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Fig. 3. A, Correlation between percentage change of HbA,. and platelet
aggregate formations by 10 umol/L serotonin after switching to gliclazide
(r = 0.39, P = .1712). B, Correlation between percentage change of
HbA,. and platelet aggregate formations by 0.5 pmolV/L ADP after
switching to gliclazide (» = 0.56, P = .0370). C, Correlation between
percentage change of HbA,. and PAI-1 after switching to gliclazide (r =
0.65, P = .0115).

3.3. Change of the levels of coagulation factors and PAI-1
afier switching to gliclazide

After switching from glibenclamide to gliclazide, PT,
APTT, Fbg, TAT, PIC, and PAI-1 were not changed
significantly, although PAI-1 would tend to decrease
(Table 3).

3.4. Relationship hetween platelet aggregate formation,
plasma PAI-1, blood pressure. and glycemic control

At the end of the 6-month gliclazide treatment and
compared with the group of patients with aggravated levels
of HbA,. (n = 9), patients with improved HbA,, levels
(n = 5) had significantly reduced ADP-induced platelet
aggregate formation (P = .0196) and plasma PAI-1 levels
(P = .0063) (Fig. 2).

Linear regression analysis showed that percentage
change of HbA,. correlated positively with both percent-
age change of platelet aggregate formation by 0.5umol/L
ADP (r = 0.56. P = .0370) (Fig. 3B) and percentage
change of PAI-1 (r = 0.65, P = .0115) (Fig. 3C) after
switching to gliclazide.

The mean systolic blood pressure (1359 =+ 3.9
mm Hg) in the group of patients with aggravated
levels of HbA,. was not significantly different from the
mean systolic blood pressure (124.0 + 9.2 mm Hg) in
the group of patients with improved HbA,. levels. The
mean diastolic blood pressure (76.7 = 2.4 mm Hg) in
the former group was not significantly different from
the mean diastolic blood pressure (70.2 £ 6.2 mm Hg)
in the latter group. Percentage change of mean systolic
blood pressure (—5.6% £ 4.3%) in the former group
was not significantly different from percentage change
of the mean systolic blood pressure (2.1% * 2.5%) in
the latter group. Percentage change of mean diastolic
blood pressure (—2.0% =+ 3.1%) in the former group
was not significantly different from percentage change
of the mean diastolic blood pressure (6.8% = 2.7%) in
the latter group.

3.5. Relationship between plasma PAI-1 and various factors

Multiple regression analysis showed that, after switch-
ing to gliclazide, the percentage change of ADP-induced
platelet aggregate formation (r = 0.540, P = .0401) was
independently associated with the percentage change of
plasma PAI-1 level in addition to the percentage change
of HbA;. (r = 0.657, P = .0310) (R = 0.939, P = .0188)
(Table 4). The other independent variants including the
final dose of gliclazide, HOMA-R, percentage change of
PT—international normalized ratio, APTT, and T-Chol
were not significantly associated with percentage change
of PAI-1.

Table 4
Multiple regression analysis with percentage change of plasma PAI-1 level

Regression  SEM

Standardized P

coefficient regression
coefficient
Percentage change of 0.539 0.207  0.540 .0310
ADP-induced platelet
aggregate formation
Percentage change 1.809 0.645  0.657 .0401

of HbA;,
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4, Discussion

We found that platelet aggregate formation induced by 5-
HT was significantly reduced after switching from glib-
enclamide treatment to gliclazide under the same conditions
of metabolic control. Serum advanced glycation end products
(AGEs) are significantly higher in DM subjects compared
with healthy subjects [14], and our previous study indicated
that enhancement of 5-HT—induced platelet aggregation in
DM is dependent on the increased level of AGEs [15].
Gliclazide may therefore decrease the effect of AGEs on the
enhancement of 5-HT—induced platelet aggregate formation
in type 2 DM patients. When we switched from glibencla-
mide to gliclazide, BMI, FPG, IRI, HbA ., T-Chol, and TG
were not changed at all. These results indicate that gliclazide
inhibits platelet aggregation via the serotonin pathway,
independently of the metabolic and/or glycemic control per
se. Although gliclazide is a more potent ADP-induced
platelet aggregation inhibitor than glibenclamide [16],
ADP-induced platelet aggregate formation was not changed
in our study when we switched from glibenclamide to
gliclazide. We reported that ADP-induced platelet aggrega-
tion is increased by AGEs; but this increment is diminished
by addition of sarpogrelate, a selective 5-HT receptor
antagonist [15]. In the group with improved HbA ., ADP-
induced platelet aggregate formation and plasma PAI-1 level
were significantly reduced compared with the group with
aggravated HbA .. Although a relationship between the level
of blood pressure (particularly hypertensive levels) and
platelet activation has been reported, there was no significant
difference of hypertensive levels between the groups with
aggravated and improved HbA,. levels. The percentage
change of ADP-induced platelet aggregate formation was
independently associated with the percentage change of
plasma PAI-1 level in addition to percentage change of
HbA, after switching to gliclazide by multiple regression
analysis. In some reports, an improved metabolic control of
type 2 DM could significantly decrease the elevated
concentrations of PAI-1. The decrement in PAI-1 is induced
by drugs with dissimilar effects on insulin secretion (e,
glipizide gastrointestinal therapeutic system and metformin),
emphasizing the important contribution that metabolic
control has on this process [17].

Furthermore, in patients with improved glycemic control,
gliclazide could inhibit ADP-induced platelet aggregation
and PAI-1 level. Gliclazide rather than glibenclamide has
been reported to attenuate the progression of carotid intima-
media thickness in subjects with type 2 DM [18]. Further-
more, in a population-based case-control and follow-up
study, the risk of myocardial infarction would appear to be
higher among users of old sulfonylureas including glib-
enclamide (adjusted odds ratio, 2.07; 95% confidence
interval, 1.81-2.37) than among users of new sulfonylureas
including gliclazide (adjusted odds ratio, 1.36; confidence
interval, 1.01-1.84) [19]. Recently, in the ADVANCE trial
(Action in Diabetes and Vascular disease: preterAx and

diamicroN modified release Controlled Evaluation), an
intensive glucose-control strategy using gliclazide (modified
release) and other drugs as required lowered the average
HbA value to 6.5% in a broad range of patients with type 2
DM and reduced the incidence of the combined primary
outcome of major macrovascular or microvascular events
[20]. We should have listed the limitations of the study in the
interpretation of the results. All patients were switched from
glibenclamide to gliclazide. Although we have claimed that
the subjects were under the same conditions of metabolic
control, at the end of the 6-month period, there was a group
with aggravated levels of HbA . and a group with improved
HbA,. levels. To compare the 2 drugs, half the patients
should have continued on glibenclamide; or, more practicable
with the small number, a cross-over design could have been
used. This would permit comparing the 2 drugs in the patients
with matching HbA, . levels.

In conclusion, the study results demonstrate that
gliclazide inhibits serotonin-induced platelet aggregation
independently of glycemic control, although being less
effective on ADP-induced aggregation, and may have a
better effect on the reduction of platelet aggregability than
glibenclamide. Very importantly, this study supports
previous results showing the reduction in platelet aggreg-
ability and reduction in PAI-1 level with the improvement
in glycemic control. Therefore, gliclazide may be more
useful for the prevention of diabetic vascular complications
than glibenclamide via beneficial and pleiotropic effects on
the hemorrheologic abnommalities.
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Role of Macrophages in the Development of Pancreatic
Islet Injury in Spontaneously Diabetic Torii Rats
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Abstract: Spontaneously diabetic Torii (SDT) rats were established from Sprague-Dawley
(SD) rat and are used as an animal model of type 2 diabetes mellitus. In the present study,
the mechanism of the development of injury in the pancreas of these rats was examined
focusing on the role of monocytes/macrophages. The number of lymphocytes and monocytes
in the circulation of SDT rats increased with age, reaching a plateau at around 9 weeks of
age and remaining at that level thereafter. The number of leukocytes in SDT rats was almost
twice that of wild-type SD rats. Serum IL-18 levels began to increase at 8 weeks of age,
forming a prominent peak at 9 weeks of age. In parallel with this, serum levels of NO,/NO,
showed an abrupt rise and decline. Spleen cells prepared from 9-week-old SDT rats expressed
high levels of IFN-y in response to IL-18, while those from 9-week-old wild-type SD rats did
not. Immunohistochemical analysis revealed marked infiltration of CD68* cells in the islets
of SDT rats. Treatment of SDT rats with Cl,MDP-liposomes reduced the number of monocytes
as well as levels of NO,/NOj; in the circulation. Consistent with this, the number of infiltrated
CD68" cells in the islets was reduced in SDT rats treated with CI,MDP-liposomes. These
results suggest that macrophages are involved in pancreatic islet injury in SDT rats through
excess production of NO induced by IL-18 which increases transitorily at around 9 weeks of
age.

Key words: CI,MDP-liposomes, IL-18, monocytes/macrophage, NO, SDT rat

Introduction retinopathy [30]. At 8-10 weeks of age, SDT rats man-

ifest microvascular abnormalities such as congestion and

Male SDT rats, known as a model of non-obese type  hemorrhage in pancreatic islets [20]. At around 9 weeks

2 diabetes, develop hyperglycemia without obesity at  of age, invasion of inflammatory cells into the pancreas
around 20 weeks of age and manifest nephropathy and  and destruction of S-cells are observed [20]. Fibrosis in
ocular complications such as cataract and proliferative  the pancreas occurs starting at about 20 weeks of age
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[20]. The invasion of inflammatory cells into the pan-
creas continues throughout the life of SDT rats, and high
levels of glucose are also maintained in the blood [30].
Interestingly, however, SDT rats live long, for more than
2 years, without fatal complications even in the absence
of exogenous administration of insulin.

Although diabetes of SDT rats has been considered as
type 2, the pancreas of SDT rats also manifests features
of type 1 diabetes, such as vigorous cell invasion [20].
Type 1 diabetes mellitus is an autoimmune disease that
results in destruction of insulin-producing f-cells in the
pancreatic islets. A variety of inflammatory cells and
mediating molecules including cytokines and oxygen
radicals are involved in the destruction of islet B-cells
[19]. In non-obese diabetic (NOD) mice, used widely
as a model of type 1 diabetes, macrophages play a role
in the initiation and progression of autoimmune diabetes.
Macrophages accumulate around the islets at 4-5 weeks
of age prior to the peri-insular concentration of lympho-
cytes and later infiltrate into the islets [14, 28]. It has
been shown that excess nitric oxide (NO) production by
macrophages present continuously in the pancreas of
NOD mice mediates g-cell damage [2, 3, 5, 16]. It has
also been shown that excess production of NO by mac-
rophages is induced by IFN-y, produced by lymphocytes
in response to stimulation by IL-18 and IL-12 [4]. His-
tological studies show that the islets of SDT rats are
invaded by various inflammatory cells, but whether these
cells mediate B-cell injury, as in NOD mice, has not been
investigated.

Macrophages play arole in the pathogenesis of various
diseases as well as in host defense. Macrophage deple-
tion can be achieved by systemic injection of liposomes
containing clodronate [37]. Clodronate belongs to the
family of bisphosphonates (BPs), bone-seeking agents
that are potent inhibitors of osteoclasts. Like other BPs,
clodronate has poor cell membrane permeability [27].
Liposomes are readily taken up by cells in the reticu-
loendothelial system, in particular by macrophages.
Liposome-mediated delivery of clodronate inactivates
and kills macrophages after effective phagocytosis [29]
but is not toxic to nonphagocytic cells [37]. The action
of liposomes is different from that of various immuno-
suppressant drugs which reduce leukocytes by produc-
tion in bone marrow. In animal models, depletion of

monocytes/macrophages using Cl,MDP-liposomes has
been shown to ameliorate immune thrombocytopenic
purpura [1], vascular repair after mechanical arterial
injury [7], pneumocystis pneumonia [17], and autoim-
mune hemolytic anemia [15].

In this study, we examined the possibility that mac-
rophages may play a pivotal role in S-cell destruction in
SDT rats and that systemic inactivation of macrophages
might lead to attenuation of islet injury. The results show
that depletion of macrophages by clodronate in liposome
reduced pancreatic invasion of macrophages and destruc-
tion of islet S-cells.

Materials and Methods

Animals

Male SDT rats were provided by the animal control
center of the SDT rat study group (Torii Pharmaceutical
Company, Tokyo, Japan). Age-matched male SD rats
were purchased from CLEA Japan Inc. (Tokyo, Japan).
All experimental procedures were approved by the Ani-
mal Care Committee of Hyogo College of Medicine.

Blood cell count

Blood samples were collected from the cervical vein
using heparinized syringes in tubes containing EDTA
once a week. Red blood cells, leukocytes, and platelets
were stained with hematoxylin-eosin (HE) and counted
under a microscope.

Flow cytometory

Peripheral leukocytes were separated by density gra-
dient centrifugation with Histopaque1083™ (Sigma
Aldrich, St. Louis, MO, USA) and incubated with FITC-
conjugated anti-rat CD8 and Gr-1 antibodies, phyco-
erythrin (PE)-conjugated anti-rat CD3 antibody, and
cychrome-conjugated anti-rat CD4 and CD161a antibod-
ies (BD Bioscience Pharmingen, San Jose, CA, USA)
for 15 min at 4°C. Cells were washed 3 times with
staining buffer (PBS containing 2% FCS and 0.05%
NaNs5) and analyzed by flow cytometory (Becton Dick-
inson).

Assay of cytokines and NO metabolites
Serum levels of cytokines were measured by ELISA.
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For the IL-18 assay, 96-well EIA plates were treated with
1 yg/ml of mouse anti-rat IL-18 antibody (R&D Systems,
MN, USA) diluted with PBS for 16 h at 4°C, washed
with PBS containing 0.5% Tween 20 and incubated with
blocking solution (PBS containing 1% BSA) for 1 h at
37°C. Samples were loaded in the wells, kept at 37°C
for 3 h, and incubated with 0.2 yg/ml of biotinylated
anti-rat IL-18 antibody (R&D Systems) overnight at 4°C,
and with 2.5 ug/ml of streptavidin-horseradish peroxi-
dase (HRPO) for 30 min at 37°C. Then, 3,3°, 5,5°-te-
tramethylbenzidine (TMB) (Sigma Chemical, St. Louis,
MO, USA) solution was added (50 ul/well) and incu-
bated for 30 min at room temperature in the dark to
develop color. The reaction was stopped by adding stop
solution (IN H,SO,), and OD values at 450 nm were
measured by a microplate reader system (Bio-Rad, CA,
USA). IL-18 concentrations were calculated using the
MPM-III computer program (Bio-Rad). Serum IL-12
p40 and IL-12p70 were measured by an ELISA kit pur-
chased from BioSource (CA, USA). Serum levels of
IFN-y, IL-4,IL-6, IL-10, and TNF-a were measured by
Bio-Plex™ Suspension Array System (Bio-Rad, CA,
USA). IFN-yin the culture of splenocytes was assayed
by an ELISA kit purchased from BioSource. NO me-
tabolites were determined by a kit consisting of Griess
reagents (Dojin Chemical Laboratory Institute, Kuma-
moto, Japan). NO, in the culture supernatant of leuko-
cytes was assayed by the Griess method.

Cell cultures

Splenocytes isolated from 4- to 10-week old SD and
SDT rats were cultured in RPMI1640 medium (Sigma
Aldrich) supplemented with 10% FCS, 10 mM glu-
tamine, 20 M 2-mercaptoethanol, penicillin (100 U/ml),
and streptomycin (100 pg/ml). Leukocytes prepared
from peripheral blood were cultured in the same medium
lacking phenol red (Sigma Aldrich). Cells were plated
on 48- or 96-well culture dishes at a cell density of 1 x
10 cells/ml, and cultured with 100 ng/ml recombinant
rat IL-18 (Glaxo Smith Kline Pharmaceuticals, PA, USA)
and IL-12 (R&D Systems). The supernatants were col-
lected and stored at —-80°C until use.

Histological examination
The pancreases from 4- and 9-week-old SDT rats were

fixed in 4% paraformaldehyde at 4°C overnight, embed-
ded in paraffin, and cut into 3-um sections. The sections
were stained with HE for observation under a light mi-
croscope. For immunohistochemical analysis of CD68,
a marker of macrophage, sections were treated with 0.1%
trypsin for 5 min at room temperature after de-paraffini-
zation. The sections were stained by the avidin-biotin
complex (ABC) method using Vectastain ABC Kit (Vec-
tor laboratories, CA, USA). The primary antibody used
was mouse anti-rat CD68 (1:200 in PBS containing 1%
BSA) (Serotec Ltd., Oxford, UK). They were then in-
cubated with biotinylated second antibodies for 30 min,
and then with ABC reagent for 30 min. Positive reac-
tions were visualized by developing color with peroxi-
dase substrate solution containing 3,3’-diaminobenzidine
tetrahydrochloride (DAB) (Zymed Laboratories, San
Francisco, CA).

Treatment with Cl,MDP-liposomes

Liposome encapsulated with clodronate (25 mg/kg)
or PBS-liposomes were purchased from Katayama
Chemical Industries Co., Ltd. (Osaka, Japan). Six-week-
old SDT rats were intravenously injected with CL, MDP-
liposomes (1 ml/rat) or PBS-liposomes as a control once
a week for 3 weeks. Seven days after the final injection,
all the rats were euthanized for flow cytometory analysis
of blood cells and histological analysis of the pancreas.
Pancreatic islets infiltrated with inflammatory cells were
counted and expressed as a proportion of the total islets
of the same pancreas. More than 50 pancreatic islets
were examined for each rat.

Statistical analysis

Data are expressed as mean + SE. The statistical sig-
nificance of the difference between two means was
evaluated using Student’s #-test. In these tests, P values
of <0.05 were considered to be significant.

Results

Age-dependent changes of leukocyte numbers in SD and
SDT rats

The numbers of leukocytes in SDT and SD rats in-
creased with age. The number of leukocytes in SDT
rats was 6,888 + 599 /ul at 4 weeks of age and 21,057
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Fig. 1. Leukocytes in the blood in SD (open bars)
and SDT (solid bars) rats at 4 to 10 weeks
of age were counted. Data are expressed
as the mean + SE of 8 rats of each group.
*P<0.05, **P<0.01, ***P<0.001, com-
parison between SD and SDT rats (Stu-
dent’s r-test).

6.0001 A) cD3*CD4* cells

4 5 6 7 8
C) CD3-CD4* monocytes

4 5 6 7 8
6,000 E) cD3-Gr-1* neutrophils

REE ok

+1,436 /pl at 10 weeks of age. In SD rats, the leukocyte
number was 4,063 + 541 /ul at 4 weeks of age and 11,150
+ 1,574 /ul at 10 weeks of age. The number of leuko-
cytes in SDT rats was twice as large as that in SD rats
throughout the experimental period (Fig. 1). SDT rats
exhibited significant leukocytosis throughout the ex-
perimental period as compared to SD rats.

Analysis of the cellular composition of blood lymphocytes
by FACS

The number of CD3*CD4" cells (helper/inducer T
cells) in the circulation in SDT rats was 1,214 + 227 /ul
at 4 weeks of age and rose t0 4,491 +332 /ul at 10 weeks
of age. In SD rats, it was 994 + 149 /ul at 4 weeks of
age and 2,614 + 352 /ul at 10 weeks of age (Fig. 2A).
Thus, the number of CD3*CD4" cells in SDT rats was
about twice as large as that in SD rats. Similarly, the

B) CD3*CD8* cells

10 4 5 6 7 8 9 10

D) CD3-CD161a* NK cells
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Age (weeks old)
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10
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Fig.2. Serum levels of CD3*CD4" cells (A), CD3*CD8* cells (B), CD3"CD4* monocytes (C),
CD3°CD161a* NK cells (D), and CD3"Gr-1* neutrophils (E) in SD (open bars) and SDT
(solid bars) rats at 4 to 10 weeks of age were analyzed by flow cytometory. Data are ex-
pressed as the mean + SE of 8 rats of each group. *P<0.05, **P<0.01, ***P<0.001, com-
parison between SD and SDT rats (Student’s r-test).
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Fig.3. Serum levels of IL-18 (A), IL-12p40 (B), and NO,/NO; (C) were analyzed in SD and SDT rats of
different ages. Open and closed circles indicate SD and SDT rats, respectively. Data are expressed
as the mean + SE of 8 rats. *P<0.05, **P<0.01, ***P<0.001, comparison with 4- or 5-week-old
rats and *P<0.05, *#P<0.01, comparison between SD and SDT rats (Student’s #-test).

number of CD3"CD8" cells (suppressor/killer T cells)
was larger in SDT rats than in SD rats (Fig. 2B). The
number of CD3"CD4" monocytes in SDT rats was more
than three times as large as that in SD rats (Fig. 2C).
The number of CD3°CD161a* NK cells was small
throughout the experimental period (Fig. 2D). The num-
ber of CD3"Gr-1* neutrophils in SDT rats was signifi-
cantly larger than that in SD rats (Fig. 2E). Thus,
CD3*CD4"* cells, CD3*CD8" cells, CD3"CD4* mono-
cytes, and CD3"Gr-1" neutrophils were significantly
larger in number in SDT rats than in SD rats at 4 to 10
weeks of age.

Serum levels of IL-18, IL-12p40, IL-12p70, IFN-y, IL-4,
IL-6, IL-10, TNF-a, and NO metabolites in SD and SDT
rats

Expression of IL-12p40, IL-18, IFN-y, and iNOS is
known to be augmented in NOD mice [12, 25, 26, 31].
We analyzed whether SDT rats also produce these mol-
ecules at high levels. Serum levels of IL-18 in SD rats
ranged from 1,300 to 1,900 pg/ml throughout the ex-
perimental period (Fig. 3A); those in SDT rats ranged
from 180 to 200 pg/ml at 5 to 7 weeks of age, increasing
to 1,234 + 314 pg/ml at 9 weeks, and then decreasing to
651 + 190 pg/ml at 10 weeks. Thus, serum IL-18 formed
a prominent peak at 9 weeks of age in SDT rats (Fig.

3A). Serum levels of IL-12p40 ranged from 800 to 1,300
pg/ml throughout the experimental period both in SD
and SDT rats, and there was no significant difference
between them (Fig. 3B). Serum levels of [L-12p70 were
not detected throughout the experimental period both in
SD and SDT rats (data not shown). There were also no
significant differences in the levels of IFN-y, IL-4,IL-6,
IL-10, and TNF-o. (data not shown).

Serum NO,/NO; levels in SD rats were below 5.0 uM
throughout the experimental period, while in SDT rats,
they were less than 5.0 uM at 4 to 8 weeks of age, tran-
siently increasing to 35.5 + 5.4 uM at 9 weeks, and then
decreasing to below 5.0 M at 10 weeks (Fig. 3C).

IFN-y production induced by IL-12 and IL-18 in
splenocytes of SD and SDT rats

IFN-y produced in the culture of splenocytes from
4- to 10-week-old SD and SDT rats in the presence of
IL-12 was less than 50 pg/ml. In the presence of IL.-18,
levels of IFN-y produced in the culture of splenocytes
from 4- to 8-week-old SDT rats were 4,000 to 6,700 pg/
ml, 11,623 + 3,244 pg/ml in 9-week-old SDT rats, and
were 2,001 + 400 pg/ml in 10-week-old SDT rats. In
the presence of IL-18, splenocytes from SDT rats of 9
weeks of age produced higher levels of IFN-y than those
from age-matched SD rats (Fig. 4A). Although a com-
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Fig. 4. Cytokine-induced IFN-y production in splenocytes and NO, production in peripheral leukocytes isolated from SD and SDT rats
in virro. (A) SD and SDT splenocytes from SD and SDT rats of 4 to 10 weeks of age were cultured for 48 h with none (open
columns), IL-12 (closed columns), IL-18 (shaded columns), and IL-12+IL-18 (hatched columns) and assayed for [FN-y. Data
are expressed as the mean + SE (n=8). *P<0.05, **P<0.01, ***P<0.001, comparison with none, and *P<0.05, ¥P<0.01, com-
parison with 4- week old SD and SDT rats, and “P<0.01, comparison between SD and SDT rats (Student’s 7-test). (B) SD and
SDT peripheral leukocytes from SD and SDT rats of 4 to 10 weeks of age were cultured for 48 h with none (open columns),
IL-12 (closed columns), IL-18 (shaded columns), and IL-12+IL-18 (hatched columns) and assayed for NO,. Data are expressed
as the mean + SE (n=8). *P<0.03, **P<0.01, ***P<0.001, comparison with none, and P<0.05, comparison with 4-week-old
SD and SDT rats, and "P<0.01, comparison between SD and SDT rats (Student’s r-test).
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Fig. 5. Histological changes in the pancreatic islets of SDT rats. Paraffin-embedded
sections of the pancreas of 4- and 9-week-old SDT rats were stained with HE
or anti-CD68 antibody and examined under a microscope. (A) An intact
pancreatic islet of a 4-week-old SDT rat (HE), (B) inflammatory cell infiltra-
tion (arrows) in the islet of a 9-week-old SDT rat (HE), (C) immunochis-
tochemical staining of macrophages with CD68 (brown) in the islet of a
4-week-old SDT rats, (D) immunohistochemical staining of macrophages with
CD68 (brown) in the islet of a 9-week-old SDT rats. (Scale bar =100 Km).

bination of IL-12 and IL-18 is known to synergistically
upregulate IFN-y production in lymphocytes, the com-
bination failed to do so in this study. These results show
that the ability to produce IFN-y in response to IL-18
was augmented in the splenocytes of 9-week-old SDT
rats.

NO, production in SD and SDT rats peripheral leukocytes
induced by IL-12 and IL-18

In the presence of IL-12,NO, produced in the culture
of leukocytes from SD and SDT rats was less than 17
#M, with no significant age-dependent differences (Fig.
4B). In the presence of IL-18,NO, production increased
with age: 3.1 £0.3,15.0~17.0, and 30.0 uM for 4-, 5- to
7-, and 8- to 10-week-old rats, respectively (Fig. 4B).
NO, production was more efficiently induced by IL-18
in the splenocytes from SDT rats at around 9 weeks of
age than in the cells from age-matched SD rats (Fig. 4B).
A combination of IL-12 and IL-18 did not exhibit a syn-
ergistic effect on the production of NO, (Fig. 4B)

Histological examination of the pancreas of SDT rats

Histological examination of the pancreas showed that
the islets of 4-week-old SDT rats were free from infiltra-
tion by inflammatory cells (Fig. 5A). However, in the
pancreases of 9-week-old SDT rats, inflammatory cells
were observed in and around the islets (Fig. 5B). Im-
munohistochemical analysis using antibody to CD68
(macrophage marker) showed vigorously infiltrating
CD68* cells in the pancreas of 9-week-old SDT rats,
while they were absent in the pancreases of 4-week-old
rats (Figs. 5C and 5D).

Treatment with Cl,MDP-liposomes reduced the number
of leukocytes, monocytes, and levels of NO metabolites
in the circulation and inhibited macrophage invasion in
the islets

We examined the effect of removal of monocytes/
macrophages with CI,MDP-liposomes on the number of
monocytes in the circulation and on the infiltration of
macrophages into the islets of 9-week-0ld SDT rats (Fig.
6). We found a significant reduction in the number of
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Fig. 6. Reduction of leukocytes and monocytes in SDT rats by treatment with Cl,MDP-li-
posomes. (A) Leukocytes in SDT rats treated with PBS-liposomes (control) and
Cl,MDP-liposomes. (B) Monocytes in SDT rats treated with PBS-liposomes (control)
and Cl,MDP-liposomes. Data are expressed as the mean + SE of three rats of each
group. *P<0.05, comparison between PBS-liposomes and Cl,MDP-liposomes (Stu-

dent’s r-test).

circulating leukocytes (Fig. 6A), monocytes in particular
(Fig. 6B).

Cl,MDP-liposome treatment also resulted in a reduc-
tion in the number of infiltrating macrophages in the
pancreas of SDT rats. Treated rats showed essentially
no fibrosis in and around the islets and much fewer in-
filtrating cells in the islets (Figs. 7B and 7E) as compared
to control rats (Fig. 7A). In particular, only a few infil-
trating CD68" cells were observed in the islets of treat-
ed rats (Fig. 7D). These results show that treatment of
SDT rats with C1,MDP-liposomes improved infiltration
of macrophages in the pancreas. Treatment of C1,MDP-
liposomes also inhibited an increase of NO metabolites
in serum of SDT rats. As expected from the histological
results, Cl,MDP-liposome treatment suppressed serum
NO,/NO; levels in 9-week-old SDT rats (Figs. 3C and
7F).

Discussion

It has been reported that higher white blood cell counts
may predict the development of impaired fasting glucose
or type 2 diabetes in middle-aged Japanese men [21].
For adults in the United States, raised leukocyte counts
have been shown to be associated with type 2 diabetes

onset [8]. However, the significance of this leukocytosis
in relation to diabetes has not been elucidated. SDT rats
have been considered to develop type 2 diabetes. In the
present study, the roles of inflammatory cells in the de-
struction of fB-cells in the pancreatic islets were exam-
ined. We found that SDT rats exhibited significant
leukocytosis at 4 to 10 weeks of age in comparison to
SD rats (Fig. 1). Leukocytes that increased in number
in SDT rats at 8 to 10 weeks of age included CD3*CD4*
cells (Fig. 2A), CD3*CD8" cells (Fig. 2B),CD3 CD161a*
NK cells (Fig. 2D), CD3"Gr-1* neutrophils (Fig. 2E),
and most notably CD3"CD4* monocytes (Fig. 2C). Con-
comitantly, serum levels of IL-18 (Fig. 3A) and NO,/
NO; (Fig. 3C) increased in 9-week-old SDT rats. No
such changes were observed in SD rats (Figs. 3A and
3C). However, in the presence of IL-18, splenocytes
from SDT rats, particularly those at 9 weeks of age pro-
duced high levels of IFN-y (Fig. 4A). Levels of NO, in
leukocytes from SDT rats were also elevated in the pres-
ence of IL-18 (Fig. 4B). Serum NO,/NO; levels were
lower in 10-week-old SDT rats than those in 9-week-old
SDT rats (Figs. 3A and 3C), which may reflect a rapid
decrease in circulating IL-18 levels after 9 weeks of age.
It has been demonstrated that excess NO production
plays a crucial role in islet injury in NOD mice [6]. In
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. Effect of CI,MDP-liposomes treatment on histological changes of the pancre-
atic islets of 9-week-old SDT rats and serum NO,/NO; concentration. (A) An
islet of a 9-week-old SDT rat treated with PBS-liposomes (HE), (B) An islet of
a 9-week-old SDT rats treated with Cl,MDP-liposomes (HE). Arrows show
inflammatory cells. (C) Macrophages stained with CD68 (brown) in an islet of
a 9-week-old SDT rat treated with PBS-liposomes (control). (D) Macrophages
stained with CD68 (brown) in an islet of a 9-week-old SDT rat treated with
C1,MDP-liposomes. (Scale bar =100 ym). (E) Comparison of inflammatory cell
infiltration of pancreatic islets of 9-week-old SDT rats treated with PBS-liposomes
(control) and Cl,MDP-liposomes. Islets infiltrated with inflammatory cells were
counted and expressed as a proportion of the total islets of the same pancreas.
More than 50 pancreatic islets were analyzed per rat. (F) Concentration of serum
NO,/NO; in 9-week-old SDT rats treated with PBS-liposomes (control) and
CL,MDP-liposomes. Data are expressed as the mean + SE of three rats of each
group. Data are expressed as the mean + SE of 3 rats of each group. *P<0.05,
comparison between PBS-liposomes and CI,MDP-liposomes (Student’s z-test).

SDT rats, high levels of production of NO as well as ever, it has been reported that IL-18, when administered
those of IL-18 were transient and in parallel (Figs. 3A  to mice, causes production of a large amount of NO in
and 3C). The reason for this finding was not clear. How- an IFN-y-dependent manner [4]. Since IL-18 stimulates
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IFN-y production, it is probable that I1-18 activates IRF-
1 that is known to be activated via IFN-y. In addition,
IL-18 has been shown to activate NF-kB and NF-AT,
which are essential for IFN-y production [35]. Thus,
I-18 is likely to be involved in iNOS induction.

IL-12 is a proinflammatory cytokine. The biologi-
cally active IL-12 is a 70-kDa heterodimer (IL-12p70),
with 40-kDa (p40) and 35-kDa (p35) subunits [10]. IL-
12p40 is expressed and secreted in large excess over
IL-12p70 [11, 24]. It has been demonstrated that IL-
12p40 blocks the activities of IL-12p70, leading to the
suggestion that IL-12p40 serves as a natural antagonist
of IL-12p70 [9]. In this study, serum levels of IL-12p40
ranged from 800 to 1,300 pg/ml throughout the experi-
mental period in SDT rats (Fig. 3B), and serum levels
of IL-12p70 were not detected throughout the experi-
mental period (data not shown), suggesting that the SDT
rats were in an immune-suppressive condition.

It has been suggested that elevated levels of IL-18
predict the development of type 2 diabetes [34]. How-
ever, in young NOD mice developing type 1 diabetes,
systemic administration of IL-18 promotes the develop-
ment of diabetes [23] and IL-18 blockade with IL-18-
binding protein (BP) delays its onset [39]. IL-18 also
contributes to the injury of islets in diabetic mice induced
by multiple low doses of streptozotocin (STZ) [22].
These results suggest that IL-18 is profoundly involved
in the pathogenesis of type 1 diabetes through upregula-
tion of IFN-y and NO synthesis. The present study using
SDT rats suggests that IL-18 is involved in the develop-
ment of type 2 diabetes in a way similar to that of type
1 diabetes.

Masuyama et al. have reported the presence of inflam-
matory cells in and around the islets of 10-week-old SDT
rats, suggesting that inflammatory cell infiltration is an
important factor in islet destruction [20].

It has been shown that a large number of macrophag-
es are present in the pancreas of neonatal NOD mice
[36]. Macrophages are among the first cells to infiltrate
the islets, and when fully activated can exert cytotoxic-
ity against B-cells via excess production of TNF-a and
reactive oxygen intermediates such as NO [18, 32, 33].
In this study, we found infiltration of macrophages in
and around the islet of 9-week-old SDT rats (Fig. 5SD).
This occurred in parallel with raised serum levels of

IL-18 and NO,/NO;, forming a prominent peak at around
9 weeks of age. These results suggest that infiltrating
macrophages produce a large amount of NO by the in-
duction of IL-18 and IFN-y, resulting in damage to the
islets. The mechanism of the progressive injury of the
islets after 9 weeks of age was not explored in this study.
Shinohara et al. have reported that infiltrating cells in
and around the islets include lymphocytes and mac-
rophages [30]. We speculate that the pancreatic islets of
SDT rats may be injured by excess NO produced by
macrophages at 9 weeks of age, and subsequently by
infiltrating lymphocytes.

C1,MDP-liposomes are known as a potent anti-mac-
rophage agent [38] which is useful for the treatment of
various diseases in animal models [1, 13]. In this study,
we found that treatment of 6-week-old SDT rats with
Cl,MDP-liposomes prevented infiltration of macrophag-
es into the pancreas (Figs. 7D and 7E). At the same time,
serum NO levels were low in the treated SDT rats as
compared to control rats (Fig. 7F).

In summary, treatment with Cl,MDP-liposomes de-
creased serum levels of NO,/NO; and reduced invasion
of macrophages in the pancreatic islets of SDT rats. This
suggests that macrophages play an important role in
pancreatic islet injury in SDT rats.
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Abstract

To identify the location of pancreatic endocrine tumors, arterial stimulation and venous sampling (ASVS)
is known to be useful for insulinoma and gastrinoma, but its usefulness for glucagonoma has not been veri-
fied to date. Here we report a case of glucagonoma that was diagnosed by ASVS with calcium loading, in
which an approximately 6-fold increase of glucagon was observed in the splenic artery territory. MEN1 gene
analysis verified the presence of a mutation and the glucagonoma was confirmed after operation. In conclu-
sion, ASVS could be useful for the diagnosis of glucagonoma.
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Introduction

Multiple endocrine neoplasia type 1 (MEN1) is a multiple
endocrine neoplasia complex in which hyperparathyroidism
caused by parathyroid hyperplasia is associated with pancre-
atic endocrine tumors and pituitary adenomas. The causative
gene is MENI, which exhibits an autosomal dominant pat-
tern of inheritance. Pancreatic endocrine tumors are found in
approximately 65-75% of MENI patients (1). Regarding
pancreatic endocrine tumors, pancreatic polypeptide (PP)-
secreting tumors are the most common pancreatic endocrine
tumor in MEN1 patients, occurring in 80% or more. They
are usually accompanied by gastrinoma, while insulinoma,
glucagonoma, and VIPoma are found in approximately 20%,
3%, and 1%, respectively (2). Among the pancreatic endo-
crine tumors that occur in MENT1 patients, glucagonoma is
most often malignant and thus it requires early detection and
early treatment.

However, locating these tumors is not always easy. Ultra-
sound, CT, and MRI are the commonly used diagnostic
imaging methods for pancreatic endocrine tumors, while an-
giography is considered the most effective method (although
more invasive) for detecting such tumors since these lesions
are frequently hypervascular (3). Arterial stimulation and ve-
nous sampling (ASVS) is known to be useful for localizing
insulinoma and gastrinoma, with a high detection sensitivity
for insulinoma being reported (4-8), but its usefulness for
detecting glucagonoma has not been determined. Here, we
report a case of MEN1 in which glucagonoma was located
by ASVS with calcium loading. :

Case Report

The patient was a 66-year-old woman with no family his-
tory of endocrine tumors. She noticed a swelling in the right
anterior cervical region at the age of 38 years, but left it un-
treated. At the age of 52, hypercalcemia, hypophosphatemia,
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Table 1. Laboratory Tests on Admission

RBC 431 % 10* )l Cr 1.2 mg/dL
Hb 13.8 g/dL BUN 26 mg/dl.
WBC 6360 /uL UA 5.7 mg/dL
Plt 18.7x 10%/uL Na 144 mEg/L
FPG 107 mg/dL K 4.1 mEg/L
HbAlc 6.6 % Cl 112 mEqg/L
I 20 pU/mL Ca 52 mEg/L
CPR 5.5 ng/mL P 24 mEqg/L
T-chol 202 mg/dL CRP <0).2 mg/dL.
TG 191 mg/dl.

HDL-C 80 mg/dL. Urinalysis

LDL-C 163.8 mg/dL pH 7.0
TP 6.6 g/dL Protein (/=)
Alb 39 e/dL Sugar =)
T-Bil 0.4 mg/dL Occult (-)
AST 13 U/L Acetone (=)
ALT 9 U/L Cer 29.9 mL/min
y-GTP 32U/L Alb 29.0 mg/day
ALP 18 U/L CPR 137.7 pg/day
LDH 248 U/L

and high plasma PTH levels were detected by a local clinic,
and the patient visited our hospital the following year. Hy-
perparathyroidism was detected and subtotal parathyroidec-
tomy (leaving 1/2 of the upper left gland) was performed.
At that time, MEN1 was suspected. Endocrinology investi-
gations and imaging studies were performed, but no addi-
tional abnormality was found, except for PTH levels. After
surgery, her Ca and PTH levels decreased, and the patient
was discharged. From the age of 54 years, the patient began
to experience backache and bone pain, and her Ca and PTH
levels became slightly elevated. At the age of 58, the 75 g
OGTT was performed when the patient was admitted for in-
vestigation of her back pain, and it demonstrated a diabetic
pattern. Her bone pain continued to worsen, and the patient
was followed up by a local clinic. When the patient revisited
our hospital at the age of 66 years, ultrasound revealed a
10x8x4 mm low echoic lesion in the dorsal part of the left
lobe of the thyroid gland, and a high-intensity area was also
seen on T2-weighted MR images. Blood tests revealed the
following abnormal findings: Ca was 5.2 mEq/L, P was 2.6
mEgq/L, and PTH was 99.0 pg/mL. The patient was admitted
to our hospital in the same year for investigation and treat-
ment.

She was 153 cm tall and weighed 52.8 kg. Blood pressure
was 118/60 mmHg. Physical examination revealed degrada-
tion of vibratory sensation of inferior limbs and numbness
of upper and lower limbs. She had high Ca and PTH levels,
a low P level, and impaired renal function (Table 1). “mTc-
MIBI scintigraphy revealed an area of increased uptake in
the parathyroid behind the left lobe of the thyroid gland.
Since her serum levels of Ca and PTH were persistently ele-
vated and renal dysfunction was observed, we considered a
good indication for surgery. Endocrine studies (Table 2) re-
vealed elevation of pancreatic endocrine hormones and ab-
dominal imaging showed nodules (5 mm and 25 mm in di-
ameter) in the tail of the pancreas, suggesting the presence

of pancreatic islet tumors (Fig. 1). Treatment of her hyper-
parathyroidism was given priority, and the patient was trans-
ferred to the Department of Endocrine Surgery for removal
of the remaining parathyroid gland. Pathologic examination
of the resected gland revealed hyperplasia, but no obvious
malignancy. The PTH level was 157.5 pg/mL prior to sur-
gery, and it fell to 55.1 pg/mL at 15 minutes after removal
of the gland. The resected parathyroid gland measured 10x9
mm. Part of the gland was autotransplanted into the left
forearm after it had been cut into small pieces. Her serum
calcium level improved to 4.8 mEq/L after surgery. The pa-
tient was subsequently transferred to our department for fur-
ther testing because MEN1 was suspected.

Plain MRI of the head did not reveal any findings sugges-
tive of pituitary adenoma. Although the basal level of GH
was high, the 75 g OGTT caused inhibition of GH secre-
tion, ruling out the possibility of GHoma. Plain CT of the
abdomen revealed a low-density mass (5 mm in diameter) in
the right adrenal gland, suggesting the presence of an ade-
noma. Adrenocortical and adrenomedullary hormones study
showed elevated renin and aldosterone levels, but the serum
and urinary levels of cortisol, adrenalin, and noradrenalin
were all within the normal range or only slightly elevated.
Combined with the fact that suppression of cortisol was
noted in the rapid dexamethasone suppression test, the mass
was concluded to be a non-functioning adrenal tumor. Her
pancreatic endocrine tumor was initially suspected to be an
insulinoma based on the elevated levels of IRI and CPR.
When a CPR suppression test and euglycemic/hypoglycemic
clamp tests were performed, suppression of CPR was insuf-
ficient. Then we planned ASVS to make a diagnosis and lo-
calize the insulinoma. In addition, because our institution
had made diagnosis for glucagonoma using ASVS before
(9), we planned to rule out the possibility of glucogonoma.
ASVS was performed according to procedures described
previously (4), and we used the criteria reported by Hayashi
et al (10). We used Calcicol® (Dainippon-Sumitomo Co.
Ltd., Osaka. Japan) in this case as the calcium gluconate
8.5%. Calcicol® was injected as a bolus at a dose of 0.025
mEq Ca™/kg body weight into each selective catheterized ar-
tery. When ASVS was performed, a selective increase of in-
sulin was not detected, but an approximately 6-fold increase
of glucagon was observed in the splenic artery territory,
strongly suggesting the presence of a glucagonoma (Fig. 2).
Thus, diagnostic imaging revealed multiple tumors in the
pancreas ranging from 5 to 25 mm in diameter, and there
was elevation of the basal levels of insulin, glucagon, so-
matostatin, and pancreatic polypeptide (PP). In addition,
ASVS demonstrated elevation of glucagon in the splenic ar-
tery territory, which includes the tail of the pancreas. Based
on these findings, a diagnosis of glucagonoma was sus-
pected and laparoscopic distal pancreatectomy was per-
formed. The resected tail of the pancreas contained tumors
measuring 5 mm and 20 mm in diameter, corresponding to
the lesions identified by imaging studies (Fig. 3). Partial he-
patectomy was also performed because white nodules, sev-

1026



Inter Med 48: 1025-1030, 2009 DOI: 10.2169/internalmedicine.48.1676

Table 2. Hormonal Examinations of the Present Patient

on admission

post operation

post Op 6 months normal range

GH 6.3 ng'mL 3.7 ng/mL < 6.0 ng/mL
IGF-1 414 ng/mL 121-436 ng/mL
ACTH 38.0 pg/'mL 29 pg/'mL < 60 pg/mL
PRL 16.9 ng'mL 12.0 ng/mL <27 ng/mL
LH 223 miW/mL 39.4 mIU/mL 4.2-79.6 mIU/mL
FSH 84.3 mIU/mL 112.6 mlUrmL 12.6-235.7 mJU/mL
TSH 2.84 plU/mL 438 WiUmlL 0.40-3.80 plU/mL
FT4 1.1 ng/dL 1.0 ngidL 1.0-1 6 ng/dL
FT3 2.2 pg'mL 2.4 pg/mL 2.1-3.8 pg'mL
PTH 113 pg/mL 62 pg'mL 111 pg/mL 14-66 pg'mL
calcitonin 77.0 pg/mL 42 pg/mL 21.6-54.0 pg/mL
[R-glucagon 271 pg/mL 194 pg/mL 214 pg/mL 40-140 pg/mL
FPG 107 mg’dL 110 mg/dL 140 mg'dL 70-110 mg/dL
IR1 20 pU'mL 10 pU/mL 6 nU/mL <12 uU/mL
CPR 5.5ng'mL 3.0 ng/mL 24 ng/mL 1.0-2.0 ng/mL
PP 847 pg/mL <326 pg/mL
gastrin 93.0 pg'mL 30-150 pg/mL
somatostatin 18.0 pg/mL 1.0-12.0 pg/mL
cortisol 25.2 pgrdL 14.9 pe/dL 4.5-24.0 pg/dL
urinary cortisol 20.1 pg'day 35-160 pg/day
renin activity 4.2 ng/mL/hr 12.1 ng/mL/hr 6.2-2.7 ng/mL‘hr
aldosterone 19.7 ng/dL 12.1 ng‘dL 2.0-13.0 ng/dL
adrenaline 0.02 ng/mL 0.02 ng'mL <20.17 ng/mL
noradorenaline 0.35 ng'mL 0.38 ng/mL 0.15-0.52 ng/mL

Figure 1.

Abdominal MR imaging showed nodules in the
pancreas (diameter 5 mm in body [center arrowhead], 25
mm in tail [end arrowhead]), suggesting the presence of pan-
creatic islet tumors.

eral millimeters in size, were found on the surface of the
left lobe of the liver during surgery. The resected pancreatic
tumors were determined to be islet cell tumors by pa-
thologic examination. Both tumors were composed of cells
with trabecular or ribbon-like proliferation, and were encap-

sulated with no signs of invasion into the surrounding tissue.
Immunostaining revealed numerous glucagon-positive cells,
as well as some cells that were positive for insulin, somato-
statin, or PP in both tumors (Fig. 4a-d). On pathological ex-
amination, the white nodules on the surface of the left lobe
of the liver were shown to be regions of fibrosis and lipido-
sis, ruling out the possibility of liver metastasis. When endo-
crine studies were performed three weeks after surgery, the
levels of pancreatic endocrine hormones were lower (gluca-
gon was 194 pg/mL, IRT was 10 pU/mL, CPR was 3.0 ng/
mL, and somatostatin was 14 pg/mL) than before the opera-
tion. In addition, we examined MEN1 gene, after written in-
formed consent was obtained from the patient, and c.734
delC was found at exon 4 (Fig. 5).

Discussion

Glucagonoma was first reported in 1966 by McGavran et
al (11). The abnormal production of glucagon leads to a dia-
betic state and hypoaminoacidemia, along with symptoms
such as weight loss, impaired glucose tolerance, skin rashes,
mouth ulcers, and anemia. Mallinson et al referred to these
symptoms as the glucagonoma syndrome (12). In the pres-
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Results of arterial stimulation and venous sampling (ASVS) in the present case. Each

line represents insulin and glucagon levels in the hepatic vein after in jection of calcium gluconate
8.5% was injected as a bolus at a dose of 0.025 mEq Ca®/kg body weight into the gastroduodenal
artery (GDA), superior mesenteric artery (SMA), splenic artery (SA), and hepatic artery (HA). A
selective increase of insulin was not detected, but an approximately 6-fold increase of glucagon was

observed in the splenic artery territory.

Figure 3. Macroscopic findings of the tumor. The resected

tail of the pancreas contained tumors measuring 5 mm and
20 mm in diameter, corresponding to the lesions identified by
imaging studies.

ent patient, recurrence of hypercalcemia and parathyroid
hyperplasia were noted while the patient was being followed
up after subtotal parathyroidectomy performed 13 years ear-
lier. Further investigation revealed the presence of pancreatic
endocrine tumors and an adrenal tumor, leading to the diag-
nosis of MEN1. Since pancreatic islet tumors are found in

65-75% of MENI patients and glucagonoma is frequently
malignant among these endocrine tumors of the pancreas, a
differential diagnosis of pancreatic endocrine tumors is vital
to facilitate early detection and early treatment. The pres-
ence of liver metastasis is considered to be the chief prog-
nostic factor for glucagonoma. In the present case, nodules
were found on the left lobe of the liver during distal pancre-
atectomy, but metastasis was ruled out by pathologic exami-
nation. In addition, two endocrine pancreas tumors were de-
tected in the present case and we examined the malignancy
of each tumor using Ki-67 index. We examined Ki-67 index,
using a method previously reported (13), and found that the
Ki-67 index was quite low. Thus the possibility of malig-
nancy of both tumors was thought to be low (13). Neverthe-
less, the patient will need to be followed up with periodic
imaging studies. The value of provocative tests using secre-
tagogues for diagnosing and locating endocrine tumors is
well known. Imamura and Doppman et al performed selec-
tive arterial infusion of stimulants to locate an endocrine tu-
mor by identification of the feeding artery, and reported that
gastrinoma and insulinoma could be localized by loading
tests with secretin and calcium, respectively (4-8), but the
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T Sk
(Original magnification X 200)

Figure 4. Microscopic findings of the tumor (20 mm in diameter) (x200), Immunohistochemical
staining for glucagon (4-a), insulin- (4-b), somatostatin- (4-c), or pancreatic polypeptide (PP) (4-d).
Immunohistostaining revealed numerous glucagon-positive cells, as well as some cells that were

positive for insulin-, somatostatin-, or PP.

c.734delC

Gly Ser (Tyr)  (Met)

A TCAACCNTTOC

Figure 5. DNA sequence of MEN1 gene was examined in
this patient. ¢.734delC was found at exon 4.

use of ASVS for glucagonoma has not been reported except
for one case at our hospital (9). In the present case, the fast-
ing glucagon level was 271 pg/mL (not extremely high) and

skin symptoms were lacking. In addition, the patient had
long-standing impaired glucose tolerance, which made sec-
ondary hyperglucagonemia and hyperinsulinemia possibility.
Thus, the diagnosis of glucagonoma was difficult from only
the basal values of hormones. However, ASVS revealed ele-
vation of the glucagon level in the splenic artery territory,
while insulin did not show a response suggestive of insuli-
noma. Our experience suggests that ASVS with calcium
loading is a useful test for glucagonoma, particularly for
preoperative diagnosis in patients with only a slight eleva-
tion of basal glucagon values. When the causative gene was
examined in the patient, c.734delC was found at exon 4.
This was the same mutation that Sato et al reported as 842
delC in 2000 (14).
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