , K h o o M S , L o w e r y C M , S a u e r W H .
Ventricular tachycardia storm successfully treated with
immunosuppression and catheter ablation in a patient with
cardiac sarcoidosis. J Cardiovasc Electrophysiol. 2011;
22:210-213.
127. Hiramastu S, Tada H, Naito S, Oshima S, Taniguchi K.
Steroid treatment deteriorated ventricular tachycardia in a
patient with right ventricle-dominant cardiac sarcoidosis.
Int J Cardiol. 2009; 132:e85-e87.
128. Valantine HA, Tazelaar HD, Macoviak J, Mullin AV, Hunt
SA, Fowler MB, Billingham ME, Schroeder JS. Cardiac
sarcoidosis: Response to steroids and transplantation. J
Heart Transplant. 1987; 6:244-250.
129. Mantini N, Williams B Jr, Stewart J, Rubinsztain L,
Kacharava A. Cardiac sarcoid: A clinician's review on how
to approach the patient with cardiac sarcoid. Clin Cardiol.
2012; 7:410-415.
(Received June 13, 2015; Revised July 24, 2015; Accepted
August 9, 2015)

www.irdrjournal.com

Intractable & Rare Diseases Research. 2015; 4(4):181-189.

Original Article

181

DOI: 10.5582/irdr.2015.01043

Prediction of prognosis of ALS: Importance of active denervation
findings of the cervical-upper limb area and trunk area
Yoko Sato1,2, Eiji Nakatani3, Yasuhiro Watanabe4, Masanori Fukushima3, Kenji Nakashima4,
Mari Kannagi1,Yasuhiro Kanatani5,*, Hiroshi Mizushima2
1

Department of Immunotherapeutics, Graduate School of Medical and Dental Sciences, Tokyo Medical and Dental University,
Tokyo, Japan;
2
Center for Public Health Informatics, National Institute of Public Health, Saitama, Japan;
3
Translational Research Informatics Center, Foundation for Biomedical Research and Innovation, Kobe, Japan;
4
Division of Neurology, Department of Brain and Neurosciences, School of Medicine, Faculty of Medicine, Tottori University,
Yonago, Japan;
5
Department of Health Crisis Management, National Institute of Public Health, Saitama, Japan.

Summary

Amyotrophic lateral sclerosis (ALS) is a motor neuron disease characterized by serious
muscle atrophy and weakness. The purpose of this study was to find prognostic factors
in patients with mild ALS using application forms for the Specified Disease Treatment
Research Program in Japan. We classified ALS as mild, moderate and severe. The subjects
consisted of 363 patients with mild ALS who underwent needle electromyography at
registration and were followed for more than one year. Time to progression to severe ALS
and time to deterioration of activities of daily living such as speech dysfunction, upper
limb dysfunction, and walking disability were used as outcomes. Cox proportional hazards
model analysis was performed to identify prognostic factors. Of the patients with initially
mild ALS, 38.3% (139/363) had progressed severe ALS at the last follow-up. In multivariate
analysis of time to progression to severe ALS, bulbar onset (hazard ratio [95% confidence
interval]: 1.68 [1.13-2.49], p = 0.010), tongue atrophy (1.69 [1.14-2.51], p = 0.009), dyspnea
(1.57 [1.02-2.41], p = 0.042) and active denervation findings (ADFs) of the cervical-upper
limb area (1.81 [1.25-2.63], p = 0.002) emerged as prognostic factors. Furthermore ADFs in
the trunk area were prognostic factors for upper limb dysfunction and walking disability
(1.72 [1.05-2.81], p = 0.031, and 1.97 [1.09-3.59], p = 0.026). In conclusion ADFs of the
cervical-upper limb area and trunk area were prognostic factors in ALS patients.
Keywords: Amyotrophic lateral sclerosis, prognostic factors, needle electromyography, denervation
findings, bulbar onset

1. Introduction
Amyotrophic lateral sclerosis (ALS) is a motor neuron
disease characterized by serious muscle atrophy and
weakness. ALS progresses rapidly with a median
survival time from symptom onset of 2-4 years (1),
and effective treatment has not been established
because of the unknown etiology. Adult onset and rapid
*Address correspondence to:
Dr. Yasuhiro Kanatani, Department of Health Crisis
Management, National Institute of Public Health, 2-3-6
Minami, Wako-shi, Saitama 351-0197 Japan.
E-mail: ykanatani@niph.go.jp

progression of limb muscle weakness, muscle atrophy,
fasciculation, or exaggerated deep tendon reflex lead
suspicion of ALS. The diagnosis of ALS is difficult and
it is important that the detection of upper or lower motor
neuron disorders at each site of the brainstem, cervical,
thoracic and lumbosacral spinal cord by taking medical
history and physical observation carefully. A variety
of prognostic factors for ALS have been reported (2),
and onset age is a strong prognostic factor in ALS, with
decreasing survival time correlating with increasing age
of onset (3-5). ALS is classified as bulbar onset type,
which start with dysarthria, dysphagia, or dyspnea, and
extremity onset type, which with muscle weakness or
atrophy in an arm or leg. Bulbar onset is associated

www.irdrjournal.com

182

Intractable & Rare Diseases Research. 2015; 4(4):181-189.

with a worse prognosis than extremity onset (3,4).
In Japan, the Specified Disease Treatment Research
Program provides a public subsidy for medical expenses
for incurable diseases. Patients in each prefecture are
required to submit an application form for this program.
These forms allow clinical information to be obtained
for incurable disease on a national basis, which is
useful for studies on epidemiology and pathogenesis,
and for evaluation of treatment and drugs (6). However,
greater emphasis has been placed on administrative
applications, while few systematic analyses have been
performed for research use. ALS is designated as a
specified disease of the program. In this study, we
analyzed prognostic factors for progression of ALS
using application forms.
2. Methods
2.1. Patients
The subjects were patients who registered from 2004
to 2005 in the Japanese Specific Disease Treatment
Research Program. Data from application forms for
patients who registered with a diagnosis of ALS were
submitted to an advisory board on intractable diseases
from 47 administrative divisions in Japan. This board
included neurologists. These data were evaluated
using the diagnostic criteria for ALS defined by the
Committee on Intractable Degenerative CNS Diseases
of the Ministry of Health and Welfare of Japan (2002),
which are based on the diagnostic criteria of the ALS
Committee of the World Foundation of Neurology
(2000) (7) . Patients who received certification then
updated their information annually from September to
November in future years.
2.2. Protocol approval and patient consent
This study conforms to the ethical guidelines for
epidemiological research issued by the Ministry of
Education, Culture, Sports, Science and Technology
and the Ministry of Health, Labour and Welfare. The
ethics committee of the National Institute of Public
Health approved this study (NIPH-IBRA No.10021;
10 June, 2010). All data were provided by the Ministry
of Health, Labor and Welfare (Notification of Health
Service bureau, MHLW; No.0708-1; 8 Jul. 2010). All
patients gave consent to utilization of their clinical data
in research studies.
2.3. Definition of variables
Analysis factors such as sex, onset age, initial symptom
at onset, clinical sings at registration, and findings of
needle EMG at registration were recorded. The initial
symptoms at onset were determined from an interview
with the patient or an introductory letter, and included

the presence or absence of dysarthria, dysphagia,
dyspnea, neck muscle weakness, upper limb muscle
weakness, and lower limb muscle weakness. Also,
patients were classified into extremity onset type: only
muscle weakness at onset, and bulbar onset type that
started with dysarthria, dysphagia or dyspnea at onset.
Clinical signs at registration were also evaluated by
neurologists, and included tongue atrophy, dysarthria,
dysphagia, dyspnea, muscle strength, and muscle
atrophy. Muscle strength was manually tested and
scored using the Medical Research Council (MRC)
6-point scale (range: 0-5) (8) in 11 muscle groups: neck
flexor muscles; shoulder abductor muscles (right and
left); elbow flexor muscles (right and left); wrist flexor
muscles (right and left); hip flexor muscles (right and
left), and ankle flexor muscles (right and left). A MRC
score ≤ 3 was defined as indicating muscle weakness.
The presence of muscle atrophy were observed in 10
muscle groups: neck muscle group, upper limb (right
and left), girdle muscles (right and left), paraspinal
muscles, pelvicrural muscle (right and left), and lower
extremities (right and left). Needle electromyography
(EMG), a method of puncture of muscles with needle
electrodes to record action potentials caused by natural
shrinkage and voluntary contraction, was performed
in the cranial, cervical-upper limb, trunk, and lumbarlower limb areas. The presence of active denervation
findings (ADFs), defined as fibrillation potentials
(Fib-Ps) or positive sharp waves (PSWs); and chronic
denervation findings (CDFs), defined as enlarged action
potentials and decreased interference patterns, was also
evaluated (9-11). ADFs are found when innervation
of muscles is lost (12), and these findings reflect
neurodegeneration before appearance of clinical signs
such as muscle weakness and muscle atrophy in ALS
(9,13). CDFs were found when reinnervation occurred
following denervation.
Severity of ALS was classified into 5 grades (Table
1) by evaluation of neurological signs at staging and
assessment of activities of daily living (ADL) on
the modified Rankin Scale (mRS) by the Research
Committee of CNS Degenerative Diseases, Ministry
of Health, Labour and Welfare. The mRS is a marker
of severity of ALS (14). In this study, mild ALS was
defined as not requiring daily assistance (grades 1 and
2), moderate ALS as requiring daily assistance (grades
3 and 4), and severe ALS as requiring life support
such as tubal feeding, gastrostoma, positive pressure
ventilation, tracheotomy, and an artificial ventilator
(grade 5, Table 1).
2.4. Outcomes
Four outcomes were evaluated: time for progression to
severe ALS (grade 5, Table 1) as a main outcome and
deterioration of ADLs based on loss of speech function,
loss of upper limb function, and loss of walking ability
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Table 1. Classification of ALS severity by the Research Committee for CNS Degenerative Diseases, Ministry of Health,
Labour and Welfare
Severity
Mild
Grade 1
Grade 2
Moderate
Grade 3
Grade 4
Severe
Grade 5

Definition
Movement disturbance of one extremity or anarthria by bulbar paralysis. No limitation in activities of daily living (ADL).
Apparent movement disturbance in one or two muscle regions in 6 body segments: each limb, trunk, tongue, face, palatal,
and pharyngeal region. Slight limitation, but can live an independent life by oneself.
Muscle weakness at more than 3 positions of the above 6 body segments. Cannot do social activities (housework, job) and
has mild limitation requiring assistance in ADL.
Inability of any one of breathing, swallowing, or keeping a sitting position. Requires total assistance for ADL.
Bedridden, requiring life support including tracheotomy, parenteral nutrition, and an artificial respirator

ALS, amyotrophic lateral sclerosis. The ALS severity classification (grades 1 to 5) is based on evaluation of neurological signs at staging and social
life using the modified Rankin scale (mRS). Mild ALS (grades 1 and 2) is defined as not requiring daily assistance. Moderate ALS (grades 3 and 4) is
defined as requiring daily assistance. Severe ALS (grade 5) is defined as requiring life support.

as sub outcomes. ADLs were classified into 5 grades
referring the Japanese version of the ALSFRS-R (15),
as validated by Ohashi et al. (16). The time at which
each ADLs deterioration was defined as follows: loss
of speech function occurred when the patient lost useful
speech; loss of upper limb function occurred when the
patient became unable to grip a pen; loss of walking
ability occurred when the patient had no purposeful leg
movement, respectively.
2.5. Statistical analysis
Cox proportional hazards regression analyses were
performed for time from registration to progression
within 3 years. The hazard ratio (HR) and corresponding
95% confidence interval (CI) and p-value were
estimated by Wald test. In univariate analysis, candidate
prognostic factors were identified at p < 0.05. In
multivariate analysis, prognostic factors were selected
from these candidate factors using backward selection
at p < 0.05. To construct a prognostic classification,
regression tree analysis for each outcome was performed
using prognostic factors as dependent variables. For
validation of the prognostic classification (tree structure),
regression tree analysis with 1000 bootstrap samples was
performed, and the reliability of the crude tree structure
was investigated (17). The stratified progression-free
rates were estimated using the Kaplan-Meier method to
show the prognostic classification, and a log-rank test
was used for comparison between the stratified groups.
For validation of the severity classification (mild,
moderate, and severe), we explored associations with
other severity-related measures using a Pearson chisquared test complemented by Haberman's residual
analysis (18). To explore the reliability of the severity
classification, we analyzed data at the first visit because
the number of censors at the last visit was more than
that at the first visit. The significance level was p =
0.05. All analyses were performed using R ver. 3.1.1. (R
Foundation, Austria).

3. Results
3.1. Patients
From 2004 to 2005, application forms were submitted
by 2,359 patients with ALS, of whom 985 submitted
updated application forms for more than one year. All
patients fulfilled the diagnostic criteria, as judged by an
advisory board. The initial analysis included 959 patients
with sporadic ALS, after exclusion of 26 patients with
a family history of ALS. Of these 959 patients, 363 had
ALS of mild severity and had undergone needle EMG
at registration. The characteristics of these patients are
shown in Table 2. The patients comprised 218 men and
145 women, and had a median age at disease onset of
62.0 years (range: 18-87 years) and a mean follow-up
period of 1.52 ± 0.72 years. The numbers of patients with
loss of speech function, loss of upper limb function, and
loss of walking ability were 14/363 (3.9%), 6/362 (1.7%),
and 0/362 (0%), respectively.
3.2. Severity classification
The classification of mild, moderate and severe ALS
was validated based on significant associations found
with measures related to progression of ALS, including
levels of speech function (p < 0.001), upper limb
function (p < 0.001), and walking ability (p < 0.001),
and the number of areas with muscle weakness (p <
0.001) and muscle atrophy (p < 0.001) (Table 3).
3.3. Time to progression
Of the patients with initially mild ALS, 38.3% (139/363)
had progressed severe ALS at the last follow-up. The
rate of patients with loss of speech function, loss of
upper limb function, and loss of walking ability at the
last follow-up were 31.1% (113/363), 30.6% (111/363),
and 22.0% (80/363), respectively.
The results of univariate regression analysis of the
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Table 2. Baseline characteristic of ALS patients
Variable (n = 363)

Number of patients

%

145/363

39.9

11/363
220/363
132/363
222/360
172/361
193/363
145/361
50/357
47/358
107/360
94/359
77/359
39/359
63/352

3.0
60.6
36.4
61.7
47.6
53.2
40.2
14.0
13.1
29.7
26.2
21.4
10.9
17.9

96/363
226/363
42/363
161/363

26.4
62.3
11.6
44.4

154/363
294/363
73/363
254/363

42.4
81.0
20.1
70.0

Gender: male
Age at onset (years old)
≤ 40
41-64
≥ 65
Onset type : Bulbar onset
Tongue atrophy at registration: presence
Dysarthria at registration: presence
Dysphagia at registration: presence
Dyspnea at registration: presence
Neck flexors strength at registration: with muscle weakness
Shoulder abductors strength at registration: with muscle weakness
Elbow flexors strength at registration: with muscle weakness
Wrist extensors strength at registration: with muscle weakness
Hip flexors strength at registration: with muscle weakness
Ankle extensors at registration: with muscle weakness
Active denervation findings at registration: presence
Cranial area
Cervical-upper limb area
Trunk area
Lumbar-lower limb area
Chronic denervation findings at registration: presence
Cranial area
Cervical-upper limb area
Trunk area
Lumbar-lower limb area
ALS: amyotrophic lateral sclerosis.

Table 3. Associations between severity classification and
other severity-related measures
Variable
Speech function
1
2
3
4
5
Upper limb
function (handwriting)
1
2
3
4
5
Walking ability
1
2
3
4
5
Number of areas
with muscle weakness
≤1
2-5
6-8
9-11
Number of areas
with muscle atrophy
≤1
2-4
5-7
8-10

Category

Mild

Moderate

Severe

59*
43*
13
7
11

53*
33
9
12
16

11
17
9
10
58*

59*
56*
8
8
2

11
26
23*
29*
34*

9
28
12
16
41*

54*
50*
28
1
0

15
22
39*
37*
11

11
25
17
18
34*

71*
41*
12
5

13
29
25
43*

15
17
23
43*

28*
50*
31
24

1
23
39*
61*

7
14
20
65*

p value

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

ALS: amyotrophic lateral sclerosis. The significance of the association
between severity and each index of ALS progression was assessed using
a Pearson chi-squared test of independence. Residual analysis was also
performed for identifying the categories responsible for a significant chisquare statistic. * indicates a significant large number (p < 0.05).

time to progression to severe ALS are shown in Table
4. In this analysis, the candidate prognostic factors
were bulbar onset (HR: 2.28 [95% CI: 1.63-3.19], p <
0.001), tongue atrophy at registration (2.26 [1.60-3.19],
p < 0.001), dysarthria at registration (2.23 [1.56-3.18],
p < 0.001), dysphagia at registration (2.25 [1.61-3.15],
p < 0.001), dyspnea at registration (2.00 [1.33-3.00],
p = 0.001), ADFs of the cervical-upper limb area at
registration (1.59 [1.10-2.29], p = 0.013), and CDFs of
the cervical-upper limb area at registration (1.41 [1.01–
1.96], p = 0.044). The results of univariate regression
analysis of the times to loss of speech function, loss of
upper limb function and loss of walking ability are also
shown in Table 4.
The results of multivariate regression analysis of the
time to progression to severe ALS are shown in Table
5. Bulbar onset (1.68 [1.13-2.49], p = 0.010), tongue
atrophy at registration (1.69 [1.14-2.51], p = 0.009),
dyspnea at registration (1.57 [1.02-2.41], p = 0.042),
and ADFs of the cervical-upper limb area at registration
(1.81 [1.25-2.63], p = 0.002) emerged as prognostic
factors for time for progression to severe ALS. The
results of regression tree analysis are shown in Figure
1A as the stratified progression-free rate. ADFs of the
cervical-upper limb area were found to be significant in
progression to severe ALS. The results of multivariate
analysis and regression tree analysis for the times to
the three sub outcomes are shown in Table 5 and Figure
1B-D. These results indicated that ADFs of the trunk
area were prognostic factors for upper limb dysfunction
and walking disability.
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0.66
1.03
5.69
2.58
5.10
4.49
1.92
0.94
0.56
0.47
0.59
0.54
0.60
2.07
0.95
0.80
0.69
1.99
1.05
0.88
0.64

0.936
0.167
< 0.001
< 0.001
< 0.001
< 0.001
0.001
0.187
0.760
0.475
0.973
0.462
0.047
0.039
0.013
0.652
0.809
0.044
0.060
0.537
0.969

1.02 - 2.06
1.10 - 2.29
0.68 - 1.87
0.69 - 1.34
1.01 - 1.96
0.98 - 2.58
0.76 - 1.71
0.70 - 1.44

1.45
1.59
1.12
0.96

1.41
1.59
1.14
1.01

HR

p value

0.72 - 1.43
1.00 - 1.03
1.63 - 3.19
1.60 - 3.19
1.56 - 3.18
1.61 - 3.15
1.33 - 3.00
0.86 - 2.14
0.74 - 1.51
0.59 - 1.28
0.66 - 1.51
0.44 - 1.45
0.34 - 0.99

95% CI

1.01
1.01
2.28
2.26
2.23
2.25
2.00
1.36
1.06
0.87
0.99
0.80
0.58

HR

Progression to severe

1.37 - 2.89
0.65 - 1.70
0.54 - 1.43
0.44 - 0.93

1.43 - 3.02
0.65 - 1.38
0.43 - 1.49
0.47 - 1.01

0.46 - 0.96
1.01 -1.05
3.78 – 8.54
1.74 - 3.83
3.17 - 8.19
3.01 - 6.68
1.21 - 3.04
0.54 - 1.64
0.36 - 0.87
0.29 - 0.77
0.35 - 1.00
0.25 - 1.16
0.33 - 1.09

95% CI

< 0.001
0.852
0.603
0.019

< 0.001
0.777
0.479
0.061

0.031
0.003
< 0.001
< 0.001
< 0.001
< 0.001
0.006
0.825
0.010
0.003
0.050
0.113
0.10

p value

Loss of speech function

0.76
1.45
1.00
0.93

1.02
1.90
1.96
1.30

1.36
0.99
0.55
0.72
0.69
0.63
0.88
1.15
2.54
2.20
3.01
0.85
0.66

HR

0.51 - 1.12
0.85 - 2.46
0.63 - 1.60
0.62 - 1.39

0.67 - 1.55
1.24 - 2.92
1.20 - 3.18
0.90 - 1.90

0.91 - 2.02
0.97 - 1.00
0.36 - 0.84
0.49 - 1.06
0.47 - 1.00
0.42 - 0.95
0.51 - 1.52
0.68 - 1.96
1.75 - 3.68
1.50 - 3.21
2.03 - 4.48
0.44 - 1.62
0.37 - 1.18

95% CI

0.162
0.169
0.987
0.722

0.925
0.003
0.007
0.162

0.131
0.103
0.005
0.092
0.048
0.026
0.637
0.604
< 0.001
< 0.001
< 0.001
0.614
0.163

p value

Loss of upper limb function

0.96
1.24
1.06
1.31

1.00
1.07
1.94
1.47

1.40
0.99
1.17
0.94
0.94
1.06
1.39
1.20
1.05
0.85
1.23
2.00
1.58

HR

0.61 - 1.50
0.68 - 2.24
0.61 - 1.84
0.80 - 2.15

0.61 - 1.62
0.68 - 1.70
1.09 - 3.45
0.95 - 2.28

0.86 - 2.25
0.97 - 1.01
0.75 - 1.84
0.61 - 1.47
0.61 - 1.46
0.68 - 1.67
0.79 - 2.43
0.65 - 2.21
0.66 - 1.68
0.52 - 1.41
0.72 - 2.08
1.10 - 3.63
0.92 - 2.70

95% CI

0.848
0.484
0.826
0.278

0.990
0.772
0.025
0.086

0.175
0.428
0.492
0.793
0.781
0.795
0.258
0.570
0.824
0.538
0.451
0.023
0.097

p value

Loss of walking ability

HR: Hazard Ratio; CI: Confidence Interval; MRC: Medical Research Council; EMG: electromyography. The p-value and 95%CI were calculated using a Wald test. Variable (reference); Gender (women), Age at onset (1),
onset type (extremity onset)), tongue atrophy at registration (absence), dysarthria at registration (absence), dysphagia at registration (absence), dyspnea at registration (absence), muscle strength at registration (no muscle
weakness: MRC score ≤ 3), EMG finding at registration (absence). In an area tested on the right and left, the lower muscle strength was used for analysis.

Gender (men)
Age at onset
Bulbar onset
Tongue atrophy at registration
Dysarthria at registration
Dysphagia at registration
Dyspnea at registration
Neck flexors strength at registration
Shoulder abductors strength at registration
Elbow flexors strength at registration
Wrist extensors strength at registration
Hip flexors strength at registration
Ankle extensors at registration
Active denervation findings at registration
Cranial area
Cervical-upper limb area
Trunk area
Lumbar-lower limb area
Chronic denervation findings at registration
Cranial area
Cervical-upper limb area
Trunk area
Lumbar-lower limb area

Variable

Table 4. Univariate Cox regression analyses for times to loss of speech function, loss of walking ability, and loss of upper limb function
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1.25 - 2.63

0.002*

0.042*

1.02 - 2.41

1.57

1.81

0.010*
0.009

p value

1.13 - 2.49
1.14 - 2.51

95% CI

1.68
1.69

HR

Progression to severe

2.24 - 6.48
1.11 - 3.14

1.87

95% CI

3.81

HR

0.018*

< 0.001*

p value

Loss of speech function

1.05 - 2.81

0.031*

0.001*

1.35 - 3.32

2.12

1.72

0.003*

p value

1.25 - 2.91

95% CI

1.91

HR

Loss of upper limb function

1.97

1.88

HR

1.09 - 3.59

1.05 - 3.55

95% CI

0.026

0.033*

p value

Loss of walking ability

HR: Hazard Ratio; CI: Confidence Interval; MRC: Medical Research Council; EMG: electromyography. The p-value and 95%CI were calculated using a Wald test. Variable (reference); Gender (women), Age at onset (1),
Onset type (extremity onset), tongue atrophy at registration (absence), dysarthria at registration (absence), dysphagia at registration (absence), dyspnea at registration (absence), muscle strength at registration (no muscle
weakness: MRC score ≤ 3), EMG finding at registration (absence). In an area tested on the right and left, the lower muscle strength was used for analysis. Variables marked with * were chosen as results of regression tree
analysis.

Gender (men)
Age at onset
Bulbar onset
Tongue atrophy at registration
Dysarthria at registration
Dysphagia at registration
Dyspnea at registration
Neck flexors strength at registration
Shoulder abductors strength at registration
Elbow flexors strength at registration
Wrist extensors strength at registration
Hip flexors strength at registration
Ankle extensors at registration
Active denervation findings at registration
Cranial area
Cervical-upper limb area
Trunk area
Lumbar-lower limb area
Chronic denervation findings at registration
Cranial area
Cervical-upper limb area
Trunk area
Lumbar-lower limb area

Variable

Table 5. Multivariate Cox regression analyses for time to progression to severe ALS, tongue atrophy and dysarthria
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Figure 1. Stratified Kaplan-Meier curves for four outcomes based on regression tree analysis. Curves are shown for
progression to severe ALS (A), loss of speech (B), loss of upper limb function (C), and loss of walking ability (D). The curves
were compared by log-rank test. For progression to severe ALS, patients were classified into 5 groups based on onset type (+:
bulbar onset, -: extremity onset), presence or absence of respiratory problems at registration, and ADFs of the cervical-upper limb
area at registration (A). For loss of speech, patients were classified into 3 groups based on onset type and presence or absence of
dysphagia at registration (B). For loss of upper limb function, patients were classified into 4 groups based on presence or absence
of weakness of wrist extensors at registration, of shoulder abductors at registration, and ADFs of the trunk area at registration
(C). For loss of walking ability, patients were classified into 2 stratified groups based on presence or absence of weakness of hip
flexors at registration (D). The stratified Kaplan-Meier curve for each outcome was well-distinguished by log-rank test (A: p <
0.001, B: p < 0.001, C: p < 0.001, D: p = 0.026).

4. Discussion
In this study we tried to examine prognostic factors for
progression ALS by interannual analysis of application
forms, which provided important medical data on a
national scale, focusing on patients with initial mild
ALS who did not require daily assistance. The main
outcome in our study: progression to severe ALS, is

a stage at which a patient requires a ventilator and
parenteral nutrition for life support. Thus an observation
period of 3 years should be sufficient to analyze
prognostic factors for ALS considering median survival
time of 2-4 years (1).
Our results indicated that bulbar onset, tongue
atrophy, dyspnea, and ADFs of the cervical-upper limb
area were prognostic factors for progression from mild
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to severe ALS (Table 5). Many studies reported bulbar
onset and tongue atrophy were important prognostic
factors (19), however a few studies reported the
possibility of ADFs as prognostic factors of ALS (20).
Progression to severe ALS is associated with
decreased swallowing function and respiratory function.
Swallowing is controlled by muscles that are innervated
mainly by the pons and medulla oblongata such as the
glossopharyngeal nerve, vagal nerve and hypoglossal
nerve (21,22), and bulbar onset and tongue atrophy
are associated with loss of this function. Breathing
is controlled by complex relationships among many
muscles, of which the diaphragm and the anterior,
middle and posterior scalene muscles, which function
in intake, are innervated by C3-C4, C4-C7, C2-C7 and
C5-C8, respectively. Muscles innervated by the brachial
plexus (C5-T1) are tested in needle EMG of the cervicalupper limb area. Then, ADFs in this area might reflect
neurodegeneration of muscles involved in respiratory
functions. ADFs are said to show neurodegeneration
from before appearance of clinical signs such as muscle
weakness and muscle atrophy in ALS (10,14). Therefore
we analyzed the prognosis of patients without neck
flexors muscle weakness nor shoulder abductors muscle
weakness at registration and found that the number of
patients with ADFs of the cervical-upper limb area who
progressed to severe ALS within 3 years were significant
large (χ2 = 4.00, p = 0.045).
Figure 1A suggested that patients with both bulbar
onset and ADFs of the cervical-upper limb area had poor
prognosis. Further analysis found that of patients with
extremity onset, the number of patients with ADFs of the
cervical-upper limb area who progressed to severe ALS
within 3 years were significant large (χ2 = 3.89, p = 0.049).
This suggested that ADFs of the cervical-upper limb
area were also important for predicting prognosis ALS in
patients with extremity onset.
Furthermore, ADFs in the trunk area were
prognostic factors for upper limb dysfunction and
walking disability (Table 5). In needle EMG of the
trunk area, muscles of the thoracic spinal cord are
tested, including the paraspinal muscles and abdominal
rectus muscle (23,24). Degeneration of motor neurons
may spread contiguously throughout the threedimensional anatomy of connected and neighboring
neurons in ALS (25,26), and this may explain upper
limb dysfunction resulting from proximal progression
of denervation of the trunk area and walking disability
due to distal progression.
In this study, CDFs were not prominent as risk
factors. CDFs were found when reinnervation occurred
following denervation, but occasionally did not occur,
especially in extremely in cases with fast progression.
Furthermore, the Awaji criteria (2008) indicate that
detection of fasciculation potential (FP), which was
not investigated in this study, in muscle with chronic
findings carries the same significance as active

findings such as Fib-Ps and PSWs (10,27). Previous
study said that FP is a specific finding in ALS, and
occurs inconsistently in the initial stage of ALS before
appearance of Fib-Ps and PSWs (28). We performed
multivariate regression analysis and identified the
detection of either ADFs or CDFs of the cervical-upper
area as prognostic factors for progression to severe ALS
(3.00 [1.51-5.94], p = 0.002). Interpretation of these
associations with CDFs requires further studies.
There are other limitations in this study, including
the short follow-up period and ambiguity of the time
to outcomes. However, of the patients with initially
mild ALS, 38.3% had severe ALS at the last follow-up.
Thus, due to the large number of events, our prognostic
analysis has certain reliability.
ALS causes a lethal respiratory failure but, recently
many patients introduce an artificial respiratory
management. However, much previous reports on
prognostic factors were set an outcome as time to death,
which could not predict the degree of ALS progress.
In this study we identified needle EMG findings as
prognostic factors, which closely associated with the
pathology of ALS, based on nationwide data of ALS
patients. The needle EMG is an invasive diagnostic
procedure, however, our findings suggest that this
experiment is useful for not only accurate diagnosis ALS
(29,30) but also prediction ALS prognosis or progression.
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Summary

We reported a minor inflammation-driven ageing (inflammageing) assessed by highly
sensitive CRP (hsCRP) in normal individuals and patients with Werner syndrome (WS),
followed by an ageing associated Th2-biased cytokine change in normal ageing in the
previous papers. To further study the association of hsCRP and 26 cytokines/chemokines in
35 WS patients, a multiple cytokine array system was used in the same serum samples as
were examined for hsCRP. The serum levels of Th2 cytokines (IL-4, IL-6, IL-10, and GMCSF), Th1 products (IL-2, TNFα, IL-12, and IFNγ) and monocyte/macrophage products
(MCP-1, basic FGF and G-CSF) in WS were significantly elevated compared with normal
ageing. Elevated hsCRP level in WS was significantly correlated with IL-6, IL-12 and VEGF
levels, if age and sex were taken into account. A pro-inflammatory cytokine/chemokine
circuit-stimulated immunological shift to Th2 in WS was similar to normal ageing. These
cytokine/chemokine changes may induce a systemic chronic inflammation monitored by
hsCRP, though these immunological changes in WS were more complicated than normal
ageing, possibly due to the WS-specific chronic inflammation such as skin ulcer, diabetes
mellitus and central obesity with visceral fat deposition. Further study may warrant the
pathophysiology of Th2 shift and Th2-biased inflammageing in normal ageing and WS.
Keywords: Ageing, inflammageing, Werner syndrome, CRP, cytokine, chemokine

1. Introduction
Werner syndrome (WS; MIM#27770), the geneticallydetermined progeroid syndrome has been extensively
studied as the representative natural model of human
ageing. We have reported the elevation of inflammatory
markers in WS in a series of publications irrespective
of the apparent inflammation (1).
Our recent study indicated a significant ageingassociated increase in the serum level of highly sensitive
CRP (hsCRP) in the normal Japanese individuals and

*Address correspondence to:
D r. M a k o t o G o t o , D e p a r t m e n t o f O r t h o p a e d i c s &
Rheumatology, East Medical center, Tokyo Women's Medical
University, 2-1-10 Nishi-Ogu, Arakawa-Ku, Tokyo 116-8567,
Japan.
E-mail: werner.goto@gmail.com

the serum hsCRP level was also significantly elevated
in WS compared with age-matched normal adult (NA)
control and normal elderly (NE) population from both
sexes (2).
Human ageing is inevitably accompanied by an
increasing chance of environmental attack from inside
(such as mutants, endoplasmic reticulum (ER) stress
and by-products associated with immune- surveillance
activity) and outside (such as ultra violet light, air
pollution, allergens, infectious agents, drugs and
foods), producing a minor inflammation that is widely
recognized as a patho-physiologically fundamental
metabolism to generate energy with thermogenesis,
leading to tissue development, wound healing or tissue
destruction during healthy development and ageing (3-6).
Ageing-associated inflammation coined as
"inflammageing" has been monitored mainly by hsCRP
(7-9). Inflammageing is probably caused by an imbalance

www.irdrjournal.com

191

Intractable & Rare Diseases Research. 2015; 4(4):190-197.
between an increase in pro- and a decrease in antiinflammatory cytokines/chemokines, leading to ignite
the ageing-related conditions including diabetes mellitus
(DM), sarcopenia, osteoporosis, cancer, atherosclerosis,
cognitive decline and finally death (3,8,10).
Ageing-associated changes of pro/anti-inflammatory
cytokines/chemokines have been reported by using
ELISA and multiplex technology. However, the
results are conflicting. Ageing-associated elevation
of pro-inflammatory cytokines/chemokines including
interleukin (IL)-6, IL-8 (CXCL8), tumor necrosis factor
α (TNFα), macrophage inhibitory protein-1α (MIP-1α:
CCL3) and monocyte chemoattractant protein-1 (MCP1: CCL2) was reported by Mariani et al (11). However,
both Shurin et al. (12) and Kim et al. (13) described
no ageing-associated changes of these cytokines/
chemokines. Shurin et al. (12) reported a significant ageassociated increase of interferonγ inducible protein-10
(IP-10: CXCL10 ) and eotaxin (CCL11). Elevation of IL6, MCP-1 and IP-10 was described by Miles et al. (14),
Inadera et al. (15) and Antonelli et al. (16).
In our preceding paper, the serum levels of IL-4,
IL-6, IL-13, IL-15, granulocyte-macrophage- colony
stimulating factor (GM-CSF), interferon-γ (IFNγ), IP10 and TNFα were significantly correlated with normal
ageing (manuscript submitted). In contrast, IL-2, IL-8,
MIP-1α levels were negatively associated with normal
ageing. The Th2 products: IL-6 and IL-13 levels were
significantly associated with serum level of hsCRP in
normal ageing, if age and sex were taken into account.
Cytokine/chemokine analysis in WS has never been
reported.
The aim of this study was to i) compare the serum
levels of 26 cytokines/chemokines examined by
multiplex assay in WS with the apparently healthy
Japanese volunteers; and ii) clarify the association of
26 cytokines/chemokines with the increased level of
hsCRP in WS.
2. Materials and Methods
2.1. Study population
All the samples studied in the present experiment
were collected between 2000 and 2010, and were the
same sera as were used in the previous hsCRP study
(2). A total of 35 serum samples from the patients
with mutation-proven WS aged between 32 and 70
years were used. All of the WS patients showed the
characteristic manifestations as previously described:
typical body status/face, hoarseness, gray hair/alopecia,
skin hyper/hypo-pigmentation, sarcopenia, cataract,
osteoporosis, and subcutaneous calcification. As some
WS patients had diabetes mellitus (DM) and skin ulcers
(SU), the patients were sub-grouped into 1) SU (+) DM
(+) ( n = 14), 2) SU (+) DM (-) (n = 12), 3) SU (-) DM
(+) (n = 4), and 4) SU (-) DM(-) (n = 5) based on their

Table 1. Clinical characteristics in Werner syndrome
patients
SU*

DM**

ID

Age

Sex

1
1
1
1
1
1
1
1
1
1
1
1
1
1

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

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

WS12901
WS57201
WS19201
WS56301
WS57801
WS51301
WS19201
WS6301
WS53601
WS58501
WS58301
WS54801
WS56201
WS1801

32
37
38
39
41
42
44
46
46
51
53
57
70
70

F
M
M
M
M
M
M
M
M
M
M
M
M
M

2
2
2
2
2
2
2
2
2
2
2
2

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

-

WS6103
WS6104
WS14501
WS51601
WS53101
WS53901
WS53801
WS2101
WS55801
WS52901
WS54001
WS4701

32
32
35
36
38
43
46
50
53
54
57
59

M
M
M
F
F
F
F
F
F
F
F
F

3
3
3
3

-

+
+
+
+

WS58701
WS57701
WS57401
WS4401

35
38
41
41

M
F
M
M

4
4
4
4
4

-

-

WS5801
WS0402
WS7501
WS0401
WS10501

43
47
48
49
52

M
M
M
F
F

Subgroups

*SU: skin ulcer. **DM: diabetes mellitus. 26 had skin ulcers (SU) and

18 diabetes mellitus (DM). Subgroups: 1) SU (+) DM (+), n = 14; 2)
SU (+) DM (-), n = 12; 3) SU (-) DM (+), n = 4; 4) SU (-) DM (-), n = 5.

phenotypes as indicated in Table 1.
All of the individuals provided written informed
consent for this study, which was approved by the
ethics committee of Toin University of Yokohama.
All of the samples were stored at -80°C until use. For
statistical comparison, 113 normal individuals were
divided into two groups according to their age: normal
adult (NA) aged between 25 and 70 years (n = 57; M =
29, F = 28) and normal elderly (NE) aged between 71
and 100 years (n = 56; M = 12, F = 44). All the normal
individuals including NE were the same as examined in
the previous study and met the SENIEUR criteria (17).
2.2.1. Multiplex cytokine array system
Serum levels of 26 cytokines/chemokines including
IL-1β, IL-1 receptor antagonist (ILra), IL-2, IL-4, IL5, IL-6, IL-7, IL-9, IL-10, IL-12, IL-13, IL-15, IL-17,
basic fibroblast growth factor (basic FGF), granulocytecolony stimulating factor (G-CSF), GM-CSF, platelet
derived growth factor (PDGF), vascular endothelial
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growth factor (VEGF), TNFα, IFNγ, IL-8, IP-10,
MCP -1, MIP-1α, MIP-1β (CCL4) and eotaxin were
simultaneously measured using commercially-available
bead-based immunofluorescence Bio-Plex Suspension
Array System (BioRad; Hercules, CA) according to the
manufacturer's instruction.
Briefly, six distinct sets of fluorescently dyed beads
loaded with capture monoclonal antibodies specific
for each cytokine/chemokine to be tested, were used.
Serum samples (50 µL/well of fourfold diluted serum)
or standards (50 µL/well) were incubated with 50 µL of
premixed bead sets into the pre-wetted 96 well microtiter
plates at 4°C. After incubation and washing, 25 µL of
fluorescent detection antibody mixture was added for 30
min and then the samples were washed and resupended
in assay buffer.
High standard curves for each soluble factor were
used. The low standard curves were obtained by tenfold
diluted high standards. The formation of different
sandwich immune-complexes was obtained by using
the Bio-Plex Pro Human Cytokine 27-plex Assay (BioRad; Hercules, CA). A 50 µL volume was sampled
by each well and the fluorescent signal of a minimum
of 100 beads per region (cytokine/chemokine) was
evaluated and recorded. Values presenting a coefficient
of variation beyond 10% were discarded before the
final analysis.
2.2.2. Determination of hsCRP
The data of hsCRP used in this study was obtained
in the previous experiment (2) by using CircuLex
high-sensitivity CRP ELISA kit (MBL Woburn, MA)
according to the user's manual.
2.3. Data analysis and statistics
Differences of serum cytokines/chemokines between
WS and healthy individual groups (NA and NE) were
evaluated by Wilcoxon rank sum test. We examined
ageing-associated changes of serum levels of cytokines/
chemokines using regression analyses expressed as
log_e (cytokine/chemokine (j)) = a + b* Age,
where a is an estimated intercept, b is an estimated
regression coefficient for Age and j is an indicator
for individual cytokine/chemokine. To examine the
relationship between serum levels of hsCRP and
cytokine/chemokine, we performed regression analyses
expressed as
log_e (hsCRP) = a + b*log_e (cytokine/chemokine
(j)),
where a is an estimated intercept, b is an estimated
regression coefficient and j is an indicator for individual

cytokine/chemokine. Multiple regression models were
used to further examine the relationship between hsCRP
and cytokines/chemokines with adjustment of sex and
age effects on the serum levels. The model (a) was
expressed as
log_e (hsCRP) = a + b1*Age + b2*Sex + b3*log_e (
cytokine/chemokine (j)),
where a (intercept), b 1 , b 2 and b 3 are estimated
regression coefficients and j is an indicator for
individual cytokine/chemokine. The model (b) was
expressed as
hsCRP = exp{a + b1*Age + b2*Sex + b3cytokine/
chemokine (j)},
where a (intercept), b1,b2 and b3 are estimated regression
coefficients and j is an indicator for individual cytokine/
chemokine. We used Akaike's Information Criterion
(AIC) (18) for model selection between models with
original data and models with log-transformed values (not
shown). We show only results based on models with logtransformed values described above because they were
better than models with original data. Statistical language
R (19) was used for the analyses. p-values < 0.05 were
considered to be statistically significant. Differences of
serum cytokine/chemokine levels between subgroups in
WS were estimated by Welch's two-sample t-test with
unequal variances.
Serum cytokine/chemokine data were analyzed using
the Bio-Plex manager software version 5.0 (Bio-Rad;
Hercules, CA). Standard levels between 70 and 130%
of the expected values were considered to be accurate
and were used. In general, at least six standards were
accepted and used to establish standard curves following
a five-parameter logistic regression model (5PL), Sample
concentrations were immediately interpolated from the
standard curves. Values were expressed as pg/mL and
presented as mean ± S.E.
3. Results
3.1. Cytokine/chemokine levels between Normal adult
(NA) and Normal elderly (NE) groups
As indicated in Table 2, serum levels of IL-4, IL-6, IL-13,
IL-15, GM-CSF, IP-10, MCP-1 and TNFαin NE group
were significantly elevated compared with NA group.
In contrast, serum levels of IL-1β, IL-1ra and MIP-1αin
NE group were significantly decreased compared with
NA group. The rest of the cytokine/chemokine levels
examined were comparable between NA and NE.
3.2. Cytokine/chemokine levels in WS
Single regression analyses of 26 cytokines/chemokines
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Table 2. Cytokine/chemokine changes between NA, NE and WS
Cytokines/chemokines
(pg/mL)

Normal adult (NA)
(mean ± S.E.; n = 35)

p value

WS
(mean ± S.E.; n = 35)

Normal elderly(NE)
(mean ± S.E.; n = 56)

NA vs. NE

WS vs. NA

WS vs. NE

IL-4
IL-6
IL-13
IL-15
GM-CSF
IP-10 (CXCL10)
MCP-1 (CCL2)
TNFα
IL-5
IL-9
IL-10
basicFGF
G-CSF
IFNγ
VEGF
Eotaxin (CCL11)

6.4 ± 0.4
11.6 ± 3.2
9.7 ± 1.0
4.4 ± 0.8
33.9 ± 9.9
862.4 ± 51.2
46.1 ± 6.2
32.9 ± 9.1
2.53 ± 0.62
38.37 ± 17.08
2.59 ± 0.34
22.09 ± 1.54
10.80 ± 0.69
158.97 ± 31.48
114.68 ± 9.99
106.31 ± 7.48

8.8 ± 0.9
408.6 ± 381.5
13.9 ± 1.8
7.5 ± 1.2
117.4 ± 37.5
1898.3 ± 530.8
53.2 ± 4.1
39.9 ± 7.8
2.67 ± 0.31
101.07 ± 71.8
3.66 ± 0.45
31.48 ± 2.72
16.84 ± 1.58
192.9 ± 22.58
247.4 ± 51.29
94.45 ± 12.0

8.6 ± 0.9
22.1 ± 8.1
16.7 ± 2.0
9.5 ± 0.9
99.6 ± 17.4
1503.6 ± 175.6
51.5 ± 4.5
38.1 ± 7.6
2.82 ± 1.05
42.04 ± 9.78
2.93 ± 0.31
24.47 ± 2.45
14.73 ± 4.31
226.36 ± 45.16
165.56 ± 15.31
117.63 ± 9.23

0.008**
< 0.001***
0.002**
< 0.001***
< 0.001***
< 0.001***
0.010**
0.020*
0.245
0.328
0.303
0.982
0.673
0.086
0.074
0.282

0.008**
< 0.001***
0.057
< 0.001***
< 0.001***
0.164
0.008**
0.002**
0.078
0.121
0.031*
0.002**
< 0.001***
0.021*
0.094
0.278

0.113
0.007**
0.429
0.046*
0.932
0.083
0.431
0.113
0.007**
0.549
0.149
0.004**
< 0.001***
0.259
1
0.079

IL-1β
IL-1ra
IL-2
IL-7
IL-12
IL-17
MIP-1α (CCL3)
MIP-1β (CCL4)
IL-8 (CXCL8)
PDGF

6.4 ± 4.0
59.9 ± 4.6
3.8 ± 0.7
8.1 ± 0.71
19.82 ± 1.45
28.56 ± 2.08
9.6 ± 1.9
209.27 ± 47.63
164.51 ± 83.30
18015.1 ± 2613.1

10.8 ± 8.7
72.4 ± 8.9
5.07 ± 1.37
10.93 ± 1.37
30.42 ± 5.09
31.23 ± 3.23
5.6 ± 0.6
125.37 ± 10.93
17.63 ± 1.88
7482.1 ± 887.2

1.7 ± 0.4
48.6 ± 5.4
2.99 ± 0.97
7.92 ± 0.44
18.35 ± 1.72
25.58 ± 1.49
4.9 ± 0.7
133.77 ± 7.29
34.76 ± 15.81
12540.5 ± 1475.7

0.041*
0.024*
0.373
0.469
0.26
0.25
< 0.001***
0.308
0.172
0.877

0.502
0.355
0.029*
0.128
0.303
0.213
0.247
0.772
0.262
0.082

0.005**
0.011*
< 0.001***
0.157
0.091
0.071
0.053
0.455
0.189
0.007**

Cytokine/chemokine levels between NA, NE and WS were tested by Wilcoxon rank sum test: *:p < 0.05,

showed no significant age-associated changes in WS, as
was already inferred in the previous hsCRP paper (2).
In WS patients, serum levels of IL-2, IL-6, basic
FGF, and G-CSF were significantly elevated compared
with NA and NE (Table 2). Levels of IL-4, IL-15,
GM-CSF, MCP-1, TNFα, IL-10 and IFNγin WS were
significantly increased compared with NA. Both IL-1β
and IL-1ra levels were significantly elevated in WS in
comparison with NE. Serum levels of PDGF, IL-5 and
IL-15 in WS were significantly decreased compared
with NE. The rest of the cytokine/chemokine levels (IL7, IL-8, IL-9, IL-12, IL-17, eotaxin and MIP-1β) were
comparable between NA, NE and WS.
3.3. Association of cytokine/chemokine with serum
hsCRP in WS
Using multiple regression models, temporal effect
of age on the serum level of hsCRP was determined.
The Table 3-a and 3-b showed estimated regression
coefficients with S.E., and p-values.
IL-6 was significantly associated with hsCRP. The
relationship between IL-6, hsCRP and ageing according
to the model (a) was log_e (hsCRP) = -1.199 + 0.04 ×
Age + 0.339 × Sex + 0.317 × log_e ( IL-6) (Table 3-a).
Both IL-12 and VEGF were also significantly
associated with hsCRP according to the model (b);
hsCRP = exp{1.311 + 0.01 × Age + 0.522 × Sex + 0.007

**:p

< 0.01,

***:p

< 0.001.

× IL-12} and hsCRP = exp{1.26+ 0.01 × Age + 0.64
× Sex + 0.001 × VEGF} (Table 3-b), respectively. In
these formulae, Sex was 1 for male and 0 in female.
No sex difference was observed concerning to the
ageing associated changes of 26 cytokines/chemokines
examined.
3.4. Association of cytokines/chemokines with clinical
phenotypes in WS
In the WS patients, the serum hsCRP level was similar
between SU (+) and SU (-) groups or DM (+) and DM (-)
groups, and among SU (+) DM (+), SU (+) DM (-) , SU (-)
DM (+) and SU (-) DM(-) subgroups, as was reported in
the previous paper (2).
Significant differences were in eotaxin (111.8 ± 14.0
vs. 44.4 ± 13.2 pg/mL, p < 0.05), IP-10 (2348.6 ± 693.2
vs. 597.4 ± 183.2 pg/mL, p < 0.05) and MIP-1α (6.2 ±
0.8 vs. 3.9 ± 0.7 ng/mL, p < 0.05) between SU (+) and
SU (-), respectively. Serum levels of eotaxin (121.0 ±
17.6 vs. 66.3 ± 13.4 pg/mL, p < 0.05) and G-CSF (20.4
± 2.1 vs. 13.1 ± 2.1 pg/mL, p < 0.01) were significantly
elevated in DM (+) group compared with DM (-) group,
respectively.
Among subgroups, most cytokine/chemokine levels
including IL-1ra, IL-5, IL-6, eotaxin, G-CSF and IP10 in group1 were significantly elevated compared with
group 4 (Table 4). The serum levels of IL-1β, IL-1ra,
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Table 3-a. Association of cytokine/chemokine with hsCRP in WS
Dependent variable

Independent variables

Estimated regression coefficient

S.E.

p value

Log (hsCRP)

Intercept
Age
Sex
IL-6

-1.199
0.040
0.339
0.317

1.062
0.019
0.389
0.132

0.268
0.048*
0.386
0.022*

Model (a): log_e(hsCRP) = a + b1*Age + b2+Sex + b3*log_e(Cytokine(j)), a was an intercept, b1*, b2* and b3* were estimated regression
coefficients, and j was an indicator for individual cytokine. Sex was 1 for male and 0 for female. Significance level. *: p < 0.05.

Table 3-b. Association of cytokine/chemokine with hsCRP in WS
Dependent variable

Independent variables

Estimated regression coefficient

S.E.

p value

hsCRP

Intercept
Age
Sex
IL-12

1.311
0.01
0.522
0.007

0.766
0.014
0.350
0.003

0.097
0.463
0.146
0.029*

hsCRP

Intercept
Age
Sex
VEGF

1.260
0.010
0.640
0.001

0.770
0.014
0.357
0.000

0.112
0.472
0.082
0.018*

Model (b): hsCRP = exp{ a + b1*Age + b2*Sex + b3*Cytokine(j) }, a was an intercept. b1*, b2*, and b3* were estimated regression coefficients, and
j was an indicator for individual cytokine. Sex was 1 for male and 0 for female. Significance level. *: p < 0.05
Multiple regression analyses expressed as log_e (hsCRP) = a + b1*Age + b2*Sex + b3* log_e (cytokine (j)) (model (a)) and hsCRP = exp{a + b1*Age
+ b2*Sex + b3* cytokine (j) } ( model (b) ) were indicated, where a is an estimated intercept, b1*, b2*, and b3* were estimated regression coefficients
and j is an indicator for individual cytokine/chemokine. In these formulae, Sex was 1 for male and 0 in female.
The relationship between IL-6, hsCRP and ageing according to the model(a) was log_e ( hsCRP ) = -1.199 + 0.04 × Age + 0.339 × Sex + 0.317 × log_e (
IL-6) (Table 3-a).
Both IL-12 and VEGF were also significantly associated with hsCRP according to the model (b); hsCRP = exp{ 1.311 + 0.01 × Age + 0.522 × Sex +
0.007 × IL-12} and hsCRP = exp{ 1.26+ 0.01 × Age + 0.64 × Sex + 0.001 × VEGF}, respectively.

IL-5 and IL-13 in group 2 were significantly elevated
compared with group 4. Interestingly, MCP-1 level
in group1 was significantly decreased compared with
group 4. The rest of the cytokines/chemokines levels
including IL-2, IL-4, IL-5, IL-7, IL-8, IL-9, IL-10, IL12, IL-15, IL-17, basic FGF, IFNγ, MIP-1α, MIP-1β,
TNFα and VEGF were comparable between subgroups.
4. Discussion
The serum levels of Th1 products (TNFα), Th2 products
(IL-4, IL-6, and GM-CSF) and monocyte/macrophage
products (IL-15 and MCP-1) were elevated with normal
ageing and more elevated in WS. In addition, IL-13
and IP-10 were increased with normal ageing. Ageingassociated elevations of serum IL-13 and serum IL15 have never been reported in normal human ageing.
Although the pro-inflammatory monocyte/macrophage
products including IL-1β, IL-1ra and MIP-1αwere
decreased with normal ageing, some monocyte/
macrophage products (IL-1β, IL-1ra, basic FGF and
G-CSF), and Th1 products such as IL-2 and IFNγ, and
Th2 cytokine IL-10 were increased in WS.
The WS patients with more inflammatory
phenotypes (SU (+) and DM (+)) produced more proinflammatory cytokines/chemokines such as IL-1β, IL1ra, IL-5, IL-6, IL-13, eotaxin, IP-10 and G-CSF than
less inflammatory subgroups in WS. Immunological

shift to Th2-type T cells was common between
normal ageing and WS, although Th1-type cytokines,
monocyte/macrophage origin chemokines were also
elevated in WS.
One of the characteristic phenotypes in WS is
the central obesity with visceral fat deposition (1)
irrespective of DM and the incidence of central
obesity in normal Japanese has increased recently with
ageing (20).
The WS with inflammatory phenotypes such as SU,
DM and central obesity may induce more complicated
immunological changes than normal ageing, though
both have a common immunological shift to Th2.
CRP is the prototypical acute-phase reactant in man
and has been proposed as a marker of atherosclerosisassociated diseases including coronary heart disease
and cerebro-vascular accidents (21-23). As CRP has
an antagonistic pleiotropic activity, CRP induced by
IL-6 can act as pro-inflammatory by producing TNFαand IL-1β (24). CRP can also function as a protective
machinery by activating the classical pathway of
complement system (25), enhancing phagocytosis (26)
and binding to the Fcγreceptors on leukocytes, leading
to the anti-inflammatory cytokine IL-10 production
and the suppression of IL-12 secretion (27,28) as a
component of the innate immune system.
Among these cytokines/chemokines, the serum
levels of Th2 products (IL-6 and IL-13), IL-15 and
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Table 4. Serum cytokines/chemokines in Werner syndrome from different sugroups
Cytokine/chemokine

Subgroups

Mean (pg/mL)

S.E.

p value matrix
Group 2

Group 3

Group 4

IL-1β

Group 1: SU(+)DM(+) (n = 14)
Group 2: SU(+)DM(-) (n = 12)
Group 3: SU(-)DM(+) (n = 4)
Group 4: SU(-)DM(-) (n = 5)

23.1
3.8
1.1
0.8

21.7
1.9
0.3
0.3

0.643
0.446
0.048*

0.645
0.446
0.413

0.095
0.048*
0.413
-

IL-1ra

Group 1: SU(+)DM(+) (n = 14)
Group 2: SU(+)DM(-) (n = 12)
Group 3: SU(-)DM(+) (n = 4)
Group 4: SU(-)DM(-) (n = 5)

87.9
75.1
66.6
27

14.6
13.8
33.6
10.1

0.504
0.671
0.04*

0.327
0.671
0.389

0.008**
0.04*
0.389
-

IL-5

Group 1: SU(+)DM(+) (n = 14)
Group 2: SU(+)DM(-) (n = 12)
Group 3: SU(-)DM(+) (n = 4)
Group 4: SU(-)DM(-) (n = 5)

3.1
2.9
2.6
1

0.5
0.5
1.2
0.4

0.742
0.684
0.035*

0.327
0.684
0.286

0.007**
0.035*
0.286
-

IL-6

Group 1: SU(+)DM(+) (n = 14)
Group 2: SU(+)DM(-) (n = 12)
Group 3: SU(-)DM(+) (n = 4)
Group 4: SU(-)DM(-) (n = 5)

985.7
28
29
9.8

953.4
12
9.2
3

0.251
0.316
0.442

0.798
0.316
0.063

0.021*
0.442
0.063
-

IL-13

Group 1: SU(+)DM(+) (n = 14)
Group 2: SU(+)DM(-) (n = 12)
Group 3: SU(-)DM(+) (n = 4)
Group 4: SU(-)DM(-) (n = 5)

13.6
15.7
18.7
6.7

2.4
2.4
10.9
3.3

0.56
0.684
0.014*

0.878
0.684
0.556

0.156
0.014*
0.556
-

Eotaxin

Group 1: SU(+)DM(+) (n = 14)
Group 2: SU(+)DM(-) (n = 12)
Group 3: SU(-)DM(+) (n = 4)
Group 4: SU(-)DM(-) (n = 5)

137.9
61.3
61.9
30.3

19.7
16.5
23.2
13.8

0.036*
0.77
0.091

0.035*
0.77
0.286

0.002**
0.091
0.286
-

G-CSF

Group 1: SU(+)DM(+) (n = 14)
Group 2: SU(+)DM(-) (n = 12)
Group 3: SU(-)DM(+) (n = 4)
Group 4: SU(-)DM(-) (n = 5)

19.5
14.9
23.3
8.9

2
2.5
6.9
3

0.071
0.202
0.225

0.721
0.202
0.063

0.014*
0.225
0.063
-

IP-10

Group 1: SU(+)DM(+) (n = 14)
Group 2: SU(+)DM(-) (n = 12)
Group 3: SU(-)DM(+) (n = 4)
Group 4: SU(-)DM(-) (n = 5)

3431.6
1085
783.4
448.6

1220.5
206.5
328.8
208.7

0.322
0.379
0.195

0.158
0.379
0.73

0.044*
0.195
0.73
-

MCP-1

Group 1: SU(+)DM(+) (n = 14)
Group 2: SU(+)DM(-) (n = 12)
Group 3: SU(-)DM(+) (n = 4)
Group 4: SU(-)DM(-) (n = 5)

49.1
50.3
48.6
75.6

5.4
7.9
9.2
10.4

0.899
1
0.13

0.878
1
0.19

0.034*
0.13
0.19
-

Cytokine/chemokine levels among subgroups were estimated by two-sample t-test with unequal variances. Significance level: *p < 0.05, **p < 0.01.

IP-10 were significantly associated with serum level
of hsCRP, if age and sex were taken into account in
normal ageing (manuscript submitted). However, serum
hsCRP was significantly associated with IL-6, IL-12
and VEGF in WS, as indicated in the present study.
IL-4, IL-6 and IL-10 are pro-inflammatory cytokines
produced by Th2-type T cells, B cells, classically
activated macrophages, adipose- tissue-associated
macrophages, fibroblasts and endothelial cells, possibly
leading to the activation of wound healing macrophages
for tissue repair with fibrosis (29) and the abrogation
of autophagy and autophagy-mediated killing of
intracellular mycobacteria in human macrophages (5,30).
Pro-inflammatory chemokine: MCP-1 has been
reported to be the products from adipose-tissueassociated macrophages, classically activated
macrophages, fibroblasts, endothelial cells and mast cells
(29,31). Although an increase in the serum levels of IP-

10 and MCP-1 with normal ageing has already been
described by others (14,16), an elevation of serum IL13 and IL-15 has never been described. IL-13 is aTh2derived mediator of allergic inflammation and IL-15 is
a monocyte/macrophage product from viral infection to
proliferate natural killer cells of innate immunity.
These cytokine/chemokine distributions may
suggest an association of monocyte/macrophage
products-stimulated Th2 type inflammation leading
to tissue remodeling and fibrosis by wound healing
macrophages in WS and also with normal ageing as
suggested by others (11,29,31,32).
The elevating inflammation associated with normal
ageing may not be the direct result of one-way traffic
destruction of tissues, but the sum result of ongoing
tissue degradation and repair by a cytokine/chemokine
circuit-driven inflammation and regeneration (33).
Immunological shift to Th2-type T cells with normal
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ageing and WS may stimulate a pro-inflammatory
cytokine/chemokine circuit, leading to a systemic
chronic inflammation monitored by hsCRP. Monocyte/
macrophage products including MCP-1 can be an
immunologically possible candidate to stimulate Th2type T cell shift, though we did not observe a significant
association between hsCRP and MCP-1 if age and sex
were taken into account.
Further study may be needed to clarify the
pathogenesis of Th2 shift and Th2-biased mild
inflammation: inflammageing in normal ageing and WS.
In conclusion, minor inflammation-driven
inflammageing in WS monitered by hsCRP is associated
with increases in IL-6, IL-12 and VEGF.
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Summary

A pilot newborn screening (NBS) study for fragile X syndrome was recently conducted at
the University of California, Davis Medical Center. The screening study identified a case
of a male with the full mutation completely methylated and no detectable expression of the
fragile X mental retardation-1 (FMR1) gene. The patient was initially seen in clinic at the
MIND Institute, for medical follow-up and a genetic counseling session at the chronological
age of 3 months. Since then, he has been seen in clinic every six months for follow up,
medical examination and developmental assessments. Longitudinally administered
developmental testing of the infant has revealed persistent delays in development, consistent
with fragile X syndrome. Cascade testing revealed that the patient's mother and two siblings
also have the full mutation. The patient has been receiving speech and language therapy,
combined with physical and occupational therapies on a weekly basis since the age of one
year. He is currently being treated with 2.5 mg of sertraline, which has been demonstrated
to be helpful for improving language in young children with the syndrome.
Keywords: FMR1 full mutation; trinucleotide repeat diseases; genetic counseling; cascade testing

1. Introduction
Fragile X syndrome (FXS) is the most common cause of
inherited intellectual disabilities (ID), and is due to the
expansion of a trinucleotide CGG repeat in the promoter
region of the FMR1 gene. Individuals with alleles
harboring 200 or more CGG repeats are usually subject
to hypermethylation of the FMR1 gene, which impairs
the production of FMR1 protein (FMRP) and causes the
abnormal neural development and subsequent intellectual
disability (ID) typical of FXS. FXS affects as many
as 1 in 5,000 males (1) and autism spectrum disorder
(ASD) may be present in as many as 60% of these
individuals (2-4). Although the parental first concern
occurs usually at 12 months, the typical age at diagnosis
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is approximately 35-37 months (5) and in some countries
can occur much later, particularly for females with FXS.
Newborn screening for FMR1 mutation is not
mandated in any state in the US, and, until recently,
testing was costly and therefore not available for large
population screening. In addition, until recently, the
paucity of targeted treatments for fragile X-associated
disorders and the lack of data on early intervention has
diverted the attention and augmented the controversy.
Population screening for fragile X mutations and,
particularly newborn screening, has therefore been the
object of ongoing controversy particularly regarding
to the value of patients' discovery of their genetic
status, at birth for the newborn and for other family
members (6,7). There is also concern for identifying a
carrier at birth since the premutation is associated with
a neurodegenerative disorder, the fragile X-associated
tremor ataxia syndrome (FXTAS) in aging for which
currently, the diagnosis is not predictable. However,
the premutation is also associated in some carriers with
developmental problems that can benefit from early
intervention (8,9).
In the past few years, significant advances in
genomic testing, have improved the methods for
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detection of FMR1 mutations, resulting in more
accurate testing with low cost and timely return of
test results and, have led to several large population
screening studies (10,11). In addition, ongoing research,
pursuing targeted treatment for fragile X-associated
disorders, has revealed potential psychopharmacologic
and educational interventions (12-18). Though
screening and detection of FMR1 mutations in the
newborn period is not yet fully embraced (19), many
parents took advantage of the opportunity to screen
their newborn when made available as part of a
voluntary screening during the state mandatory testing
(20). Indeed two recent pilot newborn screening studies
reported a high acceptance rate of > 70% (11,21)
indicating that universal newborn screening for FXS
may be more widely accepted and advisable than
previously believed.
In this study, we report on the identification of a
male with a FMR1 full mutation through a pilot study of
NBS conducted at the UC Davis Medical Investigation
for Neurodevelopmental Disorders (MIND) Institute
(11,22) and we provide a summary of the clinical
involvement during the first 3 years of his life.
2. Newborn screening for FXS
Each year, roughly 1,700 babies are born in the
Pediatric units at the University of California Davis
Medical Center (UCDMC). A pilot NBS study for
FXS was conducted using blood spots at the UCDMC,
approved by the Institutional Review Board (IRB), as
previously described (11,23). Parents of the newborns
were approached by research assistants who explained
the research and carried out the process of informed
consent, during their stay on the Labor and Delivery
units. According to the Institutional Review Board
(IRB) approved protocol, a blood sample was obtained
on individual filter paper (FTA or 903 blood spot
cards, Whatman) and polymerase chain reaction (PCR)
was performed to determine the CGG repeat size as
previously described (11).
If a repeat size in either the premutation range
(between 55 and 200 CGG repeats) or full mutation
range (> 200 CGG repeats) was discovered, the family
was contacted by the genetics counselor at the MIND
Institute after the infant reached 2 months of age. The
genetic counselor also invited the family of the newborn
to the MIND Institute for an appointment to provide
confirmatory genetic testing, genetic counseling for
the family, a medical examination, and developmental
assessments for the infant. Family members who
wished to participate in further research, tracking the
development of children with fragile X gene mutations
were scheduled to visit at six-month intervals for medical
exams and developmental assessments at no cost (11,23).
PCR on blood spot was performed as previously
described (11). Genomic deoxyribonucleic acid (DNA)
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was isolated from 3 ml of peripheral blood lymphocytes
using standard methodology (Qiagen, Valencia, CA).
Repeat size and methylation status were determined
using PCR and Southern blot analyses using the FMR1specific probe StB12.3. as described in previous studies
(24,25). FMR1 mRNA expression levels were measured
by quantitative reverse transcription-PCR (qRT-PCR)
as described (26).
3. Case report
3.1. Clinical history
The identified newborn was born vaginally at 38 weeks
6 days gestation and his birth weight was 7lb 8oz, his
Apgars were 7 and 9. Meconium was present at birth. His
mother had gestational diabetes mellitus and received
insulin during the last four months of pregnancy.
The patient demonstrated restless and fitful sleep
as an infant, in addition to significant irritability and
tantrums. Throughout development he has been very
interested in social interaction. He can be hyperactive
and also perseverative in his behavior and language. His
developmental milestones included sitting at ten months,
crawling by 11 months, and cruising at one year, but
he was not walking independently until 18 months. He
began using single words at two years of age. He was
referred for early intervention in the first year of life and
he received speech and language therapy and physical
therapy (PT) and occupational therapy (OT), which
included sensory integration, on a weekly basis.
He demonstrates poor eye contact; also must lean
his head back in order to see what is in front of him
due to his congenital bilateral ptosis. A developmental
pediatrician recommended surgical correction at a later
date.
The patient has been seen in clinic at the MIND
Institute, for medical examination and developmental
assessments, beginning at 3 months of ages. On his
first examination (at 3 months) the patient presented
with a hydrocele on the right testicle, which resolved
spontaneously. At 6 months his head circumference was
42.5 cm, at 12 months it was 45 cm (97th percentile)
and at 36 months it was 48 cm (50th percentile).
Developmental assessments show global delays in
various domains of ability. The Mullen Scales of Early
Learning (MSEL) were administered at 6, 12, 24, and 30
months of age, as were the Vineland Adaptive Behavior
Scales (Table 1 and Table 2). At 27 months he was
evaluated for autism spectrum disorder (ASD) using
the Autism Diagnostic Observation Schedule (Module
I, some words). His Social Affect and Restricted and
Repetitive Behavior Total was 11 (cut off for autism is
12, for autism spectrum, 8). His intervention intensified
with Applied Behavioral Analysis (ABA) therapy,
administered at preschool, because of his ASD diagnosis.
The Preschool Language Scales evaluation placed
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Table 1. Vineland Adaptive Behavior Scales (VABS)
Age (months)

Communication

Daily Living Skills

Socialization

Motor Skills

ABC

74
84
90
84

67
88
96
82

66
73
92
91

61
65
90
90

64
74
90
84

6
12
24
30

Table 2. Mullen Scales of Early Learning (MSEL)
Age (months)

Gross Motor Skills

Visual Reception

Fine Motor Skills

Receptive Language

Expressive Language

ELC

3
10
16
16

4
8
16
19

2
6
18
21

4
9
16
24

3
6
14
20

63
60
63
60

6
12
24
30

Table 3. Molecular and clinical measures
Case

Age (years)

Gender

Category

FSIQ

IQ test

CGG size

AR

FMR1 mRNA (Std. Err)

3
36
4
14

Male
Female
Male
Female

FM
FM
FM
FM

62
103
49
65

Binet
WASI
Mullen
Binet

390, 460, 780, 1130
28, 270, 400, 570, 650
223, 389, 532, 1000
33, 431, 561, 1093

N/A
0.88
N/A
0.77

0.01 (0.05)
1.4 (0.02)
0
1.46 (0.15)

Proband
Mother
Brother
Sister

FM= full mutation; AR= Activation Ratio (percent of cells carrying the normal allele on the active X chromosome).

him at a 21 months developmental level although he
was 32 months at time of testing. He was entered into
a controlled trial of sertraline for young children with
FXS at 2 years of age but he was later found to have
randomized to placebo so he was subsequently treated
with 2.5 mg of sertraline since this has been shown to
be helpful in young children with FXS (27). The patient
is also currently taking a multivitamin and vitamin D.
Genetic counseling and cascade testing were
carried out for the family members. The mother and
the additional 2 siblings were found to also have the
full mutation. The sister was enrolled into a study
of an metabotropic glutamate receptor 5 (mGluR 5)
antagonist and the brother was enrolled in a clinical
trial using ganaxolone (16).
3.2. Molecular measures
DNA molecular testing results on the newborn and
his immediate family members, including the mother
and two siblings (one male and one female). DNA was
isolated from 3ml of blood using standard protocol
(Qiagen, Valencia, CA). Using Southern Blot and PCR
analysis (24,25) the presence of a full mutation was
detected in all of them as depicted in Figure 1. CGG
repeat number, Activation Ratio, methylation and FMR1
mRNA levels are reported in Table 3.
4. Discussion
The identification of a child with FXS at the time of
birth can lead to earlier intervention, which can be

Figure 1. Southern blot analysis of genomic DNA isolated
from a normal control female (C1), probands' mother (Lane
1), male proband (Lane 2), proband's brother (Lane 3),
proband's sister (Lane 4) and from a full mutation control
(C2). M= DNA marker, 1 kb ladder. Normal unmethylated
band (2.8 kb) and normal methylated band (5.2 kb) shown on
the left. (C1) and a full mutation control sample is shown on
the right (C2). Southern blot analysis was carried out on 7-10ug
of with Eco RI and Nru I restriction enzymes. Fragments
were separated on an agarose gel, transferred on a nylon the
membranes, which were hybridized with a FMR1-specific
genomic probe, StB12.3. Additional details of the method are
as described in (25).

beneficial for the development of the child (27,28).
This case began intervention before the end of the first
year and the mother benefitted from cascade testing,
demonstrating how testing can be beneficial not only
for the proband, but for the family as well. The mother
is a single parent and she is raising her 3 children
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without much family support. Thus, the relationship
that she established with the MIND Institute has been
helpful and supportive to her and her family.
This child has done well with interventions. The
cause of his congenital ptosis may be related to his
FXS, although he has a more severe ptosis than what
has been previously reported (29). Although his visuospacial development would have likely improved
with earlier surgery, it was thought to be of high
risk. Children under 5 years old with ASD have been
documented to have low serotonin levels in the frontal
regions of the brain by positron emission tomography
(PET) imaging (30,31). The newborn has had the
advantage of an early intervention treatment trial of
sertraline which enhances serotonin and stimulates
neurogenesis and Brain Derived Neurotropic Factor
(BDNF) in the CNS (32). In a previous retrospective
study of sertraline in young children with FXS those
who received treatment with sertraline had higher
receptive and expressive language than those who did
not receive sertraline (27). Additional treatments are
available to the newborn and his family. Because early
treatment with minocycline, which lower the elevated
matrix metallopeptidase 9 (MMP-9), levels observed
FXS and has shown efficacy in children with FXS (15),
he will also undergo a trial of minocycline in the near
future in addition to sertraline. Mother has also treated
him with antioxidants and infant massage therapy.
Newborn screening can lead to cascade testing and
the identification of other family members with an
FMR1 mutation can be beneficial information to other
family members (23). Although young premutation
carriers can be identified who may develop medical
problems such as FXTAS or fragile X-associated
primary ovarian insufficiency (FXPOI) with age, they
can be followed closely for developmental problems
that they might demonstrate and subsequently benefit
from treatment. In addition, there are a number of
interventions that may help to avoid the aging problems
of some carriers and such interventions have been
reviewed recently (33,34).
In conclusion, we have identified a newborn with
FXS through newborn screening. To our knowledge this
is the first case of a full mutation with FXS identified
through newborn screening reported in the literature.
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Summary

The incidence of congenital artery anomalies is 0.2-1.4%, and most are benign. Single
coronary artery (SCA) anomalies are very rare. The right coronary artery (RCA)
originating from the left coronary system is one such SCA anomaly, and the risk of sudden
cardiac death (SCD) increases if it courses between the pulmonary artery and aorta and
coexists with other congenital heart diseases. Additionally, coursing of the RCA between the
great vessels increases the risk of atherosclerosis. We herein present the case of a 57 yearold man who was admitted to our cardiology outpatient clinic and diagnosed with an SCA
anomaly in which the RCA arose from the left main coronary artery (LMCA) and coursed
between the pulmonary artery and aorta. However a critical stenosis was not detected in
imaging techniques, and myocardial perfusion scintigraphic evidence of ischaemia was
found in a small area. Therefore, he was managed with conservative medical therapy.
Keywords: Coronary vessel anomalies, coronary angiography, multidetector computed tomography

1. Introduction
Although most coronary artery anomalies are benign and
are detected incidentally during diagnostic angiography,
some anomalies result in catastrophic clinical outcomes
such as sudden cardiac death (SCD) (1). Therefore, these
anomalies are among the most complex and significant
subjects in the field of cardiology. An anatomically
correct definition of these anomalies is important
to predict complications that may develop during
myocardial revascularisation. We herein present a case
involving a patient with a single coronary artery (SCA)
anomaly in which the right coronary artery (RCA) arose
from the left main coronary artery (LMCA) and coursed
between the pulmonary artery and aorta.
2. Case report
A 57 year-old male was admitted to our outpatient clinic
Released online in J-STAGE as advance publication September
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because of a 3-month history of exertional dyspnoea.
He had no known history of coronary artery disease
(CAD) or systemic disease. This patient's cardiovascular
risk factors included a smoking habit (20 pack-years)
and older age. Physical examination revealed a blood
pressure of 120/80 mmHg and heart rate of 78 bpm.
Increased bronchovascular branching was noted on
telecardiography, and electrocardiography revealed a
normal sinus rhythm. His echocardiographic findings
were normal. A 1-mm ST depression was observed in the
inferior leads during a treadmill exercise test; however,
the patient did not have typical chest pain accompanying
the electrocardiographic changes. He underwent
coronary angiography (CAG) with a prediagnosis of
CAD after he had been evaluated at a pulmonology
clinic. The LMCA was selectively cannulated with
a JL4-6F diagnostic catheter (Diagnostic catheter,
Medtronic, New York, USA). No atherosclerotic lesions
were observed on CAG; however, an SCA anomaly
was seen in which the RCA originated from the LMCA
(Figure 1). Additionally, the RCA coursed between the
aorta and pulmonary artery, and a critical stenosis was
not detected (Figure 2). Multislice computed tomography
(CT) angiography was performed after the patient was
discharged 1 week later on account of the fact that it can
assist delineating the proximal course of the artery and
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Figure 1. Coronary angiography revealed an SCA
anomaly in which the RCA originated from the left main
coronary artery (LMCA). SCA, single coronary artery;
RCA, right coronary artery.

Figure 2. Coronary angiography revealed that the RCA
coursed between the aorta and pulmonary artery.

provides excellent high-quality images. Thus, the origin
and course of the RCA were able to be better evaluated
with three-dimensional imaging (Figure 3). Resting and
stress Tc-99m tetrofosmin single photon emission CT
(SPECT) revealed 7% ischaemia in the RCA vascular
territory. In addition, no other congenital cardiac defects
accompanying the coronary anomaly were seen in our
patient. Therefore, he was managed with conservative
treatment comprising a betablocker and isosorbide
mononitrate therapy.
3. Discussion
Congenital coronary artery anomalies are seen in 0.2-

Figure 3. A three-dimensional volume-rendering image
(A, B) and multiplanar reconstruction axial image (C)
showing the SCA anomaly. RCA, black arrow head; LAD,
white arrow head; CXA, dashed arrow.

1.4% of the normal population (2). Lipton et al. (3)
reported that an SCA originating from the right or left
coronary system constituted 3.3% of all congenital
coronary anomalies in their study. The classification
of SCA anomalies have been made by some authors.
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For instance, in 1950, Smith described three different
types of SCA (4). Recognizing the deficiency of such
broad categories, Ogden and Goodyer in 1976 proposed
a more complete classification (5). They classified the
SCA into 14 basic distribution patterns. Yamanaka and
Hobbs in 1990 modified the classification previously
described by Lipton et al. (6). Based on the modified
Lipton classification, each anomaly is coded with an
R or L depending on the localisation of the sinus from
which the coronary anomaly originates. Additionally,
the anomalies are classified into three types according
to the anatomical distribution on the ventricular surface:
type I = the vessel follows the course of normal left
or right coronary artery with a continuation into the
missing artery's territory; type II = an anomalous artery
arises from the proximal part of the other normal
artery and courses the base of the heart before taking
the native course; and type III = LAD and CX arteries
originating from the proximal part of the RCA. The
third component of the Lipton classification associated
with the course of the transfer branch: the aberrant
artery could take one of several different pathways
to reach its vascular territory. These pathways are
indicated as: type A (anterior to the right ventricular
outflow tract); type B (between the aorta and pulmonary
trunk); type P (posterior to the great vessels); type S
(above the interventricular septum); type C (combined
type). The present case can be classified as an isolated
single L-II B subtype coronary artery anomaly.
Furthermore, RCA anomalies have many origins;
they may originate from the left or posterior sinus of
Valsalva, ascending aorta, pulmonary artery, LMCA,
LAD, or CXA. The incidence of SCA anomalies
involving the RCA originating from the left coronary
system (L-I and L-II) was reported as 0.016-0.090%
in the study by Lipton et al. (3). This incidence was
reported as 0.036% among 16,573 patients included
in the retrospective CAG screening study by Yuksel et
al. (7). In the literature, most RCAs originated from
the proximal or mid-LAD; RCA anomalies originating
from the left coronary cusp or LMCA have been rarely
reported.
SCA anomalies may coexist with other congenital
heart diseases, mainly transposition of the great vessels
followed by coronary arteriovenous fistula, bicuspid
aortic valve, tetralogy of Fallot, truncus arteriosus,
ventricular septal defect, patent ductus arteriosus, and
patent foramen ovale (8). SCA anomalies may appear
incidentally on CAG during screening and are known to
increase the likelihood of the coexistence of congenital
cardiac defects. No other congenital cardiac defects
accompanying the coronary anomaly were seen in our
patient.
Most patients are asymptomatic and have a benign
clinical course. Nevertheless, an increased incidence
of atherosclerosis is observed among patients with
SCA anomalies although the relationship between
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atherosclerosis and SCA anomalies is not definitive.
A few potential mechanisms have been proposed
to explain atherosclerosis. Abnormal origin, long
traveling distance, intramural course of the aberrant
artery and particularly compression between the
great vessels may precipitate endothelial injury and
atherosclerosis. Atherosclerosis requiring medical
therapy or percutaneous or surgical revascularisation
has been seen in approximately half of the reported
cases to date (9). This finding seems to support the
theory that the risk of atherosclerosis is higher in
patients with than without SCA anomalies. Symptoms
including chest pain, dyspnoea, palpitation, syncope as
in CAD, and myocardial infarction and SCD may be
seen due to myocardial ischaemia. In patients without
atherosclerosis, the development of ischaemia may be
explained by the stenotic slit-like orifice, acute angle
take-off, coronary vasospasm or compression of great
vessels. If the RCA courses between the pulmonary
artery and aorta and is under mechanical compression,
coronary perfusion decreases. As a result, increased
great vessel dilation leads to myocardial ischaemia,
particularly during exercise, and arrhythmia and SCD
may occur. Taylor et al. (10) investigated the association
between SCD and congenital coronary artery anomalies.
They reported that the incidence of exercise-related
SCD was significantly higher in a nonatherosclerotic
young population with an abnormal RCA originating
from the left coronary system and coursing between
the pulmonary artery and aorta. Our patient had an
SCA anomaly with specific cardiovascular risk factors;
however, his CAD was nonatherosclerotic and his
RCA coursed between the great vessels. 7% ischaemia
in the RCA vascular territory was seen on SPECT
examination due to extrinsic compression. Therefore a
surgical procedure was not offered to treat, and he was
managed with conservative medical therapy.
Although cardiac catheterisation is the gold
standard for the identification of coronary anomalies,
coronary CT angiography is a useful noninvasive
method for evaluating the course of these abnormal
coronary arteries, verifying the diagnostic accuracy,
and determining the optimal treatment. The excellent
spatial resolution of coronary CT angiography makes
this technique very suitable to detect the relationship
of the anomalous vessels with the aorta, pulmonary
artery and cardiac structures (11,12). Besides, cardiac
magnetic resonance imaging (MRI) is a convenient
tecnique to determine coronary anomalies and it may
be superior to conventional angiography, particularly in
patients with congenital heart defects. However, due to
low spatial resolution, this imaging technique is already
less helpful in evaluating the distal coronary system
(13,14). Therefore, we diagnosed the SCA anomaly by
cardiac catheterisation and further preferred coronary
CT angiography to delineate the course of the aberrant
artery in relation to the great vessels.
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4. Conclusion
An SCA anomaly involving the RCA originating from
the left coronary system is an important risk factor for
SCD if the RCA courses between the great vessels and
a critical stenosis is detected. However, in our case a
critical stenosis was not detected in imaging techniques.
Therefore conservative medical therapy was preferred.
While cardiac catheterisation is the gold standard for
the identification of coronary anomalies, coronary CT
angiography is a useful noninvasive imaging technique
and plays an important role for the diagnosis of such
anomalies.

8.

9.
10.
11.
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Summary

Azathioprine, a purine analogue that competitively inhibits the biosynthesis of purine
nucleotides, is used in a wide range of conditions. Although its side-effects are well known,
cardiac side effects like paroxysmal atrial fibrillation (AF) are based on only a few case
reports. We describe here the case of a 55-year-old woman with primary biliary cirrhosis
who presented a first-detected, symptomatic AF 2 h after azathioprine therapy which
resolved after discontinuation of the drug with no predisposing factors for supraventricular
arrhythmias (systemic hypertension, diabetes or coronary artery disease). The temporal
coincidence of atrial fibrillation and azathioprine intake and disappearance of the AF
episode after discontinuation of therapy allows us to suggest an intrinsic pro-arrhythmic
effect of azathioprine. Therefore, physicians should be aware of this problem when this
drug is administered.
Keywords: Azathioprine, atrial fibrillation, cardiac side effects

1. Introduction
Azathioprine, a purine analogue that competitively
inhibits the biosynthesis of purine nucleotides, is used
in a wide range of conditions such as inflammatory
bowel disease, rheumatoid arthritis, systemic lupus
erythematosus, solid organ transplantation and
vasculitis. Azathioprine is quickly and nearly completely
absorbed from the digestive tract. Bioavailability
varies greatly between individual patients, between 30
and 90%, because the drug is partly inactivated in the
liver. The peak serum levels occur roughly 2 h after
ingestion, and the average half-life is 26 to 80 min for
azathioprine and 3 to 5 h for drug plus metabolites.
Azathioprine is extensively metabolized, and only
about 2% is excreted, unchanged, in the urine, 2030% is bound to plasma proteins while circulating
in the bloodstream. The side effects of azathioprine
are well-documented and include dose dependent
myelosuppression and hepatotoxicity as well as a doseindependent hypersensitivity syndrome ranging from
Released online in J-STAGE as advance publication October
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isolated fever, and rash to multi-organ failure, which is
relatively less frequent (1). Cardiovascular side effects
have included rare cases of hypotension, including
cardiogenic shock (2). A few cases of atrial fibrillation
(AF) induced by this drug have been reported (3,4)
although causality is unknown. We report a case of
a 55-year-old woman with primary biliary cirrhosis
who developed a first-detected, symptomatic AF after
azathioprine therapy.
2. Case repor
A 55-year-old woman presented to the emergency
department complaining of palpitation lasting for 4 h,
which began 2 h after 50 mg of azathioprine therapy.
Her body weight was 75 kg and her height was 170
cm. Physical examination revealed a blood pressure of
130/80 mmHg, clear lungs and normal heart sounds. The
temperature was 36.4°C. There was no history of fever,
illicit drugs, alcohol or exposure to toxic chemicals.
Electrocardiographic (ECG) examination showed
atrial fibrilation of 130 beats/min without conduction
abnormalities or ST-T changes (Figure 1) Trans-thoracic
echocardiography showed normal left ventricular size
and function with no valvular abnormalities and normal
left atrial para-sternal diameter of 39 mm and left
ventricular ejection fraction of 65%. Chest radiograph
and routine laboratories including cardiac enzymes were
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normal. Hematological examination, urinary analysis
and thyroid function were all normal. Her medical
history included primary biliary cirrhosis for 2 years.
The patient's medications included ursodeoxycholic
acid, and prednisolone and had not changed for many
months except for the recent addition of azathioprine
2 h before her arrival at the emergency department.
She reported that her complaints started immediately
after azathioprine therapy which was the first dose
given for prımary biliary cirrhosis. Metoprolol i.v. was
administered immediately with resultant conversion to

normal sinus rhythm within 1.5 h (Figure 2). Patient
was discharged without antiarrhythmic medication. The
therapy with azathioprine was discontinued in view of
the suspicion of its pro-arrhythmic effect. After stopping
azathioprine the patient's condition markedly improved.
A 24 h ambulatory ECG monitoring revealed no cardiac
arrhythmias as well as during the control examination
one month after the attack of AF. No other episodes
were reported and the patient was asymptomatic without
medication after 3 months of follow-up. Other treatments
were not changed.

Figure 1. Examples of ECG showing that AF developed after azathioprine intake. ECG, electrocardiographic; AF, atrial
fibrillation.

Figure 2. Complete restoration to sinus rhythm using IV metoprolol after discontinuation of Azothiophirin.

www.irdrjournal.com

Intractable & Rare Diseases Research. 2015; 4(4):207-209.
3. Discussion
AF is the most common arrhythmia treated in clinical
practice and the most common arrhythmia for which
patients are hospitalized. AF is associated with risk of
stroke, and all-cause mortality and development of heart
failure. Acute temporary causes of AF include alcohol
abuse, excessive coffee intake, surgery, pericarditis,
myocarditis, and pulmonary embolism. Medications
also have been associated with the induction of AF both
in case reports and clinical trials (5). This is one report
of a first-detected, symptomatic AF probably due to
cardiac toxicity of azathioprine.
A pro-arrhythmic effect of azathioprine is strongly
suggested by the temporal coincidence of atrial
fibrilation and azathioprine intake in our patient with
no cardiovascular diseases. The AF episode was
closely related in time to treatment with azathioprine
that occurred 2 h after drug intake. We couldn't
determine any other precipitating factor beyond the
azathioprine therapy as a cause for the arrhythmia. The
complete symptoms resolution and the disappearance
of AF episodes after azathioprine discontinuation
while other drugs were continued is in line with its
pharmacokinetic. Since average plasma half-life is
26 to 80 min for azathioprine the precipitating role
of this drug is strongly suspected because arrhythmic
episodes occurred 2 h after azathioprine and no other
predisposing clinical factors, such as electrolyte
imbalance, neuro-autonomic dysfunction, thyrotoxicosis
or subclinical hyperthyroidism, pulmonary embolism,
hypertensive crisis, alcohol abuse, or excessive coffee
intake were involved. Although several case reports and
case-control studies have associated this condition with
the use of systemic corticosteroids, azathioprine seems
more likely as a cause for the arrhythmia since no
episodes occurred when this drug was discontinued and
the other drugs such as prednisolone used in our patient
were continued.
We have found three other similar reports of proarrhythmic cardiac toxicity like AF during azathioprine
use. A case of fast AF induced by treatment of psoriasis
with azathioprine had been reported (3). However
alcohol consumption and fever could be the possible
trigger of atrial fibrilation in that case. In another case
in ulcerative colitis Cassinotti et al. reported very rapid
appearance of AF after 2 h of drug administration as
in our case (4). Other cardiac effects described in the
literature are hypotension, tachycardia and some forms
of shock in the context of hypersensitivity reactions
occurring within 4 weeks of starting azathioprine (2).
Mechanism of arrhythmia seen during treatment
with azathioprine is unknown. All drug induced AF
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is reported to have the following main mechanisms:
adrenergic or vagal stimulation, direct cardiotoxicity,
changing atrial conduction, refractoriness or
automaticity, coronary vasoconstriction/ischemia,
and electrolyte disturbances (5). In the literature
there have been some reports focused on effects
of azathioprine on ion channels which may be the
cause of cardiac rhythm disturbance (6,7). But they
failed to show its electrophysiological effects by
modulating ionic transport across cellular membranes.
The pathophysiology of rhythm dysfunction during
treatment with azathioprine by the way mentioned
above remains to be established.
This case highlights an unusual causal relationship
between azathioprine and AF. We conclude that AF
is an unusual, but potentially dangerous, side-effect
of azathioprine therapy. The arrhythmia should be
suspected whenever patients complain of dyspnea and
palpitations beginning immediately after treatment.
In these cases, the treatment for AF consists of antiarrhythmic drugs in order to obtain a sinus rhythm or
control the heart rate. It is important for physicians
using azathioprine to keep in mind this serious but
reversible adverse effect.
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Summary

Infantile systemic hyalinosis (ISH) is a rare disorder belonging to the heterogeneous
group of genetic fibromatoses. It is a rare, progressive, fatal autosomal recessive condition
characterized by widespread deposition of hyaline material in many tissues caused by
mutations in the anthrax toxin receptor 2 gene - ANTXR2. It presents hyperpigmented skin
over bony prominences. Characteristic purplish patches develop over the medial and lateral
malleoli of the ankles, the metacarpophalangeal joints, spine and elbows, with progressive
joint contractures, osteopenia, skin abnormalities and chronic severe pain. The present
case reports the occurrence of infantile systemic hyalinosis in twin brothers five months of
age who had come for early intervention for joint contractures representing characteristic
brownish patches over bony prominences. ISH cases reported until this date have been less
than 20 and the present case is unique in nature since this is the first time ISH is reported in
twins globally and the symptoms have been identified at an early age.
Keywords: Infantile systemic hyalinosis, Hyalinosis, Mutation in ANTRX2

1. Introduction
Infantile systemic hyalinosis (ISH) is a rare disorder
of genetic fibromatoses which is a fatal, autosomal
recessive disorder with deposition of hyaline material in
many tissues (1). ISH (severe form) is a part of hyaline
fibromatosis syndrome and must be differentiated from
juvenile hyaline fibromatosis (mild) as both belong to
hyaline fibromatosis syndrome and recent data indicate
that both severe and mild forms of inherited systemic
hyalinosis are caused by mutations in ANTXR2/CMG 2
(capillary morphogenesis gene 2) (2-4).
Infantile systemic hyalinosis presents hyperpigmented
skin over bony prominences, characteristic purplish
patches develop over the medial and lateral malleoli
of the ankles, the metacarpophalangeal joints, spine
and elbows (5), with progressive joint contractures,
osteopenia, skin abnormalities, chronic severe pain
and widespread deposition of hyaline material in many
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tissues such as the skin, skeletal muscle, cardiac muscle,
gastrointestinal tract, lymph nodes, spleen, thyroid and
adrenal glands (6,7).
Clinical features are evident either at birth or
within the first six months of life. Small pearly papules
(predominantly on the face, scalp, and neck), massive
gingival hypertrophy, and fleshy nodules in the perianal
region are the dermal lesions found in ISH (2,3).
Excessive crying and severe pain on passive movement
is common. A depressed nasal bridge, variable ear
malformations and a slightly coarse facial appearance
may be present. Death occurs secondary to sepsis with
renal, respiratory and heart failure, usually by the age of
two years due to intractable diarrhea (7-9). The survival
age may vary from 2-6 years based on management
with nutritional supplementation, physiotherapy for
joint contracture, use of NSAIDS and oral rehydration
therapy and antibiotics for diarrhea.
2. Case Report
The present case is about identical twins 5 month
old baby boys, who have come for early intervention
and treatment for relieving joint contractures (Figure
1A). When they were two months old, they were
confirmed as victims of infantile systemic hyalinosis
by a genetician. They were offspring of third degree
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Figure 1. Image of infantile hyalinosis in identical twins.
(A) showing the contractures at knee joints; (B) showing
umbilical hernia in one of the twins (Arrow mark).

parents whose grand fathers are brothers. The mother
of the children who is of 21 years old conceived at 19
years and her first pregnancy was medically terminated
in her third month because of detection of congenital
malformations identified through ultrasonography. After
one and half years she delivered full term monozygotic
twin baby boys, sharing a single placenta, by caesarian
section. Mother was diagnosed as hypothyroid earlier
and she was on medication for this condition.
One of the baby boys was 200 grams less in weight
at birth, weak when compared to the other and later
maintained a 500 gram difference in weight. The
parents on detailed enquiry informed us that both baby
boys started crying continuously and had disturbed
sleep. When they try to lift them or during bathing or
dressing, the twins were crying and the one who is
weak had more problems at the shoulder girdle. Both
of them had a mild umbilical hernia, whenever they
cried the loop herniated prominently (Figure 1B). By
the second month parents noticed joint contractures and
the boys were treated with vitamin D with no success.
They presented typical flexion at elbow and extension
at wrist and arms in a pronated position. They failed
to do supination even on trials. Later they consulted a
genetician who diagnosed them as ISH by presence of
joint contractures and purplish patches over malleoli
and wrist. Characteristic purplish patches increased
over the medial and lateral malleoli of the ankles and
developed over the metacarpophalangeal joints by
the third month (Figures 2 and 3). Contractures were
progressive and extremities became fixed with the hips
and knees in flexed position as indicated in radiographs
and the ankles in dorsiflexion. Both developed diarrhea
of unknown etiology by five months for ten days and
were treated with antibiotics and oral rehydration
therapy by a pediatrician. By the sixth month they
developed reddishness on the face whenever they cried
and also suffered from recurrent diarrhea. The baby boy
with less weight started developing fleshy nodules in
the perianal region as well as on the face by 8 months,
whereas the elder one had nodules which appeared
first on the face by 8 months and perianal region by

211

Figure 2. Image of infantile hyalinosis in identical twins.
Showing the purplish patches over metacarpophalangeal
joints characteristic of hyalinosis.

Figure 3. Image of infantile hyalinosis in identical twins.
Showing purplish patches development over the medial
malleoli (Arrow marks) of the ankles.

11 months. Craniofacial dysmorphism exhibited by
ISH was not observed in them. Gingival hypertrophy
characteristic of ISH appeared in them by 11 months
of age (Figure 4 A-F). They presented with delayed
developmental milestones in motor activities as well
as in speech. Both babies have continuous recurrence
of diarrhea. Polymerase chain reaction and Sanger
sequencing covering all exon – intron boundaries of
the ANTXR2 gene was carried out in blood samples
to find the mutation. BLAST analysis was done to
check for any pathogenic variation. This test revealed
the sample is homozygous for insertion mutation
c.277_278insATTATTT (or p.L93Yfs*14) in exon 3,
leading to premature termination of protein.
3. Discussion
The present case of identical twins exhibits all the
characteristic features of ISH in toto. Infantile systemic
hyalinosis is a condition characterized by widespread
deposition of hyaline material in many tissues.
Infantile systemic hyalinosis presents hyperpigmented
skin over bony prominences with progressive joint
contractures, osteopenia, massive gingival hypertrophy,
skin abnormalities, severe chronic pain, widespread
deposition of hyaline material in many tissues and
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Figure 4 Images of different regions affected in infantile hyalinosis in identical twins. (A) showing Progression of joint
contractures in the hand; (B) showing Gingival hypertrophy (Arrow mark); (C) showing Reddishness and papule over earlobe
(Arrow mark); (D) showing Papular nodules in the perianal region (Arrow mark); (E) & (F) radiographs showing the joint
contracture.

small pearly papules on face, and perianal regions.
Survival beyond 3-4 years of life may become
difficult because of impaired chest wall movement,
malnutrition, protein losing enteropathy, osteopenia,
intractable diarrhea and sepsis involving multi organ
systems. Recent investigations documented the use of
d-pencillamine has an inhibitory effect on abnormal
collagen maturation and shows some improvement in
joint mobility (10).
The gene responsible for hyalinosis is chromosome
4q21.21 and deletion mutations in the ANTXR2 gene
(anthrax toxin receptor 2 gene) or CMG2 (capillary
morphogenesis protein gene 2) gene cause infantile
systemic hyalinosis (2,3,9). TheANTXR2 gene provides
instructions for making a protein involved in the
formation of tiny blood vessels (capillaries) and is also
important for maintaining the structure of basement
membranes, which are thin, sheet-like structures that
separate and support cells in many tissues. In ISH
the defective synthesis of glycosaminoglycans which
results in the abnormalities in collagen synthesis and
in the CMG2 gene that binds to type 4 collagen and
laminins which provide strength to the basement
membrane (11,12). The accumulation of an abnormal
collagen in different parts of the body is seen in ISH
which is responsible for the symptoms. Mutations in
the ANTXR2 gene disrupt the formation of basement
membranes, allowing the hyaline substance to leak
through and build up in various body tissues (13). This
condition is inherited in an autosomal recessive pattern,

and the parents of an individual with an autosomal
recessive condition each carry one copy of the mutated
gene, but typically do not show signs and symptoms of
the condition.
ISH has to be differentially diagnosed with Farber's
disease (14), I- cell disease which is a storage disorder
(12), Stiff skin syndrome (15), Winchester syndrome
(16), Pseudo-Hurler polydystrophy, Lipoid proteinosis
and Caffey disease (17), and congenital generalized
fibromatosis (18).
The present case is diagnosed as ISH because it
reveals all of the symptoms which are characteristic
of ISH and it was ruled out to be any of the above
mentioned diseases because of its completion of
characteristic symptoms.
ISH can be confirmed by demonstration of hyaline
material in the dermis by light microscopy with PAS
stain and electron microscopy which reveals cells
filled with fine fibrillary material with an enlarged
endoplasmic reticulum and golgi apparatus (19) also,
by intestinal biopsy which reveals villous atrophy,
edema, lymphangiectasia, and hyalinosis, and molecular
genetic testing for gene ANTXR2 (17). Further,
sequencing of the ANTXR2 gene carried out in blood
samples of the present study confirms the clinical
diagnosis of infantile hyalinosis. This test has revealed
the sample was homozygous for insertion mutation
c.277_278insATTATTT (or p.L93Yfs*14) in exon 3,
leading to premature termination of protein.
Management of ISH can be done by initial diagnosis,
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followed by nutritional, immune and intestinal
malabsorption evaluation and echocardiogram evaluation
because the heart is involved, to increase life span and
prevent recurrence of infections.
To conclude the present case of twins exhibiting
infantile systemic hyalinosis is a rare and uncommon
genetic disorder of third degree parents confirmed as
victims of ISH and not responding well to treatment
compared to normal infants. This being the first case of
ISH in India planning therapeutic strategies is difficult
for pediatricians and other physicians. Hence awareness
has to be raised to mutation in the ANTXR2 gene by
explaining the risk of recurrence in future siblings being
25%. Prenatal diagnosis is possible by fetal DNA analysis
at around 12 to 16 weeks of pregnancy. Knowledge
regarding ISH needs to be updated by clinicians. This is
the first case of ISH reported in identical male twins to
the best of our knowledge.

8.
9.

10.
11.

12.
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Nailfold capillaroscopic changes in Kindler syndrome
Hristo P. Dobrev*, Nina I. Vutova
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Summary

Kindler syndrome (KS), the fourth major type of hereditary epidermolysis bullosa (HEB),
is a rare, autosomal recessive disorder characterized by skin fragility and blistering at birth
followed by development of marked photosensitivity and progressive poikilodermatous
skin changes in later years. We reported here the case of a 54-year-old woman, who fulfills
the diagnostic criteria of KS type of HEB, putting accent on the nailfold capillaroscopic
changes. Using videocapillaroscopy we observed pronounced alterations in finger nail
capillaries including reduction in capillary density, features of neoangiogenesis (architectural
derangement, elongated loops, extremely tortuous, bushy or branching capillaries, thin,
branching and interconnected capillaries), enlarged and giant capillaries. We consider the
changes observed as an adaptive mechanism that compensate the loss of capillaries due to
chronic periungual trauma. Further studies with larger number of patients are needed to
confirm the significance of capillaroscopy findings for patients with HEB.
Keywords: Kindler syndrome, capillaroscopy

Kindler syndrome (KS), the fourth major type of
hereditary epidermolysis bullosa (HEB), is a rare,
autosomal recessive disorder characterized by skin
fragility and blistering at birth followed by development
of marked photosensitivity and progressive
poikilodermatous skin changes in later years. After the
first description by Theresa Kindler in 1954, more than
250 cases have been reported to date (1-4). In Bulgaria,
about 100 patients suffered from HEB were currently
registered. Among them only one case with KS is
described (5). We report here a new case of KS putting
accent on the nailfold capillaroscopic changes.
A 54-year-old woman presented with history of
recurrent blistering after minor friction or trauma
started after birth. The changes were more prominent
on the extremities and tend to regress with age.
Subsequently, photosensitivity, discoloration and
atrophy of the skin developed. In addition, occasionally
gingival and urethral bleeding, and surgically treated
squamous cell carcinoma on the dorsum of the right
hand 7 years ago were reported. The family history
was negative. On examination, diffuse poikiloderma
*Address correspondence to:
Dr. Hristo P. Dobrev, Department of Dermatology and
Venereology, Medical University, 15A V. Aprilov St., 4002 –
Plovdiv, Bulgaria.
E-mail: hristo_dobrev@hotmail.com

(atrophy, telangiectases, and reticular pigmentation),
mainly on the face and dorsal surfaces of the hands and
feet, was observed. The dorsum of the hands and feet
had atrophic skin with cigarette paper-like wrinkling.
There were also skin erosions, atrophic scars,
ectropion, gingivitis and periodontitis with missing
teeth, and nail changes (prolonged eponychium,
transverse and longitudinal ridges, onycholysis,
yellow discoloration) (Figure 1). Routine blood tests,
including immunological tests, were within normal
range. The result from the nerve conduction study
indicated the presence of sensory polyneuropathy. The
histopathologic examination of skin lesion, performed
20 years ago, revealed an atrophic epidermis,
subepidermal cracks, flattened dermis with thin
collagen fibers, edema, dilated capillaries, pigmentary
incontinence, and scarce perivascular infiltrate. A
diagnosis KS type of HEB was made and symptomatic
treatment was applied.
In order to explore the changes in microcirculation
we performed nailfold videocapillaroscopy at varied
magnifications (×60, ×200, and ×500) using digital
dermatoscope DinoLite (AnMo, Taipei, Taiwan). The
following capillaroscopy findings were found: skin
transparency: good; number: 4-6/mm, reduction in
capillary density; morphology: shape heterogeneity and
marked tortuosity with varied appearance; dimensions:
regularly and irregularly enlarged (width 30-50
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Figure 1. Ectropion (a); periodontitis (b); erythema,
a t r o p h y, h y p e r- a n d h y p o p i g m e n t e d m a c u l e s ,
teleangiectasia, xeroderma, atrophic scars (b-e), atrophic
scarring with shiny cigarette paper-like wrinkling and
small ulcerations on dorsum of the hands (f).
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micron) and giant capillaries (width > 50 micron);
distribution: architectural derangement and features
of neoangiogenesis; blood flow: normal; absence of
hemorrhages and thromboses. The interpretation was:
presence of nailfold capillary microangiopathy (Figure 2).
KS is caused by a deficiency of the protein
kindlin-1 due to a mutation in the gene KIND1
mapped to chromosome 20p12. It manifests during
the neonatal period and infancy with skin fragility and
trauma-induced skin blistering, which usually resolve
with age. Later, varying degrees of photosensitivity
and progressive poikiloderma develop. Face, hands
and feet are most affected. Ocular and nail changes,
periodontitis, esophageal, anal, vaginal and urethral
stenosis have been also observed. Additionally,
KS patients present an increased susceptibility for
development of squamous cell carcinomas. The
diagnosis is essentially clinical but could be supported
by histopathologic examination, immunostaining
with anti-kindlin-1 antibody, electron microscopy
examination, and molecular genetic testing (1-4).
In 2005, Angelova-Fischer et al. (5) proposed the
following diagnostic criteria for the syndrome: i) Major
criteria: acral blistering in infancy and childhood,
progressive poikiloderma, skin atrophy, abnormal
photosensitivity, gingival fragility and/or swelling; ii)
Minor criteria: syndactyly and mucosal involvement
(anal, esophageal, urethral, laryngeal stenosis);
iii) Associated findings: nail dystrophy, ectropion,
palmoplantar keratoderma, leukoplakia, squamous cell
carcinomas, skeletal abnormalities, periodontitis and
tooth decay. The presence of 4 major criteria makes
the diagnosis of KS certain. The presence of 3 major
and 2 minor criteria makes the diagnosis probable and
the presence of 2 major criteria and 2 minor criteria
or associated symptoms renders the diagnosis likely.
Our patient had all 5 major criteria, and mucosal and
nail involvement, ectropion, squamous cell carcinoma,
periodontitis and poorly preserved teeth.

Figure 2. Capillaroscopic findings: reduction in capillary density, shape heterogeneity, marked tortuosity with varied
appearance, enlarged and giant capillaries, architectural derangement, neoangiogenesis. Magnification: ×60 (a); ×200 (b-d);
×500 (e-h).

www.irdrjournal.com

216

Intractable & Rare Diseases Research. 2015; 4(4):214-216.

So far there are not studies on microcirculation in
HEB and KS in particular. That is why we aimed to
evaluate the changes of nail fold microcirculation using
non-invasive, digital videocapillaroscopy. We observed
pronounced alterations in finger nail capillaries with
the main feature of capillary neoformation including
elongated loops, extremely tortuous, bushy or branching
capillaries, thin, branching and interconnected
capillaries. The presence of enlarged and giant capillaries
makes the differentiation with Raynaud phenomenon
somewhat difficult. Moreover, the clinical appearance
of the patient’s skin of the hands impress on general
practitioners and rheumatologists that she suffer from
autoimmune connective tissue disease. However,
the patient did not report any vasospastic episodes
of her fingers provoked by cold and the repeatedly
immunological tests were normal. We consider the
neoangiogenesis observed as an adaptive mechanism
that compensate the loss of capillaries due to chronic
periungual trauma. The role of sensory polyneuropathy
could be additionally discussed. However, it is probably
a consequence of the general disorder, too.
To the best of our knowledge, this is the first report
of microcirculatory alterations in KS. Further studies

with larger number of patients are needed to confirm
the significance of capillaroscopy findings for patients
with HEB.
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China takes an active role in combating an Ebola outbreak: On-site
observations and reflections from a Chinese healthcare provider
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Summary

As one of the active participants in the global fight against the 2014 outbreak of Ebola virus
disease (EVD) in West Africa, China supplied many resources, including medical experts
and scientists as well as medical supplies, to the affected countries. A member of the first
contingent of Chinese public health experts who worked in Sierra Leone for 65 days, I am
pleased to have this opportunity to review the major work done by our team to help deal
with the Ebola epidemic in Sierra Leone. This is the first time that a Chinese public health
training team has worked in West Africa. The team provides trainings for people from local
communities in an effort to encourage local residents to get involved in the war against
Ebola. However, the implementation of active measures against Ebola in West Africa was
hampered somewhat by certain drawbacks in the area in terms of the health system, the
shortage of medical resources, the high illiteracy rate, unhealthy lifestyles, and traditional
funeral rites. All of these aspects need to be gradually improved in the aftermath of Ebola,
and I believe that this is an area in which the Chinese public health system can play an
important role.
Keywords: Ebola virus disease, Sierra Leone, public health system, China's role

In light of strengthening global ties, an outbreak of
Ebola virus disease (EVD) in West Africa in 2014 posed
a serious threat to global public health. According to
data from the World Health Organization (WHO), there
were 28,388 confirmed, probable, and suspected cases
of Ebola in Guinea, Liberia, and Sierra Leone prior to
September 30, 2015 and 11,296 deaths (1). Seventyfive percent of human emerging infectious diseases are
transmitted by animals (2), and the Ebola virus (EBOV)
is thought to be transmitted by fruit bats (3). At present,
EVD is still believed to be a disease with natural foci,
which means that every outbreak originates from the
first person who initially becomes infected through
contact with bush animals. The virus then spreads
rapidly among human beings. Clearly, this epidemic
also poses new challenges to the creation of a public
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health system in China.
The outbreak of EVD severely impacted global
public health. During the outbreak, the Chinese
Government took quick action by donating money and
supplies and by sending a large number of military
and civilian medical professionals to the affected
countries to combat the epidemic. A member of the
first contingent of Chinese public health experts who
worked in Sierra Leone for 65 days, I am pleased to
have this opportunity to share my frontline experiences
and thoughts here.
1. Major work done by Chinese experts to combat EVD
in Sierra Leone
The major work done by me and other experts can be
summarized as follows: i) Regular training of Sierra
Leone healthcare providers and other professionals in
relation to combating EVD. Training courses included
information on the epidemiology and transmission of
EVD and the current Ebola epidemic, descriptions of
Ebola infection and principles of control, and instruction
in safety assessment and intervention strategies. ii)
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Attending the national Ebola case management meeting
organized by the World Health Organization (WHO)
and the Ministry of Health of Sierra Leone twice a
week to express our views and provide suggestions to
help draft guidelines to control Ebola. iii) Visiting the
Sierra Leone EVD treatment center to gain first-hand
practical experience in the treatment and management
of EBV and exchanging information on the epidemic
with Chinese medical staff and the second contingent
of the EBV training team. iv) Noting the progress
of control of the epidemic and informing experts in
China of the most recent guidelines for managing EBV.
These efforts helped to establish rules and protocols for
fighting the cross-border spread of the disease and also
to prepare medical facilities to admit patients with EVD
or patients suspected of having EVD.
2. More active therapy can reduce the mortality rate
The outbreak of EVD was a terrible disaster, but it was
also a rare learning opportunity for medical personnel
to learn how to prevent and control epidemics from
occurring again (4). The main clinical symptoms of
EVD are severe gastrointestinal symptoms in the form
of vomiting and severe diarrhea, which lead to fluid
loss, metabolic abnormalities, and hypovolemic shock.
When the patient is unable to drink water, fluids must
be administered intravenously. However, a number of
critically ill patients died because they failed to receive
sufficient fluids. Obviously, if patients receive more
active treatment and supportive care, especially with
regard to sufficient fluids and preventing and correcting
electrolyte abnormalities, then the EVD mortality
rate could be drastically reduced (5). Although there
were reports indicating that some patients in the ICU
received excessive fluids that caused pulmonary
edema, the delay and lack of intravenous fluids is still a
common problem at Ebola treatment centers. According
to current statistics, Ebola treatment centers reduced the
Ebola mortality rate to 39% merely by providing active
rehydration therapy. Some experimental treatments
and vaccines are being developed or are currently
available. Several patients received a transfusion of
serum from previous patients who recovered from EVD
so that they can acquire antibodies against EBOV via
passive immunization. Passive immunization can also
be accomplished by obtaining antibodies against EBOV
from infected animals. ZMapp (6) is a combination
drug that includes many monoclonal antibodies and
that has been used to treat patients with EVD, some of
whom recovered. Several antivirals, e.g. Favipiravir
(anti-influenza virus drugs) and Brincidofovir, have
demonstrated efficacy when used to treat patients with
an early stage of the disease in preliminary clinical
trials (7). The TKM-Ebola injection, made by the
Canadian company Tekmira Pharmaceuticals, blocks
the replication and transmission of EBOV. However,

there are serious problems with the clinical evaluation
of vaccines and their therapeutic efficacy (8,9).
3. The Chinese public health system should play a
greater role in the aftermath of Ebola
Working on the frontlines to prevent and control the
epidemic, I realized that the national response center
in West Africa plays a leading role in organization,
coordination, management, and implementation of a
series of rapid responses to control the outbreak. The
health minister is in charge of all control efforts. He
holds a meeting for relevant personnel to exchange
information and he coordinates daily efforts by
international organizations, and he then reports directly
to the Council of Ministers and the President. Continued
and comprehensive guidance, sufficient manpower, and
a large amount of supplies provided by the international
community greatly helped to effectively combat the
epidemic in countries stricken by Ebola.
Multi-sector control efforts used in China played
an important role in controlling the epidemic in
West Africa. This was the first time a Chinese public
health training team has worked in West Africa. The
team trains people from local communities in order
to encourage local residents to become involved in
the war against Ebola. However, the implementation
of active measures against Ebola in West Africa was
hampered somewhat by drawbacks in the area in
terms of the health system, the shortage of medical
resources, the high illiteracy rate, unhealthy lifestyles,
and traditional funeral rites. All of these aspects need to
be gradually improved in the aftermath of EVD, and I
believe that this is an area in which the Chinese public
health system can play an important role. Thanks to
the support of the United Nations Mission for Ebola
Emergency Response (UNMEER) and other partners
(including the Chinese Government), the three affected
countries now have the ability to isolate and treat
patients diagnosed with EVD and they have sufficient
resources to ensure that the bodies of the deceased are
treated in a safe and dignified manner.
The American CDC has many permanent agencies
in African countries, and they have played a leading role
in the prevention and control of this epidemic. Though
various infectious diseases have been effectively
controlled in China, the study of tropical diseases and
parasitic diseases should not stop in China. Moreover,
this study needs to be extended to Africa. Chinesebuilt hospitals have long played an important role in
Africa, so existing health care networks should be used
to create a disease prevention and control system. After
an outbreak of EVD, the Chinese CDC should send
personnel abroad. Given these needs, a specialized
agency should be created to implement Chinese multisector control efforts in foreign countries. The agency
should be organized by the Ministry of Health and
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Family Planning Commission and receive a regular
budget so that its effectiveness is ensured.
China can organize training courses for public
health professionals from African countries and
allow trainees to practice at all levels of the disease
prevention and control system. A model zone could
be initially established and then gradually replicated
elsewhere. China assisted in the construction of level
3 biosafety laboratories in Africa. These laboratories
were rationally designed and efficiently organized, and
they have the ability to effectively protect laboratory
personnel and the surrounding environment. The
laboratory in Sierra Leone was built with Chinese aid,
and it plays an important role in combating Ebola and
studying other tropical diseases.
This is the first time that Chinese public health
personnel have been sent abroad on such a large
scale, and we should compile our experiences and
lessons. The dispatching procedures will be optimized
and various standard operating procedures (SOPs)
will be modified in order to alleviate the concerns
of volunteers. Moreover, reasonable standards will
be established to ensure logistical support and limit
occupational exposure.
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