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Objective: Acute pancreatitis (AP) is an inflammatory disorder, the severe form
of which is burdened with multi-organ dysfunction and high mortality. The
pathogenesis of life —threatening organ complications, such as respiratory and
renal failure, is unknown.

Design: Organ dysfunction was investigated in a mouse model of AP. The
influence of monocytes and neutrophils on multi organ dysfunction syndrome
(MODS) was investigated in vivo by antibody depletion. Using real-time-
fluorescence and deformability-cytometry (RT-DC) analysis we determined
the mechanical properties of neutrophils and monocytes during AP.
Furthermore, blood samples of pancreatitis patients were used to
characterize severity-dependent chemokine profiles according to the revised
Atlanta classification.

Results: Similar to AP in humans, severe disease in the mouse model associates
with organ dysfunction mainly of lung and kidney, which is triggered by a
mobilisation of Ly6g™/CD11b*/Ly6c ™ monocytes, but not of Ly6g*/CD11b*
neutrophils. Monocyte depletion by anti-CCR2 antibody treatment
ameliorated lung function (oxygen consumption) without interfering with the
systemic immune response. RT-DC analysis of circulation monocytes showed
a significant increase in cell size during SAP, but without a compensatory
increase in elasticity. Patient chemokine profiles show a correlation of AP
severity with monocyte attracting chemokines like MCP-1 or MIG and with
leukocyte mobilisation.
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Conclusion: In AP, the physical properties of mobilized monocytes, especially
their large size, result in an obstruction of the fine capillary systems of the
lung and of the kidney glomeruli. A selective depletion of monocytes may
represent a treatment strategy for pancreatitis as well as for other
inflammation-related disorders.
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Introduction

Acute pancreatitis (AP) is one of the most common non-
malignant gastroenterological disorders leading to hospitalisation
of patients (1). In most cases the disease has a mild self-limiting
course, but 20% of patients develop severe acute pancreatitis,
which is associated with systemic complications. Infected necrosis
and/or persistent organ failure are the most perilous
complications leading to significant morbidity and mortality (1,
2). AP can rapidly progress towards moderately severe or severe
AP (SAP), significantly increasing the length of in-hospital stays
and ultimately leading to significant healthcare expenditures (3).
Until today there is no established causative treatment for AP
or SAP.

According to the revised Atlanta classification, the severe form
of acute pancreatitis is defined by the occurrence of persistent
organ failure or the presence of a systemic inflammatory response
syndrome (SIRS) for more than 48h (4). Pancreatitis-induced
SIRS is the suggested trigger mechanism for organ damage,
affecting mainly the pulmonary, the renal or the cardiovascular
system (2). While SIRS is held responsible for early organ damage
like acute respiratory distress syndrome (ARDS) or acute kidney
injury (AKI) (2, 5), the compensatory anti-inflammatory response
syndrome (CARS) is believed to be responsible for the infection of
pancreatic necrosis and late organ failure. The release of pro-
inflammatory cytokines and chemokines can induce severe
systemic inflammation, resulting in multi-organ dysfunction
syndrome (MODS) (5). Pancreatitis-related organ complications
frequently include the respiratory system (2, 6). IL-6 trans-
signalling (7) or MCP-1-mediated monocyte/granulocyte
mobilisation (8) are associated with lung damage during SAP.
However, the precise pathomechanism behind pancreatitis-
induced ARDS is not well understood, one reason being the
lack of reproducible SAP animal models

Our aim for the present study was to investigate the cause of
secondary organ damage/MODS in a mouse model of SAP
induced by partial pancreatic duct ligation and hormonal
hyperstimulation. In this model the mice develop the full
spectrum of disease characteristics of SAP in humans (9, 10),
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including pancreatic necrosis and prominent damage of the
respiratory and renal systems. After the induction of AP cells
of the innate immune system, especially monocytes and
neutrophils, are mobilized and migrate into the inflamed
pancreatic tissue. We used specific antibody treatment to
deplete Ly6g" neutrophils or CCR2" monocytes and analysed
the local and systemic immune responses, and how this might
impact on the development of organ complications. Our results
indicate that during severe inflammatory reactions like
pancreatitis or sepsis a general disease mechanism causes
damage of secondary organs by microcapillary occlusion from
enlarged monocytes, which offers a therapeutic option for a
causative treatment of MODS.

Material and methods
Animal model

Wildtype C57Bl/6 mice were purchased from Charles River
Laboratories (Sulzfeld, Germany). SAP was induced by partial
duct ligation of the pancreatic duct and an additional caerulein
injection at day 2 (50mg/kg bodyweight), as described previously
(9-12), untreated mice were used as controls. Animals were
sacrificed at day 3 after surgical duct ligation. To deplete
monocytes and neutrophils mice were treated with anti-Ly6G
antibody (13) (BioXcell, Lebanon USA, BP0075-1), with rat anti-
mouse-CCR2 antibody MC-21 (14) (a kind gift from Matthias
Mack, Regensburg Germany, lot 1480/02) and as control with
isotype IgG2a (BioXcell, BP0089) or isotype IgG2b (BioXcell
BE0090). Anti-Ly6G antibody and isotype IgG2a antibody were
injected i.p. with 200pg in 200pl PBS one day before and the day
after duct ligation. Anti-CCR2 antibody and Isotype IgG2b
antibody were injected i.p. with 20pg in 200ul PBS at the day
of duct ligation and one and two days after surgery. At minimum
6 animals were used per group. Mice were sacrificed 72 hours
after duct ligation and organs were used for analysis. Serum was
stored at -80°C. Pancreas, lung and kidney were fixed in 4.5%
formaldehyde and embedded in paraffin, embedded in
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TissueTec or frozen in liquid nitrogen for rtPCR analysis. Spleen
and lung were taken for FACS analysis.

Perfusion with fluorescein conjugated concanavalin a (con a,
Vector laboratories Inc. USA, FL-1001). Animals were
anaesthetized using ketanes/xylasin and the thorax was
surgically opened. 200ul con a solution (10% in PBS) was
slowly injected into the right ventricle over 1min. Immediately
afterwards, the lungs were removed, and one part fixed in 4%
paraformaldehyde solution while the other part was stored at
-80°C for further processing. Paraformaldehyde fixed lung was
embedded with TissueTec for cryo sections.

Human sample collection

Acute pancreatitis serum samples were collected at the
university medicine Greifswald between the years 2005 and
2020, after approval by the Ethical committee of the university
medicine Greifswald (III UV 91/03). All patients gave written
and informed consent.

Antibodies and reagents

The following antibodies were used for FACS staining, IHC
staining and immunofluorescence staining: Anti-mouse CD4
BV650 (BioLegend 100546), anti-mouse-CD11b PerCP Cy55
(BioLegend, 101228), anti-mouse-Ly6G BV421 (BioLegend,
127628), anti-mouse-Ly6C BV605 (BioLegend 128036), anti-
CD25-PECy7 (BioLegend, 102016), anti-CD69 BV510
(BioLegend, 104532), anti-CD8a BV605 (BioLegend, 100743),
anti-FoxP3 APC (Miltenyi Biotec, 130-111-601), anti-mouse-
CD11b (abcam, Ab133357), anti-mouse-CD68 (antibody-online,
ABIN181836), anti-CCR2 (abcam, ab273050) anti-Ki67 (Bethyl,
IHC-00375), anti-mouse-CD11b (abcam, Ab133357), anti-
mouse-Ly6g (abcam, Ab25377), anti-mouse-Cystatin C (Novus
biologicals, NB100-1033), anti-VE-cadherin (abcam, ab7047-50)
anti-rabbit-HRP (DAKO, K4003), anti-mouse-HRP (DAKO,
K4001). Caerulein was obtained from Sigma Aldricht (C9026-
IMG, Munich, Germany), human myeloperoxidase from
Calbiochem (Cat# 475911). All antibodies used in this study
had been tested and established in previous studies (11, 12, 15).
The concentration of the antibodies was used according to the

manufacturer’s instructions.

Flow cytometry analysis of spleen

To analyse splenocytes, spleen was taken and mashed
through a 70pm cell strainer. Cells were washed with PBS and
centrifuged at 300g for 6 minutes. To lyse erythrocytes pellet was
resuspended in 1 ml lysis buffer for 5 minutes. After washing
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with PBS and centrifugation at 300g for 6 minutes cells were
stained with fluorescence antibodies. Extracellular staining was
performed with surface antibodies (1:50): Anti-CD4, anti-
CD11b, anti-Ly6G, anti-Ly6C, anti-CD25, anti-CD69, anti-
CD8a. To block non-specific Fc mediated interactions cells
were pre-treated with anti-mouse CD16/CD32 antibody for 5
min (1:50). Extracellular antibodies were incubated for 30
minutes at 4°C. Cells were washed with PBS and centrifuged
at 300g for 6 minutes. Pellet was resuspended in 150ul FACS
buffer and measured immediately. Our multicolour panels
contain up to 8 different antibodies. To distinguish between
specific and non-specific staining we used single stained
controls. The single stained control determines the intensity of
expression in a mixed antibody panel, using unmixed
fluorochrome-labeled antibody with compensation beads
(Anti-Rat and Anti-Hamster Ig x/Negative Control
Compensation Particles Set, 552845, BD). This method allows
a compensation correction for spectral overlap (16). Data were
analyzed with BD FACS DIVA Software and Flow]Jo.

Flow cytometry analysis of lung

To analyze leukocytes from lung, lungs were removed from
mice and were dissociated according to the protocol of lung
dissociation kit from Miltenyi (130-095-927, Bergisch Gladbach,
germany). Staining for flow cytometry was performed as
described in splenocyte staining. Data were analyzed with BD
FACS DIVA Software and FlowJo.

Flow cytometry analysis of blood

Fresh blood was collected in in BD Vacutainer K2E EDTA
tubes (367864, BD) and 100uL blood was stained as described in
splenocytes staining.

Serum amylase and lipase

Serum amylase and lipase measurement was performed with
colorimetric assay from Roche/Hitacho (Amyl Ref 11876473316;
Lip Ref 11821792216).

Oxygen saturation of blood

Arterial Blood was taken with a capillary from arteria carotis
communis and was measured with BGA analysis machine
(ABL90 FLEX, Radiometer GmbH, Germany). Carotis
communis was prepared as described previously. Parameters
like pO,, pCO,, glucose, lactat, etc. were measured and analysed.
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MPO activity

MPO measurement was performed like previously described
(11, 13, 17, 18). Lung tissue was homogenized on ice in 20mM
potassium phosphate buffer (pH 7.4) and centrifuged at 14.000
rcf. The pellet was resuspended in potassium phosphate buffer
(pH 6.0) containing 0.5% cetyltrimethylammoniumbromide.
Suspension was frozen and thawed in 4 cycles and centrifuged
at 14.000 rcf. MPO activity was measured in 50 mM potassium
phosphate buffer (pH 6.0) containing 0.53 mM O-dianisidine
and 0.15 mM H,O,. The MPO activity was measured as kinetic
over time with a Spectramax Spectrophotometer (Molecular
devices). Purified human myeloperoxidase was used as
standard, the final MPO activity was calculated against protein
content of the samples.

Histology, immunohistochemistry and
immunofluorescence staining

For H&E staining the lung, pancreas and kidney were
embedded in paraffin, 3um thick slides were cut by microtome.
Slides were deparaffined in Xylol, and hydrated in methanol
followed by decreased ethanol concentrations, hematoxylin and
eosin staining was performed as described previously (10, 13). For
lung analysis slides were scanned with slide scanner (Pannoramic
MDI BF/FL; Sysmex, Norderstedt, Germany) and analysis were
made with Software Pattern Quant from Sysmex Quant Center.

For immunohistochemistry staining slides were dewaxed and
heated in antigen retrieval solution (target retrieval solution, ref.
$1699, Dako Agilent, Santa Clara, USA) for 30min under pressure
using a steam pressure cooker. Rabbit anti-mouse-CD11b
antibody (abcam, cambride UK, Ab133357) was used in a
concentration of 1:400 overnight at 4°C. Anti-rabbit antibody
was incubated for 1 hour at RT. DAB Kit (Vector, Burlingame
USA, SK4100) was used to visualize CD11b positive cells.

For immunofluorescence staining TissueTec embedded slides
were used. Rabbit-anti-mouse-CD11b, Ly6g, CD68, CCR2 or VE-
cadherin antibody was used as 1:400. Secondary antibody was
used in a concentration of 1:200. The following secondary
antibodies were used: anti-rabbit-Cy3 (111-165-144, Jackson
ImmunoResearch), anti-rat-Cy3 (112-165-062, Jackson
ImmunoResearch), anti-mouse-FITC (115-095-146,
Jackson ImmunoResearch), anti-rat-Cy5 (112-175-143, Jackson
ImmunoResearch). DAPI was used for nucleus staining. All slides
were scanned with Pannoramic slide scanner and analysis were
made with Sysmex Quant Center Nucleus or Pattern.

Cytokines in serum

The chemokines MCP-1, MIG, IP-10, IL8 and complement
system anaphylatoxins C3a, C4a and C5a were measured in
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human serum from patients with severe, moderate and mild
form of acute pancreatitis. Measurements were performed with
CBA Kits from BD (Human Anaphylatoxin Kit 561418BD;
Human Chemokine Kit 552990; BD San Jose, USA). Murine
chemokines and cytokines were measured by BD cytometric
bead array (CBA) mouse inflammation kit in serum of mice.

Real time fluorescence and
deformability cytometry

Mechanical characterization of monocytes was performed in
whole blood and lung monocytes isolated from pancreatic duct-
ligated mice as well as untreated controls, respectively. For
monocyte identification in whole blood, cells were labeled with
Ly6g (APC conjugated) and CD11b (FITC conjugated)
fluorescent antibodies. Lung monocytes were isolated (lung
dissociation Kit, Miltenyi) by usage of monocytes isolation kit
(EasySep mouse Monocyte Isolation Kit, Stemcell, 19861A).
After isolation lung monocytes are resuspended in PBS
(without Ca®* and Mg**) complemented with 0.6% (w/v)
Methylcellulose to a concentration of approximately 10 x 10°
cells per ml.

High-throughput mechanical analysis was done by real-time
fluorescence and deformability cytometry using the AcCellerator
system with fluorescence extension (Zellmechanik Dresden
GmbH) (19, 20). Briefly, the system consists of an inverted
microscope, where a microfluidic chip with a 300 pm long
constriction is assembled on a xy-stage. We use a channel cross-
section of 20 pm x 20 um for whole blood measurements and a 15
pm x 15 pm cross-section for lung monocytes. In all
measurements a flow rate of 0.06 ul/s is applied. For each
condition data from several thousand monocytes has been
obtained. Only cells are analysed with an area ratio < 1.05 (ratio
between actual cell area and cell area detected image analysis) to
ensure a full representation of cell shape.

Derivation of elastic modulus was done using an analytical
model published earlier (21). Here, the flow profile around a
moving cell is calculated assuming Stokes flow and deformation
is predicted from coupling the resulting stress-distribution to the
cell surface applying linear elasticity theory and assuming the
cell being a homogeneous material.

Data were analysed with the Software ShapeOut.

RT-gPCR

RNA preparation was performed with Trizol (TRIzol™
Reagenz, 15596026, Invitrogen) as described before (9). The
isolated RNA was reversely transcribed in cDNA using the First
strand cDNA synthesis kit using M-MLV Reverse transcriptase
(28025013, Invitrogen). Quantitative rtPCR analysis was
performed by using SYBR™ Green PCR Master Mix
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(4309155, Applied Biosystems) on the system QuantStudio 7
Flex Real-Time PCR System according to the MIQE guidelines
(22). Quantitative rt-PCR was performed for Ngal (5'-
CACCACGGACTACAACCAGTTCGC-3"; 5'-TCAGTTGTC
AATGCATTGGTCGGTG-3"). As house-keeping gene Rn5s
(5"-GCCCGATCTCGTCTGATCTC-3"; 5'-GCCTATCAGC
ACCCGGTATTC-3") was analysed and markers were
normalized to Rn5s.

Fluorescence measurement

Measurement of fluorescein conjugated concanavalin a was
performed as fluorometric endpoint measurement (Ex. 485nm/
Em. 520nm) in lung tissue homogenate. RFU were calculated
against protein content.

Statistical analysis

The statistical evaluation as well as the graphical
presentation of the experiments were carried out in GraphPad
Prism and SigmaPlot. All graphs were generated with the
standard error of the mean (SE). As significance test the two-
sided students T-test for unpaired samples was used, all samples
p>0.05 were classified as significant. Patients’ samples were
analysed by Kruskal-Wallis test followed by Dunn’s multiple
comparison test, significant differences were defined by p<0.05,
the correlation was tested by spearman rank order correlation.
All groups were tested for normal distribution, based on the
result, in parametric or non-parametric tests. Statistically
significant differences for more than 3 groups were tested by
one way ANOVA followed by Tukey’s multiple comparison test,
or by Kruskal-Wallis test followed by Dunn’s multiple
comparison test. All groups were tested against each other, all
differences with a p value <0.05 were defined as statistically
significant different and marked by an asterisk. Statistical
analysis of RT-FDC data has been performed using linear
mixed models, where we compared two groups of
experimental replicates, respectively (23). While fixed effects
account for the actual effect, i.e., increase or decrease in
deformation, cell size or elastic modulus, random effects

represent systematic or random measurement bias.

Results

Lung damage in a mouse model of
severe acute pancreatitis

We evaluated AP-associated organ damage in an animal

model of SAP with high similarity to the human situation. AP
was induced by partial duct ligation with an additional
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hyperstimulation of caerulein (50ug/kg/bodyweight) in C57Bl/
6 mice, as previously described (9-11). H&E staining of pancreas
sections confirmed the development of AP 3d after the ligation
of the pancreatic duct (Figure 1A). This was paralleled by a
significant increase in serum amylase and lipase activities, which
are established markers of disease severity (Figure 1B).
Secondary organ damage was detected by a significant increase
of myeloperoxidase activity in lung tissue, which is a
consequence of infiltrating leukocytes (Figure 1C). Histologic
analysis of lung sections also showed a pronounced infiltration
of leukocytes 3d after the onset of pancreatitis, associated with
increased alveolar wall thickness. Beside the infiltration of
immune cells, oedema formation (black arrow) was a clear
sign of acute lung injury (Figure 1D). A histological
examination of the lung tissue showed a ~20% reduction of
the alveolar space 3d after induction of AP (Figure 1E).

Lung tissue damage is associated with
infiltration of monocytes

Hyperinflammation, the very severe inflammation with
cytokine storm, is believed to play a role for the induction of
organ damage. To investigate the local inflammation response,
we isolated leukocytes from lung tissue of AP mice and evaluated
infiltrating leukocytes by flow cytometry. CD4" T-cells could
only be detected in negligible quantities (Figure 1F). The cells of
the innate immune system such as neutrophils (Ly6g*/CD11b")
and monocytes/macrophages (Ly6g /CD11b") (Figure 1G). were
significantly increased in lung tissue 3d after the onset of AP
with CD11b*/Ly6g™ cells being the most abundant cell type
(Figure 1H). Immunofluorescent labelling confirmed the
presence of CD11b" cells in lung tissue but in line with the
flow cytometry data, the majority of these cells were not positive
for Ly6g (Figure 1I). The quantification of CD11b" cells by
immunohistochemistry showed a significant increase of these
cells within the vascular system of lung, but not within the
alveolar space after onset of pancreatitis (Figure 1J). The C-C
chemokine receptor type 2 (CCR2) is expressed on blood
monocytes but not on tissue resident macrophages.
Fluorescent labelling of CCR2 illustrates the accumulation of
blood monocytes within the tissue, whereas CD68" resident
alveolar macrophages were not increased (Figure 1K). Ly6c,
another marker of inflammatory monocytes in blood (24),
showed a strong increase on Ly6c/CD11b" cells, underlining
the presence of high numbers of blood monocytes in lung tissue
after the induction of pancreatitis (Figure 1L).

Acute kidney injury in the model of AP

H&E staining of kidney sections showed tubular dilatation
(marked by rhombs) and intra-tubular deposits (marked by
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FIGURE 1

Lung damage in a mouse model of severe acute pancreatitis. (A) H&E staining of pancreatic sections illustrate organ damage, inflammation and
acinar cell necrosis in the pancreas of mice. (B) Activity of amylase and lipase in serum of mice were significantly increased 3d after onset of
disease. (C) Myeloperoxidase (MPO) activity a marker of the presence of inflammatory cells was elevated in lung tissue. (D) H&E staining showed
a clear increase of wall thickness and oedema within the alveolus (black arrows). (E) An analysis of the alveolar space/tissue volume ratio
showed a significant decrease of the alveolar lung volume. Classification of leukocytes from lung tissue of mice by flow cytometry analysis of
surface markers. (F) CD4™ cells represent a minor population of immune cells in lung but show a significant reduction after onset of AP

(G) Cells of the innate immune system were distinguished by the expression of the cell surface markers Ly6g and CD11b. (H) The number of
CD11b*/Ly6g * (neutrophils) as well as CD11b*/Ly6g” cells (monocytes) are significantly increased. (I) Fluorescent labelling of lung tissue
confirmed localisation of CD11b* cells in the lung. After the induction of AP CD11b*/Ly6g™ monocytes (red) represent the majority of detectable
cells in lung tissue, whereas Ly6g™ neutrophils (green) were observed in much lower numbers. (J) CD11b labelling showed a clear redistribution
of CD11b™ cells into the interalveolar septs. Cell counts of CD11b* positive cells in lungs were significantly increased after the induction of
pancreatitis in mice. (K) After induction of AP in mice, CCR2" monocytes (red) are located within the VE-Cadherin (white) positive areas of lung
tissue, whereas tissue resident alveolar macrophages were labelled by CD68 (green) and are located at the border of the alveolar space. (L) Flow
cytometry analysis of CD11b™/Ly6g™ cells in lung after induction of AP showed an increased expression of the monocyte marker Ly6c on their
surface. All graphs represent 6 or more animals per group. Statistically significant differences were, tested by unpaired student s t-test for
independent samples and significance levels of p<0.05 are marked by an asterisk
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arrows), which are both histological signs of AKI. They were
both present in tissue of mice 3d after the onset of pancreatitis,
but completely absent in healthy tissue (Figure 2A) (25). Urinary
accumulation of cystatin C, a marker of AKI (26), was detected
by dot blot analysis in 3 out of 8 urine samples of pancreatitis
animals, but not in control animals (Figure 2B). Another
indicator of kidney damage was the significantly increased
proliferation of tubule cells shown by Ki67 labelling
(Figures 2C, 3D), as well as a significantly increased gene
expression of neutrophil gelatinase associated lipocalin
(NGAL) (27) 3d after the onset of SAP (Figure 2E). To
evaluate if CD11b+ cells could also be detected in kidney
tissue samples like in lung we also labelled CD11b" cells in
tissue sections of kidney, 3d after the onset of pancreatitis,
CD11b" cells were significantly increased within kidney
glomeruli (Figure 2F). Fluorescent labelling of CCR2 gave
evidence that blood monocytes accumulate within the
glomeruli (Figure 2G). In contrast to the rather mild
pancreatitis model of hormonal (caerulein) hyperstimulation,
the partial duct ligation in mice is associated with organ damage
such as AKI and respiratory dysfunction (12), similar to the
human situation.

Accumulation of enlarged blood
monocytes in AP mice

In histological sections of lung and kidney we observed an
accumulation of CD11b" cells within the tissue. In the following
experiments we also investigated the circulating immune cells.
Flow cytometric analysis of blood samples from AP mice showed
similar results as for leukocytes isolated from lung tissue. CD4" T-
cells were significantly reduced (Figure 3A), whereas we could
observe a slight increase of CD11b"/Ly6g" cells and a prominent
increase of CD11b"/Ly6g cells (Figure 3B). Comparable to lung
tissue, the number of Ly6c™ cells within the population of
CD11b"/Ly6g  cells was increased and identified these cells as
monocytes (Figure 3C). The mechanical characteristics of myeloid
derived cells have been discussed in a pathophysiological context
in the recent literature (28). In further experiments we isolated
blood cells from mice and analysed their mechanical properties by
real-time fluorescence and deformability cytometry (RT-FDC)
after gating for 1) CD11b"/Ly6g neutrophils and 2) CD11b"/
Ly6g monocytes (Figure 3D) (19). Deformation and cell size were
analysed in Ly6g and CD11b labelled populations indicating a
general increase in cell size (Figure 3E). A comparison of six
experimental replicates demonstrated a significant increase in cell
size after 3d for all investigated populations (Figure 3F). Whereas
CD11b*/Ly6g" neutrophils showed a high deformation already at
0d (Figure 3G), the deformation of CD11b"/Ly6g  monocytes
increased after onset of pancreatitis but did not reach the level of
neutrophiles. Applying an analytical model to our data enables to
calculate the elastic modulus as an intrinsic material property (21).
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The results indicate a significant increase for enlarged CD11b*/
Ly6g" neutrophiles 3d after onset of pancreatitis, whereas the
elasticity of the bigger CD11b"/Ly6g monocytes was not
increased (Figure 3H).

Enlarged monocytes accumulate in lung
tissue with reduce microcirculation

During pancreatitis monocytes are mobilized in high numbers
from the bone marrow into the blood (Figure 3B). The size of
these monocytes is increased (Figure 3F) but their flexibility is not
increased accordingly (Figure 3H). We hypothesized that these
monocytes accumulate in the lung vascular system and obstruct
the microcirculation, which results in respiratory dysfunction. In
the next step, we therefore isolated monocytes from lung tissue
and analysed them by RT-FDC (19, 20). After the induction of AP
we observed a significant increase of cell size and deformation of
monocytes in lung tissue, similar to our previous observation in
whole blood (Figures 4A-C). Importantly, we also found no
significant differences in the elastic modulus (Figure 4D). These
findings associate pancreatitis with increased monocyte size but
maintained elastic modulus. As a consequence, the congestion of
large and inflexible monocytes in small vessels can cause organ
damage. Therefore, we wanted to investigate to which extent the
blood flow in the lungs was reduced during AP. For this purpose
and to make perfused capillaries visible, the animals received i.v.
200pl FITC conjugated concanavalin a. After 1 min of perfusion
the lungs were removed and fixed in paraformaldehyde. Lungs
from untreated animals show fluorescence in the entire lung
tissue. However, this staining is significantly reduced 3d after
induction of pancreatitis and especially small vessels are no longer
stained (Figure 4E). Measurement of fluorescence in lung tissue
homogenate confirms this observation (Figure 4F). Labelling of
CD11b and FITC conjugated concanavalin an illustrated that the
accumulation of CD11b+ cells in lung tissue is associated with a
diminished perfusion of small vessels (Figure 4G).

Leukocyte depletion ameliorates
pancreatitis in mice

In further experiments we analysed if a specific depletion of
leukocytes can ameliorate AP and reduce organ damage. We
depleted either neutrophils with an anti-Ly6g antibody (13) or
monocytes via anti-CCR2 antibody (14) 1d before and 1d after
onset of pancreatitis. Control mice were left untreated or
received rat IgG2 Isotype antibody. The efficacy of the
antibody-mediated depletion was confirmed by flow cytometry
analysis of splenocytes (Figure 5A). Treatment with anti-Ly6g
antibody resulted in a complete loss of only Ly6g" neutrophils
whereas the treatment with anti-CCR2 antibody showed a
significant reduction of CD11b"/Ly6g™ cells but did not affect
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FIGURE 2

Acute kidney injury in the model of AP. (A) HE&E staining of kidney sections showed also clear signs of early tissue damage 3d after induction of
pancreatitis: tubular dilatation (rhomb) and hyaline casts (black arrows). (B) Dot blot analysis of cystatin C in urine samples of mice (n=8/8 for
controls and SAP) were positive in 3 out of 8 mice with SAP. (C, D) Tubular dilatation was associated with increased cell proliferation (shown by
Ki67 positive nuclei). Quantification of Ki67 staining showed a significant increase of tubular cell proliferation. (E) RT-gPCR analysis of Ngal in
kidney tissue showed a significant increase 3d after onset of pancreatitis. (F) Kidney sections we observed a significant increase of CD11b™ cells
in the glomerulus. (G) Labelling of CCR2 (red), VE-Cadherin (white) and CD68 (green) suggest that these cells are monocytes. All graphs
represent 6 or more animals per group. Statistically significant differences were, tested by unpaired student s t-test for independent samples
and significance levels of p<0.05 are marked by an asterisk.
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AP mice have increased numbers of enlarged blood monocytes. (A, B) Leukocyte detection from whole blood samples of AP mice and controls by
flow cytometry analysis showed a decreased number of CD4* T-cells in circulation, whereas CD11b*/Ly6g* and CD11b*/Ly6g™ cells were found
increased 3d after onset of disease. (C) Labelling of Ly6c within the population of CD11b*/Ly6g", revealed a significant increase of monocytes during
AP. (D) Their physical cell characteristics were determined by real-time fluorescence and deformability cytometry (RT-FDC). Specific Ly6g and
CD11b fluorescent antibody labelling was used to discriminate neutrophils and monocytes. (E) Scatter plots of deformation vs. cell size for
CD11b*/Ly6g* neutrophils and CD11b*/Ly6g™ monocytes. (F, G) Cell size is increased during SAP in both cell types (D) while the increase in
deformation observed in CD11b*/Ly6g™ monocytes, does not reach the deformation values of CD11b*/Ly6g* neutrophils. (H) The elastic modulus is
significantly increased in neutrophils but not in monocytes. All graphs represent 5 or more animals each group, significance was tested by unpaired,
two tailed student s t-test. RT-FDC data has been analysed using linear mixed models (*p<0.05). n.s. means (not significant).

the population of CD11b*/Ly6g" neutrophils (Figures 5B, C).
Labelling of Ly6C, a specific marker of inflammatory monocytes
(24), gave evidence that treatment with anti-CCR2 resulted in a
complete loss of Ly6c"/CD11b* inflammatory monocytes in
spleen (Supplementary Figure 1). The effect of anti-Ly6g and
anti-CCR2 treatment on pancreatic damage was investigated by
histological evaluation. H&E staining confirmed that the
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induction of pancreatic tissue damage was comparable in all
animals, independent off leukocyte depletion (Figure 5D).
Labelling of neutrophils by anti-Ly6g antibodies revealed
invasion of only few neutrophils in controls, but a complete
absence of neutrophilic granulocytes after depletion with anti-
Ly6g antibody in pancreatic tissue (Figure 5D). The depletion of
monocytes by anti-CCR2 antibody did not influence the number
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Enlarged monocytes were located in lung tissue with reduce microcirculation. (A) Monocytes (reflects CD11b™/Ly6g cells) from lung tissue of
mice with and without AP were isolated and analysed by RT-FDC. Deformation vs. cell size scatter plots of monocytes from lung showed the
same mechanical characteristics as blood CD11b*/Ly6g~ cells (Figure 4). (B, C) Statistical analysis of experimental replicates indicates a
significant increase in cell size and deformation. (D) No significant change in elastic modulus is observed. (E) To visualise the blood circulation in
the lungs, the animals were perfused with fluorescein conjugated concanavalin a. 3d after induction of AP, only large vesicles could be stained
with concanavalin a. (F) Quantification of fluorescence in lung tissue homogenate showed a significant reduction 3d after onset of disease

(G) Labelling of CD11b and FITC-concanavalin a showed a displacement of concanavalin a staining by CD11b™ cells. All graphs represent 5 or
more animals per group, statistically significant difference was tested by unpaired, two tailed students t-test. RT-FDC data has been analysed

using linear mixed models (*, p<0.05)

of tissue-resident CD68" macrophages in the damaged pancreas
(Figure 5D). Quantitative analysis of neutrophils/macrophages
in pancreas confirmed a significant impact of the anti-Ly6g
treatment on neutrophil counts but not of the anti-CCR2
treatment on pancreatic macrophages counts (Figure 5E).
Serum amylase showed a significant reduction under both
treatment conditions compared to the isotype antibody control
group, whereas serum lipase was reduced in anti-Ly6g treated
animals only (Figure 5F).

Macrophage-dependent pro-
inflammatory response

The anti-CCR2 depletion of systemic monocytes did not
disrupt resident pancreatic macrophages and the local
pancreatic damage therefore appeared unaffected. In fact, only
a small number of pancreatic macrophages were CCR2-positive
and thereby sensitive to anti-CCR2 treatment. In contrast, most
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CCR2-negative macrophages started to proliferate, as shown by
Ki67/CD68 staining (Supplementary Figures 2A, B).
Macrophages orchestrate the activation of the adaptive
immune system (9, 11). The fact that tissue resident
macrophages, but not monocyte derived macrophages, make
up the majority of pancreatic macrophages also explains why
anti-CCR2 treatment had no effect on T-cell activation. The
expression of CD25*, CD69" or CD25"/Foxp3" T, cells, was
not affected under treatment with anti-Ly6g or anti-CCR2
antibodies. Still, CD8a+ cytotoxic T-cells were somewhat
reduced after monocyte depletion (Supplementary Figure 2C).
Activated CD4" T-cells are known to also express CCR2 (29),
but we found no differences in T-cell activation of neither Teg
(CD69") nor Tyees (CD25"/Foxp3™) by the treatment with anti-
CCR2 antibody. Pancreatic macrophages, but not infiltrating
neutrophils, trigger the T-cell response via their expressed
cytokine profile (9, 11). Analysis of serum cytokines gave
additional evidence that CCR2-depletion did not affect the
systemic pro-inflammatory response (Supplementary Figure 3).
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FIGURE 5

Leukocyte depletion ameliorates pancreatitis in mice. (A) The efficiency of the leukocyte depletion was proven by flow cytometry analysis of splenocytes
with the surface markers CD11b and Ly6g to distinguish neutrophils (CD11b"/Ly6g*) and monocytes (CD11b*/Ly6g"). (B) An increase of CD11b*/Ly6g*
neutrophils could be observed after onset of disease in isotype and anti-CCR2 treated mice, but not after anti-Ly6g antibody treatment. (C) In contrast,
the number of CD11b*/Ly6g™ cells was increased during pancreatitis but not in the anti-CCR2 antibody treated group. (D) Pancreas histology showed
development of necrosis in all pancreatitis animals except in untreated controls. Immunofluorescent Ly6g-labelling showed the absence of Ly6g*
neutrophils in pancreatic tissue of anti-Ly6g treated mice. Labelling by anti-CD68 showed a dramatic increase of macrophages in the pancreatic tissue
of all mice with pancreatitis, even after the depletion of monocytes by anti-CCR2 treatment. (E) Quantitative evaluation of Lyég*™ and CD68" cells in
immunofluorescence-labelled pancreatic sections (F) Serum amylase and lipase activity reflected disease severity and showed a reduction a dramatic in
the anti-Ly6g treated mice and a slight decrease in the anti-CCR2 treated animals. All graphs represent 6 or more animals each group. A statistical
significant differences was tested by one way ANOVA followed by Tukey's multiple comparison test, or by Kruskal-Wallis test followed by Dunn's
multiple comparison test, A significance level of p<0.05 is marked by asterisk, rhombs indicate a significant difference to the untreated control.

Depletion of monocytes but not
neutrophils ameliorate pancreatitis-
induced organ damage

In a next step we investigated the influence of neutrophil and
monocyte depletion on pancreatitis-induced organ damage. We
characterized leukocytes that had been isolated from lung tissue of
mice by flow cytometry. Neutrophil depletion by anti-Ly6g
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antibody resulted in a complete loss of Ly6g"/CD11b"
neutrophils, whereas anti-CCR2 antibody treatment significantly
decreased the number of Ly6c"/CD11b*monocytes but left the
population of Ly6g"/CD11b* neutrophils unaffected (Figures 6A,
B). Labelling of CD11b revealed a dramatic increase of CD11b+
cells in isotype and anti-Ly6g treated mice but only a minor
increase in mice which received the anti-CCR2 antibody
(Figures 6C, D). A flow cytometric characterization of the
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CD11b"/Ly6g" cells by Lyé6c labelling, confirmed that these cells
were monocytes (24) which express high levels of Ly6c on their
surface (Figure 6E). Whereas the depletion on neutrophils did not
affect this cell-population, the treatment with anti-CCR2 resulted
in a complete loss of CD11b*/Ly6g /Ly6c™ monocytes (Figure 6F).
H&E staining of lung tissue illustrates lung damage (Figure 6G).
Whereas isotype controls and neutrophil depleted mice showed a
significant reduction of the alveolar space, which was less
pronounced in anti-CCR2 antibody treated mice (Figure 6H).
Myeloperoxidase is expressed in large amounts in monocytes and
neutrophils (30) and as such a reliable marker of their tissue
invasion. Measurements in lung tissue homogenate confirmed
pancreatitis-induced elevated myeloperoxidase activities, which
were significantly reduced in both antibody treatment groups
compared to the isotype controls (Figure 6I). To evaluate the
respiratory function/dysfunction of these mice we analysed
arterial blood samples and found in all animals suffering from
AP a significant reduction in oxygen saturation and increased
serum lactate levels (Figures 6], K). Pancreatitis animals in general
had decreased pO, and glucose levels, whereas pCO, and ctHb
were elevated (Supplementary Figure 4A). Serum electrolytes
remained unchanged (Supplementary Figure 4B). While the
depletion of neutrophils had no beneficial effect on respiratory
function, the monocyte depletion significantly increased oxygen
saturation and reduced serum lactate levels (Figures 6], K). Serum
creatinine levels were measured as indicator of AKI in mice. Mice
which received isotype control or anti-Ly6g antibody showed a
dramatic increase of serum creatinine levels, whereas creatinine
levels from mice treated with anti-CCR2 antibody were
comparable to untreated control mice (Figure 6L).
Immunohistochemical labelling of CD11b identified leukocytes
in kidney glomeruli of control or anti-Ly6g treated, but not of
anti-CCR2 treated animals (Figures 6M, N). Finally, we
investigated blood flow in anti-CCR2 treated mice by perfusion
of the mice with 200ul FITC conjugated concanavalin a. The anti-
CCR2 treated mice showed a stronger capillary staining in
contrast to mice which were not depleted for monocytes
(Figure 60). Quantitative measurement of the fluorescence
intensity in lung tissue homogenate confirms this observation
(Figure 6P). In addition, we observed a beneficial effect of anti-
CCR2 treatment also in the capillary system of kidney
glomeruli (Figure 6Q).

Disease severity correlates with
serum monocyte attracting
chemokines in patients

Finally, we investigated blood samples of 307 pancreatitis
patients that had been admitted to our university hospital
between 2005 and 2020 and had retrospectively been classified
according to the revised Atlanta criteria into mild, moderate, and
severe pancreatitis. No differences were observed between
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patient groups with respect to age, sex, and etiology
(Supplementary Figure 5 A). SAP patients frequently
developed AKI and respiratory failure but also cardiovascular
complications were observed (Supplementary Figure 5 B). At the
day of hospital admission leukocyte counts (Gpt/L) as well as C-
reactive protein (CRP) were significantly increased in these
patients. In addition, serum creatinine, indicating kidney
dysfunction, and serum lactate, indicating organ
hypoperfusion as a sign of critical illness, were only
significantly increased in the group of patients who developed
SAP (Figure 7A). Severe disease was also reflected by a
significantly prolonged duration of hospitalisation (Figure 7B).
We next measured the concentration of serum chemokines
using Cytometric bead arrays in 104 patients. Monocyte/
macrophage attracting chemokines like MCP-1 (CCL-2), MIG
(CXCL-9) or IP-10 (CXCL-10) were all significantly increased in
SAP patients. Neutrophil attracting chemokine IL-8 (CXCL-8)
was elevated in a severity dependent manner (Figure 7C).
Anaphylatoxins, the cleavage products of complement
proteins, are also known to have chemotactic characteristics,
but we found no differences for C3a, C4a and C5a with respect to
disease severity (Figure 7D). The correlation between selected
chemokines and organ dysfunction was analysed by a
correlation analysis of serum lactate and creatinine. Serum
lactate showed a positive correlation with MCP-1, IL-8, MIG
and IP-10 (Figure 7E), whereas serum creatinine was
significantly correlated with IP-10 and MIG (Figure 7F). Blood
leukocytes counts were positively correlated with serum lactate
and creatinine levels, whereas CRP in serum showed only a weak
correlation with creatinine but none of the chemokines
(Supplementary Figures 5C-E). From a cohort of patients with
SAP, according to the criteria of the revised atlanta classification,
we selected patients with respiratory organ failure (ARDS) and
patients without. Patients with ARDS had an increased
percentage of monocytes in the blood compared to patients
without. In contrast to monocytes, the number of neutrophils or
leukocytes generally was not different between the two groups
(Figure 7G). SAP is therefore associated with a significant
mobilization of leukocytes especially monocytes into the
vascular system, which play an important role in the induction
of secondary organ damage.

Discussion

The induction of a multi organ dysfunction syndrome
during a severe course of acute pancreatitis(4) is associated
with dramatically increased morbidity and mortality and
increased health care utilization(3). The underlying
pathomechanism behind pancreatitis associated MODS is not
well understood, a causal therapy is still missing. In our study we
investigated organ damage in an AP mouse model which
develops hyperinflammation (9, 11) as well as MODS, both
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FIGURE 6

Depletion of monocytes but not neutrophils ameliorate pancreatitis-induced organ damage. (A) Leukocytes were isolated from lung tissue and
analysed by flow cytometry using the surface markers Ly6g and CD11b. (B) 3d after the onset of AP a significant increase of CD11b*/Ly6g*
neutrophils could be observed in lung tissue, this increase could be blocked by the anti-Ly6g treatment. CD11b"*/Ly6g™ monocytes were also
increased in AP mice, this increase was blocked by anti-CCR2 treatment. (C, D) The specific labelling of CD11b cells confirmed the flow
cytometry results and showed significant differences after quantification. (E, F) Flow cytometry analysis of CD11b*/Ly6g~ monocytes identify
them as Ly6c™ cells, a marker of inflammatory monocytes, which were completely abolished after anti-CCR2 treatment. (G) H&E staining of
lung tissue illustrates pancreatitis induced lung damage. (H) The analysis of the alveolar space/tissue volume ratio showed a significant decrease
of the alveolar lung volume in mice which receive isotype ab or anti-ly6g ab, but not in the anti-CCR2 ab treated group. (I) The pancreatitis
induced increase of Myeloperoxidase activity in lung was attenuated in anti-Ly6g and anti-CCR2 treated mice. (J) Oxygen saturation in arterial
blood samples of AP animals was reduced, but anti-CCR2 treatment improved the sO, ratio compared to iso-type or anti-Ly6g treated mice.
(K) Increased serum lactate in pancreatitis reflects a shift to anaerobic metabolism which also is ameliorated in anti-CCR2 treated mice.

(L) Elevated serum creatinine levels in pancreatitis animals indicate kidney dysfunction which could also be ameliorated by anti-CCR2 treatment.
(M) Labelling of CD11b in kidney sections showed reduced numbers of CD11b™ cells located in the glomeruli following anti-CCR2-treatment.
(N) quantitative analysis revealed significant differences in comparison to controls. (O) Visualisation of the blood circulation in the lungs by
perfusion with fluorescein conjugated concanavalin a showed a stronger staining of the capillary system in the ant-CCR2 treated group.

(P) Quantification of the fluorescent signal in lung tissue homogenate showed a significant increase in the anti-CCR2 treated group 3d after
onset of disease (two-tailed students t-test for independent samples). (Q) Fluorescein conjugated concanavalin a stained the capillary system in
kidney glomeruli of anti-CCR2 treated mice but not in controls 3d after induction of AP. All graphs represent 5 or more animals each group,
significance was tested by one way ANOVA followed by Tukey's multiple comparison test, or by Kruskal-Wallis test followed by Dunn’s multiple
comparison test. A significance level of p<0.05 is marked by asterisk, rhombs indicate significant difference to the untreated control mice.
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FIGURE 7

Disease severity correlates with serum monocyte attracting chemokines in patients. Patients were grouped based on the revised Atlanta
classification. (A) Clinical parameters were evaluated from the day of admission. Inflammatory markers (leukocytes count and C-reactive protein
(CRP)), serum lactate and creatinine levels were significantly increased in SAP patients. (B) Severe disease is also reflected by a significantly
prolonged hospital stay. (C, D) Serum chemokines and complement cleavage products were analysed in 104 AP patients. Chemokines, MCP-1,
MIG, IP-10 and IL-8 were significantly increased in SAP, whereas complement factors C3a, C4a and C5a show no severity related increase.

(E, F) Patients samples were analysed by Kruskal-Wallis test followed by Dunn’s multiple comparison test, significant differences were defined by
p<0.05 and marked by asterisk. Correlation analyses were performed for serum lactate and serum creatinine to test a possible relationship
between serum chemokines and markers of organ dysfunction. A correlation was tested by spearman rank order correlation and p values are
shown in each graph. (G) The comparison of the blood leukocyte counts in SAP patients showed that patients with ARDS have a significantly
increased percentage of monocytes in the blood compared to patients without ARDS.
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indicating severe AP according to the revised Atlanta
classification(4). AP is associated with (mainly) necrosis of
acinar cells, thus leading to local tissue damage and the
initiation of an overwhelming pro-inflammatory immune
response. Apparently, the extent of local damage has a critical
influence on the strength of the inflammatory response and is
therefore suggested to play an essential role in the induction of
secondary organ damage and systemic complications (2, 5, 7).
It's the overwhelming immune response of AP which defines the
severity of the disease course. An activation of the transcription
factor NFxB in acinar cells occurs in parallel with intra acinar
protease activation, and is an early event in disease
manifestations (31, 32). The release of cytokines and
chemokines then recruits immune cells to the pancreas where
they contribute to the local damage (9, 13, 33-35) and enhance
the immune response (11, 36, 37). The activated immune
response in the course of AP is similar to other severe
inflammatory responses such as sepsis (38) or sever burn
traumata (39) which all may comprise the induction of MODS
(40, 41). This suggests a common inflammatory response
mechanism leading to secondary organ dysfunction. The most
affected organs are the renal and the respiratory system which
have one thing in common, their vascular system of micro-
capillaries. A disturbed microcirculation could contribute to
organ failure (40), like we observed in lung after induction of
AP in mice. Furthermore, we observed a significant increase of
two cell populations of the innate immune system circulating in
the blood after the onset of pancreatitis: 1.) Ly6c™/CD11b*
monocytes which could effectively be depleted by the usage of
anti-CCR2 antibody (14), and 2.) Ly6g"/CD11b" cells which
represent neutrophils and could successfully be depleted by anti-
Ly6g antibody application. The pre-treatment with anti-Ly6g
depleting antibody results in a complete loss of neutrophils and
attenuates the local pancreatic damage but has no effect on
disease related organ dysfunction. It is well known that
neutrophils contribute to acinar cell damage via the release
of reactive oxygen (33) species or pro-inflammatory cytokines
like TNFo (13). Our results confirm these findings but
suggest that neutrophils are not involved in the initiation of
systemic complications.

In contrast, the depletion of monocytes by anti CCR2
antibody demonstrated that a macrophage-mediated immune
response is much more complex. Ly6(:hi/CD11b+ monocytes
were depleted from spleen and lung tissue of AP mice, but the
tissue-resident macrophages of the pancreas were not affected.
Also, the systemic pro-inflammatory immune response did not
differ between anti-CCR2 and isotype control mice, which
supports the assumption that resident pancreatic macrophages
initiate the development of systemic hyperinflammation by
activating the adaptive immune system (11). These tissue
resident macrophages (42, 43) are independent of circulating
monocytes. They start to proliferate in response to acinar cell
damage and orchestrate the systemic immune response. While
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the depletion of CCR2" monocytes did neither affect the
systemic immune response, nor necrosis clearance by resident
pancreatic macrophages, the development of organ dysfunction
was significantly reduced. Monocyte-depleted mice showed
better oxygen saturation and less elevated serum creatinine
levels, suggesting less pancreatitis induced lung and kidney
damage. Histologically, we observed that the lung damage was
also significantly lower in the monocyte-depleted animals. In
particular, the alveolar space is significantly less restricted
compared with the isotype controls, suggesting an improved
lung function during disease. Monocytes develop from precursor
cells in the bone marrow and circulate in the blood (44), whereas
tissue resident macrophages develop from invading monocytes
starting with embryogenesis (45). After transmigration into the
tissue, they act as monocyte derived macrophages. In the adult,
macrophages play a role in almost all inflammatory responses,
including wound repair processes and it has been shown in adult
guinea pigs that, when macrophage influx is blocked by
administration of anti-macrophage serum, wound healing is
severely impaired (46). Following the induction of pancreatitis
we saw a tremendous release of monocytes from bone marrow
into the vascular system, but, surprisingly, no rapid
transmigration into the site of pancreatic damage. The
depletion of these circulating monocytes did not affect the
local and systemic pro-inflammatory immune response, but
significantly ameliorated organ complications. These findings
suggest that the induction of MODS in severe pancreatitis is not
only mediated by an immunological signalling pathway but also
related to the physical properties of the monocytes (28). Lung
and kidney are characterised by microvascular systems and the
passage of large cells, like monocytes, through these capillary
systems requires a flexible adaptation to their small capillaries
(47). LPS activated monocytes acquire stiffer physical properties,
leading to a prolonged retention in the capillary system of the
lung (48). Here we demonstrate that the induction of
pancreatitis also changed the mechanical behaviour of myeloid
derived cells dramatically. During pancreatitis, CD11b"/Ly6g"
neutrophils and CD11b*/Ly6g” monocytes are all characterized
by an increased cell size. However, neutrophils revealed a high
deformation compared to monocytes. As a consequence, large
numbers of these rather large and stiff monocytes remain
circulating in the vascular system while they do not
transmigrate into the pancreatic tissue. The depletion of these
monocytes, but not of neutrophils significantly ameliorated lung
and kidney damage. A retrospective analysis of clinical data from
patients demonstrated a correlation of leukocyte count and
lactate, as marker for lung damage, or serum creatinine as
marker for kidney damage. In addition, the serum level of the
Monocyte attracting chemokines MCP-1, which is the ligand of
CCR2, was significantly increased in patients with SAP
compared to milder forms of the disease. This underlines the
importance of monocyte mobilisation for the disease severity
and the induction of MODS in patients with SAP. Severe
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immune responses like in sepsis or severe trauma are also
frequently associated with secondary organ damages like AKI
or ARDS. We speculate that our observation is not pancreatitis
specific. Monocytes are released from the bone marrow in
response to the pancreatitis-induced pro-inflammation and
enter the vascular system. These large numbers of monocytes,
isolated from blood as well as from lung tissue, which are
characterized by increased size but unchanged elasticity is
especially problematic for organs with small capillary networks
like the lungs or the glomeruli of kidney. We propose that these
large monocytes represent a common pathomechanism and are
the reason why severe immune reactions lead to damaged renal
and pulmonary system as it is known for pancreatitis, burn
traumata and sepsis (2, 4, 40, 49). Interestingly, Recent genome
wide association studies of lung tissue from Covid-19 patients
identified an association of severe disease courses with increased
CCR2 expression (50). Monoclonal anti-CCR2 antibody
therapy, which is already used for rheumatoid arthritis (51)
may be a treatment option against MODS during severe acute
pancreatitis and other inflammatory diseases.

In summary, we could demonstrate a tremendous
mobilisation of monocytes from the bone marrow in response
to strong pro-inflammation during AP. The number of
circulating monocytes was dramatically increased after onset
of pancreatitis and also their physical properties were changed.
Increased cell size without a compensatory increase in elasticity
results in the accumulation of monocytes in narrow capillaries of
the lungs and glomeruli where they cause organ dysfunction, as
characterized by AKI and ARDS in our mouse model of SAP.
The depletion of monocytes, but not of neutrophils, was
sufficient to significantly ameliorate lung and kidney damage.
Monocytes could represent a promising therapeutic target for
the prevention of organ complications in SAP and possible other
inflammation-related disorders.
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SUPPLEMENT 1

To characterize the antibody treatment effect on the population of
CD11b*/Ly6g™ cells we investigated the expression of the cell surface
protein Ly6c on cells isolated from spleen. At 3d of pancreatitis we
observed an increased expression of Ly6c on these cells which
identified them as monocytes. This increase was specifically suppressed
in anti-CCR2 treated animals.
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SUPPLEMENT 2

Pancreatic tissue macrophages were not affected by systemic anti-CCR2
monocyte depletion. (A) Double labelling of CD68 and CCR2 indicated that
only a small percentage of resident macrophages carried CCR2 and animals
treated with anti-CCR2 antibody showed a complete loss of these CCR2*
macrophages. (B) Ki67 labelling, a marker of cell proliferation, showed, that
macrophages start to proliferate after the induction of pancreatitis. (C) Flow
cytometric analysis of T-cell activation in spleen revealed a pancreatitis
induced increase of CD69*, CD25%, CD25"/Foxp3* T-helper cells and of
CD8a" cells in all animals, independent of a depletion of neutrophils or
monocytes. All graphs represent 6 or more animals per group. Statistically
significant differences were tested by one way ANOVA followed by Tukey's
multiple comparison test, or by Kruskal-Wallis test followed by Dunn’s multiple
comparison test. A significance level of p<0.05 is marked by asterisk, rhombs
indicate significant difference to the untreated control mice.

SUPPLEMENT 3

Serum cytokines were measured by fluorometric bead array analysis in
isotype treated and CCR2-treated mice. The observed increase of pro-
inflammatory cytokines IL-6 and TNFo as well as of T-cell activating
cytokine IL-2 during pancreatitis was not changed in isotype or CCR2-
treated mice. All graphs represent 6 or more animals in each group.

SUPPLEMENT 4
(A) Analysis of oxygen saturation, acid-alkaline balance and serum
electrolytes in SAP mice. pO,, FO,Hb, glucose and pH were in general
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