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J Köninger, N A Giese, M Bartel, F F di Mola, P O Berberat, P di Sebastiano, T Giese, M W Büchler,
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Background: Recurrent inflammation in chronic pancreatitis (CP) is not well understood.
Aims: To investigate whether decorin, an extracellular matrix (ECM) proteoglycan with macrophage
modulating activity, is a pathogenic factor allowing diseased pancreatic stroma to sustain inflammation by
affecting the cytokine profile of accumulating inflammatory cells.
Methods: Decorin was examined in 18 donors and 32 patients with CP by quantitative reverse
transcription polymerase chain reaction (QRT-PCR), western blotting, and immunohistochemistry of
pancreatic specimens. QRT-PCR was used to assess cytokine expression in donor peripheral blood
mononuclear cells (PBMC), exposed or not to decorin in vitro, and to compare it with the cytokine profile of
circulating and resident mononuclear cells (MNC) of patients with CP.
Results: In CP, desmoplasia is associated with overexpression of decorin in the growing ECM and
enlarged pancreatic nerves. In culture, exposure of MNC to decorin stimulated expression of the MNC
recruiting chemokine MCP-1. In biopsies, MNC infiltrates in decorin rich CP tissue showed a 300-fold
upregulation of MCP-1 compared with decorin free peripheral blood, whereas no difference was found in
basal MCP-1 expression in PBMC of patients versus donors. This effect was specific for MCP1—other
inflammatory cytokines, such as interleukin 1b and tumour necrosis factor a, were not affected.
Conclusion: Decorin is a molecular marker of desmoplasia in CP, and excessive decorin may allow fibrotic
masses to nourish and protract inflammation by deregulating the process of MNC accumulation and
activation. These data provide a molecular basis for surgical resection of diseased tissue as a treatment
option in CP.

D
espite different aetiologies, the pancreas of patients
with chronic pancreatitis (CP) undergoes dramatic
tissue remodelling: degrading acini are replaced by

grossly enlarged stroma, saturated with hypertrophic nerves,
blood vessels, and leucocyte infiltrates.1 2 The inflammatory
foci consist mostly of mononuclear cells (MNC), of which
half are T cells, one third are macrophages, and the
remainder are B cells and plasma cells.3 4 These MNC,
especially macrophages, are believed to be involved in the
pathogenesis of CP, but the exact mechanism of MNC
activation and action in CP is not well understood.5 6

‘‘Overexpression of certain extracellular matrix proteins
(such as decorin) during the ongoing desmoplastic
reaction in chronic pancreatitis may be the cause of the
altered behaviour of mononuclear cells, thus continuously
maintaining the inflammatory process’’

Certain chemokines have been implicated in the immuno-
pathogenesis of CP and in other chronic inflammatory
diseases, such as glomerulonephritis, rheumatoid arthritis,
colitis, and Crohn’s disease.7 Monocyte chemoattracting
protein 1 (MCP-1; CCL2) appears to be one of the most
important chemokines involved in CP.8 CP infiltrating MNC,
fibroblasts, nerves, and endothelia can produce MCP-1, but
the mechanism of its induction remains unclear. Because the
recruitment and activation of MNC depend on the micro-
environment, changes in pancreatic parenchyma may play an
active role in the induction and regulation of the inflamma-
tory process. Recent data indicate that newly formed fibrotic
tissue not only serves as scaffolding for the cells and a
reservoir for various growth factors and cytokines, but also

contains certain ‘‘neutral’’ extracellular matrix (ECM)
proteins, which directly interact with MNC and promote
inflammatory reactions.9 The most spectacular finding was
the ability of EDA containing fibronectin to activate Toll-like
receptor 4 on macrophages, thereby adopting a pathway
conventionally used by lipopolysaccharide and causing
lipopolysaccharide-like responses.10 Another potential MNC
regulator appears to be decorin, an ECM proteoglycan, which
belongs to the small leucine rich group of proteins. This fibril
associated molecule was previously described as an organiser
of the ECM and regulator of collagen fibrillogenesis, which
has the ability to interfere with transforming growth factor
b1 (TGFb1).11–13 In a mouse model, decorin inhibited the
binding of autocrine produced TGFb1 to macrophages,
reversing the repressive effect of TGFb1 on these cells and
enhancing the release of interleukin 1b (IL1b), IL6, tumour
necrosis factor a (TNFa), inducible nitric oxide synthetase,
and the expression of major histocompatibility complex class
II genes.14 In addition, decorin inhibits macrophage colony
stimulating factor dependent proliferation by upregulation of
p27kip1 and p21warf, and induces cell cycle arrest in the G1
phase without affecting cell viability, thereby protecting
macrophages from apoptosis and enhancing their survival.15

The ability of decorin to modulate the interaction of other
matrix molecules (such as fibronectin) with cells may be an

Abbreviations: CP, chronic pancreatitis; CPB, cyclophillin B; ECM,
extracellular matrix; IL, interleukin; HPRT, hypoxanthine phosphoribosyl
transferase; MCP-1, monocyte chemoattracting protein 1; MNC,
mononuclear cells; PBMC, peripheral blood mononuclear cells; TBS, Tris
buffered saline; TGFb1, transforming growth factor b1; Th1/2, T helper
type 1/2; TNFa, tumour necrosis factor a; QRT-PCR, quantitative reverse
transcription polymerase chain reaction
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indirect way of macrophage regulation, considering the
described activation of Toll-like receptor 4 on macrophages
by fibronectin.16 In addition, decorin contributes to the
adhesion of macrophages to ECM, through interaction with
class A scavenger receptors on macrophages, enabling
retention of these cells in atherosclerotic lesions.17

Therefore, it could be hypothesised that overexpression of
certain ECM proteins (such as decorin) during the ongoing
desmoplastic reaction in CP may be the cause of the altered
behaviour of MNC, thus continuously maintaining the
inflammatory process. To gain insight into the pathogenesis
of CP, we investigated whether decorin represents a link
between the excessive desmoplastic reaction and chronic
inflammation. Therefore, we studied the expression and
distribution of decorin in normal and diseased pancreatic
tissues and analysed whether decorin influences the immune
pattern in CP.

PATIENTS AND METHODS
Patients
All tissue specimens analysed in our study were obtained
according to the institutional review board approved

procedures for consent. Human CP tissue samples were
obtained from 32 patients (six female, 26 male; median age,
49 years; range, 17–65; 22 cases of alcoholic and 10 of
idiopathic aetiology; 15 patients with diabetes) who under-
went pancreatic resection as a result of CP. Patients were
either from the University Hospital of Bern (Switzerland) or
from the University of Heidelberg (Germany). Surgical
procedures consisted of a partial pancreaticoduodenectomy,
left pancreatic resection, or duodenum preserving pancreatic
head resection.

Normal human pancreatic tissue samples were obtained
through an organ donor programme from 18 previously
healthy individuals (seven female, 11 male; median age, 43
years; range, 17–62). Normal pancreatic tissue was obtained
once other organs were taken for transplantation, but a
pancreas recipient was not available.

Tissue sampling
Immediately upon surgical removal, tissue samples were
either snap frozen in RNAlater and liquid nitrogen (for RNA
and protein extraction) or fixed in 10% buffered formalin
solution and embedded in paraffin wax 24 hours later (for
histological analysis).

Cultures of PBMC
Venous blood of healthy donors was collected in a pyrogen
free, heparin containing system (Sarstedt Monovetten,
Nuembrecht, Germany). Peripheral blood mononuclear cells
(PBMC) were isolated from aliquots (3 ml) of blood, diluted
in 3 ml phosphate buffered saline, and then layered on to
3 ml of Ficoll/Hypaque density gradient (Sigma, Poole,
Dorset, UK). After centrifugation at 400 6g for 30 minutes
at room temperature, MNC were recovered from the
interphase. They were washed twice with complete RPMI-
1640 (supplemented with 10% fetal bovine serum, 5mM 2-
mercaptoethanol, glutamine, penicillin/streptomycin) and
centrifuged at 250 6g for 10 minutes at room temperature.
MNC were resuspended in complete RPMI-1640, adjusted to
a concentration of 2 6 106/ml, and incubated with recombi-
nant decorin (EMP Genetech, Denzlingen, Germany) at a
concentration of 10 mg/ml for three hours. Contamination of
decorin with endotoxin was controlled by LAL assay (CRL,
Sülzfeld, Germany). Incubation of cells with the endotoxin
blocking agent Polymixin B (Sigma) served as an additional
control. After incubation, cells were suspended in MagNA
Pure LC lysis buffer (Roche Diagnostics GmbH, Mannheim,
Germany) and kept at 280 C̊ for further mRNA preparation
and quantitative reverse transcription polymerase chain
reaction (QRT-PCR) analysis.

Human pancreatic stellate cells
Small tissue blocks of pancreas (100–150 mg) were obtained
during pancreatic surgery (n = 8). The tissue blocks were
cut into small pieces (0.5–1 mm3) and placed in uncoated six
well plates (3–5 pieces/well) in the presence of 20% fetal
bovine serum in a 1/1 (vol/vol) mixture of Dulbecco’s
modification of Eagle’s medium with Ham’s F12 medium.
L-glutamine (2mM), penicillin/streptomycin, and amphoter-
icin were freshly added. Fine cut tissue blocks were cultured
at 37 C̊ in a 5% CO2 saturated humidified atmosphere.
Eighteen hours after seeding, the culture medium was
changed, and 24 hours later the small tissue blocks were
transferred to new culture plates. The pancreatic stellate cells
grew out in high number and purity from the tissue blocks
one to three days later. The small tissue blocks were removed
after two to three weeks. After reaching confluence, mono-
layers were trypsinised and passaged 1/3. The purity of the
cells was assessed by morphology (most cells were stellate-
like with long cytoplasmic extensions, some were also spindle
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Figure 1 Overexpression of decorin in chronic pancreatitis (CP). (A)
The expression of decorin mRNA in tissues obtained from the normal
pancreas (NP; n = 18) or patients with chronic pancreatitis (n = 32)
was analysed by quantitative reverse transcription polymerase chain
reaction. Individual data points represent the number of decorin
transcripts/ml of input cDNA, normalised to the housekeeping genes
hypoxanthine phosphoribosyl transferase and cyclophillin B. (B) The
production of decorin protein was analysed in normal pancreatic tissues
and CP tissues by western blot analysis. A representative blot showing
the accumulation of decorin specific bands and the localisation of
recombinant decorin (arrow) is shown. The quantity and quality of the
input protein was controlled by probing the stripped blot with c tubulin
(not shown).
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shaped) and cytofilament staining of a smooth muscle actin
(. 95%), vimentin (100%), and desmin (20–40%). Only cell
populations between passages 4 and 6 were used in the
subsequent experiments.

Cultures of human pancreatic stellate cells for QRT-
PCR analysis
Human pancreatic stellate cells were seeded in 24 well plates
in pancreatic stellate cell growth medium at a concentration
of 105 cells/ml and allowed to attach for 48 hours.
Afterwards, cells were suspended in MagNA Pure LC lysis
buffer (Roche Diagnostics GmbH) to analyse gene expression
by QRT-PCR, as described below.

Real time quantitative polymerase chain reaction
All reagents and equipment for mRNA/cDNA preparation
were purchased from Roche Applied Science (Mannheim,
Germany). mRNA was prepared by automated isolation using
the MagNA Pure LC instrument and isolation kits I (for cells)
and II (for tissues). cDNA was prepared using the First
Strand cDNA synthesis kit for RT-PCR (AMV) according to
the manufacturer’s instructions. Real time PCR was per-
formed with the LightCycler FastStart DNA SYBR green kit,
as described previously.18 Decorin, MCP-1, IL1b, TNFa,
hypoxanthine phosphoribosyl transferase (HPRT), and cyclo-
phillin B (CPB) primers were obtained from Search-LC
(Heidelberg, Germany). The number of specific transcripts
was calculated from the standard curve and further normal-
ised to the average expression of two housekeeping genes,
CPB and HPRT, as described previously.18 The data from two
independent analyses for each sample and parameter were
averaged and presented as adjusted transcripts/ml input
cDNA.

Western blot analysis
Western blot analysis was performed as described pre-
viously.18 Briefly, proteins were extracted from human
normal or CP pancreatic tissues and the protein concentra-
tion was measured with the micro-BCA protein assay (Pierce,
Rockford, Illinois, USA). A 20 mg aliquot of tissue protein
lysate was separated by 7.5% sodium dodecyl sulfate
polyacrylamide gel electrophoresis, transferred to nitrocellu-
lose membranes, and blocked with 5% non-fat milk in Tris
buffered saline (TBS; 20mM Tris/HCl, 150mM NaCl) with
0.1% Tween 20 for one hour. The membranes were incubated
with the primary antibodies (affinity purified polyclonal goat
antihuman decorin IgG; R&D Systems Europe Ltd, Abingdon,
Oxford, UK) at 4 C̊ overnight, washed with TBS/0.1% Tween
20 and incubated with horseradish peroxidase conjugated
rabbit antigoat IgG for one hour at room temperature. Signal
detection was performed using an enhanced chemolumines-
cence reaction (ECL western blotting detection; Amersham
Life Science, Amersham, Little Chalfont, Berkshire, UK). The
integrity and quantity of the input proteins was confirmed by
performing the same western blot procedure using goat
antihuman c tubullin IgG as the primary antibody and
horseradish peroxidase labelled donkey antigoat IgG as the
secondary antibody (both Santa Cruz Biotechnologies,
Heidelberg, Germany).

Immunohistochemistry
Paraffin wax embedded pancreatic tissue sections (4 mm
thick) obtained from patients with CP and normal donors
were dewaxed with xylene and rehydrated through graded
alcohol solutions. After washing with TBS, endogenous
peroxidase activity was quenched by incubating the
slides in 0.3% hydrogen peroxide in methanol. To block the

Figure 2 Immunohistochemical
analysis of decorin in pancreatic tissue
sections. (A) Normal pancreas; the
arrow indicates an islet; d, duct. (B–D)
Chronic pancreatitis; n, nerve. Original
magnification, 6100 (A, B, D); 6200
(C).
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non-specific activity of secondary antibodies, slides were
treated with non-immune normal rabbit serum (Dako,
Zurich, Switzerland) for one hour. After overnight incubation
at 4 C̊ with anti-decorin IgG (same as for western blot;
diluted to 5 mg/ml in normal rabbit serum) slides were
washed with TBS/0.05% Tween 20, incubated with 1/200
diluted rabbit antigoat horseradish peroxidase labelled
secondary antibodies (Sigma) for one hour, developed using
the Dako Envision+TM System (Dako), and lightly counter-
stained with Mayer’s haematoxylin. As a negative control,
consecutive sections of all specimens were incubated either in
the absence of primary antibody or with normal goat IgG. The
slides were analysed by two independent observers blinded to
patient status (JK and FdM), with resolution of any
differences by joint review and consultation with a third
observer (Dr I Esposito, pathologist at the Institute of
Pathology, University of Heidelberg, Germany).

Laser capture microdissection of MNC from pancreatic
specimens obtained from patients with CP
To determine the cytokine status of MNC in CP in situ,
pancreatic inflammatory infiltrates were microscopically
localised, laser captured, and microdissected from frozen
tissues. Briefly, frozen sections (10 mm) were prepared using
a Leica (CM 3050) cryostat and attached to a PEN membrane
coated glass slide (Palm Microlaser Technologies, AG,
Bernried, Germany). Afterwards, slides were stained in an
ice cold solution of 1.5% eosin Y (Merck, Darmstadt,
Germany) and 70% ethanol for 30 seconds, followed by
dehydration in ice cold 95% and 100% ethanol, each for 20
seconds. Multiple tissue areas (for each patient: 3–4 areas/
tissue section 68 sections 68 slides) were microdissected
using the Palm Robot Microbeam Instrument (Palm
Microlaser Technologies). Collected infiltrates were sus-
pended in MagNA Pure lysis buffer and, after mRNA and
cDNA preparation, analysed by QRT-PCR.

Statistical analysis
SPSSH statistical software (version 11.0 for Windows) was
used for statistical analysis. The Mann-Whitney test was used
to estimate the significance of observed differences and the
Spearman rank test to establish a correlation with histolo-
gical and clinical parameters. Significance was set at
p , 0.05.

RESULTS
Decorin expression is highly upregulated in patients
with CP
QRT-PCR was performed to evaluate the expression of
decorin mRNA in normal and chronically inflamed pancreatic
tissue samples. Figure 1A shows an eightfold overexpression
of decorin mRNA in tissue in CP (mean, 57 834 (SD, 12 146)
transcripts/ml) compared with normal pancreatic tissue
(mean, 6906 (SD, 986) transcripts/ml; p , 0.001). However,
no correlation was found between the gene expression
pattern and the clinical data regarding the aetiology (idio-
pathic v alcoholic) or the presence of diabetes. Some patient
to patient variability in decorin expression was dependent on
the degree of the desmoplastic reaction.

The amount of decorin protein in normal pancreatic tissue
was below the detection limit of the western blot technique
used here. In contrast, a very strong ladder of decorin specific
bands (80–120 kDa, depending on individual glycosamino-
glycan side chains) was detected in pancreas samples derived
from patients with CP (fig 1B).

Localisation of decorin in pancreatic ECM and nerves
of patients with CP
To locate decorin in the tissues, an immunohistochemical
analysis was performed in normal (fig 2A) and CP tissue
samples (fig 2B–D). In normal pancreatic tissue samples,
weak and patchy decorin staining was present in the spare
ECM, with a stronger signal around small ducts and vessels
(fig 2A and insert). Islets (fig 2A) and acinar cells lacked
decorin staining. In contrast, CP tissue samples showed very
strong decorin staining in the ECM (fig 2B–D). The strongest
decorin staining was seen in ECM localised to the border of
residual pancreatic lobules in transition to fibrous tissue.
Most interestingly, nerves surrounded by MNC infiltrates
showed moderate to strong decorin staining (fig 2D).
Analysis of sections under higher magnification indicated
that ‘‘nerve’’ decorin was not located in neuronal cells, but in
the endonerium, epinerium, and perinerium. Double staining
of sections with anti-decorin and anti-smooth muscle actin
(a marker of activated pancreatic stellate cells) suggested that
pancreatic stellate cells are the main source of decorin (not
shown). QRT-PCR analysis of the primary cultures of
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Figure 3 Impact of decorin on monocyte chemoattracting protein 1
(MCP-1) expression in mononuclear cells (MNC). MNC were isolated
from blood by gradient centrifugation (A) or from stroma embedded
pancreatic inflammatory infiltrates by laser capture microdissection (B).
(A) In vitro, MNC isolated from donors were exposed to decorin (10 mg/
ml) in the presence (or not) of 150mM Polymixin B. Chemokine
expression was analysed by quantitative reverse transcription
polymerase chain reaction (QRT-PCR) using mRNA prepared from MNC
after three hours of stimulation. To compare samples, MCP-1 expression
was normalised using the housekeeping genes hypoxanthine
phosphoribosyl transferase and cyclophillin B and presented as a ratio of
transcripts detected in stimulated versus non-stimulated cultures (fold
increase over medium). A summary of three independent experiments
using different donors is presented. (B) In situ, circulating (decorin
negative environment) and resident (decorin positive environment) MNC
were compared for their ability to express MCP-1, tumour necrosis
factor a (TNFa) and interleukin 1b (IL1b). Blood from donors (n = 6)
and patients with CP (n = 7) and CP tissue (n = 4) were used for MNC
isolation, mRNA preparation, and QRT-PCR analysis. Normalisation of
expression was performed as described above.
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pancreatic stellate cells confirmed this hypothesis because it
revealed high expression of decorin cDNA transcripts by
these cells (mean, 140 999 (SD, 27 660) transcripts/ml;
n = 7).

Influence of decorin on MCP-1 expression in
mononuclear cells
To determine whether the overexpressed decorin contributes
to the continuous pancreatic MNC recruitment and activation
in CP, we analysed the effect of exogenous decorin on MCP-1
production by MNC in vitro and compared these data with
the pattern of MCP-1 expression by MNC in the decorin rich
environment of CP tissue.

Incubation of PBMC with 10 mg/ml of recombinant decorin
in vitro for three hours induced strong expression of the
MCP-1 gene compared with medium treated controls
(p , 0.05; fig 3A). The endotoxin inhibiting agent
Polymixin B (fig 3A) did not abolish the MCP-1 stimulating
activity of decorin. Interestingly, the expression of other
inflammatory cytokines, such as IL1b and TNFa, was not
altered by decorin (data not shown).

To assess the in vivo relevance of this finding, we compared
in situ MCP-1 expression in PBMC versus MNC from laser
capture microdissected pancreatic inflammatory infiltrates
(fig 3B). To avoid contamination, pure stroma without
cellular infiltrates was also laser capture microdissected and
analysed for MCP-1 expression. Surprisingly, the constitutive
expression of MCP-1 in circulating MNC did not differ
between donors and patients with CP, whereas IL1b and
TNFa were upregulated in the patient’s PBMC. However, the
number of MCP-1 transcripts expressed in CP MNC of
pancreatic tissue was 300-fold higher than that in circulating
PBMC (compared with , 10 copies/ml cDNA in pure stroma).
In contrast to MCP-1, expression of IL1b and TNFa was lower
in tissue than in CP PBMC. Although MCP-1 expression was
lower than that of IL1b and TNFa in the blood of both donors
and patients with CP, the pattern was reversed in CP MNC
infiltrates, where IL1b and TNFa expression was much lower
than that of MCP-1, resembling the profile of decorin
induced cytokine production in vitro.

DISCUSSION
Our study shows for the first time that decorin is over-
expressed in the pancreas of patients suffering from CP.
Decorin expression was high in the ECM of all patients,
independent of the underlying aetiology of CP. Decorin is
known to exert both profibrotic and antifibrotic functions,
depending on the experimental system.11 12 19–21 For example,
decorin was used as an antifibrotic agent to reduce muscle
fibrosis after injury.22 However, in several syndromes char-
acterised by progressive fibrosis (cirrhosis of the liver, renal
glomerulosclerosis, pulmonary granuloma), overexpression
of decorin was associated with the severity of the fibrotic
reaction.23–29 The antifibrotic activity of decorin was initially
linked to its ability to bind and retain TGFb1, preventing its
downstream signalling.13 However, other data showed that
raised amounts of decorin in TGFb1 transgenic mice did not
inhibit the action of TGFb1 in the liver.30 In our opinion,
decorin contributes to the progressive fibrotic reaction in CP
and, as in cirrhosis of the liver, is a product of activated
fibroblasts; namely, the pancreatic stellate cells. Until
recently, ECM proteoglycans were considered to be harmless
constituents of newly formed fibrotic tissue. However,
increasing evidence indicates the crucial impact of these
proteins on the outcome of inflammatory diseases and
cancer.9 31 32

CP is a progressive inflammatory disorder, characterised by
an irreversible loss of pancreatic parenchyma, with a
consequent decline in exocrine and endocrine functions.1 2

The histological hallmarks of CP are extreme desmoplasia,
proliferation of nerves and blood vessels, and massive
penetration of the pancreas by inflammatory cells. Despite
evidence that cytokines, chemokines, and infiltrating MNC
are involved in the pathogenesis of CP, the major question of
a molecular factor governing the switch from acute to chronic
inflammation, and the mechanism responsible for contin-
uous inflammation in the absence of primary stimulus
remains unsolved. This question is of particular importance,
because it would help to explain the observation that surgical
resection of the inflammatory mass in the pancreatic head of
patients with advanced CP can influence the natural course
of the disease.33 34 According to our data, the main factors
leading to the chronicity of the inflammatory process are
probably in the fibrotic tissue.

‘‘In our opinion, decorin contributes to the progressive
fibrotic reaction in chronic pancreatitis and, as in cirrhosis
of the liver, is a product of activated fibroblasts; namely,
the pancreatic stellate cells’’

The resolution of an inflammatory process is dependent on
the proper localisation and activation of lymphocytes and
macrophages. Therefore, after having shown that decorin was
highly upregulated and abundantly expressed in the pan-
creatic ECM of patients with CP, we hypothesised that
decorin, previously shown to modulate some macrophage
functions, may provide a maintaining structural stimulus for
the ongoing inflammatory process in CP.14 15 17 Because the
chemokine MCP-1 has been implicated in the pathogenesis of
various disorders characterised by chronic inflammation—
including psoriasis, rheumatoid arthritis, and CP—we inves-
tigated whether there was a link between decorin and MCP-
1.8 35–37 We found that decorin induced the expression of
MCP-1 in mononuclear cells in vitro. This effect was specific,
because other inflammatory cytokines, such as IL1 and TNFa,
were not decorin specific targets. In addition, a comparison of
cytokine expression by circulating MNC and pancreas bound
resident MNC revealed a similar pattern (strong upregulation
of MCP-1, but not IL1b and TNFa genes). Such a biased
induction may have clear clinical consequences. Signalling
through CCR2 (and possibly, other G protein coupled
receptors), MCP-1 is able to attract monocytes, dendritic
cells, and T cells to the sites of inflammation.38 Although
some reports endowed MCP-1 with direct macrophage
activating activity,39 MCP-1 was found to induce a mechan-
ism that prevents the effective resolution of inflammation:
through the reduction of IL12 production by macrophages
and the enhancement of IL4 production by activated T cells,
MCP-1 promotes T helper type 2 (Th2) effector cell
development.40 Although the physiological importance of this
pathway was supported by reduced Th2 responses and an
overt reaction to infection in MCP-1 depleted mice, the
puzzling shift from Th1 to Th2 responses was seen in CCR2
deficient mice.41 In addition to the proposed existence of
additional receptors for MCP-1, the ability of CCR2 to bind
and deplete its ligands was anticipated as a possible
explanation. For example, CCL7 binds CCR2 and CCR3. In
the absence of CCR2, CCL7 may cause increased CCR3
triggering, favouring Th2 responses over Th1 responses.40

Similarly, one can speculate that the high concentrations of
MCP-1 in CP may saturate CCR2 and thus redirect CCL7 to
CCR3. The result of such a scenario in CP would be
insufficient production of TNFa, IL1b, IL12, and
interferon c, which are necessary for the appropriate
activation and execution of the antigen presenting, phago-
cytic, and cytotoxic functions of macrophages. Together with
the previously described ability of decorin to increase the
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survival and the scavenger receptor mediated retention of
macrophages,15 17 this suggests that decorin may be a crucial
factor for the continuous MCP-1 mediated recruitment of
non-optimally activated macrophages and lymphocytes in
foci that are remote from areas containing damaged acini.
Certainly, we cannot exclude the possibility that other
surrounding factors may alter the responses of MNC to
decorin in diseased pancreatic tissue.

Our finding that pancreatic nerves are stained with decorin
specific antibodies requires special attention. Although it is
not clear yet whether neural structures produce decorin
themselves or just bind pancreatic stellate cell released
proteoglycan, this localisation of decorin is intriguing in light
of the recently described ability of decorin to promote axon
growth and the frequent localisation of MNC infiltrates in
close proximity to nerves in CP. Injury of these hypertrophic
nerves by MNC may be an additional factor responsible for
the severe pain attacks experienced by patients with CP.42

In conclusion, being a structural element of ECM in CP,
accumulated decorin may contribute to the imbalance of
stromal–neuro–immune interactions in pancreatic tissue,
resulting in neurotrophy and continuous MCP-1 mediated
recruitment and deregulation of MNC. Decorin might
perpetuate inflammation in CP in the absence of primary
stimuli. This finding is of particular importance because it
suggests that the hypertrophic stroma may be the driving
force behind the chronic inflammation and continuous tissue
destruction seen in patients with CP, and supports the role of
pancreatic head resection as a treatment in patients with
advanced disease.33 34
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