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SUPPLEMENTARY FIG. S§1. Cardiac ultrasound showing
a tumor occupying the right atrium (RA). The tumor ex-
tended into the right ventricle (RV) beyond the tricuspid
valve in diastolic phase. LA, left atrium; LV, left ventricle.

SUPPLEMENTARY FIG. S2. (A) Contrast-enhanced computed tomography image showing a bulky tumor extending into
the right internal jugular vein, the brachiocephalic vein, superior vena cava, and right atrium. A large amount of pericardial
fluid is apparent. (B) Thallium 201 thyroid scintigram showing abnormal accumulation in the thorax. Concentrations of
radioactivity are in the same area as the tumor (arrow). Accumulation of cardiac muscle is also apparent (triangle).
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Hypopituitarism in a patient with transsphenoidal cephalocele:
longitudinal changes in endocrinological abnormalities

Keijt Tanimoto, Saori Onda, Hideaki Sawaki, Tetsuya Hiraiwa, Hiroyuki Sano, Mineki Ohnishi,

Jungo Terasaki and Toshiaki Hanafusa

Department of Internal Medicine (1), Osaka Medical College, Takatsuki 569-8686, Japan

Abstract. We report a 21-year-old man with severe fatigue due to hypopituitarism. At the age of 6 years, he was diagnosed
with short stature due to a GH deficiency accompanied by a sphenoid cystic lesion. Laboratory findings and provocative
tests for pituitary hormone function revealed ACTH, LH, FSH, TSH, and GH deficiency. Computed tomography and
magnetic resonance imaging revealed transsphenoidal cephalocele due to a defect in the floor of the sella turcica. At 6
years, he only had severe GH deficiency and poor response of LH to LHRH. Hypothalamic-pituitary dysfunction and
pituitary herniation have progressed subsequently; we observed a longitudinal progression of hypothalamic-pituitary
dysfunction caused by transsphenoidal cephalocele. This dysfunction requires the selection of a treatment that will not

aggravate the condition further.

Key words: Hypothalamic-pituitary dysfunction, Panlypopituitarysm, Pituitary herniation, Follow-up, MRI

CONGENITAL basal encephaloceles are rare, with
an estimated incidence of 1 in every 35,000 live births
[1]. Transsphenoidal cephalocele is the least frequent
anomaly, representing only 5% of basal encephaloce-
les (estimated incidence: 1 in 700,000 live births). In
transsphenoidal cephalocele, transsphenocidal lesions
collapse into the epipharynx or nasopharynx [2]. The
diagnosis of transsphenoidal cephalocele is usually
made in infancy or early childhood [3].

Because the floor of the sella turcica is lacking in
this anomaly, hypothalamic-pituitary function may
deteriorate. The natural course of hypothalamic-pitu-
itary dysfunction due to transsphenoidal cephalocele
remains unclear. There are only a few reports describ-
ing endocrinological follow-up due of transsphenoidal
cephalocele for a period of 10 years or more. We report
the longitudinal progression of hypothalamic-pituitary
dysfunction due to transsphenoidal cephalocele in a
patient. Surgical treatment for transsphenoidal cepha-
locele was not performed in the follow-up period; the
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natural course of hypothalamic-pituitary dysfunction
was able to be observed.

Case Report

A 21-year-old man was referred to our hospital with
severe fatigue. At 6 years of age, he had consulted the
department of pediatrics in our hospital because of his
short height (97.4 cm, —3.56 SD). He was diagnosed
with short stature due to GH deficiency accompanied by
a sphenoid cystic lesion. Until 10 years old, he did not
visit his doctor. GH replacement therapy was admin-
istered from the age of 10 to 13 years. However, the
patient could not continue the GH replacement therapy
after the age of 13 years. After this, he visited the doc-

tor about only once a year, and he did not receive a

treatment. At 21 years of age, he was hospitalized in
a local hospital due to infectious enteritis; he was also
diagnosed with secondary hypothyroidism. Following
this, he was admitted to our hospital for further evalua-
tion of hypopituitarism.

His height was 144 cm and body weight was 38 kg.
He had no external malformations, but had peripapil-
lary staphyloma in left eye. No axillary or pubic hair
was present. His Tanner stages were G1 and P1, and
each of his testes was 3 mL in volume. The labora-
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Table 1 Laboratory findings

White blood cell 5620 /uL
Neutrophil 62.9%
Lymphocyte 28.6 %
Eosinophil 32%
Red blood cell 359 x 104 jul
Hemoglobin 10.2 g/dL
Hematocrit 303 %
Platelet 25.4 x 10* /L
Albumin 4.2 g/dL
Aspartate aminotransferase 24 TUL
Alanine aminotransferase 13 IU/L
Lactate dehydrogenase 204 TU/L
Creatinine kinase 83 IUL
Alkaline phosphatase 254 IU/L
Blood urea nitrogen 6 mg/dL
Creatinine 0.56 mg/dL
Uric acid 4.2 mg/dL
Total-Cholesterol 200 mg/dL
Triglyceride 105 mg/dL
Sodium 141 mEq/L
Potassium 3.9 mEg/L
Chloride 108 mEqg/L
Calcium 8.9 mg/dL
Fasting serum glucose 84 mg/dL

tory examination is displayed in Table 1. Red blood
cell, hemoglobin, and hematocrit decreased slightly.
Endocrinological laboratory findings are shown in Table
2. Although the serum levels of both free triiodothy-
ronine and free thyroxine were low, TSH was normal.
IGF-I (insulin-like growth factor-I) level was low for
his age and sex; IGF-1 SD score was —5.7 SD. Levels
of plasma ACTH, serum cortisol and dehydroepiandros-
terone sulfate (DHEA-8), and urinary free cortisol were
all low. LH and testosterone levels were lower than the
measurable limit. Provocative tests for pituitary hor-
mone function are shown in Table 3. The response of
cortisol to 250 pg of synthetic ACTH was impaired; the
peak value of cortisol was 12.9 pug/dL. Both LH and
FSH levels were consistently low in response to LHRH
injection. After TRH administration, TSH rose to high
values, but total T3 levels did not rise enough to 1.3
times or more. These findings suggested that bioactiv-
ity of TSH is decreased in the patient. The patient had
almost no response of GH after GHRP-2 (growth hor-

Table 2 Endocrinological laboratory findings

Reference value
TSH 2.790 pU/mL (0.500~5.000)
Free T3 1.62 pg/mL (2.30~4.30)
Free T4 0.77 ng/dL (0.90~1.70)
PRL 11.26 ng/mL (3.58~12.78)
GH 0.08 ng/mL (<0.17)
IGF-1 12 ng/mL (133~368)
ACTH 13.0 pg/mL (7.2~63.3)
Cortisol 4.7 pg/dL (4.0~18.3)
DHEA-S 8 pg/dL (85~690)
UFC 8.1 pglday (11.2~80.3)
LH <0.1 mIU/mL (0.79~5.72)
FSH 0.3 mIU/mL (2.00~8.30)
Testosterone <0.05 ng/mL (2.07~7.61)
Plasma Osm 279 mOsm/kg (276~292)
Urine Osm 350 mOsm/kg (50~1200)
ADH 1.0 pg/mL (0.3~3.5)

Free T3: free triliodothyronine, Free T4: free thyroxine, IGF-I:
insulin-like growth factor-I, ADH: antidiuretic hormone, DHEA-S:
dehydroepiandrosterone sulfate, UFC: urinary free cortisol

Fig. 1 Sagittal head CT demonstrated a bone defect in the floor
of the sella turcica by a transsphenoidal soft tissue mass
extending into the epipharynx.

mone releasing peptide-2) injection. According to hand
X-rays, his bone age was equivalent to a 12.6-year-old
Japanese boy. Computed tomography (CT) of the head
showed a defect in the floor of the sella turcica (Fig. 1.).
Magnetic resonance imaging (MRI) revealed a cystic
mass extending into the epipharynx through the bone
defect (Fig. 2a and 2b).

On the basis of the above mentioned findings, he
was diagnosed with ACTH, LH, FSH, TSH, and GH
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Fig. 2 Tl-weighted (a) and T2-weighted (b) coronal and T 1-weighted sagittal (c) MRI revealed a cystic mass with a surrounding structure
extending through the bone defect into the epipharynx. The longitudinal diameter of the cystic mass was 3.5 centimeters, T1-
weighted sagittal MRI at the age of 6 years (d) demonstrated a sphenoid cystic lesion 1.5 centimeters in diameter.

deficiency due to transsphenoidal cephalocele. Nasal
obstruction or nasal discharge, meningitis, and cere-
brospinal fluid rhinorrhea were not present; therefore,
he did not undergo surgery. He received replacement
therapy of adrenocortical hormone (hydrocortisone 20
mg), thyroid hormone (levothyroxine sodium hydrate
75 pg), after which his complaints were resolved. His
weight was increased to 44kg, though his height did not
change. Ten months after, he accepted the replacement
therapy of sex hormone (testosterone enanthate 125mg,
once a month) and GH (somatropin 1.3mg). However,
he did not come to our hospital three months later.

Discussion

Transsphenoidal cephalocele often leads to hypotha-
lamic-pituitary dysfunction. The incidence of hypo-
thalamic-pituitary insufficiency was estimated at about
50-60% in previous reports [1, 4, 5]. Hypothyroidism,

GH deficiency, hypogonadotrophic hypogonadism,
and diabetes insipidus were frequent disorders. Central
hypoadrenalism was rare in previous reports [6]. In our
case, hypothyroidism, GH deficiency, hypogonadotro-
phic hypogonadism, and hypoadrenalism were found,
but diabetes insipidus was not detected from laboratory
findings and MRI (Table 2 and Fig. 2¢).

We obtained the clinical examination data from the
hospital where this patient had consulted a doctor in his
childhood. Results of his endocrinological examina-
tion at the age of 6 years are shown in Table 4. Severe
GH deficiency and poor response of LH to LHRH were
observed. No evidence of ACTH, FSH, TSH, or ADH
deficiency was present at that point. He was diag-
nosed with short stature due to GH deficiency. His
subsequent clinical course is shown in Fig. 3. Free T4
level decreased gradually; nevertheless, TSH did not
rise sufficiently. Testosterone levels were lower than
the measurable limit at all time points. By the time
he was admitted to our hospital at the age of 21, he
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Table 3 Provocative tests for pituitary hormone function
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Before 15 min 30 min 45 min 60 min 90 min 120 min

ACTH (250 pg) administration test

Cortisol (ug/dl) 2.8 11.6 129
CRH (100 pg), LHRH (100 pg), and TRH (200 pg) administration test

ACTH (pg/mL) 40.2 124 88.1 86.8

Cortisol (pg/dL) 103 17.5 17.8 213

LH (mIU/mL) - 0.2 0.4 04 0.4

FSH (mIU/mL) 0.7 1.2 14 1.6

TSH (pU/mL) 8.65 27.7 257 212

PRL (ng/mL) 20.7 283 220 17.7

Total T3 (ng/mL) 0.75 0.97
GHRP-2 (growth hormone releasing peptide-2) (100 p1g) administration test

GH (ng/mL) <0.03 0.12 0.08 0.04
Table 4 Endocrinological findings when the patient was 6 years old

IGF-1 38 ng/mL Total T4 12.9 pg/dl Plasma Osm 279 mOsm/kg
Ovemnight GH 3.85 ng/mL (Mean) Testosterone  <0.05 ng/mL Urine Osm 799 mOsm/kg
ADH 2.0 pg/mL
Before 15 min 30 min 60 min 90 mm 120min 150min

Insulin tolerance test (1.8U, 0.1U/kg)

Glucose (mg/dL) 2 22 50 80 92

GH (ng/mL) 0.41 1.4 1.2 0.3

Cartisol (pg/dL) 114 26.0
Propranolol-Glucagon administration test

Glucose (mg/dL) 84 122 7] 81 66 70

GH (ng/mL) 0.66 0.74 0.64 1.2 28 34
CRH (27 pug), LHRH (36 pg), and TRH (180 pg) administration test

Cortisol (ug/dL) 12.6 215

LH (mIU/mL) <0.5 18 13 1.4

FSH (mIU/ml) 08 4.0 42 59

TSH (uU/mL) 2.7 130 8.7

PRL (ng/mL) 43 13.0 76

had not only GH deficiency, but also ACTH, LH, FSH,
and TSH deficiency. MRI when he was 6 years old
revealed a sphenoid cystic lesion 1.5 cm in diameter
(Fig. 2d). The size of his transsphenoidal cephalocele
had increased to 3.5 cm by the time of his admission to
our hospital (Fig. 2a, 2b, and 2¢). To summarize, both
hypothalamic-pituitary dysfunction and pituitary her-
miation had progressed significantly in 15 years.

There are only a few case reports showing endo-
crinological follow-up for a time period of ten years
or more in patients with transsphenoidal cephaloceles
and pituitary herniation [2, 4, 7]. The natural course

of hypothalamic-pituitary dysfunction is still unclear.
Although hypothalamic-pituitary function was not nec-
essarily examined at the first visit or during the fol-
low-up time in all previous case reports, it has been
reported that most patients (7 out of 9 patients: 77.8%)
with transsphenoidal cephaloceles exhibited a pro-
gression of hormonal disturbances [8]. On the other
hand, neurosurgical intervention could not effectively
prevent pituitary dysfunction [4, 9]. In hypothalam-
ic-pituitary dysfunction, surgical treatment might be
required to prevent a progression of hormonal insuffi-
ciency. Since a valid surgical procedure for transsphe-
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Fig. 3

Clinical course of endocrinological abnormality from 6 years to 21 years is shown. IGF-I () rose temporarily in response to

the GH replacement therapy. Free T4 (O) decreased gradually; nevertheless, TSH (A\) did not rise appropriately. Testosterone
(0J) levels were lower than the measurable limit at all time points.

noidal encephalocele was recently reported, the num-
ber of treatable cases will probably increase in the near
future [10-12].

The surgical treatment for transsphenoidal encepha-
locele has not always been beneficial [3, 13]. Thereisa
risk of damaging the functioning tissue within the wall
of encephalocele [10]. In our case, MRI revealed that
a cystic mass contained a surrounding structure, and
the pituitary hormones were not completely lack. In
addition, surgical treatment could not effectively pre-
vent pituitary dysfunction [4, 9]. If there was an evi-
dence of respiratory obstruction, meningitis, cerebro-
spinal fluid rhinorrhea, and progressive visual defects,
we will conduct a surgical repair to transsphenoidal
encephalocele.

The mechanism of this hormonal abnormality is still
unknown. In a child with diabetes insipidus compli-
cated by cephalocele, the degeneration of the hypo-
thalamus and agenesis of the supraoptic nuclei may be
detected, but the description of pituitary gland anomaly
had not been reported [2]. One report described a male
patient with GH, TSH, and LH deficiency, and pituitary
fibrosis, but a normal hypothalamus [4]. Therefore, the
abnormalities of the hypothalamus and pituitary gland

are variable. In the present case, MRI revealed that
the periphery of the cephalocele was enhanced by gad-
olinium, and the posterior pituitary bright spot was
observed in the sella turcica (Fig. 2). These findings
suggest that both the anterior pituitary gland and the
neurohypophysis existed. Accordingly, damage to the
pituitary stalk might have caused hypothalamic-pitu-
itary dysfunction in this case.

In conclusion, we have reported a patient who had
ACTH, LH, FSH, TSH, and GH deficiency due to a
transsphenoidal cephalocele. Both hypothalamic-pitu-
itary dysfunction and pituitary herniation have gradu-
ally progressed in the past 15 years. In the future, sur-
gical treatment might be a promising choice to prevent
further progression of hormonal insufficiency in simi-
lar patients.
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RIG-I- and MDAS5-Initiated Innate Immunity Linked With
Adaptive Immunity Accelerates 3-Cell Death in

Fulminant Type 1 Diabetes

Kaoru Aida,* YOI‘lkO lehlda, Shmcluro Tanaka, Taro Maruyama,® Aku'a Shunada, Takuya Awata,*
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OBJECTIVE—The contribution of innate immunity responsible
for aggressive B-cell destruction in human fulminant type 1 di-
abetes is unclear.

RESEARCH DESIGN AND METHODS-—Islet cell expression
of Toll-like receptors (TLRs), cytoplasmic retinoic acid-inducible
gene I (RIG-I)-like receptors, downstream innate immune
markers, adaptive immune mediators, and apoptotic markers
was studied in three autopsied pancreata obtained 2 to 5 days
after onset of fulminant type 1 diabetes.

RESULTS—RIG-I was strongly expressed in B-cells in all three
pancreata infected with enterovirus. Melanoma differentiation—
associated gene-5 was hyperexpressed in islet cells, including
B- and o-cells. TLR3 and TLR4 were expressed in mononuclear
cells that infiltrated islets. Interferon (IFN)-« and IFN-B were
strongly expressed in islet cells. Major histocompatibility com-
plex (MHC)-class I, IFN-y, interleukin-18, and CXC motif ligand
10 were expressed and colocalized in affected islets. CD1lc+
MHC-class II+ dendritic cells and macrophage subsets infiltrated
most islets and showed remarkable features of phagocytosis of
islet cell debris. CD4+ forkhead box P3+ regulatory T cells were
not observed in and around the affected islets. Mononuclear cells
expressed the Fas ligand and infiltrated most Fas-expressing
islets. Retinoic acid-receptor responder 3 and activated caspases
8, 9, and 3 were preferentially expressed in f-cells. Serum levels
of IFN-y were markedly increased in patients with fulminant type
1 diabetes.

CONCLUSIONS—These findings demonstrate the presence
of specific innate immune responses to enterovirus infection
connected with enhanced adoptive immune pathways responsi-
ble for aggressive B-cell toxicity in fulminant type 1 diabetes.
Diabetes 60:884-889, 2011
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ulminant type 1 diabetes is a unique subtype of
type 1 diabetes and is characterized by an abrupt
onset of severe hyperglycemia/ketoacidosis and
severe B-cell damage that is preceded by flu-
like symptoms (1-3). Recently, we have reported unique
enterovirus-induced mechanisms for B-cell destruction
involving CXC chemokine ligand 10 (CXCL10) and che-
mokine receptor CXCR3 in fulminant type 1 diabetes (4).
In this study, we examined the in situ status of innate
and adaptive immunity of enterovirus-induced fulminant
type 1 diabetes. This includes expression of Toll-like
receptors (TLRs) TLR3 and TLR4 and cytoplasmic retinoic
acid-inducible gene I (RIG-I)-like receptors (RLRs) RIG-I
and melanoma. differentiation-associated gene-5 (MDAB).
TLRs and RLRs are major receptor systems for detecting
RNA viruses like enterovirus (5). As interferon (IFN)-« and
-B potentially inhibit viral replication and enhance cytotoxic
B-cell immunity (6), their expression, cytokine/chemokine ex-
pression, and activity of dendritic cells (DCs)/macrophages,
CD4+ forkhead box P3 (Foxp3)+ regulatory T cells (Tregs)
in affected islet cells were examined.

RESEARCH DESIGN AND METHODS

Patients. Clinical profiles of three autopsied patients with fulminant type 1
diabetes have been reported (4). Briefly, case 1 was a 14-year-old boy who died
from diabetic ketoacidosis, following flu-like symptoms 5 days earlier. Case 2
was a 25-year-old man who died from diabetic ketoacidosis, following sudden
symptoms of nausea and epigastralgia 2 days earlier. Case 3 was a 29-year-old
man who died from diabetic ketoacidosis, following slight fever, nausea, and
vomiting 2 days earlier.

Control subjects. Pancreatic tissues from 10 nondiabetic men (mean age +
SD, 62 = 10 years) with gastric carcinoma who had undergone partial pan-
createctomy and from five autopsied nondiabetic men (656 + 11 years) were
used as nondiabetic control subjects for immunohistochemical analysis.
Pancreatic tissues from four autopsied type 1 diabetic patients (44 *+ 9 years)
who had histopathological insulitis and glutamic acid decarboxylase auto-
antibodies (titer: 3.0 £ 1.5 U/mL, cutoff <1.5) were examined as type 1 di-
abetic control subjects.

Immunostaining. Methods for immunohistochemical analyses have been
reported previously (4). Primary antibodies used in this study are listed in
Supplementary Table 1. The definition of insulitis and frequencies of insulitis
and mononuclear cell (MNC) phenotypes in islets of cases 1-3 have been
documented previously (4). The number of pancreatic acinar cells surrounded
by CD8+ T cells was counted in the randomly selected 60 photos of pancreatic
section in each case. A confocal laser-scanning microscope, Fluoview FV1000
(Olympus, Tokyo, Japan), was also used.

Measurement of serum IFN-y. We obtained sera from 18 patients with
fulminant type 1 diabetes (age [range]: 32.3 = 13.5 [17-58] years, sex [man/
woman]: 12/6, duration: 31.0 * 64.1 [0-240] days), 27 patients with typical
type 1 diabetes (age: 31.4 * 14.7 [6-55] years, sex: 12/15, duration: 12.5 + 25.4

diabetes.diabetesjournals.org



[0.1-108] months), and 30 nondiabetic control subjects (age: 33.3 = 13.3 [20—
60] years, sex: 17/13). Serum level of IFN-y was measured by ELISA (PBL
Biomedical Laboratories, R&D Systems, Piscataway, NJ).

Ethics. The Ethics Committee of the University of Yamanashi approved all of
the procedures performed in this study. All patients gave informed consent for
measuring serum IFN-y.

Statistical analysis. Differences in variables between groups were compared
using Student ¢ test and ANOVA. Fisher exact test was used to compare fre-
quencies of islets. Values are expressed as means * SD unless otherwise
mentioned.

RESULTS

MDAS5, RIG-I, and enterovirus-capsid protein ex-
pression. MDAD was strongly expressed in -cells, a-cells,
and other types of islet cells of fulminant type 1 diabetic
pancreata (Fig. 1A-D). In nondiabetic control and type 1
diabetic control subjects, weak MDA5 expression was ob-
served in a few a-cells (Supplementary Fig. 1). Significant

FIG. 1. Intracytoplasmic double-stranded virus RNA receptor expres-
sion in enterovirus-associated human fulminant type 1 diabetes. A-C:
Triple-immunostaining of MDA5 (4), insulin (B), and glucagon (C).
The merged image (D) demonstrates hyperexpression of MDA5 in
B-cells (light blue, arrowheads), a-cells (orange), and other types of
islet cells (green, arrows) (X400, case 2). Triple-immunostaining of
RIG-1 (E), insulin (F), and glucagon (@) is also shown. The merged
image (H) demonstrates specific expression of RIG-I in B-cells (light
blue, arrowheads) (X400, case 2). (A high-quality digital representa-
tion of this figure is available in the online issue.)
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expression of RIG-I was observed preferentially in $-cells
in all three patients with fulminant type 1 diabetes
(Fig. 1E-H), yet it was not expressed in nondiabetic and
type 1 diabetic control subjects (Supplementary Fig. 1).
Enterovirus-capsid protein (VP1) was detected in B- and
non-B-cells of fulminant type 1 diabetic pancreata con-
firming our previous report (Supplementary Fig. 2) (4)
but not type 1 diabetic control and nondiabetic control
subjects.

TLR3 and TLR4 expression. Both TLR3 and TLR4 were
expressed in MNCs that had infiltrated islets of fulminant
type 1 diabetic pancreata but not nondiabetic and type 1
diabetic control subjects (Table 1).

IFN-a, IFN-B, interferon regulatory factor-7, and
major histocompatibility complex class I expression.
In all three pancreata of the patients with fulminant type 1
diabetes, IFN-a and -B; were strongly expressed (Fig. 24—
F). Some MNCs that had infiltrated around or in islets and
pancreatic acinar and ductal cells also expressed theses
cytokines in fulminant type 1 diabetes (Fig. 24 and B) but
not in either control subject. The numbers of pancreatic
acinar cells surrounded by CD8+ T cells were 11/mm?
24/mm?, and 22/mm?, respectively, in the pancreatic sec-
tions of cases 1, 2, and 3. Most IFN-a—expressing cells
were B-cells, a-cells, and islet non—- and non-a-cells
(Fig. 2C=F). Interferon regulatory factor (IRF)-7 (7) was
strongly expressed in B- and a-cells (Fig. 2G-I) and mostly
stained around and in the nucleus of the islet cells (Fig. 2G).
Major histocompatibility complex class I (MHC-I) was
hyperexpressed in all islet cell subsets of fulminant type 1
diabetic pancreata (Fig. 2J). Nondiabetic control and type 1
diabetic control subjects did not show expression of
IFN-a, IFN-B,, or IRF-7 and hyperexpression of MHC-I in
their islets.

CD11c+ cells in islets. Remarkable CD1lc+ cells mi-
gration to the islets was observed in most islets of fulmi-
nant type 1 diabetic pancreata (Table 1). Intraislet CD11c+
cells expressed MHC class-II molecules (Fig. 2K-N).
Confocal microscopy showed that some CDllc+ cells
contained B-cell debris positive for insulin (Fig. 20). Such
findings were not observed in islets of nondiabetic or type
1 diabetic control subjects. Most CD11c+ cells were also
positive for CDla and some for CD68 (Fig. 2P), likely
representing DCs and macrophage subsets. CD56+ or
CDb57+ NK cells and Tregs (CD4+ Foxp3+ cells) were not
detected in or around islets of fulminant type 1 diabetic
pancreata and either control. Tregs, CD4+ Foxp3+ cells,
were not detected in or around the islets or in exo-
crine regions of the pancreas in fulminant type 1 diabetic,
nondiabetic control, or type 1 diabetic control subjects
(Table 1).

IL-18, IFN-y, and CXCL10 expression. IL-18 was
expressed in islet cells in all three fulminant type 1 di-
abetes (Fig. 34 and E). Most residual B-cells expressed
both IFN-y and IL-18 (Fig. 3G and H). IL-18, IFN-y, and
CXCLI10 colocalized in most 8- and islet non—B-cells (Fig.
34-H). IL-12 was not expressed in any cells in affected
pancreata. A few islets of type 1 diabetic control subjects
(mean [range]: 2.8% [0-5.2]) expressed IL-18 and IFN-y but
not CXCL10. Nondiabetic control subjects did not express
IL-18, IFN-y, and CXCL10.

Serum IFN-y levels in patients with fulminant type 1
diabetes. Serum levels of IFN-y in patients with fulminant
type 1 diabetes were approximately three times higher
than those in nondiabetic and type 1 diabetic control
subjects (Fig. 3D).
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Fas expression in islet cells and infiltration of islet
Fas-ligand-bearing MNCs. Elevated expression of Fas in
islet cells coincided with marked MNC infiltration in ful-
minant type 1 diabetic pancreata (Fig. 3J). The subsets of
islet cells with Fas expression were mostly B-cells. Fas-
ligand (FasL)-bearing MNCs infiltrated most islets of ful-
minant type 1 diabetic pancreata (Fig. 3K~-M) (Table 1).
In islet cells of nondiabetic control and type 1 diabetic
control subjects, Fas was not expressed (Supplementary
Fig. 3). FasL-bearing MNC infiltration of islets was ob-
served in type 1 diabetic but not nondiabetic control sub-
jects (Table 1) (Supplementary Fig. 3).

Expression of retinoic acid-receptor responder 3 and
activated caspases 8, 9, and 3 in islet B-cells. Retinoic
acid-receptor responder 3 (RARRES3) (8,9) was ex-
pressed in B-cells of fulminant type 1 diabetic pancreata
(Supplementary Fig. 4). Cleaved caspase 8, a marker of
the Fas-mediated extrinsic apoptotic pathway, cleaved cas-
pase 9, a marker of the activated non-Fas-mediated apo-
ptotic pathway, and activated caspases 3, a marker of the
end stage of 3-cell apoptosis, were expressed specifically in
islet B-cells (Supplementary Fig. 4). In islets of autopsied
nondiabetic control subjects, RARRES3, cleaved caspases 8,
-9, and -3 were not expressed (Supplementary Fig. 5). In type
1 diabetic control subjects, RARRESS3, cleaved caspases 8,
9, and -3 were expressed weakly in some islet B-cells
(Supplementary Fig. 5).

MNCs (%)
0.0005

82.6 (38/46)
0.001

90.0 (36/40)
95.2 (40/42)

<0.0001

Frequency of FasL+

0.3 *+ 0.7 (0-1.9) (3/763)
18.2 = 16.9 (3.8-46.6) (81/417)

89.3 = 6.3 (114/128)

NS
NS
NS

Frequency of CD4+
Foxp3+ cells (%)
0 (0/75)

0 (0/63)

0 (0/70)

0 (0/208)

0 (0/692)

0 (0/351)

NS

cells (%)
95.9 (70/73)
100 (64/64)
91.2 (52/5T)

<0.0001

<0.0001

Frequency of CD1lc+
2.4 * 4.2 (0-9.8) (10/392)

DISCUSSION

Both RIG-T and MDA5 were strongly expressed in B-cells of
fulminant type 1 diabetic pancreata. MDA5 was also
hyperexpressed in a-cells and non—B-/non—a-cells in af-
fected islets. Hyperexpression of RIG-I and MDA5 with
expression of IFN-a and -B; in B-cells suggests a crucial
role of RIG-I and MDA5S for sensing and responding to
enterovirus infection in the pancreas of patients with ful-
minant type 1 diabetes. Mutations of MDA5 genes have
been implicated in reducing the risk of type 1 diabetes
(10). Reports also noted RIG-I mRNA expression in human
islets infected with Coxsackievirus B3 and B5 (11,12). We
showed that IRF-7, a master transcription factor of IFN-a
and -B (7), translocated to the nucleus and that IFN-a. and
-B, essential factors that protect B-cells against viral in-
fection (6), were strongly expressed in both B- and a-cells.
These results indicate that all islet cells are in an activated
state of innate immunity in response to enterovirus in
patients with fulminant type 1 diabetes.

Increased TLR3+ MNCs that infiltrate affected islets
should participate in sensing viral RNA and subsequently
destroy B-cells with RIG-I- and MDAb-initiated proin-
flammatory signal axes in the innate immune response
against Coxsackievirus B3 (13). Intra- and peri-islet DCs
and macrophage subsets drastically increased in number
and showed active phagocytosis of enterovirus-infected
B-cells, whereas MHC-I was hyperexpressed in all islet
subsets. Some DCs and macrophage subsets also expressed
MHC-II molecules. Activated innate immune responses in-
cluding virus sensing by RIG-I and MDA5 with subsequent
IFN-a and -3 production and DC and macrophage activation
will not only protect for enteroviral infection by upregu-
lating RIG-I and MDA5 (12,14) but will also enhance the
adaptive immunity cascades for islet cell destruction
(6,15,16). Indeed, patients with fulminant type 1 diabetes
showed elevated serum levels of IFN-y.

95.7 = 4.4 (186/194)

Frequency of
1.6 (1/62)
1.8 (1/56)
9.4 (5/53)
0 (0/284)

<0.003
NS
NS

TLR4+ MNCs (%)
0.3 = 0.6 (0-1.7) (3/742) 0.2 = 0.5 (0-1.4) (2/863)

Frequency of
TLR3+ MNCs (%)
11.3 (7/62)

5.0 (2/40)
18.8 (6/32)
0 (0/652)
0 (0/228)

<0.0001

117 = 6.9 (15/134) 4.3 ®£ 4.4 (7/171)
<0.002
NS

(n=4

Nondiabetic control subjects (n = 15)
P value

Type 1 diabetic control subjects

Nondiabetes vs. type 1 diabetes
Values are means = SD unless otherwise indicated. FT1D, fulminant type 1 diabetes.

FT1D vs. nondiabetes
FT1D vs. type 1 diabetes

FTID (n = 3)

Frequency of islets with MNCs that express TLR3, TLR4, CD11c, CD4+Foxp3, and FasL in three fulminant type 1 diabetic cases, and nondiabetic and type 1 diabetic control

subjects

TABLE 1
Case

1

2

3
Mean
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FIG. 2. Immunohistochemical staining of IFN-a, IFN-B;, IRF-7, and MHC-class I in a pancreas with fulminant type 1 diabetes (X200, case 2). 4 and
B: Immunostaining of IFN-« (4) and IFN-B; (B). C-F: Triple-immunohistochemical staining of IFN-a (C), insulin (D), and glucagon (E ). A merged
image (F) demonstrates a high proportion of B-cells and a-cells expressing IFN-«. Color balance of F' has been adjusted. G-I: Double-immuno-
histochemical staining of IRF-7 (&) and insulin (H). Insert in G demonstrates strong peri- and intranuclear staining of IRF-7, indicating trans-
location of IRF-7 from the cytoplasm to the nuclease, thus acting as an activated transcription factor. The merged image (I) shows strong
expression of IRF-7 in both islet B-cells and islet non-B-cells. Color balance of I has been adjusted. J: Triple-immunostaining shows MHC-class I
molecules are hyperexpressed at the cell surface (green) in B-cells (blue), a-cells (orange), and non-f-/non-a- (nonstained for cytoplasm) islet
cells. K-N: Triple-immunostaining of CD11c (K), insulin (L), and MHC-II (M). Merged image (V) demonstrates that CD11lc+ cells expressing
MHC-II migrate around and into the islets (X200, case 1). O: Confocal microscopic demonstration of intraislet CD11lc+ cells (green), showing
phagocytosis of the unprocessed B-cell antigen, insulin (red; arrowheads) (X400, case 1). P: Merged image of triple-immunostaining of CD11c
(red), CD68 (green), and insulin (blue). Arrowheads indicate positive cells (yellow) both for CD11c and CD68 (X200, case 1). (A high-quality

digital representation of this figure is available in the online issue.)

CD4+ Foxp3+ cells, which represent a pivotal subset of
Tregs, were not observed in or around the islets of fulmi-
nant type 1 diabetic pancreata, suggesting that the ex-
tremely polarized local condition to predominance for Thl
in response to enteroviral infection suppresses Treg dif-
ferentiation from naive T CD4+ precursors (17). In turn,
the Treg-depleted islet condition enhances Thl cytokine
(i.e., IFN-y) generation.

Notably, IL-18, an IFN-y-inducing factor, was exten-
sively expressed in islet cells of infected fulminant type 1
diabetic pancreata. In response to viral infection, IL-18 is
promptly secreted from virus-activated macrophages, DCs,
and T cells (18), stimulating production of IFN-y syner-
gistically with IFN-a and - through a unique pathway that
sometimes occurs independently of I1-12 or NK cells (19).
Conversely, IL-18 can be induced by IFN-y alone or in

diabetes.diabetesjournals.org

combination with other cytokines in islet B-cells (20).
Thus, for fulminant type 1 diabetes, enterovirus itself or
enterovirus-activated T cells and macrophages most likely
infiltrate islets to induce IL-18 production in these cells. In
addition, IFN-a and -B, produced in islet cells and islet-
infiltrating MNCs, can enhance IL-18-mediated signaling
(21). Subsequently, islet-secreted IL-18 may induce IFN-y
production via receptors on the islet cells or islet stromal
cells in an autocrine/paracrine manner. Once this positive
autocrine/paracrine circuit for production of IL-18, IFN-y,
and CXCL10 is established in islet cells, destructive
mechanisms involving CXCR3+ T cells and macrophages
might persist until complete destruction of the B-cells (4).

We found that Fas was highly expressed in affected islet
B-cells and islet-infiltrating FasL+ cells. Taken together
with the finding that MHC-I and IFN-a, -8, and -y were
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FIG. 3. Immunohistochemical staining of IL-18, insulin, CXCL10, IFN-y, and FasL. A-D: Triple-immunostaining of IL-18 (A4), insulin (B), and
CXCL10 (C). The merged image (D) shows that most B-cells express both IL-18 and CXCL10 (arrowheads). Some islet non-f-cells also express IL-
18 and CXCL10 (orange, arrows) (X400, case 2). E-H: Triple-immunostaining of IL-18 (E), insulin (F), and IFN-y (G). The merged image (H)
shows that most B-cells express both IL-18 and IFN-y (arrowheads) and that some islet non-B-cells also express IFN-y (red) (X400, case 2). I:
Serum levels of IFN-y in patients with fulminant type 1 diabetes (FT1D) or with typical acute-onset type 1 diabetes (AT1D) and nondiabetic
control (CT) subjects. Values are expressed as means * SE; *P < 0.05. J: Immunostaining of Fas in islets affected by fulminant type 1 diabetes
(brown) demonstrates strong expression of Fas in islet cells (X200, case 2). K~M: Double-immunofluorescent staining of insulin (K) and FasL (L).
The merged image (M) shows that FasL-positive cells infiltrate the islets (X400, case 3). Color balance of M has been adjusted. (A high-quality

digital representation of this figure is available in the online issue.)

strongly expressed in affected islet cells, effecter mecha-
nisms for 3-cell apoptosis in fulminant type 1 diabetes are
likely mediated in part by MHC-I and by the Fas-FasL
pathway (22). Inflammation-induced Fas-FasL expression
in B-cells was reported to lead to rapid and massive B-cell
destruction (23). Other apoptotic mechanisms through the
IFN-y-dependent JAK/STAT pathway (24) and innate im-
mune pathway (25) will also exert B-cell destruction.
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Abstract

Objective The contribution of innate immunity responsible for beta-cell
destruction in fulminant type 1 diabetes (FT1D) and slowly progressive
insulin-dependent diabetes mellitus (SPIDDM) is unclear.

Research Design and Methods Islet-cell expression of Toll-like receptors
(TLRs) including TLR3 and TLR4, the cytoplasmic retinoic acid-inducible
protein I (RIG-I)-like helicases, RIG-I, melanoma differentiation-associated
gene-5 and laboratory of genetics and physiology 2 in the affected
islets were studied immuno-histochemically on three pancreases obtained
2-5 days after the onset of FT1D and a pancreas from a patient with
SPIDDM.

Results Laboratory of genetics and physiology 2 and RIG-I strongly
expressed in beta cells in all three FT1D pancreases infected with enterovirus
(VP1 antigen). Melanoma differentiation-associated gene-5 was hyper-
expressed in all subsets of islet cells including beta cells and alpha cells.
TLR3 and TLR4 were expressed in mononuclear cells that infiltrated to
islets. IFN-alpha/beta was strongly expressed in islet cells. In contrast,
pancreas of a patient with SPIDDM, enterovirus and expression of innate
immune receptors including RIG-I, melanoma differentiation-associated
gene-5, hyperexpression of laboratory of genetics and physiology 2 and
mononuclear cells, which were positive for TLR3 and TLR4, and infiltration
to the islets were not detected.

Conclusions These findings demonstrate that retinoic acid-inducible
protein I (RIG-I)-like helicases and TLRs play a crucial role on beta-
cell destruction in enterovirus-induced FT1D. The presence of distinct
mechanism(s) of slowly progressive beta-cell failure in SPIDDM was
suggested. Copyright © 2011 John Wiley & Sons, Ltd.

Keywords LGP2; RIG-I; MDAS; innate immunity; CXCL10; fulminant type
1; diabetes; slowly progressive insulin-dependent diabetes mellitus

Introduction

Fulminant type 1 diabetes is a unique subtype of type 1 diabetes characterized
by an abrupt onset of severe hyperglycaemia and ketoacidosis that is preceded
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by flu-like symptoms including fever, abdominal pain
and headache [1-3]. Recently, we have reported
enterovirus-induced unique mechanisms for beta-cell
destruction in human fulminant type 1 diabetes [4].
Enterovirus infection initiates the expression of CXC
chemokine ligand 10 (CXCL10) in beta cells. T cells
bearing CXCR3, the receptors for CXCL10, macrophages
are activated by CXCL10 and are attracted to virus-
infected islets. These infiltrating autoreactive T cells and
macrophages release inflammatory cytokines including
interferon (IFN)-gamma in the islet, which not only
damages beta cells but also accelerates the generation of
CXCL10 in residual beta cells. This further activates cell-
mediated immunity until complete beta-cell destruction
occurs [4].

In this study, we describe the in situ status of viral
infection and innate immunity in the islets of human
fulminant type 1 diabetes. This includes expression
of enterovirus RNA and enterovirus capside protein
(VP1), Toll-like receptors (TLRs): TLR3 and TLR4, the
cytoplasmic retinoic acid-inducible protein I (RIG-I)-
like helicases (RLHs): RIG-I, melanoma differentiation-
associated gene-5 (MDAS) and laboratory of genetics
and physiology 2 (LGP2) in the affected islets. TLRs
and RLHs are two major receptor systems for detecting
RNA viruses including enterovirus [5,6]. In addition, we
investigated possible superimposed infection of influenza
virus because the influenza virus is accessible to RIG-I
[5,6], and influenza infection-induced fulminant type 1
diabetes has been reported [7]. The expression status
of type I IFN including IFN-alpha and IFN-beta, which
not only potentially inhibits viral replication but also
enhances cytotoxic beta cell immunity [8], was examined
on affected islet cells.

SPIDDM is characterized by islet cell antibodies-positive
non-insulin-dependent diabetes and subsequent gradual
loss of beta-cell function lapsing into insulin dependency
during several years [9-12]. Involvement of enterovirus
infection followed by specific innate immunity for beta-
cell destruction is potentially considered. In the present
study, expression of VP1, TLRs and RLHs was examined
in a patient with SPIDDM, which was reported previously
[4].

Our unique findings on innate immunity which is closely
linked to adaptive immunity of the affected pancreas by
fulminant type 1 diabetes and SPIDDM will provide new
insights into the understanding of the specific mechanisms
for beta-cell failure and possible preventions of two
subtypes of type 1 diabetes.

Methods

Patients

The clinical profiles of three autopsied patients with newly
developed fulminant type 1 diabetes are reported [4]. In
brief:

Copyright © 2011 John Wiley & Sons, Lid.
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Case 1: A 14-year-old boy died from diabetic ketoaci-
dosis preceded by flu-like symptoms 5 days earlier. Case
2: A 25-year-old man died from diabetic ketoacidosis.
He had sudden symptoms of nausea and epigastralgia
for 2 days before. Case 3: A 29-year-old man died from
diabetic ketoacidosis. This was preceded by slight fever,
nausea and vomiting 2 days before. All subjects had the
susceptible HLA haplotype [13] for fulminant type 1
diabetes.

In addition, pancreatic tissue from an autopsied
patient (a 56-year-old woman who died due to cerebral
infarction) with slowly progressive insulin-dependent
(type 1) diabetes [14] was also examined for the presence
of enterovirus and innate immune receptors. She had
been treated with insulin and had shown diminished
urinary C-peptide secretion (1.1 nmol/day) and high
serum glutamic acid decarboxylase autoantibodies titre
[12.5 U/mL (221.4 WHO U/mlL)].

Controls

Pancreatic tissues from five autopsied non-diabetic male
patients (65 =+ 11 years) were used as non-diabetic
controls for immunohistochemical analysis.

Real-time PCR for enterovirus, RIG-I
and MDAS5

RNA was extracted from two 5-pum paraffin sections of
pancreatic tissue using a Recover All total nucleic acid
isolation kit (Ambion, Austin, TX, USA), according to the
manufacturer’s instructions. Nested reverse transcription
polymerase chain reaction (PCR) targeting the 5
nontranslated region and VP1 region was performed
using primers described previously [14-17]. We then
performed real-time PCR to detect enterovirus sequences
with specific primers and probes [18,19]. Real-time PCR
for RIG-I and MDAS was performed using TagMan
probes (Applied Biosystems, Foster City, CA, USA).
However, we were unable to detect the enterovirus,
RIG-I or MDAS genome sequences. Also, we could not
amplify 185 rRNA and/or glyceraldehyde phosphate
dehydrogenase ¢DNAs from the pancreatic sections
of diabetic patients, although we could detect 18S
rRNA and/or glyceraldehyde phosphate dehydrogenase
sequences from control pancreata. We therefore assumed
that most RNA in the autopsied pancreata had already
degraded.

Immunostaining
and immunofluorescent staining

Methods and sera used for immuno-stainings except for
rabbit anti-LGP2 (DHX58, Sigma, MO, USA) and goat
anti-influenza A HIN1 antibody (AbD Serotec, Oxford,
UK), mouse anti-influenza A monoclonal antibody blend
(Millipore, Temecula, CA, USA) were reported [20].

Diabetes Metab Res Rev 2011; 27: 965-~970.
DOI: 10.1002/dmrr
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Figure 1. Intra-cytoplasmic laboratory of genetics and physiology 2 expression in enterovirus-associated human fulminant type 1
diabetes. Triple-immunostaining for: laboratory of genetics and physiology 2 (A), glucagon (B) and insulin (C). The merged image
(D) demonstrates specific hyper-expression of laboratory of genetics and physiology 2 in beta cells (x400)

Ethics

The Ethics Committee of the University of Yamanashi
approved all of the procedures performed in this study.

Statistics

Differences in variables between groups were compared
using Student’s t-test and analysis of variance.

Results

LGP2, MDAS5 and RIG-I expression,
enterovirus capsid protein (VP1)
and influenza A virus protein

in the pancreas

LGP2 was preferentially hyper-expressed in beta
cells of three patients with fulminant typel dia-
betes (Figures 1A-D). In non-diabetic control pancreas,
basal expression of LGP2 was observed in beta cells
(Figures 2A-D).

MDAS was strongly expressed in beta cells, alpha cells
and other types of islet cells in affected islets of three
patients with fulminant typel diabetes in accordance
with our previous report [20]. In non-diabetic control
pancreas, weak MDAS expression was observed in a few
alpha cells.

Significant expression of RIG-I was observed preferen-
tially in beta cells in all three patients with fulminant type

Copyright © 2011 John Wiley & Sons, Ltd.

1 diabetes, yet it was not expressed in non-diabetic control
pancreas. Enterovirus capsid protein (VP1) was detected
in beta cells and non-beta cells in the islets of fulminant
type 1 diabetes, in accordance with our previous study
[4]. In addition, we investigated possible superimposed
infection of influenza virus. However, we did not detect
any influenza A virus protein in the affected pancreas of
fulminant type 1 diabetes patients.

In the pancreas of a patient with SPIDDM, we could
not detect VP1 antigen and expression of innate immune
receptors including RIG-I, MDAS5 and hyperexpression of
LGP2.

TLR3 and TLR4 expression
in the pancreas

TLR3 was expressed in mononuclear cells (MNCs) that
had infiltrated to the islets as well as around the islets of
the patients with fulminant type 1 diabetes. TLR4-bearing
MNCs were observed in the patients with fulminant
type 1 diabetes. Numbers of MNCs positive for TLR3
or TLR4 were not increased in the affected pancreas of
SPIDDM in composed with non-diabetic controls. TLR3- or
TLR4-expressing MNCs were not observed in non-diabetic
controls.

IFN-alpha, IFN-beta expression
in the islets

In all three pancreases of the patients with fulminant
type 1 diabetes, IFN-alpha and IFN-betal were strongly

Diabetes Metab Res Rev 2011; 27: 965-970.
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Figure 2. Intra-cytoplasmic laboratory of genetics and physiology 2 expression in non-diabetic controls. Triple-immunostaining
for: laboratory of genetics and physiology 2 (A), glucagon (B) and insulin (C). The merged image (D) demonstrates specific basal
expression of laboratory of genetics and physiology 2 in beta cells (x400)

expressed in most islet cells. In the pancreas with SPIDDM
neither IFN-alpha nor IFN-betal was expressed.

Discussion

We found that LGP2 was hyper-expressed specifically in
beta cells of the patients with fulminant type 1 diabetes.
LPG2 is particularly important for the recognition
of picornavirus including encephalomyocarditis virus,
mengovirus and probably enterovirus [21]. LPG2 acts
as a positive regulator of MDAS- and RIG-I-mediated viral
recognition at the upstream site [21]. It, therefore, is
highly probable that LPG2 enhance RIG-I- and MDA5-
mediated enterovirus sensing pathway and subsequently
accelerate specific beta cell destruction. MDA5 was
also hyper-expressed in alpha cells and non-beta/non-
alpha cells in the affected islets. Mutations of the
MDAS5 genes have been implicated in reducing the
risk of type 1 diabetes [22], suggesting important
engagements for virus infection and the occurrence of
type 1 diabetes. These results, together with the finding
that the enterovirus had infected all subsets of islet cells
[4], indicate that all of the subsets of islet cells are
in an activated state of innate immunity in response to
enterovirus in the patients with fulminant type 1 diabetes.

Some viruses in the picornavirus family including
enterovirus and rhinovirus have essentially MDAS5-
mediated virus sensing mechanisms in immune-mediated
cells, such as dendritic cells [23,24]. Our data of hyper-
expressed RIG-I as well as MDAS with the expression of

Copyright © 2011 John Wiley & Sons, Ltd.
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Figure 3. Annual decline rate of C-peptide responses to 75-g oral
glucose tolerance tests in the SPIDDM patients. Left column: high
titre of glutamic acid decarboxylase autoantibodies (=180 WHO
U/mL), Middle column: low titre of glutamic acid decarboxylase
autoantibodies (<180 WHO U/mL), Right column: glutamic
acid decarboxylase autoantibodies-negative type 2 diabetes. The
values among the three groups are significant (p < 0.0001)

IFN-alpha/betal in beta cells suggest a crucial role of
RIG-I as well as MDAS for sensing and responding to
enterovirus infection in the pancreas of patients with
fulminant type 1 diabetes. Increased TLR3-positive MNCs
that infiltrated to the affected islets will participate
in sensing viral RNA and subsequently destruct the
beta cell in corporation with RIG-I- and MDAS5-initiated
axis, thus producing pro-inflammatory cytokines and
chemokines [25,26]. TLR3 has a critical link with the

Diabetes Metab Res Rev 2011; 27: 965-970.
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pro-inflammatory signal axis in the -innate immune
response against Coxsackievirus B3 [26].

Our studies, in which we have reported that enterovirus
(VP1 antigen) was immunostained in the pancreas with
fulminant type 1 diabetes, do not exclude the possibility
that virus other than enterovirus is involved in destructive
mechanism(s) of beta cells in fulminant type 1 diabetes
[8]. In addition double infection of two kinds of different
viruses cannot be excluded. However, present study failed
to demonstrate superimposed infection of influenza virus
to enterovirus infection pancreas.

In this study we could not find any evidence of involve-
ment of enterovirus (VP1 antigen) in the affected pancreas
by SPIDDM. In addition, expression of RLHs and TLRs
to the affected pancreas from a patient with SPIDDM
was not observed. Already we could find mild insulitis
and peri-insulitis composed of CD8+ T cells and CD68+
macrophages in this case [4]. Considering together with
the present findings and our previous results [27] that the
rate of decline of beta-cell loss in SPIDDM is faster than
that in type 2 diabetes (Figure 3), we can suggest that
different immunological mechanism(s) from that of ful-
minant type 1 diabetes and type 2 diabetes may be related
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with beta-cell dysfunction in SPIDDM. In situ studies using
larger number of pancreases of SPIDDM patients will be
needed.
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