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ABSTRACT

Introduction: Autoimmune pancreatitis (AIP)
is a subset of inflammatory pancreatic disease,
responsive to corticosteroid therapy. It is prone
to being affected by diabetes mellitus, but the
effectiveness of steroid therapy on pancreatic
endocrine function is still controversial. We
present a case of AIP, focusing on pancreatic
endocrine function after steroid therapy.
Case Report: The patient was referred to our
hospital with exacerbation of diabetic control
and pancreatic swelling. By admission, the
insulin secretory capacity was severely
impaired. The patient was diagnosed with AIP
and treated with prednisolone, resulting in
marked improvement of the pancreatic swel-
ling. Glycemic control worsened transiently

after initiation of steroid therapy, but insulin
requirements decreased along with tapering
prednisolone dosage. Pancreatic cytology
showed that the acinar structure had been
destroyed, and the islets had disappeared.
Insulin and glucagon immunostaining revealed
slightly scattered alpha and beta cells within the
fibrotic stroma. The patient notably showed
improved pancreatic alpha cell function pre-
dominantly after steroid therapy, despite partial
improvement of beta cell function.
Conclusion: An imbalance between alpha and
beta cell function may contribute to insufficient
diabetic control in some patients with AIP. The
pancreatic endocrine function test in combina-
tion with pancreatic cytology could be helpful
when considering the treatment strategy for
diabetic control in patients with AIP.
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INTRODUCTION

AIP is a subset of inflammatory pancreatic dis-
ease, characterized by diffuse or focal pancreatic
swelling responsive to corticosteroid therapy
[1]. There are two types of AIP depending on
pathologic features: lymphoplasmacytic scle-
rosing pancreatitis (type 1) and granulocytic
epithelial lesions (type 2).
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Immunoglobulin G4-related disease (IgG4-
RD) is a recently proposed clinical entity [2].
The condition is characterized by elevated
serum IgG4 levels, IgG4-positive plasmacytes,
and lymphocyte infiltration into multiple
organs, resulting in tissue fibrosis and organ
dysfunction. In addition to the pancreas, the
lacrimal gland, salivary gland, thyroid gland,
biliary duct, and retroperitoneal tissue can also
be involved in this disease [3, 4]. Type 1 AIP is
considered a pancreatic manifestation of IgG4-
RD [5].

Approximately 40–80% of AIP is reported to
be associated with diabetes mellitus [6–9].
Although improvement of insulin secretion has
been reported [10–12], contrarily, worsening of
insulin resistance after steroid therapy has also
been reported [6]. Thus, the effectiveness of
corticosteroids in pancreatic endocrine func-
tion remains controversial. The function of beta
cells has been examined, but alpha cell function
has never been evaluated before and after ster-
oid therapy in AIP.

To the best of our knowledge, this is the first
report of AIP with predominant improvement
of alpha cell function after steroid therapy; it
suggests that an imbalance between alpha and
beta cell functions contributes to insufficient
diabetic control in some patients with AIP.
Pancreatic endocrine function tests in combi-
nation with pancreatic cytology could be help-
ful for the treatment of diabetes mellitus in AIP.

CASE REPORT

A 73-year-old male was referred to our hospital
with worsening diabetes mellitus and pancre-
atic swelling. He had a history of hypertension,
brain infarction, and atrial fibrillation. His son
also has diabetes mellitus. He had been diag-
nosed with type 2 diabetes mellitus 30 years
previously and treated with oral hypoglycemic
agents. His diabetes has been well controlled
with HbA1c levels between 6 and 7%. The
patient has non-proliferative diabetic retinopa-
thy, but no diabetic nephropathy or neuropa-
thy. He had lost his appetite 7 months before
referral and lost 10 kg bodyweight over
6 months. Diabetic control had worsened

3 months prior with HbA1c levels of 12.6%, and
insulin therapy was started by his family
physician. To control for malignancy, com-
puted tomography (CT) was performed, show-
ing diffuse swelling of the pancreas.

On admission, the patient’s general condi-
tion was fair, and he had no abdominal or back
pain. The body mass index (BMI) was 19.6 kg/
m2 and blood pressure was 121/80 mmHg. He
was hospitalized in our department, and basal-
bolus insulin therapy was initiated under a
1700-kcal/day diet calculated by BMI (28.7 kcal/
kg). Pre-prandial blood glucose levels fluctuated
severely between 50 and 300 mg/dl, and
12 units/day of human insulin was needed to
maintain blood glucose. Blood tests showed
insufficient insulin secretion: fasting plasma
blood glucose, 141 mg/dl; plasma C-peptide
(CPR), 0.14 ng/ml; CPR index (CPI), 0.14; uri-
nary CPR, 4.1 lg/day (Table 1).

Abdominal ultrasonography and contrast-
enhanced CT imaging showed diffuse swelling
of the pancreas and a capsule-like rim around
the pancreas, both imaging features typical of
AIP (Fig. 1a, b). Magnetic resonance cholan-
giopancreatography (MRCP) revealed diffuse
irregular narrowing of the main pancreatic duct
(Fig. 1c, d). 18F-FDG PET/CT showed diffuse
tracer uptake (SUVmax, 3.22) in the pancreas
(Fig. 1e, f). No FDG uptake in extra-pancreatic
organs, such as the salivary glands or retroperi-
toneum, was confirmed.

Endoscopic-ultrasound-guided fine-needle
aspiration (EUS-FNA) was performed to differ-
entiate the pancreatic cancer. Pancreatic cytol-
ogy revealed remarkable lymphoplasmacytic
infiltration and fibrosis, a severely destroyed
acinar structure, and absence of islets; however,
there was no evidence of malignancy (Fig. 2a).
IgG4 immunostaining revealed the presence of
IgG4-positive plasma cells (Fig. 2b). The total
number of IgG4-positive plasma cells was
33/HPF, and the IgG4/CD138 ratio was 82.5%.
The anti-CD138 antibody was used to count
plasma cells instead of the anti-IgG antibody
[13].

Thus, we diagnosed our patient with type 1
AIP [3, 14]. He was initially treated with pred-
nisolone 35 mg/day (0.6 mg/kg), which was
tapered by 5 mg/day every 2 weeks according to
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Table 1 Laboratory data on admission

Urinalysis

Protein (–)

Glucose (–)

Occult blood (–)

Ketone (–)

Reference range

Hematology

White blood cells 6070 /ml (3500–9800)

Red blood cells 448 9 104 /ml (420–550)

Hemoglobin 13.2 g/dl (13.5–17.5)

Platelets 17.9 9 104 /ml (13–37)

Blood chemistry

Total protein 6.5 g/dl (6.7–8.1)

Albumin 3.5 g/dl (3.9–4.9)

Immunoglobulin G 1704 mg/dl (870–1700)

Immunoglobulin G4 539 mg/dl (5–117)

Aspartate aminotransferase 20 IU/l (7–38)

Alanine aminotransferase 21 IU/l (4–44)

Lactate dehydrogenase 192 IU/l (124–222)

Alkaline phosphatase 131 IU/l (106–322)

c-Glutamyltranspeptidase 15 IU/l (13–64)

Amylase 105 IU/l (44–132)

Pancreatic amylase 9 IU/l (18–53)

Lipase 31 IU/l (13–49)

Elastase-1 \ 80 IU/l (0–300)

Cholinesterase 193 IU/l (240–496)

Creatine kinase 62 IU/l (60–290)

Blood urea nitrogen 20.0 mg/dl (8–20)

Creatinine 0.99 mg/dl (0.53–1.02)

Sodium 142 mEq/l (135–145)

Potassium 3.8 mEq/l (3.5–5)

Chloride 108 mEq/l (98–107)

Total cholesterol 131 mg/dl (130–219)
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the international consensus for the treatment of
AIP (Fig. 3) [15]. Pancreatic morphology was
reevaluated with abdominal ultrasonography
and CT scan after 12 weeks of prednisolone
treatment, which showed marked improvement
of the pancreatic swelling and capsule-like rim
around the pancreas (Fig. 3). Prednisolone was
tapered to 15 mg/day over 12 weeks without
recurrence.

Pancreatic endocrine and exocrine function
was evaluated before and after 4 weeks of ster-
oid therapy under adequate glycemic control.
Considering the daily variance of blood glucose,
we measured fasting plasma glucose (FPG) and
C-peptide immunoreactivity (CPR) for several
days, shown in the scatterplot; the gradient of
the regression line increased after 4 weeks of
steroid therapy (Fig. 4a). The CPR index also
increased significantly (Fig. 4b; p = 0.016, Stu-
dent’s t test, Excel statistics), and the meal tol-
erance test showed improvement of the change
in CPR (DCPR) (Fig. 4c). No recovery of the CPR

secretory response was shown by 75 g OGTT,
but the area under the curve (AUC)-CPR
increased (Fig. 4d, e). These results suggested
partial recovery of beta cell function due to
steroid therapy.

An arginine tolerance test (ATT) was also
performed to evaluate alpha cell function. Over
30 min, 30 g L-arginine hydrochloride was
administered, and plasma glucagon levels were
measured at 0, 10, 20, 30, 45, 60, and 90 min.
Plasma glucagon levels were analyzed using
both the conventional Glucagon RIA Kit (R-M;
Millipore, Billerica, MA) and E-M sandwich
ELISA kit (E-M; Mercodia Glucagon ELISA,
Uppsala, Sweden). The plasma glucagon
response was low and delayed before treatment;
it improved remarkably, however, after 4 weeks
of steroid therapy (Fig. 4f, g).

For further assessment of pancreatic islet
damage, immunostaining of insulin and gluca-
gon in pancreatic cytology specimens was
added; a few beta and alpha cells were scattered

Table 1 continued

Triglyceride 44 mg/dl (30–150)

Fasting plasma glucose 141 mg/dl (70–109)

HbA1c (NGSP) 10.0 % (4.9–6.0)

C-peptide reactivity 0.20 ng/ml (1.1–3.3)

GADAb \ 5.0 U/ml (\ 5.0)

CA19-9 71.5 U/ml (B 37)

Span-1 41.2 U/ml (0–30)

DUPAN-2 109 U/ml (0–150)

Urinary chemistry

Creatine 723 mg/day (500–1500)

Sodium 58 mEq/day (70–250)

Potassium 29 mEq/day (25–100)

Chloride 64 mEq/day (70–250)

Urinary C-peptide reactivity 4.1 lg/day (50–1300)

NGSP National Glycohemoglobin Standardization Program, GADAb anti-GAD antibody
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within the fibrotic stroma without intact islet
structures (Fig. 2c, d).

Regarding pancreatic exocrine function,
pancreatic enzyme levels were low on admis-
sion (Table 1). In addition, an N-benzoyl-L-ty-
rosyl-P-aminobenzoic acid (BT-PABA) test was
performed before and again 4 weeks after ster-
oid therapy; the excretion rate of p-aminoben-
zoic acid (PABA) was 23.1% and 22.4%,
respectively (reference value: 73.4–90.4%).
Suggesting no improvement of pancreatic exo-
crine insufficiency, the patient was

administered pancrelipase 1350 mg/day to treat
malabsorption.

The patient needed a maximum insulin dose
of 32 units/day after initiating steroid therapy,
but the dose was decreased to 21 units/day after
prednisolone had been tapered to 15 mg/day
with an HbA1c level of 6.7%. Insulin require-
ments are expected to decline along with pred-
nisolone tapering.

All procedures reported here were in accor-
dance with the ethical standards of the
Wakayama Medical University Hospital Ethics
Committee and with the 1964 Declaration of

Fig. 1 Imaging findings on admission. Abdominal ultra-
sonography and the contrast-enhanced CT scan showed
diffuse swelling of the pancreas with effacement of the
lobular contour (a, b). MRI revealed diffuse irregular

narrowing of the main pancreatic duct and intra-pancre-
atic bile duct (c, d). 18F-FDG PET/CT showed diffuse
tracer uptake in the pancreas with SUVmax of 3.22 (e, f)
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Helsinki and its later amendments or compara-
ble ethical standards. Informed consent was
obtained from all subjects in the case report
included in the study.

DISCUSSION

Our patient was being treated for diabetes mel-
litus and newly diagnosed with AIP when dia-
betic control worsened. In previous reports,
approximately 30–40% of AIP patients with
diabetes mellitus had a history of diabetic
treatment before AIP onset [6, 16]. Importantly,
the worsening of diabetic control can lead to an
AIP diagnosis.

Tanaka et al. first reported recovery of pan-
creatic endocrine function in AIP [10]. They
assessed beta cell function before and after
steroid therapy using 75 g OGTT and reported
that the insulin response improved after steroid
therapy. Approximately 13% of AIP patients
had improved glucose tolerance after steroid
therapy [12]. In this report, patients with a low
insulin secretory capacity before treatment
could not be freed from insulin after steroid
therapy.

Our patient showed severe destruction of the
insulin secretory capacity on admission.
Although endocrine function tests revealed
partial recovery of beta cell function after
4 weeks of steroid therapy, it was not enough to

Fig. 2 Endoscopic-ultrasound-guided fine-needle aspira-
tion (EUS-FNA) cytology features of the pancreas.
Hematoxylin and eosin staining of the pancreas showed
remarkable lymphoplasmacytic infiltration and fibrosis (a).
The pancreatic acinar structure had been destroyed, and
islets were absent. IgG4 immunostaining revealed the

presence of IgG4-positive plasma cells (b). The total
number of IgG4-positive plasma cells was 33/HPF, and the
IgG4/CD138 ratio was 82.5%. Insulin (c) and glucagon
(d) immunostaining revealed slightly scattered b- and a-
cells within the fibrotic stroma. Filled downward triangles
indicate positive cells for each immunostaining
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stop insulin therapy. This outcome is consistent
with a previous report [12].

ATT is one of the tests to assess alpha cell
function via measurement of the glucagon
secretory capacity [17]. In diabetic patients,
glucagon hypersecretion after arginine admin-
istration has been reported [18]. Our patient
had had long-standing diabetes before the
occurrence of AIP, so some of the changes in
alpha and beta cell function and pancreatic
cytology could be attributed to that. Alpha cell
function, however, had been destroyed at the
onset of AIP, which is more characteristic of AIP
than diabetes mellitus [19].

The patient notably showed remarkable
improvement in the glucagon response to argi-
nine just 4 weeks after starting steroid therapy,
so the changes in pancreatic endocrine condi-
tions could be mainly attributed to AIP. As far as
we know, the recovery of alpha cell function has
never been reported in AIP.

This implies that alpha cell function is more
likely to improve than beta cell function. An
imbalance between alpha and beta cell function
could therefore occur, which may contribute to
insufficient diabetic control. Glucagon inhibi-
tory agents could be a potential treatment
option in some patients with AIP; however,

Fig. 3 Diabetic control and clinical course of AIP during
steroid therapy. Mean daily pre-prandial blood glucose
(closed circle), serum IgG4 levels (closed square), and
HbA1c levels (red bar) were measured during treatment
with prednisolone. Glycemic control worsened transiently

after initiation of steroid therapy; however, it improved as
prednisolone was tapered. After 12 weeks of steroid
therapy, CT imaging showed marked improvement of
the pancreatic swelling. Serum IgG4 levels also decreased
without a relapse of AIP
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studies of more patients are needed to confirm
these findings.

In our patient, blood glucose had fluctuated
severely with insulin therapy before admission;

he had hypoglycemic episodes and needed to
take glucose tablets. After starting treatment
with PSL, the number of hypoglycemic events
decreased, which contributed to the

Fig. 4 Pancreatic endocrine function compared before
and after steroid therapy. The gradient of the regression
line between FPG and CPR (a), the CPR index (b), and
DCPR in the meal tolerance test (c) improved after
4 weeks of steroid therapy. Recovery of the CPR secretory
response was not shown by 75 g OGTT, but the area

under the curve (AUC)-CPR improved after steroid
therapy (d, e). ATT showed remarkable improvement of
glucagon secretion, which was measured using both
conventional radioimmunoassay (f) and the sandwich
ELISA kit (g)
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improvement of glycemic control. Recovery of
alpha cell function could help avoid hypo-
glycemic events. Also, partial recovery of insu-
lin secretion might contribute to stabilization of
blood glucose.

In Japan, radioimmunoassay kits have been
used to measure glucagon. This conventional
kit uses a polyclonal antibody recognizing the
C-terminal region of glucagon, which could
cross-react with the glucagon-like peptides
secreted by the intestine. Recently, a more
pancreatic glucagon-specific sandwich ELISA kit
(Mercodia Glucagon ELISA) became available in
our country, so we used it to reanalyze the
plasma glucagon levels [18]. Both kits showed
marked improvement of glucagon secretion
after steroid therapy (Fig. 4f, g).

Pancreatic pathology of type 1 AIP is char-
acterized by remarkable fibrosis and inflamma-
tory cell infiltration surrounding acinar and
ductal cells [20]. Although some islets are infil-
trated with mononuclear cells with disruption,
the majority of islets are reportedly preserved
[10]. In addition, beta cell volume decreases in
AIP compared with diabetic patients, but the
alpha cell volume is the same as that of diabetic
patients [21].

In our patient, the pancreatic cytology fea-
tures as well as endocrine function tests sug-
gested severe destruction of the islets. This
result can explain why our patient is still in an
insulin-dependent state after treatment with
steroid therapy. We judged that the pancreatic
cytology specimen had sufficient volume to
evaluate the islet structure in our patient, but
the limitations of the EUS-FNA specimen, such
as sample quality and technical errors, should
be considered.

Another possible factor affecting pancreatic
endocrine function is cytokines. In patients
with IgG4-RD, inflammatory cells infiltrate
organs, resulting in enlargement of the organs
and fibrosis. The cytokine profile is type 2
helper T (Th2)-predominate, which activates
eosinophilia, IgG4 and IgE production, and
fibrosis [2]. Regarding the association of
cytokines and insulin secretion, focal or sys-
temic inflammatory cytokines cause beta cell
dysfunction [22]. Although the association
between cytokines and pancreatic endocrine

dysfunction in AIP is reported, further evalua-
tion is needed [10]. Unfortunately, in our
patient, cytokine levels were not assessed.

Glucose intolerance in AIP is complicated by
multiple factors, including the degree of pan-
creatic islet damage, cytokines, the balance
between alpha and beta cell function, and cor-
ticosteroid-induced insulin resistance. Predic-
tion of the recovery of pancreatic endocrine
function before steroid therapy in patients with
AIP is an issue for future study.

CONCLUSION

We report AIP with predominant improvement
of alpha cell function after steroid therapy. This
result suggests an imbalance between alpha and
beta cell function contributing to insufficient
diabetic control in AIP after steroid therapy.
Pancreatic endocrine function tests in combi-
nation with pancreatic cytology could be help-
ful in determining an adequate treatment
strategy for diabetes mellitus associated with
AIP.
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