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Decreased neutrophil counts prolong inflammation in acute
pancreatitis and cause inflammation spillover to distant organs
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ABSTRACT

Background/objective: Acute pancreatitis is an aseptic inflammation caused by pathologically activated
pancreatic enzymes and inflammatory mediators produced secondarily by neutrophils and other in-
flammatory cells and is one of the most difficult diseases to treat. This study aimed to investigate the role
of neutrophils in pancreatitis by examining tissue dynamics.

Methods: We created a model of caerulein-induced pancreatitis in 12-week-old male granulocyte
colony-stimulating factor knockout mice (G—CSF—KO) and wild-type littermate control mice (six
intraperitoneal injections of caerulein [80 ng/kg body weight] at hourly intervals for 2 days). Mice were
sacrificed 0, 3, 6, 12, 24, 36, 48, 72, and 168 h after caerulein administration and examined histologically.
Results: The survival rate after one week of caerulein administration was 100 % in the control mice,
whereas it was significantly lower (10 %) in the G—CSF—KO mice. Histological examination revealed
significant hemorrhage and inflammatory cell migration in the G—CSF—KO mice, indicating prolonged
inflammation.

Conclusion: Prolonged inflammation was observed in the G—CSF—KO mice. Tissue cleanup by neutro-
phils during the acute phase of inflammation may influence healing through the chronic phase.

© 2023 The Authors. Published by Elsevier B.V. on behalf of IAP and EPC. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

granulocytes, constituting up to 60 % of all white blood cells in
humans [1], and form an essential part of the innate immune sys-

Neutrophils are the major phagocytic granulocytes responsible tem. Neutrophils phagocytose pathogens in response to pathogen-
for innate immunity. They are the most abundant type of and damage-associated molecular patterns [2]. In addition, neu-

trophils facilitate immune responses by releasing granules, pro-
ducing cytokines, and mediating the mobilization of other immune
cells to the site of infection.
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Nevertheless, when the immune response is excessive, neutro-
phils can cause considerable damage to the host, including exten-
sive cell death, necrosis, vascular leakage, thrombus formation, and
antibody-mediated autoimmune reactions. In fact, neutrophils are
considered to play a pivotal role in the aggravation of acute respi-
ratory distress syndrome (ARDS); neutrophil activation and
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transmigration are hallmark events in the progression of this dis-
ease [3]. In addition, neutrophil elastase (NE), which is produced by
neutrophils, has been previously reported to play a pivotal role in
the pathogenesis of acute lung injury/ARDS [4], and elevated NE
levels are correlated with the severity of lung injury [5—7].
Conversely, neutropenia has been shown to produce a protective
effect against endotoxemia in mice, and the amount of neutrophil-
secreted mediators was insufficient to cause endothelial injury in a
previous report [8,9]. On the other hand, since neutrophils are one
of the first inflammatory cells to migrate toward the site of
inflammation during the acute phase of inflammation, particularly
as a result of bacterial infection, environmental exposure and
moderate inflammation are also known to be necessary for tissue
repair [10].

Acute pancreatitis is an aseptic inflammation caused by patho-
logically activated pancreatic enzymes and is characterized by
pathological changes such as edema, hemorrhage, and necrosis in
the pancreas [11]. The cascade reaction caused by the pancreatic
enzymes activated in the pancreas and inflammatory mediators
produced secondarily by inflammatory cells such as neutrophils is
amplified in severe pancreatitis, causing them to overflow into the
extrapancreatic space and expanding the inflammatory reaction
outside the pancreas [12]. In mild-to-moderate cases, the fatality
rate is a few percent; however, in cases involving severe acute
pancreatitis, the fatality rate is reported to be 20 % [13—15]. Like-
wise, acute pancreatitis often develops into chronic pancreatitis
[16,17].

In this study, we used granulocyte colony-stimulating factor
knockout mice to determine the functions of neutrophils in a
moderate pancreatitis mouse model in which inflammation ended
in three weeks.

2. Methods
2.1. In vivo animal studies

This study conformed to the Guide for the Care and Use of
Laboratory Animals published by the US National Institutes of
Health (NIH publication, 8th Edition, 2011) and was approved by
the Institutional Animal Research Committee of Gifu University
(2022-053, Gifu, Japan). Male granulocyte colony-stimulating factor
(G—CSF)—deficient mice (B6; 129P2-Csf3tm1Ard/]) were purchased
from Jackson Laboratory (Bar Harbor, ME, USA) and bred as
described previously [18]. G-CSF genotypes have been described
previously [18,19]. G-CSF induces the appearance of colonies con-
taining only granulocytes. Thus, G—CSF—knockout (G—CSF—KO)
mice show chronic neutropenia, granulocyte and macrophage
progenitor cell deficiencies, and impaired neutrophil mobilization
[18]. Although approximately 50 % of G—CSF—KO mice die in utero,
the surviving mice grow to adulthood [18]. Wild-type littermate
mice were used as controls.

Acute pancreatitis was induced in vivo by administering the
secretagogue caerulein (Sigma, Louis, MO, USA) in six intraperito-
neal injections of 80 pg/kg body weight at hourly intervals for 2
days. The survival rate was determined one week after caerulein
administration.

Perfusion fixation and blood sampling from the ophthalmic ar-
tery were performed under anesthesia (intraperitoneal mixture of
medetomidine hydrochloride 0.3 mg/kg, midazolam [4 mg/kg], and
butorphanol tartrate [5 mg/kg]). Anesthesia was deemed sufficient
if corneal and hind-paw withdrawal reflexes were absent. Mice
were euthanized by exsanguination from the ophthalmic artery
until the lighting reflex was lost and heart specimens were ob-
tained subsequently.
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2.2. Flow cytometry analysis of peripheral neutrophils

To profile G—CSF—KO mice, peripheral neutrophil numbers
were analyzed, and blood samples were collected from the maxil-
lary artery. The samples were prepared as described previously [9].
Cells were stained with the following antibodies (BioLegend, San
Diego, CA, USA) for 5 min at room temperature: anti-mouse
CD45—peridinin chlorophyll protein complex (clone: 30-F11),
anti-mouse CD11b-phycoerythrin (clone: M1/70), anti-mouse
Ly6G-fluorescein isothiocyanate (clone: 1A8), and anti-mouse F4/
80-Alexa Fluor 647 (clone: BM8). Neutrophils were defined as
CD45 + CD11b + Ly6G + F4/80— white blood cells. Flow cytometry
was performed on a BD FACSCalibur instrument (Becton and
Dickinson Company, Franklin Lakes, NJ, USA), and data were
analyzed using FlowJo software, version 10.5.3 (TreeStar LLC, Ash-
land, OR, USA).

2.3. Flow cytometry analysis of the pancreatic tissue

Pancreatic cells of wild-type (n = 3) and G—CSF—KO (n = 3) mice
at eight weeks of age were isolated from the pancreas tissue. Briefly,
the pancreatic tissue was minced into small fragments and har-
vested using the Horizon Dri Tumor and Tissue Dissociation Re-
agent (TTDR, Cat#661563, BD Biosciences, Franklin Lakes, NJ, USA),
according to the manufacturer's protocol. All isolated pancreatic
cells were subjected to flow-cytometry analysis. Briefly, to prevent
non-specific Fc binding, single-cell suspensions of all pancreatic
cells were incubated with Fc Block (Cat#553143, BD Biosciences).
Then, cells were incubated with the appropriate antibodies: CD45.2
FITC (Cat# 109805, BioLegend), Ly6G APC/Cyanine7 (Cat# 127623,
BioLegend), CD11b APC (Cat# 101221, BioLegend), CD11b APC/
Cyanine7 (Cat# 101225, BioLegend), F4/80 APC (Cat# 123115, Bio-
Legend), CD11c APC/Cyanine7 (Cat# 117323, BioLegend), MHCII (I-
A/I-E) APC (Cat# 107613, BiolLegend), CD4 PerCP/Cy5.5 (Cat#
100433, BioLegend), and CD8a PerCP/Cy5.5 (Cat# 100733, Bio-
Legend). Dead cells were stained with the SYTOX Red Dead Cell
Stain (Cat# MP34859, Invitrogen, Waltham, MA, USA) or Propidium
Iodide Staining Solution (Cat# 556463, BD Pharmagen, San Diego,
CA, USA). The samples were analyzed on the CytoFLEX S Flow
Cytometry System (Beckman Coulter, Brea, CA, USA) and analyzed
using Flow]Jo software, version 10.8 (Tree Star Inc., Ashland, OR,
USA).

2.4. Histopathological examination

The pancreas and whole right lobe of the lungs from six indi-
vidual mice at 0, 3, 24, 36, 72, and 168 h after caerulein adminis-
tration were fixed with PBS containing 10 % formalin and
embedded in paraffin. Paraffin sections (4 um) were deparaffinized
and rehydrated. Finally, slides were counterstained with hema-
toxylin and eosin, and the coverslipped pancreas sections were
scored for pancreatic edema as follows: 0 = absent; 0.5 = focal
expansion of interlobar septae; 1 = diffuse expansion of interlobar
septae; 1.5 = same as 1 + focal expansion of interlobular septae;
2 = diffuse expansion of interlobar septae; 2.5 = same as 2 + focal
expansion of interacinar septae; 3 = same as 2 + diffuse expansion
of interacinar septae; 3.5 = same as 3 + focal expansion of inter-
cellular spaces; or 4 = same as 3 + diffuse expansion of intercellular
spaces. Acinar necrosis was scored as follows: 0 absent;
0.5 = focal occurrence of 1—4 necrotic cells/high-power field (HPF);
1 = diffuse occurrence of 1—4 necrotic cells/HPF; 1.5 = same as
1 + focal occurrence of 5—10 necrotic cells/HPF; 2 = diffuse
occurrence of 5—10 necrotic cells/HPF; 2.5 = same as 2 + focal
occurrence of 11—16 necrotic cells/HPF; 3 = diffuse occurrence of
11—-16 necrotic cells/HPF (foci of confluent necrosis); 3.5 = same as
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3 + focal occurrence of >16 necrotic cells/HPF; or 4 = >16 necrotic
cells/HPF (extensive confluent necrosis). Hemorrhage and fat ne-
crosis were scored as follows: 0 = absent; 0.5 = 1 focus, 1 = 2 foci;
1.5 =3 foci, 2 = 4 foci; 2.5 = 5 foci, 3 = 6 foci; 3.5 =7 foci, or 4 = 8 or
more foci. Inflammation and perivascular infiltrate were scored as
follows: 0 = 0—1 intralobular or perivascular leukocytes/HPF;
0.5 = 2-5 intralobular or perivascular leukocytes/HPF; 1 = 6—10
intralobular or perivascular leukocytes/HPF; 1.5 = 11-15 intra-
lobular or perivascular leukocytes/HPF; 2 = 16—20 intralobular or
perivascular leukocytes/HPF; 2.5 = 21-25 intralobular or peri-
vascular leukocytes/HPF; 3 = 26—30 intralobular or perivascular
leukocytes/HPF; 3.5 more than 30 leukocytes/HPF or focal
microabscesses; or 4 = more than 35 leukocytes/HPF or confluent
microabscesses [11]. Scoring was performed manually as 10 HPF
per sample (n = 6 per sample) in the focal plane.

The coverslipped lung sections were scored as follows for pul-
monary edema: 1, absent; 2, detectable seroproteinaceous fluid in
one to a few alveoli; or 3, seroproteinaceous fluid-filled alveoli in a
multifocal-to-coalescing pattern in the lungs. Neutrophilic infil-
tration was scored as follows: 1, absent or rare solitary neutrophils;
2, detectable extravasated neutrophils observed as small loose
cellular aggregates in one or a few airways and/or alveoli; 3,
detectable extravasated neutrophils observed as loose-to-compact
cellular aggregates in multiple to coalescing airways and/or
alveoli with some effacement of lung architecture; or 4, detectable
extravasated neutrophils observed as compact cellular aggregates
effacing most of the adjacent lung architecture [20]. These assess-
ments were performed in a blinded manner to avoid bias.

2.5. Measurement of serum amylase levels

Serum amylase concentrations were measured by ORIENTAL
YEAST Co., Ltd. (Tokyo, Japan) at 0, 3, 6, 12, 18, 24, 36, 48, 72, and
168 h after caerulein administration.

2.6. Immunohistochemistry

After deparaffinization, sections (4 um) were cut and incubated
with primary antibodies against the macrophage marker F4/80
(700765; Cell Signaling, Danvers, MA, USA), CD8 (EPR21769;
Abcam, Cambridge, UK), which is a lymphocyte marker, or amylase
(12540-1-AP; Proteintech, Rosemont, IL, USA). Target proteins were
visualized using the VECTASTAIN Elite ABC system (Vector Labo-
ratories, Newark, CA, USA) or the secondary antibodies (Alexa Fluor
488, Invitrogen).

2.7. Scoring of intensity

For the quantitative analysis of amylase in tissue, scoring of the
of amylase antibody was performed using a confocal fluorescence
microscope (BZ-X810, Keyence, Osaka, Japan) and Image] software
(Olympus Corp., Tokyo, Japan) as described previously [21]. The
pancreas of each mouse was embedded in an OCT compound and
frozen with liquid nitrogen. The frozen blocks were stored
at —80 °C, and sections of frozen tissues (5—7-um thick) were
prepared with a cryostat. The intensity of amylase with Alexa Fluor
488 staining was scored manually in 10 HPF per sample (n = 6 per
sample) in the focal plane.

2.8. Data and statistical analysis

Data are presented as mean + SEM. Student's two-tailed t-test
was used to compare the two groups, and survival data were
analyzed using the log-rank test; P < 0.05 was considered signifi-
cant. All calculations were performed using GraphPad Prism,
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version 7.02 (GraphPad Software, La Jolla, CA, USA).
3. Results
3.1. G—CSF—KO mice with pancreatitis showed a lower survival rate

ELISA analysis indicated serum G-CSF deficiency in G—CSF—KO
mice (wild-type: 146.7 + 21.2 pg/mL vs. G—CSF—KO: 9.7 + 5.4 pg/
mL, P < 0.01) (Fig. 1A). In addition, peripheral neutrophil counts
obtained using flow cytometry were significantly lower in
G—CSF—KO mice than in wild-type mice before caerulein injection
(wild-type: 452 + 29 cells/uL vs. G—CSF—KO: 69 + 15 cells/uL,
P < 0.01) (Fig. 1B). These results are consistent with those of a
previous study [8,9]. The flow cytometry analysis of immune cells
of a normal pancreas revealed that there were few pancreatic im-
mune cells and that the population of immune cells was not
significantly different between wild-type and G—CSF—KO mice
(Supplementary Fig. 1).

The survival rate 7 days after caerulein administration was
significantly lower (p < 0.05) among G—CSF—KO mice (3 of 30 mice;
10 %) than among wild-type mice (10 of 10 mice; 100 %) (Fig. 1C).

In wild-type mice, serum amylase levels peaked at 3 h after
caerulein administration and then rapidly decreased, returning to
pre-caerulein levels by 12 h. The peak serum amylase levels did not
differ significantly between G—CSF—KO and wild-type mice
(Fig. 1D). In addition, tissue amylase levels were not significantly
difference between the G—CSF—KO and wild-type mice
(Supplementary Fig. 2).

3.2. Histopathology in pancreatitis

Next, histological evaluation of pancreatitis was performed over
time. (Fig. 2A). In wild-type mice, the pancreatic edema score
increased 3 h after finishing caerulein administration, and then
gradually decreased until one week after caerulein injection
(Fig. 2B). Conversely, in G—CSF—KO mice, pancreatic edema was
prolonged by 72 h and one week after caerulein administration.
Although inflammation and perivascular infiltration increased until
36 h after caerulein administration in wild-type compared with
G—CSF—KO mice, inflammation and perivascular infiltration were
greater in G—CSF—KO mice 72 h and one week after caerulein in-
jection than in wild-type mice (Fig. 2C).

The acinar necrosis score in wild-type mice increased from 3 h
after caerulein administration and gradually decreased from 36 h
after caerulein injection. In G—CSF—KO mice, acinar necrosis was
larger one week after caerulein administration than in wild-type
mice (Fig. 2D). The hemorrhage score gradually increased from
3 h after caerulein injection, whereas it was low in wild-type mice
after caerulein administration (Fig. 2E).

3.3. In G—CSF—KO mice, the number of infiltrating inflammatory
cells was high despite the absence of granulocytes

Histological analysis was performed to further confirm the
profile of the inflammatory cells (Fig. 3A and B). In G—CSF—KO mice,
neutrophil counts did not increase over any time range. In addition,
neutrophils migrated to areas with some residual glandular tissue,
whereas they were rarely found in areas where necrosis had
advanced and no glandular tissue remained.

Macrophages that stained positive for F4/80 increased up to 24 h
after the end of caerulein administration and then decreased in
wild-type mice (Fig. 4A and B). In contrast, fewer F4/80-positive
cells were observed in G—CSF—KO mice up to 24 h after caerulein
administration, and their numbers increased from 36 h onward in
comparison with wild-type mice.
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Fig. 1. Granulocyte colony-stimulating factor knockout (G—CSF—KO) mice in caerulein-induced pancreatitis.

A: Serum G-CSF levels in untreated wild-type and G—CSF—KO mice were measured using an enzyme-linked immunosorbent assay. B: Peripheral neutrophils
(CD45"CD11b*Ly6G "F4/80) in untreated wild-type and G—CSF—KO mice were quantified by flow cytometry. C: Kaplan—Meier survival curves for wild-type and G—CSF—KO mice
after caerulein administration. D: Serum amylase concentrations were measured over time in both groups of mice. Data are expressed as mean + SEM. n = 6 mice per group (A);
n = 6 mice per group (B); n = 10 wild-type mice (C); and n = 30 G—CSF—KO mice (C). *P < 0.01, **P < 0.05 versus wild-type.
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Fig. 2. Histological scores of caerulein-induced pancreatitis.

A: Representative images of hematoxylin and eosin-stained pancreatic tissues over time after caerulein administration. + indicates edema. Yellow arrows indicate the necrosis. The
black arrowhead indicates hemorrhage. The graphs present the histological scoring of pancreatic injury related to edema, inflammatory cell infiltration, necrosis, and hemorrhage.
B-E: Graphs of histological scoring of pancreatic injury, including edema (B), inflammatory cell infiltration (C), necrosis (D), and hemorrhage (E). *P < 0.05 versus the wild-type.

914



Y. Fukuda, K. Mori, H. Okada et al. Pancreatology 23 (2023) 911-918

(A) (B)

Neutrophil numbers/HPF
60

Wild-type
40
30
20
10

0
0 3 24 36 72 168 G-CSFKO

Hours after finishing caerulein inistration

Fig. 3. Neutrophil counts over time in pancreatitis.
A: Graphs of neutrophil numbers over time in the pancreas of wild-type and G—CSF—KO mice. B: Representative images of hematoxylin and eosin-stained pancreatic tissues 3 and
24 h after caerulein administration in both groups. Arrows indicate the neutrophils. *P < 0.01 versus the wild-type.
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Fig. 4. F4/80- and CD8-positive cell numbers over time in pancreatitis.

A: Graphs of F4/80-positive cell numbers over time in the pancreas of wild-type and G—CSF—KO mice. B: Representative images of F4/80-immunostained pancreatic tissues 24 and
168 h after caerulein administration. Arrows indicate F4/80-positive cells. C: Graphs of CD8" cell numbers over time in the pancreas of wild-type and G—CSF—KO mice. D:
Representative images of CD8-immunostained pancreatic tissues 24 and 168 h after caerulein administration. Arrows indicate CD8-positive cells. *P < 0.05, versus the wild-type.

Next, to assess cytotoxic lymphocytes, immunohistochemical CD8-positive cells to peak in G—CSF—KO mice, which had signifi-
analysis was performed over time after administration of caerulein. cantly more CD8-positive cells at this time.
The number of cytotoxic T cells, which were indicated as CD8™ cells,
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Next, the effects of prolonged inflammation in the pancreas on
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Fig. 5. Histological scores over time in lung in caerulein-induced pancreatitis mice.

G-CSFKO Wild type G-CSFKO

A: Representative images of the lung over time after caerulein administration. Black arrows indicate edema. Yellow arrows indicate inflammatory cell infiltration.
B—D: Histological scores, pulmonary edema (B), inflammatory cell infiltration (C), and hemorrhage (D) over time in the lungs of caerulein-induced pancreatitis mice at 168 h after

caerulein administration. *P < 0.05, versus the wild-type.

distant organs over time were determined (Fig. 5A). At 168 h after
caerulein administration, inflammation in the pancreas was
resolved in the wild-type mice, and edema, inflammatory cell
infiltration, and bleeding were minimal in the lung (Fig. 5B—D).
However, in the G—CSF—KO mice, the score was aggravated in the
lungs 168 h after caerulein administration.

4. Discussion

Excessive neutrophil infiltration, as observed in severe systemic
inflammatory reactions such as sepsis, is known to cause tissue
destruction through excessive release of proteases into the extra-
cellular matrix upon activation, in addition to their original bacte-
ricidal role. In particular, excessive degradation of extracellular
matrices such as collagen, fibronectin, and laminin by over-
expression of NE [22] has been implicated in the pathogenesis of
various inflammatory diseases, including ARDS [3,9]. On the other
hand, in a model of localized inflammation that eventually leads to
spontaneous healing, such as that used in this study, innate im-
munity was shown to be mediated by neutrophils.

4.1. Neutrophil infiltration in the acute phase affects tissue
dynamics in the chronic phase

In the pancreatitis model used in this study, serum amylase
levels were measured over time in both G—CSF—KO and wild-type
mice, and no differences were observed at any time point. This may
indicate the absence of significant differences in the acute
pancreatic cell damage caused by caerulein between G—CSF—KO
and wild-type mice. In fact, the survival rate of G—CSF—KO mice
increased from 96 h after caerulein administration, and the histo-
logical evaluation of edema, acinar necrosis, and inflammatory cell
infiltration showed significant differences from 72 h after caerulein
administration. In other words, various disorders in G—CSF—KO
mice occurred late, after 72 h of caerulein administration. Three
hours after the last caerulein administration, the number of
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neutrophils in G—CSF—KO mice was lower than that in wild-type
mice, whereas the number of macrophages was higher, suggest-
ing that G—CSF—KO mice have a compensatory mechanism.

4.2. Migration of cytotoxic lymphocytes: Differences between
neutrophils and macrophages

CD8-positive T lymphocytes, which are cytotoxic T cells, are an
important component of the adaptive immune system and play an
important role in immune defense against intracellular pathogens
such as viruses, bacteria, and tumors [23]. The fact that these
cytotoxic T cells were significantly more abundant in the
G—CSF—KO mice one week after the end of caerulein administra-
tion suggests that acute-phase tissue cleanup in the G—CSF—KO
mice was insufficient despite the compensatory presence of mac-
rophages in comparison with the wild-type mice. In other words,
the results suggest that macrophages cannot compensate for the
effects of neutrophils, since neutrophils perform a variety of
effector functions, including phagocytosis, degranulation, release of
reactive oxygen species (ROS), and neutrophil extracellular trap
(NET) formation [2,24,25].

Likewise, the heterogeneity of neutrophils has also attracted
attention in recent years, revealing characteristic phenotypes that
may be dependent on neutrophil localization and health status
[26]. One example is CxCR4+, VEGFR1+, and
CD49d + angiogenesis-promoting neutrophils reported in mice and
humans, which may be involved in extracellular matrix remodel-
ing; however, the mechanisms underlying these differences remain
unclear [27]. In G—CSF—KO mice, where neutrophils are virtually
absent, these effects are thought to be lost. The effector functions of
neutrophils are diverse, and perhaps a complex interplay of these
effects, rather than a single action, results in the failure of tissue
cleanup.
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4.3. Expansion of inflammation to distant organs due to
uncontrolled inflammation

Usually, when inflammation is limited or short-lived, the in-
flammatory response, such as vasodilation, chemical production,
and leukocyte infiltration, in the inflamed tissue stops and
damaged parenchymal cells regenerate. However, if injurious sub-
stances persist during acute inflammation, chronic inflammation
occurs, and this process is characterized by long-lasting inflam-
mation. Chronic inflammation is characterized by the presence of
high numbers of macrophages and toxins, including ROS released
by macrophages, resulting in the destruction of living tissues. In the
G—CSF—KO mice in this study, the pancreas remained damaged due
to the inability of neutrophils to function during the acute phase of
inflammation. However, local inflammation did not converge and
persisted, and the inflammation spilled over to multiple organs,
which was thought to have contributed to the worsening of mor-
tality. Neutrophils phagocytose not only pathogens but also injured
cells and the extracellular matrix, and this phagocytosis is essential
for the wound healing process. When the neutrophil count de-
creases, phagocytosis is reduced, and thus damaged cells and the
extracellular matrix remain in the tissue without being removed.
Thus, it is also assumed to delay wound healing because there is not
enough space for fibroblasts, which promote fibrosis necessary for
wound healing, to migrate. Such delayed healing is thought to
spread to distant organs. In fact, G—CSF—KO mice in this study
showed hemorrhage in lung tissue at 168 h after the end of caer-
ulein administration, suggesting that the decrease in neutrophils
may also contribute to the delayed convergence of inflammation
that spills over to remote organs, which subsequently led to
increased mortality in the G—CSF—KO mice in this study.

In systemic inflammatory diseases, such as sepsis, tissue
destruction occurs due to excessive neutrophil migration and
infiltration, and suppression of these factors can lead to tissue
damage [8,9]. On the other hand, as shown in this study, neutro-
phils are extremely important for tissue repair. Regulation of the
inflammatory response is critical for controlling inflammation, as it
can be either too high or too low.

4.4. Study limitations

The increase in lymphocyte aggregation observed in G—CSF—KO
mice during the chronic phase of inflammation was not examined
in this study, because G—CSF—KO mice are deficient in G-CSF from
birth. In addition, the direct effect of G-CSF on inflammation was
not confirmed in the present study.
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