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Characterization of host defense molecules in the human pancreas
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ABSTRACT
The gut microbiota can play a role in pancreatitis and, likely, in the development of type 1
diabetes (T1D). Anti-microbial peptides and secretory proteins are important mediators of the
innate immune response against bacteria but their expression in the human pancreas is not fully
known. In this study, immunohistochemistry was used to analyze the expression of seven anti-
microbial peptides (Defensin α1, α4, β1-4 and Cathelicidin) and two secretory proteins with known
antimicrobial properties (REG3A and GP2) in pancreatic and duodenal biopsies from 10 non-
diabetic organ donors and one organ donor that died at onset of T1D. Immunohistochemical data
was compared with previously published whole-transcriptome data sets. Seven (Defensin α1, β2,
β3, α4, GP2, Cathelicidin, and REG3A) host defense molecules showed positive staining patterns in
most non-diabetic organ donors, whereas two (Defensin β1 and β4) were negative in all non-
diabetic donors. Two molecules (Defensin α1 and GP2) were restricted to the exocrine pancreas
whereas two (Defensin β3, α4) were only expressed in islet tissue. Cathelicidin, β2, and REG3A
were expressed in both islets and exocrine tissue. The donor that died at onset of T1D had
generally less positivity for the host defense molecules, but, notably, this pancreas was the only
one where defensin β1 was found. Neither donor age, immune-cell infiltration, nor duodenal
expression correlated to the pancreatic expression of host defense molecules. In conclusion, these
findings could have important implications for the inflammatory processes in diabetes and
pancreatitis as we find several host defense molecules expressed by the pancreatic tissue.
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Background

The defensin molecules are a family of anti-
microbial peptides (AMPs) that play important
roles in the innate and adaptive immune system.
They are evolutionarily highly conserved, and exist
in numerous multi-cellular organisms such as fungi,
plants and mammals.12

The defensins are divided into three different
categories – alpha, beta and theta – based on their
molecular topology. The alpha and beta defensins
are expressed in human subjects.3

The alpha defensins exert their antimicrobial
effects in vitro by permeabilizing the cell membranes
of bacteriae andmonocellular pathogens, and by caus-
ing viruses to agglutinate, facilitating their phagocy-
tosis as reviewed by Lehrer et al.4 The beta defensins
act in a similar way, and have been found to inhibit
bacterial cell-wall synthesis and to exert their anti-
viral effects by interacting directly with viruses and

indirectly with their target cells.2 Another member of
the AMP superfamily is Cathelicidin, which has
a similar anti-microbial spectrum as the defensin
molecules as well as immunomodulatory effects, as
reviewed by Agier et al. Cathelicidin was first char-
acterized in neutrophil granulocytes, but are known to
be expressed and inducible in a number of cell types
including colonic enterocytes and epithelial cells.5

The defensins are not limited to antimicrobial
effects. In 1999, Yang et al discovered pro-
inflammatory properties of beta defensins, inducing
chemo-attraction of CD4 + T cells and immature
dendritic cells by binding to the chemokine receptor
CCR6.6 Beta defensins have also been shown to
attract cell types that do not express CCR6, such as
macrophages.7 The defensins have also been linked
to several other functions, such as wound healing,
reproduction and the host defense against carcino-
genesis, as further reviewed by Semple et al.2
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The defensin genes are susceptible to a high
variation of copy numbers between individuals,
and copy number variations (CNV) have been
associated with psoriasis, where individuals with
more copies are at higher risk of developing the
disease. The risk of developing Crohns disease, on
the other hand, is associated with lower expression
of beta defensins in the paneth cells of the ileum.1

Besides classic AMP molecules, many other pro-
teins have attracted attention in gastrointestinal
inflammation research. Regenerating islet-derived
protein 3-alpha (REG3A), formerly known as
HIP/PAP in humans, is a secretory protein with
antimicrobial properties.8 It is expressed in several
tissue types including the Paneth cells of the small
intestine and in pancreatic tissue.

Glycoprotein 2 (GP2) was initially characterized
as a secretory granule protein expressed exclusively
in the pancreas. Further research has shown that
GP2 is expressed in epithelial mucosal cells and on
several other cell types, and that it is involved in the
intestinal anti-microbial defense and exerts immu-
nomodulary effects.9

The intestinal bacterial flora and leakage in the
intestinal epithelium have been linked to type 1 dia-
betes (T1D).10,11 Also, the close communication
between the duodenum and the pancreas, through
the papilla Vateri and the pancreatic duct, could
allow translocation of duodenal bacteria, viruses and
bile to the pancreas, which has been hypothesized to
initiate the innate inflammatory response in the pan-
creas that contributes to the development of T1D.12-14

The installation of bacteriae in the pancreatic ducts is
in fact a model for T1D in rats.12 Tentatively, anti-
microbial peptides play important roles in the pan-
creatic defense against refluxed bacteria but also in
mediating a potentially harmful beta-cell cytotoxic
inflammatory response. The aim of this study was to
characterize the expression of these peptides in the
pancreas from non-diabetic individuals and from an
organ donor that died at acute onset of T1D.

Materials and methods

Ethics statement

The consent to use tissue from deceased organ
donors for research purposes was obtained verbally
from the deceased’s next of kin by the physician in
charge or obtained from an online database and fully

documented in accordance with Swedish law and
regional standard practices. All tissue included in
the study was procured, stored and analyzed as
approved by the Regional Ethics Committee in
Uppsala (Dnr: 2015/444).

Human tissue

Pancreatic tissue from ten non-diabetic multi-organ
donors aged 1 to 27 years (mean 11.7) and one donor
that died at acute onset of T1D were included in the
study (Table 1). The donorwithT1Dwas a 29 year-old
man who died as a result of a series of complications
associated with onset of the disease and his clinical
history has been described in detail in a previous
publication.12 One tissue sample from the body region
of the pancreas from each of the non-diabetic donors
was included. From the donor with T1D, two tissue
samples from separate pancreatic regions were
included; one of these (D1CD45hi) was known to have
intense immune cell (CD45+) infiltration while the
other (D1CD45lo) came from a part of the pancreas
with less inflammation. All pancreases were shipped
toUppsala in cold preservation solution optimized for
transplantation purposes where tissue biopsies were
immediately taken and fixed in formalin. Duodenal
and spleen samples were dissected from the retrieved
organ and fixed in formalin the same way.

Immunohistochemistry and histological analysis

Formalin-fixed and paraffin-embedded tissue samples
were cut into consecutive 6 μmsections and processed
and labelled using a standard immunoperoxidase

Table 1. Characteristics of the donors included in the morpho-
logical analysis.

Donor Diabetes
Age,
years Sex

BMI, kg/
m2

ISO
BMI*, kg/

m2
HbA1c, %
(mmol/mol)

ND1 no 1 M 14.8 N/A n.d.
ND2 no 5 M 13.9 <25 5.2 (33)
ND3 no 5 F 21.9 >30 n.d.
ND4 no 8 M 20.4 25–30 5.2 (33)
ND5 no 12 M 14.9 <25 5.4 (36)
ND6 no 12 F 18.4 <25 n.d.
ND7 no 13 M 19.7 <25 5.2 (33)
ND8 no 13 F 30.5 >30 4.6 (27)
ND9 no 21 M 20.1 N/A 5.2 (33)
ND10 no 27 M 26 N/A 5.7 (39)
D1 T1D 29 M 24.2 N/A 10.4 (90)

*ISO BMI according to the international cut off points for body mass
index for overweight and obesity by sex between 2 and 18 years15 N/
A; not applicable, n.d.; not determined
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technique, described before, using Dako Autostainer
Plus system. All antigens were unmasked by heat-
induced epitope retrieval using pH 6.0 or pH 9.0 and
labelled with specific primary antibodies (Abcam)
(Table 2) visualized using the DAKO EnVision+
System-HRP (DAB) with species-specific secondary
antibody. Double stainings were performed with the
same antibody clones and protocols as described ear-
lier for synaptophysin/CD45 and insulin/CD3 on sec-
tions consecutive to those stained for host defense
molecules.16 These were visualized using EnVision
G/2 Doublestain System, Rabbit/Mouse (DAB
+/Permanent Red) (DAKO). Sections were counter-
stainedwith hematoxylin and analyzed by lightmicro-
scopy. Isotype controls were included for all primary
antibodies. Duodenal, tonsil and spleen tissue were
used as positive controls (Table 2). The staining pat-
terns for each analyzed host defense molecule was
evaluated and the intensity graded as (–) for negative
and from 1 (+) to 4 (++++) with (+) being the least
intensive positive staining and (++++) being the most
intense positive staining. The positive grading corre-
sponds to the overall intensity of the positive staining
taking into account roughly the number of positive
cells per field of view and the intensity of the positivity.
For duodenal tissue, the positivity score accounts for
positivity in the duodenal mucosa.

Analysis of gene expression data

Datasets generated in other studies of gene expres-
sion in 1) isolated human islets and exocrine cell

clusters17 and 2) gene expression in laser-captured
islets from organ donors of different age were used
to analyze the expression of antimicrobial peptides
on a transcriptional level. The latter included data
from five of the ten donors used also for IHC in
the present study (donors ND1 ND2, ND4, ND5,
ND6, and ND10). The data were analyzed using
Omics Explorer version 3.3 software with an inter-
face to R (Qlucore, Lund, Sweden). Differences in
expression of antimicrobial peptides in isolated
islets and exocrine cell clusters were analyzed
with Student’s T-test and age related differences
in the expression in islets were analyzed using
a simple linear regression model. The false discov-
ery rate (FDR) was calculated using the Benjamini-
Hochberg method.

Results

Expression of anti-microbial peptides in the
pancreas of non-diabetic donors

IHC stainings specific for the antimicrobial pep-
tides in non-diabetic organ donors showed posi-
tive expression patterns in some or all donors for
seven (Cathelicidin, defensin α1, defensin β2,
defensin β3, GP2, defensin α4 and REG3A) of
the peptides analyzed in the study, while two pep-
tides (defensin β1 and defensin β4) showed no
positivity at all in any of the non-diabetic donors.
Five (Cathelicidin, defensin α1, defensin β2, GP2
and REG3A) peptides showed positive staining
patterns in the exocrine niche of some or all non-
diabetic donors, and five peptides (Cathelicidin,
defensin β2, defensin β3, defensin α4, REG3A)
showed positively stained cells in the Islets of
Langerhans in some or all none-diabetic donors.
For three (Cathelicidin, defensin β2 and REG3A)
peptides, cells were stained positively in both the
exocrine and the endocrine niche of the pancreas.
(Table 3, Figure 1). Representative examples of
staining patterns for each anti-microbial peptide
are shown in Figure 2 (Cathelicidin, defensin α1,
defensin β2), Figure 3 (defensin β3, GP2, defensin
α4) and Figure 4 (Reg 3A, defensin β1) as well as
Suppl. Figure 1–2. The age of the donor did not
correlate to the positivity score of any of the ana-
lyzed peptides in exocrine (Suppl. Figure 4) or
endocrine (Suppl. Figure 5) pancreatic tissue.

Table 2. Antibodies used for immunohistochemistry.

Antibody Clone pH Dilution
Pos.

Control

Anti-Alpha
defensin 1

Goat
polyclonal

6.0 &
9.0

1:100 Spleen

Anti-Alpha
defensin 4

Rabbit
polyclonal

6.0 1:100 Spleen

Anti-Reg3a Rabbit
polyclonal

6.0 1:100 Spleen

Anti-Cathelicidin Rabbit
polyclonal

6.0 1:100 Spleen

Anti-Glycoprotein
2

GP2/1712 9.0 1:200 Pancreas

Anti-Beta defensin
1

M11-14b-D10 9.0 1:50 Spleen

Anti-Beta defensin
2

Rabbit
polyclonal

9.0 1:500 Duodenum

Anti-Beta defensin
3

Rabbit
polyclonal

6.0 &
9.0

1:200 Spleen

Anti-Beta defensin
4

L13-10-D1 9.0 1:100 Tonsil
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Figure 1. Positivity score for IHC staining of each antimicrobial peptide in islets, exocrine tissue and duodenal mucosa. Each dot
represents a pancreatic biopsy from one ND donor. One biopsy had relatively high pancreatic infiltration by immune cells (CD45+)
and is marked in red. Two biopsies with moderate infiltration by immune cells are marked in purple. The remaining biopsies had
only few infiltrating immune cells.
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Analysis of transcriptome data generated in other
studies showed that, on the RNA level, the expression
of most genes encoding antimicrobial peptides was
low both in endocrine and exocrine pancreatic tissue.
Three of the genes (DEFB1 encoding defensin β1,GP2
encoding Glycoprotein 2, and REG3A encoding
regenerating islet-derived protein 3 α) were highly
expressed, especially in exocrine pancreatic tissue
but also in islets (Table 3). Moderate expression of
DEFA1B, encoding defensin α1, was also present in
isolated pancreatic tissue. By linear regression analy-
sis, it was found that the expression of GP2 and
DEFB1 correlated positively with increasing age
(FDR <0.05) (Figure 5(A)). Heat-maps of the expres-
sion levels in laser-captured islets from donors of
different age and in isolated endocrine and exocrine
tissue are shown in Figure 5(A, B), respectively.

Expression of anti-microbial peptides in the
pancreas of a donor with acute onset T1D
IHC staining for the antimicrobial peptide pro-
ducts in the pancreas from an organ donor that
died at onset of T1D show positive staining for
seven (Cathelicidin, defensin α1, defensin β1,
defensin β2, GP2, defensin α4 and REG3A) of
the antimicrobial peptides, with two (defensin
β3 and defensin β4) showing no positivity
(Table 4). Generally, the part of the T1D pancreas
with intense immune-cell infiltration (D1CD45hi)
was more positively stained for antimicrobial
peptides than the part of the same pancreas with
little inflammation (D1CD45lo). However, even in
the inflamed part, the T1D donor had generally
less positivity for the host defense molecules than
pancreata from non-diabetic control donors.

Figure 2. Histological analysis of the expression of Cathelicidin (A-C), Alpha 1 (D-F) and Beta 2 (G-I). In (A), an islet with positive cells
is visible in an ND donor. Singular positive cells are scattered throughout the exocrine tissue. The donor with recent onset T1D shows
no Cathelicidin-positive cells in the biopsy with low grade immune-cell infiltration (D1CD45lo) (B), whereas the biopsy from the same
T1D donor with intense infiltration by immune cells (D1CD45hi) shows multiple positive cells throughout the exocrine parenchyma
and in endocrine tissue (C). In (D), Alpha 1-positive cells are spread throughout the exocrine parenchyma of an ND donor, whereas
the parenchyma of D1CD45lo is completely negative (E). Notably, D1CD45hi (F) is similar to the ND donor (D). In (G), cells in the exocrine
parenchyma as well as multiple islets of an ND donor show strong positivity for Beta 2. Only, singular Beta 2-positive cells can be
seen in the exocrine parenchyma of D1CD45lo (H), whereas D1CD45hi shows strong positivity in exocrine and endocrine tissue (I).
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Cathelicidin, defensin α1, defensin β1, and defen-
sin α4 staining was negative in D1CD45lo but posi-
tive in D1CD45hi. Interestingly, defensin β1, which
was not expressed in any of the ND pancreata,
was clearly positive in scattered cells within the
infiltrated pancreatic parenchyma of D1CD45hi
(Figure 4(F)). Three (Cathelicidin, defensin β2
and defensin α4) peptides are positively stained
in the endocrine niche in one of the biopsies, with
no positive cells in the islets in the other biopsy.

Expression of anti-microbial peptides in the
duodenum

Staining for host defense peptides in duodenal
mucosa show positivity for 4 (Alpha 1, Alpha 4,
Beta 2, and REG3A) peptides, with inter-
individual variation in positivity score (Figure 1).
We find no correlation between the expression

levels in duodenal mucosa and the expression of
host defense peptides in the pancreas of ND
donors except for Beta 1 and Beta 4, which are
negative in both pancreatic and duodenal tissue in
all ND donors.

No correlation between immune cell infiltration
and the expression of anti-microbial peptides

Morphological analysis of the presence of CD3
and CD45 positive cells in the pancreas show
varying degrees of inflammation in the ND donors
(Table 5). We find the levels of infiltration gener-
ally low, but with one donor having a relatively
high level of CD45 positive cell infiltration and
two donors having moderate infiltration. We find
no apparent correlation between the level of CD45
positive cell infiltration and the positivity score of
host defense peptides (Figure 1).

Figure 3. Histological analysis of the expression of Beta 3 (A-C), GP2 (D-F) and Alpha 4 (G-I). In A, islet cell cytoplasm show positivity
Beta 3 in an ND donor. Exocrine parenchyma is negative. The two biopsies from a donor with recent onset T1D (B and C) show no
positivity for Beta 3. GP2 is highly positive in exocrine parenchyma but negative in islets in an ND donor (D). Singular GP2-positive
cells can be seen in the exocrine parenchyma of a T1D biopsy (D1CD45lo)(E) and a stronger positivity is present in the exocrine
parenchyma of D1CD45hi (F). In (G), the islet parenchyma is positive for Alpha 4 in an ND donor. D1CD45lo (H) is negative, while
D1CD45hi shows singular Alpha 4-positive cells throughout the exocrine parenchyma (I).
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Discussion

The expression of defensins and other host defense
peptides in the human pancreas has not yet been fully
characterized. We report IHC findings showing pan-
creatic exocrine and/or endocrine expression of seven
host defense molecules. Several of these showed vary-
ing expression patterns between ND donors, suggest-
ing inter-individual differences in host defense
peptide expression levels. We find no apparent

correlation between the age of the donors, the duode-
nal expression of host defense molecules or the pre-
sence of CD3 or CD45 positive cells in the pancreas,
and the pancreatic expression of host defense mole-
cules. However, in a donor that died at onset of T1D,
the expression of antimicrobial defense molecules is
more pronounced in a part of the pancreas with
intense immune-cell infiltration than in a part of the
same pancreas with low presence of immune cells.
Overall, the pancreas from the donor with T1D had

Figure 4. Histological analysis of the expression of REG3A (A-C) and Beta 1 (D-F). Numerous REG3A-positive cells are spread through
the exocrine parenchyma and the islets in an ND donor (A). Only singular REG3A-positive cells are present in the exocrine parenchyma
of both biopsies from the donor with recent onset T1D (B and C). ND donors and D1CD45lo show no positivity for Beta 1 (D-E), whereas
the immune-cell infiltrated T1D biopsy, D1CD45hi, shows Beta 1-positive cells spread through the exocrine tissue (F).

Figure 5. Analysis of the expression of genes encoding antimicrobial peptides in previously published transcriptome data sets from
laser-captured islets from donors of different age (range 1-81 years)(A)(Stenwall et al. Submitted) and isolated endocrine and
exocrine pancreatic tissue (B) (Danielsson et al., 2014). Genes are ordered by hierarchical clustering.
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less pronounced expression of host defense molecules
compared with ND control tissue. Interestingly,
defensin β3, which was detected in the islets from 9/
10 ND donors in our study but not in the donors with
T1D, has an ortholog in mice that has been shown to
protect from diabetes in the NOD mouse when
expressed by islet cells.18 Also, cathelicidin antimicro-
bial peptide has been suggested to have beta-cell pro-
tective properties in rodents.19-21

The alpha- and beta defensins are hitherto known
to be expressed both constitutively and inductively in
various types of tissue, as reviewed by Ramasundara
et al. The alpha defensins 1–4 are expressed in neu-
trophils in the lamina propria of theGI tract, and their
expression is induced in intestinal epithelial cells in an
inflammatory setting. Beta defensin 1 is constitutively

expressed in colonic epithelial while the expression of
beta defensins 2–4 is induced by bacteria and IL-
1α.22,23 The expression of REG3A is induced by injury
and inflammation in the colon.24 When considering
inter-individual differences in the expression of defen-
sins in the light of constitutive and induced expres-
sion, we hypothesized that the inter-individual
differences in our material could be due to varying
exposure to inflammatory and infectious stimuli as
well as varying sensitivity and capacity to respond to
these. The presence of bacteria in pancreases retrieved
for organ donation is high and varies between
donors.25-32 This is indeed expected due to the direct
communication between the duodenum and the pan-
creas. However, we find no correlation to host defense
expression levels and the levels of CD3 or CD45
positive cell infiltrates in the tissue. An observation
tentatively explained by the fact that the pancreases
were obtained from organ donors. However, since
autolysis of the pancreas occurs rapidly after death,
biopsies without severe artifacts cannot be obtained
from autopsies.

The differences in expression levels seen between
individuals could also be a naturally occurring var-
iance, which in turn implies the question of the impor-
tance of the constitutive expression levels of host
defense peptides in disease susceptibility. The conse-
quences of an absence of, or an abnormally high,
constitutive expression level could be related to indi-
vidually different outcomes in an inflammatory
setting.

Table 4. IHC positivity score of antimicrobial peptide expression in a 29-year-old subject (D1) that died at onset of type 1 diabetes.
Sections are taken from two different parts of the pancreas; one with few infiltrating immune cells (D1CD45lo) and one with intense
cellular infiltration (D1CD45hi). The morphological characteristics of the sections from the donor with type 1 diabetes are compared to
the characteristics of the non-diabetic (ND) donors. Generally, the staining for antimicrobial peptides is more pronounced in the part
of the pancreas with intense infiltration by immune cells (D1CD45hi).
Molecule D1CD45lo D1CD45hi Comment and comparison with ND donors

Cathelicidin - + D1CD45lo shows no positivity. D1CD45hi shows singular positive cells spread throughout the tissue. Similar
morphology as ND cases.

Alpha 1 - + D1CD45lo shows no positivity. D1CD45hi shows singular positive cells throughout the tissue but compared with ND
cases, the exocrine parenchyma is partially negative.

Beta 1 - + D1CD45lo shows no positivity. D1CD45hi shows singular positive cells in the exocrine tissue. ND donors negative.
Beta 2 + ++/++

+
D1CD45lo shows singular positive cells in exocrine tissue. D1CD45hi shows positivity in exocrine parenchyma and
islets, but slightly less compared with ND donors.

Beta 3 - - D1CD45lo and D1CD45hi show no positivity, ND cases show positivity in islets.
Beta 4 - - -
GP2 + +/++ D1CD45lo and D1CD45hi show singular positive cells in exocrine tissue. Less exocrine positivity compared with ND

cases.
Alpha 4 - ++ D1CD45lo shows no positivity, D1CD45hi show many positive singular cells scattered throughout the tissue. ND

donors show positive islets surrounded by negative exocrine tissue.
REG3A + + D1CD45lo and D1CD45hi show singular positive cells. ND donors varies, with singular positive cells in exocrine

tissue and a few donors with positive islet cells.

Table 5. Evaluation of the number of infiltrating CD3 positive
cells and CD45 positive cells in the pancreas of 10 non-diabetic
donors (ND 1–10) and two biopsies from a donor with recent
onset T1D (D1).
Donor CD3 CD45

ND1 + +++ (Suppl. Fig 3)
ND2 - +
ND3 + ++
ND4 - +
ND5 - ++
ND6 - +
ND7 - +
ND8 - +
ND9 - +
ND10 - +
D1CD45hi ++ ++++
D1CD45lo + +
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The importance of REG3A in health and disease
has been the subject of several studies. The expression
levels of REG3A is increased in the intestinal mucosa
of patients with IBD, and high expression levels of
other members of the REG family (REG1A and
REG4) has been linked to poor outcome in colorectal
cancer as reviewed by Granlund et al.33 GP2 has been
the focus of much scientific effort in the context of
inflammatory bowel disease. Evidence has shown an
immunomodulatory role for GP2, as reviewed by
Roggenbuck,34 but perhaps most important in
a diabetes and pancreatitis context is its ability to
bind pathogenic and commensal enterobacteriae,
and to be involved in the humoral immune response
in the intestinal niche.35 It has also been shown that
epithelial cells stimulated with GP2 are able to attract
T cells.9 Interestingly, GP2 has been identified as
a pancreatic auto-antigen specific to Crohns
disease,36 though its mechanistic role in the disease
remains unclear.9 Our demonstration of varying
degree of REG3A and GP2 positivity in pancreatic
tissue from ND donors calls for further studies of the
role of these proteins in pancreatic disease.

The gene expression levels of REG3A, GP2,
Cathelicidin and human defensin genes were
extracted from AmpliSeq expression data from Islets
of Langerhans from organ donors aged between 1 and
81 years of age and from RNA sequencing data from
isolated islets and endocrine tissue from organ
donors.16 Interestingly, the expression levels of genes
encoding host defense molecules show inter-
individual variation as well, confirming the varying
expression patterns demonstrated by IHC. The
expression data from isolated endocrine and exocrine
tissue show inter-individual differences in the expres-
sion levels of several host defense peptides both in
islets and exocrine tissue, with higher expression
levels of most genes encoding anti-microbial peptides
in exocrine tissue compared to islets (Figure 5). The
expression level characteristics of Cathelicidin, Alpha
1 and REG3A show similar patterns as in the mor-
phological analysis with an inter-individual variation
in positivity in the material. The expression pattern of
GP2 is also similar to that of the morphological ana-
lysis, with low expression levels in isolated endocrine
tissue and low expression in endocrine tissue from the
younger donors (age <17 years) in the LCMmaterial.

When analyzing the expression data from islets
obtained through laser capture microdissection from

non-diabetic organ donors of different ages, Beta 1
and GP2 show expression patterns that vary signifi-
cantly with advancing age (Figure 5). This is largely
analogous to the results from the morphological ana-
lysis where GP2 and Beta 1 is not expressed in islets, as
all non-diabetic donors included in the present study
are 29 years old or younger. Characterizing peptide
expression on an RNA expression level is somewhat
difficult however, as it does not necessarily equate the
amount of final protein or peptide product synthe-
sized by the cells. Also, careful interpretation of the
expression data is advised since the RNA expression
data analyzed in the study is not from the same
biopsies as the morphological analysis and the sample
size of the present study is relatively small.

The expression of pancreatic host defense peptides
is highly relevant in the context of diabetes and pan-
creatitis. T1D is in general regarded as an autoim-
mune disease with specific T-cell mediated beta-cell
destruction. There is however a growing body of
evidence suggesting that T1D is a disease affecting
the entire pancreas, and that it depends on external
triggering factors, such as environment and gut
microbiota.12,13 As GP2, REG3A and the defensin
peptides show antimicrobial properties, it is reason-
able to speculate that their presence or absence in the
pancreas could result in an adverse immune reaction,
where a local bacterial infection from the gut either is
not completely eradicated or where an immune
response is dysregulated resulting in a destructive
immune reaction. While we acknowledge that our
material is too small for statistically significant con-
clusions, we do report a difference in the expression of
some of the host defense peptides included in the
study between ND donors and one donor with
recent-onset T1D as well as marked regional differ-
ences in the donor with recent onset T1D. This is
especially intriguing as T1D is a lobular disease with
anatomically heterogeneous loss of beta cells.13

In pancreatitis, an inflammatory process is trig-
gered within the pancreas and a complex immune
reaction results in fulminant disease, as reviewed by
Habtezion.37 Gallstones and high alcohol intake are
the two most common causes, but bacterial and
viral infections are also known to trigger pancreati-
tis. The importance of defensins in the setting of
pancreatitis has been the focus of highly relevant
research, and several important findings point
towards a role of host defense molecules in the
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immunological theatre of pancreatic inflammation.
In 2010 Tiszlavicz showed that certain polymorph-
isms of defensin Beta 2 is associated with higher
risk of developing acute pancreatitis,38 and in 2014
Cunha showed that the expression levels of antimi-
crobial peptides belonging to the α defensin family
is increased in rats with acute pancreatic injury,39

suggesting the importance of antimicro
bial peptides in pancreatic inflammation and
pancreatitis.

Several studies have tentatively explored the con-
nection between defensin expression and diabetes. In
a recent paper, Németh et al utilized ELISA based
protocols to show a significantly higher expression of
circulating levels of alpha defensins in subjects with
type 1 and type 2 diabetes comparedwith non-diabetic
blood donors.40 Also, decreased circulating levels of
cathelicidin and defensin β1 have been demonstrated
in subjects with diabetes.41 Similarly, patients with
diabetic nephropathy and macroalbuminuria have
been shown to have higher concentrations of circulat-
ing alpha defensins, when compared to patients with
micro- or normoalbuminuria.42 Interestingly, high
glucose levels have been found to affect the expression
of beta defensins in keratinocytes and in amniotic
epithelial cells,43,44 implicating the possibility of defen-
sin expression being somewhat dependent on the
metabolic state of the organism. These observations
cannot be evaluated in our material, but the possible
metabolic regulation of the expression of host defense
molecules is highly interesting in the context of dia-
betes, where an induction of defensin expression from
high blood sugar levels could possibly be a protective
factor in an early stage of the disease.

We conclude that these findings could have impor-
tant implications for the inflammatory processes in
diabetes and pancreatitis as we find several host
defense molecules expressed by the pancreatic tissue.
We report both inter-individual and inter-lobular
differences, and as the presence of host defense mole-
cules could be induced by a pathogenic stimuli or be
constitutive, we find these results particularly inter-
esting as they may be indicative of inter-individual
variations in the pancreatic inflammatory repertoire.
We do acknowledge however, that the sample size of
the present study is small, and careful interpretation
of the IHC analysis and the expression data is advised.
Further research is needed to unravel the role of
antibacterial peptides in the regulation of pancreatic

inflammation and of possible connections between
the expression of host defense molecules and disease
susceptibility.
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