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Allergic diseases, immunoglobulin E, and autoimmune pancreatitis:

a retrospective study of 22 patients

Zhang Li, Guo Limei, Huang Yonghui, Wang Tianli, Shi Xueying, Chang Hong, Yao Wei and Huang Xuebiao
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Background Autoimmune pancreatitis (AIP) is a chronic inflammatory disease of pancreas. We evaluated the clinical
manifestations, imaging, and histological presentations of AIP in Chinese patients, and investigated the roles of
immunoglobulin E (IgE) and allergic diseases in the diagnosis and pathogenesis of AlP.

Methods The clinical records of 22 patients diagnosed with AIP were reviewed and analyzed. All patients with AIP fulfilled
the 2006 revised diagnostic criteria proposed by Japan Pancreas Society or the Korean Criteria for AlP.

Results Half (11/22) of AIP patients had allergic diseases. Twenty-one patients had elevated serum IgE levels, and 14
patients had IgE levels more than 3 times that of normal. There were no significant differences between the patients
with higher or lower IgE, with or without allergic disease, in clinical features, laboratory tests, diffuse or focal lesions, or
the choice of treatment methods; however, more complaints of body weight loss were observed in patients with higher
IgE levels. Patients with higher IgE levels and with allergic diseases were more likely to have onset in March, April, May,
August, September, or October. IgE levels decreased after therapy, but increased again during recurrence. Increased
number of mast cells was found in the pancreatic tissue in AIP.

Conclusions IgE maybe a useful marker for monitoring therapeutic response and recurrence of AIP. Allergic processes

may play an important role in the pathogenesis of AIP.

Autoimmune pancreatitis (AIP) is a chronic
inflammatory disease of pancreas characterized by
enlargement of the pancreas, hyperglobulinemia, fibrosis
and lymphoplasmacytic infiltration of the pancreas,
involvement of extrapancreatic organs, and response to
corticosteroid therapy.'” Despite growing awareness of the
condition, differentiating between AIP and pancreatic cancer
remains challenging. Type 1 AIP is defined as pancreatic
lesions of IgG4-related systemic disease (IgG4RD);
however, there is no evidence supporting the direct
immnopathological role of IgG4 in AIP.” Autoimmune
mechanisms are thought to cause AIP, but the etiology and
pathogenesis of AIP are still largely unknown, and only a
few studies have described potential relationships between
allergic disease and AIP.” In this retrospective study, we
evaluated the clinical manifestations, imaging findings,
and histological presentations of AIP in Chinese patients.
Additionally, we discussed the role of the immunoglobulin
E (IgE) in the diagnoses and treatment of AIP and the
possible involvement of allergic mechanisms in the
pathogenesis of AIP.

METHODS

From May 2007 to August 2013, 22 patients were
diagnosed with AIP at Peking University Third Hospital,
Beijing, China. These patients’ clinical records were
reviewed and analyzed. The data included patients’ main
symptoms, physical signs, medical history, allergic history,
laboratory studies. The patients received endoscopy,
radiological imaging, and/or biopsy studies, as summarized
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in Table 1. Two patients were misdiagnosed with pancreatic
cancer and underwent from partly pancreatectomy. All
slides were reviewed by 2 experienced histopathologists.
All patients with AIP fulfilled the 2006 revised diagnostic
criteria proposed by Japan Pancreas Society® or the Korean
Criteria for AIP.

For statistical analysis, variables were represented as
percentages or means + standard deviation. The y’ test
and Student ¢ test were used for comparative statistical
evaluation among groups, and differences with P-values
of less than 0.05 were considered significant. Correlation
analyses were evaluated by Spearman’s correlation.
Statistical analyses were performed using SPSS 18.0
software (SPSS Inc., Chicago, IL, USA).

RESULTS

General states and clinical features of patients

The duration of symptoms prior to diagnosis ranged from
1 week to 3 years, and abdominal pain, jaundice, and body
weight loss were the most common symptoms of AIP. The
other main complaints included the presence of pancreatic
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Table 1. The number of patients receiving endoscopy, radiological
imaging, and/or biopsy studies

Diagnositc method Number of cases

ERCP 20
MRI/MRCP 1717
CT/PET-CT 20/6
EUS (+FNA) 7 (+3)
IDUS 3
BCE 9
Duodenal biopsy 14
Lung biopsy 1
Submaxillary salivary gland biopsy 1
Lymph node biopsy 1
Renal biopsy 1
Liver biopsy 2

ERCP: endoscopic retrograde the cholangiopancreatography; CT: computed
tomography; MRI/MRCP: magnetic resonance imaging/magnetic resonance
cholangiopancreatography; EUS (+FNA): endoscopic ultrasonography (-guided
fine-needle aspiration); IDUS: intraductal ultrasonography; Duodenal biopsy
means biopsy specimens obtained from duodenal papilla and duodenal mucosa
from the opposite side of the papilla; BCE: brushing cytological examination of
stenotic biliary lesion.

masses, elevated serum CA19-9 levels, and fatigue. One
patient underwent distal pancreatectomy because of
misdiagnosed pancreatic cancer 3 years prior at another
hospital, and was diagnosed as AIP based on postoperative
histopathological studies. This patient was admitted to our
hospital for obstructive jaundice. Concomitant allergic
diseases were observed in half (11/22) of patients, including
allergic rhinitis in 9 patients and bronchial asthma in 2
patients. Five patients had a history of allergy to medicine
or protein foods (Table 2).

Laboratory studies

Peripheral leucocytes and classifications were normal in
all patients, but only one patient had a high percent of
eosinophilic cells (8.7%; normal is less than 5%), with a
normal eosinophilic cell count (0.36x10° cells/L). Eleven
out of 15 patients had I1gG4 elevation. Interestingly, serum
IgG4 levels were normal in 2 patients when they were
diagnosed with AIP, but were higher than 135 mg/dl after
corticosteroid therapy. Elevated IgG was observed more

frequently in patients with allergic diseases than in those
without allergic diseases. IgE levels were elevated in 21
out of 22 patients, ranging from 135 U/ml to more than
2 500 U/ml (normal, <100 U/ml). Serum IgE levels were
more than 300 U/ml in 14 cases. Allergic history was more
frequent in patients with higher IgE levels (> 300 U/ml)
than in patients with lower IgE levels (< 300 U/ml; 10/14
vs. 4/8). Mean serum IgE levels were higher in patients
with allergic diseases than in patients without allergic
disease ((927.7£842.2) U/ml, range: 135 to >2 500 U/ml;
vs. (463.1+£371.4) U/ml, range: 85 to 1 364 U/ml). The
mean percentage of a2-globulin was higher (P=0.021) and
the mean percentage of y-globulin was lower (P=0.028) in
patients with lower IgE levels than those in patients with
higher IgE levels. Although the mean values of IgG and
IgG4 were higher in patients with allergic diseases or in
patients with higher IgE level than the controls, but there
were no statistical significance between them (Table 3).
There were no correlations between the levels of serum IgE
and the levels of serum IgG or IgG4.

Imaging findings

Thirteen patients had diffuse enlargement of the pancreas.
In 1 patient, the body and tail of pancreas had been
involved 3 years prior, whereas the head of the pancreas
was involved at the current evaluation. On endoscopic
retrograde cholangiopancreatography (ERCP) or magnetic
resonance cholangiopancreatography (MRCP), the
intrapancreatic segment of the common bile duct (CBD)
showed narrowing in all patients, and the narrowness was
smooth and gradual, resulting in dilation of the proximal
bile ducts. Twelve patients were found to have thickened
bile duct walls on computed tomography (CT), endoscopic
ultrasonography (EUS), or intraductal ultrasonography
(IDUS). Narrowed bile duct of the hepatic hilum was
found in 3 patients. There were no differences in imaging
manifestations between patients with higher or lower IgE
levels or between the patients with or without allergic
diseases.

Table 2. General state, clinical features and treatments of patients with AIP

Clinical features Total (n=22) IgE<300 (n=8) 1gE>300 (n=14) Without AD (n=11) With AD (n=11)
Age (range (mean), years) 41-82 (64.1) 41-74 (63.0) 45-82 (64.8) 41-82 (62.2) 45-76 (66.1)
Male: female 18:4 7:1 11:3 10:1 8:3
Duration before diagnosis 1 week to 3 years

<1 month (n) 3 1 2 1 2

>1 month to <6 months (1) 9 3 6 6 3

>6 months (n) 10 4 6 4 6
Season (3, 4, 5, 8, 9, 10th month) () 13 2 1’ 3 10"
Abdominal pain (1) 15 6 9 10 5
Jaundice (n) 14 5 9 7 7
Body weight loss (>3 kg) (n) 17 4 13 7 10
Allergic history (n) 11 3 8 - -
HBYV infection (1) 12 3 9 4 8
Smoke (1) 11 5 6 9 2f
Alcohol (1) 4 2 2 2 2
Diabetes mellitus (1) 9 4 5 5 4
Diffuse involvement (r) 13 6 7 7 6
Focal involvement (1) 9 2 7 4 5
Bile duct stent (1) 16 5 11 9 7
Pancreatic duct stent (1) 3 2 1 3 0
Steroid treatment (n) 16 5 11 7 9

HBV: hepatitis B virus; AD: allergic diseases. P <0.05, patients with IgE >300 U/ml vs. those with IgE <300 U/ml; 'P <0.05, patients with AD vs. those without AD.
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Table 3. Laboratory studies of AIP patients

mg/d was continued as maintenance

/total IgE<300 IgE> Without AD ith AD 1
Laboratory studies n/tota gE<30 gE=300 ithou Wi therapy for 6 months or longer. Sixteen
SR (n=22) (n=8) (n=14) (n=11) (n=11) patients received bile duct stents, and 3
" 1720 63 112 710 10/10 received pancreatic Fluct stents to relieve
Value (mm/h) 45.15£30.86  47.50+37.78  43.58+27.02  42.40+37.57 47.90+24.12  symptoms. Six patients were followed
ALT>3N (N<40 U/L) up without prednisone because they were
" 9122 3/8 o4 11 S/ asymptomatic, asymptomatic after biliary
Value (U/L) 139.91£160.03 18116223347 10971299.94 12455517453 147.08151.78 4 = had hepatitis B virus infecti
CA19-9>37 U/ml ralntdge, ad hepatitis B virus n ect.10n,
n 14/22 5/8 9/14 6/11 8/11 or rejected further therapy. One patient
Value (U/ml) 146.35+233.14 140.58+143.61 149.65+276.89 103.98+139.08 188.73+301.41  discontinued steroid thera_py because of
High serum IgG . exacerbated diabetes mellitus.
n 11/22 3/8 8/14 /11 10/11°
Value (/L) 20.10£10.55 15514352 22.72+1236  16.59£10.99  23.60+9.71 .
1gG4>135 mg/dl The patients were followed up for 8—64
n 11/15 4/6 7/9 47 /8 months (mean follow-up, 31 months).
L . . .
ow serum €30 o " 14 " . findings were found in all patients, and
n . . .
Value (kU/L) 377342167 39.75:1644  36.57+24.68  44.55:1601  3091:2505 ~ Persistent improvement was not.ed m
Low serum C3 most cases, even though 6 patients did not
n 11722 5/8 6/14 411 711 receive corticosteroid therapy. Two patients
Value (/L) 0.001£0.469 09140360  0893:0.535  LOATR04IL 075450497 quffered from relapse of AIP during the
Low serum C4 . . . . .
B 8122 38 5/14 11 6/11 tapering or discontinue of corticosteroid
Value (/L) 0.171£0.110  0.19:0.12  0.159£0.107  0.200:0.109  0.141z0.108  therapy. One patient, who had no obvious
High a1-globulin relapse of AIP (according to clinical
" IS 4/6 39 215 710 and imaging criteria) after therapy, was
Value (%) 3413£1.148  3.633£1269  3267+1.112  3240£1.766  3.500+0.799 diagnosed with IgGé-related interstitial
High 02-globulin o T .
n 13/15 6/6 79 4/5 9/10 nephritis 6 months later. Fifteen patients
Value (%) 10.63342.223  12.18342.386  9.600+1.447°  11.640+3.454 10.130£1243  were monitored for changes in IgE levels
High B-globulin at least once during the follow up, and
n 415 2/6 2/9 2/5 2/10 .
IgE levels decreased after therapy in all
Value (%) 9.56+3.08 11202224 8.47+3.18 10.14£420  9.27+2.58 g . . Py 11
High y-globulin of these patients (Figure 2). In 2 patients
n 12/15 4/6 8/9 3/5 9/10 with recurrence, IgE levels rose again.
Value (%) 30.2549.76 23.72+5.83 34.60+9.60° 25.92+11.80 32.41+8.41 In 1 patient with recurrence, both IgG

AD: allergic diseases; N: normal limit; 3N: three times of normal value; P <0.05, patients with IgE >300
U/ml vs. those with IgE <300 U/ml; "P <0.05, patients with AD vs. those without AD.

Histopathological findings

Characteristic histopathological features of AIP were
confirmed in surgical samples from the pancreases of
patients. The lobular architecture of the pancreas became
irregular. The most characteristic changes included a
dense mature lymphoplasmacytic inflammatory infiltrate
in the atrophic acinar tissue, fibrous deposition, and
surrounding medium- to large-sized interlobular ducts. By
immunohistochemical staining, plenty of IgG4-positive
cells were observed. The ratio of IgG4-positive cells to
IgG-postive cells was above 40%. In addition, mast cells,
identified by immunoreactivity of anti-CD117 antibodies,
were unevenly distributed. Some mast cells were present
focally and were accompanied by lymphoplasmacytic cells,
while some were scattered in the acini (Figure 1).

IgG4-related sclerosing sialitis, intrahepatic cholangitis,
inflammatory pseudotumors in the lung, and interstitial
nephritis were found in 4 patients.

Treatment and follow up

Sixteen patients were treated with prednisone at an
initial dose of 30—40 mg/d for 2 weeks. Prednisone
was then tapered by 5 mg every 2—-4 weeks, and 2.5-5

and IgE levels fluctuated synchronously
(correlation coefficient: 0.629, P=0.012;
Figure 3).

DISCUSSION

AIP was first described by Sarles et al® in 1961 as idiopathic
chronic pancreatitis with hypergammaglobulinemia. The
concept of autoimmune pancreatitis was first proposed
by Yoshida et al’ in 1995 based on the clinical features
of increased serum y-globulin or IgG levels, presence
of autoantibodies, effectiveness of steroid therapy, and
occasional association with other autoimmune diseases,
in addition to abnormalities of the morphology and
histopathology of the pancreas. Elevated levels of IgG,
IgG4, or y-globulin are characteristics of AIP and required
criteria for AIP in several well established diagnostic
criteria guidelines; **'* thus, immunoglobulins are generally
evaluated during suspected diagnoses of AIP. Because
serum IgE levels are always measured simultaneously
with IgG levels at our hospital, we found that IgE levels
were usually elevated in AIP patients, but not in patients
with acute pancreatitis or pancreatic carcinoma. Moreover,
because patients with allergic diseases generally exhibited
elevated IgE, we sought to investigate the relationships
among allergic diseases, IgE, and AIP.
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Figure 1. Histopathological studies. Lobular architecture was
destroyed and became irregular. The inflammatory cell component
included mature lymphocytes and plasma cells, diffusely
distributed in the acini and fibrous stroma. A: HE, original
magnification x100; B: CD38 (IgG) immunohistochemical staining
showed massive infiltration of plasma cells, original magnification
x200; C: markedly increased IgG4-positive plasma cells
infiltrated the tissue, as revealed by IgG4 immunostaining, original
magnification x200; D: anti-CD117 antibody immunostaining
revealed an increased number of mast cells in the fibrous stroma,

accompanied by lymphoplasmacytic cells that were scattered close to the duct (E) or located in the acini (F), original magnification x100.
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Figure 2. Changes in serum IgE levels before and after
therapy in 15 patients. Serum IgE levels were decreased when
patients’ conditions improved. All patients were treated with
corticosteroids except for case 4.
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Figure 3. Changes in serum IgG and IgE levels in a patient
with recurrence. The patient complained of progressive fatigue
when he discontinued corticosteroid therapy; serum IgG and
IgE levels were elevated, and B-mode ultrasonography showed
enlargement of the pancreas. When the patient was re-treated
with corticosteroids, his symptoms were relieved, and serum IgG
and IgE levels were decreased.

In limited previous reports, 37.5%-44.4% of patients with
AIP had histories of allergic diseases, such as acute allergic
rhinitis, atopic dermatitis, bronchial asthma, drug allergy,
and hypersensitivity pneumonitis.” In the present series,
11/22 of patients suffered from allergic diseases. These
diseases were problematic several months to 2 years before

and during symptoms of AIP. Notably, only 4 patients
reported actively a history of allergic rhinitis or bronchial
asthma, and the other 7 patients complained of symptoms
of persistent nasal discharge or sneezing, and were
diagnosed as allergic disease by experts of otorhinolaryngy
or respiration this time. Among these 11 patients, 5 patients
had a history of allergy to medicines or protein foods.

Kamisawa et al’ observed elevation of IgE in 34% (12/35)
of AIP patients (IgE > 580 U/L), and all patients with
high IgE had present and/or past occurrence of allergic
diseases. The authors believed that allergic mechanisms
may be related to the occurrence of AIP in these patients.
In the present study, 21/22 of patients had elevated serum
IgE levels (IgE > 100 U/ml), 14/22 had more than 3 times
that of normal levels, with levels varying from 135 U/ml
to more than 2 500 U/ml. Moreover, patients with allergic
diseases had higher levels of IgE than patients without
allergic diseases. Elevated IgE in AIP patients had also
been mentioned in a few additional studies;'""* however,
the reasons for these elevated IgE levels are not often
discussed. In a study by van Toorenenbergen et al,"* serum
total IgE levels appeared to differ significantly between AIP
and pancreatic cancer, but the detailed roles of IgE were
unknown.

In the present study, AIP mainly affected middle-aged to
elderly men, and the most common symptoms were mild
abdominal pain, obstructive jaundice, and weight loss.
Increased ESR was found in 17/20 of patients, which
suggested the occurrence of an active inflammation
reaction. Elevated CA19-9 was associated with jaundice,
and this symptom returned to normal after the jaundice was
improved. A total of 11/15 of patients had elevated levels
of serum IgG4, and asynchronization between elevated
IgG4 levels and the onset of disease was noted in 2 patients
in our study. Increased levels of serum al-globulin (9/15)
and a2-globulin (13/15) were also observed in many
AIP patients; however, the pathogenesis and etiologies
of these abnormalities in globulin levels were not clear.
Decreased serum levels of C3 were found in 11/22 of
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patients, indicating that the complement activation system
was functioning in the pathogenesis of this disease, as
mentioned in a prior report."

Based on imaging findings, diffuse involvement of
the pancreas was found in 13/22 of patients, and focal
lesions could progress to diffuse lesions, or the remnant
pancreas could relapse after partial pancreatectomy. This
result supported the hypothesis that focal-type AIP is an
initial stage of diffuse AIP. Stricture of the intrapancreatic
segment of the CBD was detected in all patients in present
study, regardless of the presence of jaundice or involvement
of specific regions of the pancreas. Moreover, 12/22 of
patients showed wall thickening in the CBD on CT, EUS,
or IDUS. The biliary stenosis resulted from extrinsic
pancreatic compression or inflammation of the bile duct
itself in AIP.

In histopathological studies, besides characteristic
histopathological features of AIP, increased numbers of
mast cells were found in the pancreatic tissues. Generally,
mast cells are scattered close to blood vessels in normal
pancreatic tissue. However, in the present case, some
mast cells were present focally and were accompanied by
lymphoplasmacytic cells, while some were found in the
acini; these characteristics were different from those of
mast cells in normal pancreatic tissue. To our knowledge,
this is first report that characteristic mast cells were found
in the pancreatic tissue of patients with AIP.

In our study, EUS-FNA or brushing cytological examination
yielded very low positive diagnoses, and moderately
increased IgG4-positive plasma cell infiltrates were not seen
in sample biopsies from these patients (> 10 cells per high-
powered field). We experienced difficulties in diagnosing
ATP by these examinations due to patchy distribution
of the disease, insufficient specimens, or lack of tissue
architecture. Some data suggested that swollen duodenal
papilla or positive IgG4 staining in duodenal papilla tissue
may useful in both the diagnosis and prognosis of AIP;"
however, our study did not support these notions. One
study has shown that IgG4+ plasma cells are not abundant
in the digestive mucosa of AIP patients compared to
healthy controls."” Therefore, [gG4 immunostaining of the
digestive mucosa may not be helpful for the diagnosis of
AIP. Although these histological examinations could not
suggest the diagnosis of AIP, they are useful to differentiate
AIP from pancreatic cancer, neoplasia of the bile duct, or
eosinophilic pancreatitis.

AIP typically responds well to corticosteroid therapy, as
shown in prior studies”””'" and in the present study. Biliary
stents were implanted in some patients with stenosis bile
duct, and rapid resolution of jaundice and abdominal pain
was seen in these patients. Pancreatic duct stents were
implanted in 3 patients; these procedures were performed
by the doctors who completed the ERCP, but may not
be necessary in AIP patients. Spontaneous remission in
patients without corticosteroid therapy was also seen in this

study, as reported in a few prior studies.'*"’

There were no significant differences observed between
patients with higher or lower IgE levels, or between
patients with or without allergic diseases, in terms of
clinical features, laboratory tests, diffuse or focal lesions,
or the choice of treatment methods, except for loss of body
weight, smoking history, levels of a2-globulin, y-globulin
and IgG. Onset of AIP in March, April, May, August,
September, or October occurred more frequently in patients
with higher IgE levels or in patients with allergic diseases
than in patients with lower IgE levels or without allergic
diseases. Interesting, onset of allergic disease were also
more frequent in this period in Beijing. These results were
different from the results of the study by Kamisawa et al,’
in which allergic-type AIP occurred predominantly from
September to February. This difference may be because
of the different environments in which the patients lived,
causing patients to be exposed to different allergic factors,
such as cold air or pollens. Patients with allergic diseases
reported relief of symptoms of rhinitis or asthma following
AIP therapy, possibly resulting from the anti-inflammatory
action of corticosteroids. In the study by Hirano et al,"
there were no significant differences in the levels of
IgE between patients with and without clinical relapse,
before and after steroid treatment, and with or without
past allergic disease. The authors believed that although
IgE does not necessarily reflect the disease severity, IgE
may be useful for the diagnosis of AIP during inactive
stages. However, in our study, serum IgE levels decreased
with relief of patients’ conditions and then rose again
during recurrence in 2 patients, indicating that IgE levels
may be an indicator of AIP activity. In the study by van
Toorenenbergen et al,'” there was a significant correlation
between total IgE and total IgG4 levels in patients with
AIP; however, in the study by Hirano et al,'' there were
no significant correlations between IgG, 1gG4, and IgE.
In our present study, a correlation between IgE and IgG
or IgG4 levels was not shown, which may have been due
to the significant variation in IgE levels among individual
patients. Regardless, we did notice a consistent fluctuation
in both IgG and IgE levels in one individual. These findings
suggested that IgE may play a diagnostic role in AIP similar
to that of IgG.

Recently, several studies have shown that T-helper type
2 (Th2) cells, Th2 cytokines (interleukin (IL)-4, IL-5,
and IL-13), regulatory T cells (Tregs), and regulatory
cytokines (IL-10 and TGF-B) play a critical role in the
pathogenesis of AIP."*** However, the inflammatory
reactions predominantly mediated by Th2 cell and Treg
responses are also closely involved in the pathogenesis
of allergic disorders.'””* Moreover, the regulation of both
IgG4 and IgE depends on Th2 cells and Th2 cytokines, and
high serum IgG4 levels are often observed in IgE-mediated
allergic disorders.”'” Based on the relationship between
IgG4, IgE, allergic diseases, and AIP, our study supported
the hypothesis that allergic reactions may play a pathogenic
role in some cases of AIP. And increased numbers of mast
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cells exhibiting specialized localization in the target tissues
of AIP by immunohistochemical studies supported this
hypothesis further.

Although our study revealed important insights into AIP,
many questions are still unanswered. Thus, further studies
will need to address how allergic pathogenesis damages the
pancreas or other target tissues, the relationship between
susceptibility and allergic factors, the pathogenesis of
AIP in patients without any medical history or symptoms
suggestive of allergic conditions, and the variation in IgE
values among groups of patients. The small sample size
and incomplete data are limitations of this retrospective
study. Further observation associated with IgE and allergic
diseases in AIP patients is required.

The serum IgE level may be a useful marker for diagnosis,
monitoring therapeutic response and recurrence of AIP.
Allergic processes may play an important role in the
pathogenesis of this condition. Further investigations to
elucidate the possible pathogenic mechanisms through
which IgG4 and IgE mediate inflammatory reactions and
the diagnostic value of IgE in AIP are necessary.
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