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Abstract
Background: Several reports indicate that eosinophils are 

induced in chronic pancreatitis including patients with pancreatic 
malignancy. However, significance of eosinophilic pancreatitis (EP) is 
poorly understood and unexplored. 

Aim: Accumulation and degranulation of eosinophils promote 
pancreatic fibrosis and malignancy. 

Method: Human pancreatic tissue biopsy samples including 
chronic pancreatitis (n=3), malignant (n=4), non-malignant (n=3), 
and normal (n=3) were used for H&E, anti-MBP staining, anti-tryptase 
staining, anti-IgE staining and Masson’s trichrome staining. 

Results: We show induced eosinophils and degranulated 
eosinophils indicated by the presence of anti-MBP stained extracellular 
granules in the malignant pancreatic (pancreatic cancer) and non-
malignant human pancreatic tissues. A comparable number of 
eosinophils were observed in non-malignant and malignant pancreatic 
tissue sections, but the sections differed in degranulated eosinophils 
and the presence of extracellular granules. Additionally, induced mast 
cells and tissue-specific IgE positive cells were also detected in the 
tissue sections of malignant pancreatitis patients compared to non-
malignant human pancreatic patients. Tissue-specific IgE induction is 
critical for the degranulation of eosinophils and mast cells that may 
lead to increased accumulation of collagen in malignant compared 
to non-malignant human pancreatic tissue samples.  We show a 
large number of anti-tryptase stained extracellular granules in the 
tissue sections of malignant pancreatic cancer patients. Both IgE 
and eosinophil major basic proteins (MBP) were reported for the 
activation and degranulation of mast cells in tissues. 

Conclusion: Taken together, our investigation concludes that 
eosinophils and mast cells accumulation and degranulation are 
critical in promoting pancreatitis pathogenesis that may lead to the 
development of pancreatic fibrosis and malignancy.

Keywords: Eosinophils; Mast cells; Cytokines; Chemokines; 
Pancreatitis; Fibrosis

Introduction
Several clinical reports have indicated induced eosinophils 

in the biopsies of pancreatitis patients that are termed as 
“eosinophilic pancreatitis (EP)” [1-7]. A study has shown 

microscopic examination of a pancreatic biopsy revealed that 
eosinophil infiltration occurs into the pancreatic duct, acini, 
and interstitium associated with  fibrous connective tissue 
hyperplasia and accumulation of collagen [2]. Some clinical 
reports suggest that eosinophilic pancreatitis mimics pancreatic 
neoplasia, as a number of eosinophils are detected in pancreatic 
tumors [4, 8, 9]. Most recently, we reported role of eosinophils 
in cerulein induced experimental pancreatitis [10]. However, 
yet no attempt has been made to understand the role of 
eosinophils in promoting pancreatitis, pancreatic fibrosis and 
pancreatic malignancy. Several investigators have reported EP in 
patients, but still refer to it as a “rare disease”. The possibility of 
eosinophil accumulation in the pancreas was not noticed, as most 
of the pancreatic biopsies were performed using endoscopic 
ultrasound with fine needle aspirate, with the purpose to detect 
whether patients had developed pancreatic malignancy. These 
procedures did not provide sufficient tissue for pathological 
examination; therefore, the EP in patients may not be detected in 
most hospitals and clinics, hence it is ignored and termed a rare 
disease. Therefore, we tested the hypothesis that accumulation 
of eosinophils and eosinophil degranulation in the pancreas 
may be critical for promoting pancreatic fibrosis and pancreatic 
malignancy. Accordingly, we examined pancreatic tissue samples 
of pancreatitis, non-malignant, malignant, and normal tissue 
samples for eosinophil accumulation and degranulation. Herein, 
we report that tissue eosinophilia indeed occurs in pancreatitis 
and eosinophil degranulation in the pancreas is associated with 
pancreatic fibrosis and pancreatic malignancy. Taken together, 
we show that eosinophilic pancreatitis may not be considered a 
rare disease and needs appropriate attention to understand the 
role of eosinophils in pathogenesis of pancreatitis, fibrosis and 
malignancy. Of note, pancreatic fibrosis is the major concern for 
failed therapies in chronic pancreatitis and pancreatic malignancy.

Materials and Methods
Collection of patient tissue samples

A total of 13 human pancreatic tissue samples including chronic 
pancreatitis (n=3), malignant (cancer) (n=4), non-malignant 
(benign) (n=3), and normal (n=3) were obtained from the 
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Biospecimen Core facility, Louisiana Cancer Research Consortium. 
The 3 specimens from normal that do not show any histological  
abnormalities  in  H & E stained tissue  sections  considered 
as control. Pancreatic tumor sections histopathologically 
evaluation and passed on pathological report differentiated for 
non-malignant and malignant pancreatic patients. Patients’ 
pancreatic tissues were collected during surgical resection of 
pancreatic tumors and surgical procedures performed in chronic 
pancreatitis. Approximately 100 mg segments of tumor and 
adjacent tissue were taken and immediately frozen in liquid 

Table1: Details of human pancreatic biopsies

S.No. Age Gender Lymphovascular invasion Perineural  
invasion % Tumor Pathological Status

1 45 M - Normal tissue
2 63 F - Normal tissue
3 57 F - Normal tissue
4 50 F - Chronic pancreatitis
5 67 F - Chronic pancreatitis
6 63 M - ND Chronic pancreatitis
7 72 M - ND 10 Non-malignant
8 55 M - - 15 Non-malignant
9 71 M - ND 10 Non-malignant

10 57 F ++ ++ 100 Malignant
11 66 M - ++ 80 Malignant
12 52 F ++ ++ 70 Malignant
13 65 M ++ + 100 Malignant

(-) Absent, (+) Less severe, (++) Severe, ND- Not defined, M- Male, F -Female

nitrogen or 4% formaldehyde. Samples from those patients 
who had chemotherapy and radiotherapy were excluded from 
the studies. All 4% formaldehyde fixed tissues were used for 
paraffin embedding, sectioning and processing for H & E staining, 
immunostaining, and routine light microscopy. Further, the 
diagnosis of tumor grade was confirmed histologically. A written 
informed consent was obtained from each patient as per the 
Institutional Review Board approval for the study.  The detailed 
clinical characteristics of each patient have been provided in 
Table 1. 

Analysis of tissue IgE, Eosinophils, and Eosinophil 
Degranulation

Tissue sections were immunostained with anti-human IgE 
(Vector Laboratories, CA, USA) and antiserum against mouse 
eosinophil major basic protein (MBP, i.e. eosinophil specific 
granule), a kind gift of Drs. James and Nancy Lee (Mayo Clinic, 
Scottsdale, AZ) as described [11-12]. In brief, endogenous 
peroxidase in the tissue was quenched with 0.3% hydrogen 
peroxide in methanol followed by nonspecific protein binding 
blocking with normal goat serum. Tissue sections were then 
incubated with goat anti-IgE (1:100) and  rat anti-MBP (1:6000) 
overnight at 4°C, followed by 1:250 dilution of biotinylated 
horse anti-goat IgG and goat anti-rat IgG secondary antibody 
(Vector Laboratories, CA, USA) respectively and avidin-
peroxidase complex (Vector Laboratories, CA, USA) for 30 
minutes each. These slides were further developed with nickel 
diaminobenzidine-cobalt chloride solution (Vector Laboratories, 
CA, USA) to form a black precipitate, and counterstained with 
nuclear fast red (Poly Scientific R & D Corp, NY, USA). Negative 
controls include replacing the primary antibody with normal 
goat  serum to check endogenous biotin and peroxidase activity. 
Quantification of the immunoreactive cells was performed using 
a video-assistant integrated computer software program Image 

Pro software analyzer (Media Cybenetics, PA, USA). The number of 
eosinophils and IgE positive cells were expressed as eosinophils/
mm2 and IgE positive cells/mm2. A total of 4-5 high power fields 
in each pancreatic section were evaluated for eosinophils and 
IgE positive cells counting and analysis. Photomicrographs are 
presented as original magnification x400 and x1000.

Mast Cells Analysis

Mast cells were detected in the human pancreatic tissue 
sections by performing anti - tryptase immunofluorescence 
staining as described earlier [13]. In brief, anti-tryptase 
immunofluorescence was performed using monoclonal anti-
tryptase antibody (Biorad, CA, USA) followed by PE-labeled 
secondary antibody (BD Biosciences, CA, USA) and mounted 
with nuclear staining DAPI mounting material. The images were 
captured using an Olympus BX51 microscope with appropriate 
filters and photomicrographs are presented as original 
magnification x400 and x1000.

Tissue collagen analysis

Collagen staining was performed on tissue sections by 
Masson’s trichrome staining (Poly Scientific R&D Corp, NY, 
USA) method for the detection of collagen fibers according to 
the manufacturer’s recommendations [14] and collagen tissue 
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thickness was measured using a video-assistant integrated 
computer software program Image Pro software analyzer (Media 
Cybenetics, PA, USA) and collagen thickness is expressed  in µm2.

Statistical analysis

The nonparametric Mann–Whitney U-test was employed for 
comparison of data between two groups, and Krustal–Wallis 
for comparison of more than two groups. Parametric data 
were compared using t - tests  or analysis of variance. Values 
are reported as mean ± S.D. P -values < 0.05 were considered 
statistically significant.

Results 
Eosinophils in human pancreatitis 

The eosinophil accumulation in the pancreas of normal and 

pancreatitis patients’ tissue sections were examined in H & E 
stained tissue sections. We report that all    chronic  pancreatitis 
patient tissue sections show varying magnitudes of eosinophilic 
accumulation compared to no eosinophils in normal tissue sections 
of pancreas (Figure 1 A, B). Several eosinophils were detected 
in H & E stained pancreatic tissue sections and marked with 
black arrows in the presented representative photomicrograph 
of pancreatitis patients (Figure 1 B). Morphometric analysis 
was performed to quantitate tissue eosinophils in pancreatitis 
patients, and the data indicated ~200 eosinophils/mm2 were 
found in pancreatitis tissue sections (p=0.0001) compare to 
normal tissue sections (Figure 1 C). Data is expressed as mean 
± S.D., Patients analyzed for each group, normal individual = 3, 
pancreatitis patient =3

Figure 1: Analysis of eosinophils in human pancreatitis tissue. Representative H & E stained photomicrograph of a tissue section of normal pan-
creas (A) and pancreatitis patients’ tissue (B) showing accumulated eosinophils in pancreatitis tissue sections marked with black arrows. Eosinophils 
in the pancreatic tissue sections were quantitated and expressed as eosinophils/mm2 (C). Data presented as mean ± SD, n = 3 for normal individuals, 
and n = 3 for pancreatitis patients. Representative photomicrograph presented as x400 of original magnification.

Detection of Extracellular Eosinophil Granules in 
Malignant (Cancer) and Non-Malignant (Benign) 
Pancreatic Tissue Sections

Eosinophil degranulation promotes disease pathogenesis 
including tissue fibrosis; therefore, we further examined 
the presence of degranulating eosinophils and eosinophil 
extracellular granules in the tissue sections by performing anti-

MBP immunostaining. We report that a number of anti-MBP 
positive eosinophils, with micro abscesses were detected in 
both malignant and non-malignant pancreatic tissue sections 
compared to normal tissue sections (Figure 2 A-C). Induced anti-
MBP stained eosinophils along with degranulated eosinophils 
were detected in malignant pancreatic tissue sections (Figure 2 C, 
F)  compared to non-malignant pancreatic tissue sections (Figure 
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2 B, E) whereas no eosinophils were detected in the normal tissue 
sections (Figure 2 A, D)  all photomicrograph shown with x400 
and x1000 magnification. Further, our analysis showed a large 
number of extracellular anti-MBP stained granules in the tissue 
sections of malignant pancreatic patients. We marked eosinophils 
with black arrows, degranulated eosinophils with green arrows, 
and several extracellular anti-MBP stained granules with yellow 
arrows in malignant pancreatic tissue sections. The higher 
magnification (x1000) photomicrograph of anti-MBP stained 

tissue sections are included to show more visible degranulated 
eosinophils and anti-MBP stained extracellular granules (Figure 2 
F) . The extracellular MBP granules are eosinophil degranulation 
products, the characteristic feature of any eosinophil associated 
disease [15, 16]. The morphometric quantitation of eosinophils 
was comparable in non-malignant and malignant pancreatic 
tissue, however there was high eosinophil degranulation in 
malignant tissue sections compare to the non-malignant tissue 
sections (Figure 2G).

Figure 2: Eosinophil analysis in normal, malignant, and non-malignant pancreatic patients Anti-MBP immunostaining was performed to detect 
eosinophils in tissue sections, no MBP-positive eosinophils were observed in representative photomicrographs of normal individuals (A, D). Several 
anti-MBP stained eosinophils were detected in non-malignant pancreatic tissue sections (B, E); whereas malignant pancreatic tissue showed a num-
ber of intact and degranulated eosinophils (C, F). Degranulation products are identified as anti-MBP stained extracellular granules. Black arrows mark 
intact eosinophils, green arrow indicates degranulated eosinophils, and yellow arrows indicate extracellular granules of MBP in the malignant tissue 
sections (C, F). The quantitation of eosinophil numbers was comparable in non-malignant and malignant pancreatic tissue sections compared to no 
eosinophils detected in normal pancreatic tissue sections (G). Representative photomicrographs presented as x400 and x1000 of original magnifica-
tion. The quantitative data are expressed as mean± S.D, n=3 for normal and n = 4 & 3 for malignant and non-malignant patient respectively. NS=non 
significant. 

Detection of mast cells in malignant and non-malignant 
pancreatic tissue sections

 Mast cells were previously detected in pancreatic cancer [17, 
18]; however, mast cell activation and degranulation processes are 
not studied in the microenvironment during disease progression 
and tumor development. Therefore, we examined the significance 

of mast cell degranulation and presence of its extracellular 
granules in the normal, non-malignant and malignant pancreatic 
tissue sections. We detected mast cells in the tissue by performing 
anti-tryptase immunofluorescence in the normal, non-malignant, 
and malignant pancreatic tissue sections. Our analysis has shown 
accumulation of a large number of tryptase-positive mast cells 
in both malignant and non-malignant pancreatic patient tissue 
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sections (p=0.001) compare to very few numbers of tryptase-
positive mast cells detected in normal pancreatic tissue sections 
(Figure 3 A-G) . Further, analysis revealed a significantly increased 
tryptase positive mast cell numbers in malignant pancreatic 
tissue sections (p=0.004) compare to non-malignant patients 
tissue sections (Figure 3 G). In addition to mast cell accumulation, 
we also observed highly induced extracellular anti-tryptase 
stained granules in malignant pancreatic tissue sections (Figure 
3 C, F)  compared to non-malignant pancreatic tissue sections 
(Figure 3 B, E), all photomicrographs shown with x400 and 
x1000 magnification. In the photomicrograph, we differentiated 

intact mast cells with white arrows, degranulated mast cells with 
yellow arrows, and anti-tryptase stained extracellular granules of 
mast cells with green arrows. The higher magnification (x1000) 
photomicrograph of anti-tryptase stained tissue sections is 
included to show more visibly the degranulated mast cells and 
their extracellular anti-tryptase stained granules (Figure 2 C, 
F). Very few mast cell granules were detected in non-malignant 
tissue sections (Figure 3 B, E)  and none were detected in normal 
pancreatic tissue sections (Figure 3 A, D). The morphometric 
analysis was performed to quantitate mast cell numbers and data 
was expressed as tryptase-positive mast cells/mm2 (Figure 3G).  

Figure 3: Mast cells analysis in normal, malignant and non-malignant pancreatic patients. Anti-tryptase immunostaining was performed to 
detect mast cells in tissue sections and anti-tryptase positive mast cells were shown in a representative photomicrograph of normal (A, D), non-ma-
lignant (B, E), and malignant pancreatic tissue sections (C, F). White arrows indicate tryptase positive intact mast cells (A, D); degranulated mast cells 
(marked by yellow arrows) and extracellular tryptase granules (marked by green arrows) are detected only in malignant pancreatic tissue sections 
(C, F). The quantitation of mast cell numbers in normal, non-malignant and malignant pancreatic tissue sections were detected and found significantly 
induced compared to the normal pancreas tissue sections (G). Representative photomicrographs presented as x400 and x1000 of original magnifica-
tion. The quantitative data are expressed as mean ± S.D, n=3 for normal and n = 4 for malignant and n=3 non-malignant patient.

Increase of tissue specific IgE in malignant and non-
malignant pancreatic tissue sections  

 Induced blood IgE has been reported in pancreatitis as well 
as in pancreatic cancer; however, the tissue eosinophils and 
mast cells require tissue specific IgE induction.  Therefore, we 
tested the hypothesis that the tissue specific IgE-producing cells 
are increased in malignant pancreatic tissues. Accordingly, we 
performed anti-IgE immunostaining in human pancreatic non-

malignant and malignant tissue sections. Our immunostaining 
analysis for tissue IgE  indicates  that a large number of  IgE  
positive  cells were detected and marked by blue arrows in both 
non-malignant (p=0.0018) and malignant human pancreatic 
tissue sections (p=0.0005) compared to normal human 
pancreatic tissue section (Figure 4 A-D). Further, analysis 
indicated a significant increase in anti-IgE positive cells in 
malignant pancreatic tissue sections (p=0.013) compare to non-

G
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malignant patients tissue sections (Figure 4 B-D). The results 
indicate that induced IgE positive cells produce tissue specific IgE 
that binds with IgE receptors present on both eosinophils as well 
as mast cells, leading to activation and degranulation of these 

cells. Therefore, IgE-induced degranulation of both eosinophils 
and mast cells may be playing a critical role in the progression of 
pancreatic malignancy.

Figure 4: Tissue specific IgE analysis in normal, malignant and non-malignant pancreatic patients. Human anti-IgE immunostaining was per-
formed to detect IgE producing cells in tissue sections of normal, malignant, and non-malignant tissue sections. The large number of anti-IgE positive 
cells was detected in non-malignant and malignant pancreatic tissue sections compared to very few numbers in normal pancreas tissue sections 
(A-D). A significant increase in IgE positive cell was also observed in malignant pancreatic tissue sections compared to non-malignant tissue sections 
(B, C). Blue arrows mark IgE positive cells. The morphometric quantitation of IgE positive cells is shown as IgE positive cells/mm2 (D). Representa-
tive photomicrographs presented as x400 of original magnification. The quantitative data are expressed as mean± S.D, n=3 for normal and n = 4 for 
malignant and n=3 non-malignant patient.

Analysis of fibrosis and collagen accumulation in 
malignant and non-malignant pancreatic tissue 
sections 

Since highly induced eosinophil and mast cell degranulation 
has been observed in malignant pancreatic patients, therefore, 
we were next interested to determine whether IgE-induced 
degranulation of eosinophils and mast cells is associated with 
tissue collagen accumulation. Accordingly, we performed 
Massons’ trichrome staining in the tissue sections of normal, non-
malignant, and malignant pancreatic patient tissue sections. Our 
analysis indicated induced collagen deposition in both malignant 
(p=0.001) and non-malignant pancreatic tissue sections 
(p=0.003) compared to the normal pancreatic tissue sections 
(Figure 5 A-D). Further, analysis indicated a significant increase 
in collagen deposition in malignant pancreatic tissue sections 
(p=0.012) compare to non-malignant patients tissue sections 
(Figure 5 B-D). The semi-quantitative collagen accumulation 
in the normal, non-malignant, and malignant pancreatic tissue 
was performed by using morphometric analysis to determine 

the thickness of perivascular collagen and represented collagen 
thickness in µm2 (Figure 5 D). Additionally, we provide a possible 
mechanistic pathway by which eosinophils and mast cells 
degranulate and contribute in promoting pancreatic malignancy 
in Figure 6.

Discussion
The etiology of eosinophilic pancreatitis (EP) is poorly 

understood and the role of eosinophils in the initiation and 
progression of pancreatitis has not been explored. The clinical 
symptoms and characteristics for EP patients are reported as levels 
of peripheral blood eosinophils  >1.5×109 for >6 months, with no 
history of rhinitis, bronchial asthma, or other allergic diseases, and 
no eosinophilic infiltration in the heart, skin, and gastrointestinal 
tract, as well as the exclusion of leukemia, parasitic infection, and a 
diagnosis of hypereosinophilic syndrome as per the international 
standards [2, 19]. Some reports refer eosinophilic pancreatitis as 
a rare disease [20]. However, our presented data indicates that EP 
may not be rare, because it is not well studied and systematically 
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Figure 5: Analysis of collagen accumulation in normal, malignant, and non-malignant pancreatic patients. Masson’s trichrome staining was 
performed to analyze collagen accumulation in tissue sections and perivascular collagen is detected in a representative photomicrograph of tissue 
section in normal (A), non-malignant (B), and malignant pancreatic tissues (C). The quantitation of perivascular collagen thickness in non-malignant 
and malignant pancreatic tissue sections indicated significantly induced collagen accumulation compared to normal pancreas tissue sections (D).
Representative photomicrographs presented as x400 of original magnification. The quantitative data are expressed as mean ± S.D, n=3 for normal and 
n = 4 for malignant and n=3 non-malignant patient.

Figure 6: Schematic diagram showing the mechanistic pathways of the role of eosinophils and mast cells in promoting pancreatic malignancy. IgE is 
causing the degranulation of eosinophils that secretes extracellular granules major basic protein (MBP). MBP and IgE further causing the degranula-
tion of mast cells that secretes Tryptase.  Further more, eosinophils secreted TGF β1 and mast cell secreted Tryptase induces collagen fiber synthesis 
and accumulation that leads the development of fibrosis and pancreatic malignancy. 
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diagnosed. Pancreatic biopsy procedures are normally based on 
endoscopic ultrasound with fine needle aspirate that lack tissue 
pathological analysis; therefore EP is an ignored disease entity. In 
the current study, we provided evidence that eosinophils indeed 
accumulated in the pancreatic tissue sections of non-malignant 
and malignant pancreatic tumors, and that induction of eosinophil 
degranulation was observed mainly in malignant tumors. In 
addition, mast cells were also observed in pancreatic tissue 
sections of non-malignant and malignant patients. Mast cells are 
well-known effector cells [21]. Interestingly, eosinophilic derived 
granules i.e. major basic protein (MBP) and IgE are capable of 
activating as well as degranulating the mast cells [15, 16]. We 
show tissue specific IgE producing cells are also increased in non-
malignant and malignant tissue sections. The induced IgE and 
degranulation of both inflammatory cells are more prominent in 
fibrotic malignant pancreatic tissue sections as compared to non-
malignant pancreatic tissue sections of patients. Tryptase, a serine 
protease stored in mast cell granules that induces the synthesis 
of type I collagen in human fibroblasts [22] and stimulates 
fibroblast proliferation [23-25] and chemotaxis [22]. Further, 
our result indicates that highly induced collagen deposition and 
increased fibrosis observed during the progression of disease 
pathogenesis from non-malignant stage to malignant stage. The 
induced degranulation products of eosinophils and mast cells in 
malignant pancreatic tissue sections suggest that IgE-induced 
degranulation of eosinophils and mast cells have an important 
role in pancreatic tissue remodeling and fibrosis that may be 
critical in the further progression to pancreatic malignancy. 
Of note, the induction of systemic IgE was previously reported 
in pancreatic cancer [26, 27]; however, we show that induction 
of tissue specific IgE is critical for pathogenesis compared to 
systemic IgE. Systemic IgE induction occurs in response to any 
antigen. These findings suggest eosinophil and mast cell crosstalk 
including IgE association may have a critical role in promoting 
chronic pancreatitis including fibrosis and malignancy. 

Taken together, we provided the evidence that accumulation 
of eosinophils and mast cells in the pancreas might not be a 
rare occurrence in human pancreatitis.  Additionally, we show 
induction of tissue specific IgE and degranulation of eosinophils 
and mast cells are associated with pancreatic fibrosis and 
malignancy in human. Conclusively, the current study highlights 
the need for detailed investigation on the mechanistic roles of 
tissue-specific IgE and eosinophils in promoting pancreatitis 
pathogenesis including fibrosis, and indicates EP may be an 
independent diseases entity in a group of particular pancreatitis 
patients that needs proper attention of health care providers.
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