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the innate immune system by the virus. Moreover, the
expression of TLR3 in T cells and macrophages infil-
trating to the pancreas in those patients, is an important
evidence of viral infection in fulminant type 1 diabetes.
In addition, several TLRs and type I interferon are re-
ported to express simultaneously in immune cells [23],
suggesting different types of TLRs might be detectd in
a same immunocyte in our specimens. The finding that
enterovirus RNA was detected in a beta-cell-positive is-
let in one of the three patients by in situ hybridization is
a direct evidence of enterovirus infection in this patient,
while Ylipaasto er al studied autopsy pancreases from
65 type 1 diabetic patients (not subclassified into type
1A or type 1B) for presence enterovirus RNA by in situ
hybridization and they found positive results in just 4
out of 65 patients. [24].

Second, both beta and alpha cell regions were de-
creased significantly in fulminant type 1 diabetes, even
very soon after the onset of overt diabetes. The beta
cell region in fulminant type 1 diabetes patients was 0.1
% of that in normal controls in our study. We previ-
ously reported that the beta cell area was decreased to
0.4 % of that of normal controls in pancreatic biopsy
specimens with fulminant type 1 diabetes obtained 1
to 5 months after the onset of overt diabetes. We also
reported that the beta cell area in autoimmune (type
1A) diabetes was decreased to only 14.5 % of that in
normal controls [8]. These data indicated that almost
all the beta cells were destroyed within a short peri-
od in fulminant type 1 diabetes. The result contrasts
strikingly with type 1A diabetes where the process of
beta cell destruction usually progresses gradually [25].
In addition, the alpha cell area in fulminant diabetes
was also markedly decreased to 9.6 % of that in nor-
mal controls, indicating that both beta and alpha cells
are damaged at the onset of fulminant type 1 diabetes.
This finding also contrasts to the mild decrease of al-
pha cells in type 1A diabetes.

Third, we detected the infiltration of CD3+ cells
and CD68+ cells in and around the islets, as well as in
the exocrine pancreas, in all patients with fulminant
type 1 diabetes just after the onset of clinical diabetes.
CD68+ macrophages infiltrates predominantly and are
observed in 92.6 % of islets examined in this study.
In our previous report, no insulitis was observed in
the biopsy specimens of three patients obtained 1 to 5
months after onset [2]. Overall, it is reasonable to be-
lieve that mononuclear cell infiltration into the islets

exist at the time of disease onset but disappear soon
after both beta cell destruction and elimination of pos-
sible viral antigens in fulminant type 1 diabetes.

From these results, we suggest that not autoimmu-
nity but antiviral inflammation plays an etiopatholog-
ical role in fulminant type 1 diabetes. In the classi-
cal type 1A diabetes, autoimmunity is believed to be
an etiology and insulin is the most likely candidate as
a primary antigen [25]. It is well known that T cells
are dominated in insulitis lesion, alpha cells are not af-
fected, and beta cells are specifically damaged because
of selective recognition of beta cell autoantigens by T
cells [26]. However, in fulminant type 1 diabetes, the
infiltration of macrophages (but not T cells) is domi-
nant. Macrophages are initially activated in viral in-
fected lesion and generate inflammatory cytokines, and
chemokines to kill the target cells [27], though it also
observed in low-dose Streptozotocin-induced diabetes
model mice [28]. They are less selective than T cell-
oriented target cell death. This hypothesis of a less se-
lective mechanism is in accord with the fact that both
beta and alpha cell regions are decreased significantly
in fulminant type 1 diabetes as shown in this study.

In conclusion, our study showed remarkably de-
creased numbers of pancreatic beta and alpha cells,
macrophage-dominated insulitis and the expression
of TLRs, a signature of viral infection, in fulminant
type 1 diabetes soon after the disease onset. These re-
sults suggest a new mechanism of virus-induced mac-
rophage-dominated inflammatory process, rather than
autoimmune T cell response, plays a major role in beta
cell destruction in this novel subtype of diabetes.
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The gap junction protein, connexin 43 (Cx43), might be involved
in the development of atherosclerosis. Cx43 is expressed in vascular
smooth muscle cells (SMCs) and its upregulation has been reported
in animal models with atherosclerosis [1]. However, little is known
about Cx43 expression in human arteries [2]. Here, we examined
Cx43 expression in radial arteries (RA) and internal thoracic artery
(ITA) of patients undergoing coronary artery bypass graft (CABG)
surgery.

Short lengths of both the distal RA and ITA were obtained from 29
Japanese patients at the time of CABG surgery. Table 1 shows the
patient characteristics. Frozen sections of both arteries were analyzed
immunohistochemically using anti-human Cx43 (Chemicon) and
anti-activated nuclear factor kappa B (NF«B) (p65 subunit) (Cell
Signaling Technology) antibodies. Elastic fibers were stained with
elastica van Gieson (eVG).

Staining the RA with eVG revealed homogeneously muscular
types with little elastic laminae. The intensity of Cx43 in the medial
SMC differed among individual patients. Activated NF<B often
colocalized with Cx43 expression (Fig. 1). The intensity of Cx43
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College, 2-7 Daigakumachi, Takatsuki, Osaka 569-8686, Japan.
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expression positively correlated with NF<B activation (r=0.74,
P<0.01; Fig. 1E).

In contrast, eVG staining revealed a heterogeneous ITA structure,
ranging from elastic to muscular artery. The expression of Cx43 was
prominent in the elastic ITA type, whereas its expression was sparse
in the muscular type. The number of elastic laminae significantly
and positively correlated with Cx43 expression (r=0.61, P<0.01).
The expression of Cx43 did not correlate with NFKB activation in ITA
at all. Moreover, the intensity of Cx43 expression in ITA did not
correlate with that in RA of any patient.

We found Cx43 expression was associated with NF«B activation in
the human RA, which is a muscular artery. As NF«B activation is a key
signal for the induction of various proinflammatory cytokines, Cx43
upregulation seems to be involved in the pathogenesis of athero-
sclerosis in the human muscular artery. Interestingly, Cx43 expression
differed between RA and ITA even within the same patient. Cx43
expression in ITA of Japanese individuals depended on the number of
elastic fibers as found in Caucasians [3]. Previous histological study
suggested that ITA with more elastic media possesses less intima [4].
Various studies in animal models suggest that the upregulation of
Cx43 expression in SMC is linked to the development of

Table 1
Patient characteristics.

All subjects (n=29)

Age;years .

S 6259
Gender (male, %) - 25/(86.2)
SBP, mm Hg . - : 128419 o
DBP, mm Hg. 77
Risk factor G
Smoking, % Cos(e2a)
DM, %" : 16(552)
Hyperlipidemia, % - C18(62)
Hypertension, % 19(65.5):
CRP (mg/dl) : U 011940105
Previous cardiovascular events (OMI/AP)’ 45 .

Values are mean + SD or number and percentage of patients.
SBP, systoric blood pressure; DBP, diastolic blood pressure.
CRP, C-reactive protein.
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Fig. 1. Connexin 43 expression and NF<B activation in RA. Immunohistochemical staining for connexin 43 (A and C) and NF«B p65 subunit (B and D) in media of RA. C and D, positive
staining at greater magnification. Arrowheads, external elastic laminae. Arrows, positive staining for NF<B p65 subunit. Bar, 100 um. E, positive relationship between intensity of

connexin 43 and NF«B p65 expression. RA, radial artery. NF«B, nuclear factor kappa B.

atherosclerosis [1,5]. Thus the regulation of Cx43 expression on medial
SMC in ITA seems unique, whereas that in RA is universal. In addition,
RA and coronary artery are similar in that they are both of the
muscular type. Thus, Cx43 expression might be involved in the
development of coronary atherosclerosis.

The fact that increased Cx43 expression correlated with NF<B
activation in the distal portion of RA is of interest because bypasses
might fail in patients with an RA bypass conduit in that location. In
fact, bypasses became occluded at the RA-coronary anastomosis sites
within 2 years of CABG in two of our patients who expressed high
levels of Cx43 and activated NF«B in RA sections. Although we could
not follow the remote patency of bypass conduits in all of the patients,

Cx43 expression might be involved in its remote patency. Thus a
strategy to decrease Cx43 expression in RA conduits might be useful in
the clinical setting.

The authors of this manuscript have certified that they comply
with the Principles of Ethical Publishing in the International Journal of
Cardiology [6].
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Ventricular arrhythmias are caused by reentrant circuits that occur
due to the blockade of a conduction circuit in the muscle of the heart
[1]. Torsade des pointes (TdP), a type of ventricular tachycardia charac-
terized by twisting of the wave on an electrocardiogram, may be caused
by the malfunctioning of inwardly rectifying potassium channels
(I« channels), which play significant roles in phase 3 of the cardiac
action potential [2].

The pores of I, channels are encoded by two genes, KCNH-2 and
KCNE-2, which serve as alpha- and beta-subunits, respectively. Muta-
tions in either of these genes can cause long QT-like syndromes [3-6].

However, contrary to the assumption that the expression of KCNE-
2 exceeds that of KCNH-2, a number of articles have shown that the
ratio of KCNH-2 mRNA to KCNE-2 mRNA is inadequate to support the
formation of a channel complex (i.e., the expression of KCNH-2 is
much higher than that of KCNE-2) and this has resultantly lead to the
weakness of KCNH-2 and KCNE-2 complex theory [7-9].

In this study, we examined the stoichiometric relationship
between KCNE-2 and KCNH-2 to confirm whether the proteins they
encode comprise a functional channel in cardiac muscle. To do so, we
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evaluated the expression of the two genes at the mRNA level by real-
time polymerase chain reaction (PCR) and microarray analysis and at
the protein level by Western blotting. The stoichiometry between two
proteins was obtained using densitometer.

mRNA was extracted from the ventricles of 6-week-old SD rats
(n=3,; Orient Bio, Seongnam, Korea) using Trizol reagent (Invitrogen,
Carlsbad, CA) according to the manufacturer's instructions and
purified using an RNeasy Total RNA Isolation Kit (Qiagen, Hilden,
Germany). Total RNA from the hearts of three individuals was
quantified using a NanoDrop ND-1000 spectrophotometer (Wilming-
ton, DE) and its integrity was assessed using a 2100 Bioanalyzer
(Agilent, Boblingen, Germany). KCNE-2 and KCNH-2 mRNA were
detected and quantified using SYBR Green (QunatiTect SYBR Green
PCR Master Mix; Qiagen, Valencia, CA) according to the manufac-
turer's instructions using a Rotor Gene 6000 real-time rotary analyzer
(Corbett Research, Sydney, Australia). Primers were designed using
Primer 3 software (http://frodo.wi.mit.edu/; Table 1 in Appendix A).
To ensure the specificity and integrity of the amplified products,
melting curve analyses were performed on all amplified products.
GAPDH was used as an internal control, and the fold-changes in
expression were calculated according to the 2744<T method. For the
microarray analysis, an Affymetrix Rat Genome 230 2.0 array was
used; all processing was performed according to the manufacturer's
instructions (Affymetrix, Santa Clara, CA). Data processing of the cell
intensity files (CEL) and microarray analysis were performed using
GenPlex software (Istech Inc., Goyang, Korea). The data were normal-
ized by global-scale normalization. The accession numbers of each
probe used in the detection of KCNH-2 and KCNE-2 are given in Table 2
in Appendix A.

Astemizole (60 mg/kg), a selective Iy, blocker, was administered to
6-week-old SD rats (n=3; Orient Bio) by oral gavage; rats given an
equal volume of 0.5% methylcellulose (n=3) were included as a
control. Four hours later, the rats' hearts were collected under
isoflurane and RNA was extracted for microarray analysis as described
above. Changes in the mRNA expression of KCNH-2 and KCNE-2 in
response to astemizole were subsequently determined.

For deglycosylation study of KCNE-2, approximately 50 mg
ventricular muscle was isolated from the 6-week-old SD rats (n=3).
The samples were lysed with lysis buffer and automated sonicator.
60 pg of lysed samples was incubated with N-glycosidase at 37 °C for
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