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Interleukin 10 Reduces the Severity of Acute

Necrotizing Pancreatitis in Mice
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Interleukin-10 (IL-10) has recently been identified as a major anti-inflammatory cytokine, and
there have been several reports that IL-10 administration reduces severe necrosis in cerulein- or
choline deficient (CDE)-induced pancreatitis. We investigated the effect of IL-10 in a mouse model of
acute necrotizing pancreatitis induced by ten intraperitoneal infusion of cerulein (50 ug/kg) at hourly
intervals and a single intraperitoneal injection of LPS (10 mg/kg) concomitant with the first cerulein
injection. The IL-10 treated group was also injected with 10,000 U of IL-10 seven times intraperito-
neally every 2 h beginning 1 h before the cerulein infusion. The pancreas was examined for histologi-
cal changes and analyzed for tissue TNFo. mRNA and IL-1p mRNA by RT-PCR. Serum amylase and
lipase release peaked at 12 h after the first cerulein injection, but their concentrations at 12 and 24 h
were significantly reduced by IL-10. Histologically, acinar cell necrosis and vacuolization were dra-
matically attenuated at 12 and 24 h in the IL-10 treated group, and induction of tissue TNFo, mRNA
and IL-1B mRNA in the pancreas was significantly reduced by IL-10. In conclusion, IL-10 is capable of
decreasing the severity of experimental acute necrotizing pancreatitis. Inhibition of TNFe and IL-1B
production in the pancreas may explain the protective effect of IL-10.
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Introduction

Acute pancreatitis is a common disease and in
its severe form is associated with high mortality.
Although its progression varies to some extent
with the severity of pancreatic destruction, the
extrapancreatic manifestations, such as respira-
tory, cardiovascular, and hepatic dysfunction,
contribute most significantly to the mortality
from this disease”. Several recent studies have
reported that the proinflammatory cytokines, tu-

mor necrosis factor (TNF) o and interleukin (IL) -
1B are associated with sepsis and distant organ
dysfunction, and that these cytokines may play a
central role in the progression of pancreatitis and

2~% Interleukin-10, however,

multi-organ failure
has recently been identified as a major anti-
inflammatory cytokine that inhibits the produc-
tion of other cytokines by activated macro-
phages, and there have been several reports that

administration of IL-10 reduces the severity of



experimental sepsis and pancreatitis in animal
models® ™. We investigated the effect of IL-10 in
a mouse model of necrotizing pancreatitis and
sepsis induced by cerulein and LPS.

Materials and Methods

Animals

Male Balb/c mouse weighing 20~ 24 g were
housed at 23 C under a 12 h day/night cycle. Be-
ginning 18 h before the start of the experiments,
the animals were deprived of food but given ac-
cess to water. All experiments were approved by
the Animal Use and Care Committee of Tokyo
Women’ s Medical University.

Experimental protocol

Acute pancreatitis was induced by 10 intrape-
ritoneal injections of cerulein (50 ug/kg) at hourly
intervals and a single intraperitoneal injection of
LPS (10 mg/kg) concomitant with the first ce-
rulein injection. Cerulein and LPS were pur-
chased from Sigma Chemical Co. (St. Louis, MO,
USA).

The animals were divided into three groups. @
A healthy control group (n=12). @A IL-10
(+) group (n=24) intraperitoneally injected
with 10,000 U of murine recombinant IL-10 one
hour before the first in cerulein injection and
every 2 h thereafter until 11 h after the first ce-
rulein injection. IL-10 was a gift from DNAX Re-
seach Institute (Palo Alto, CA, US.A.). @A IL-10
(=) group (n=24) intraperitoneally injected
with 0.2 ml saline alone one hour before the first
cerulein injection and every 2 h thereafter. The
procedure is summarized in Fig. 1. Animals were
sacrificed by intraperitoneal injection of sodium
pentobarbital (50 mg/kg) at 3,6,12, or 24 h after
the first injection of cerulein.

Assays

Serum amylase levels were measured by an
enzymatic assay using a 2-chloro-4-nitrophenyl--
D-maltopentaoside according to the manufac-
turer’ s instructions (Daiichi Pure Chemical Co.,
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Fig.1 Experimental protocol

Ltd., Tokyo Japan). Serum lipase levels were
measured by an turbidimetric assay according to
the manufacturer’s instructions (Daiichi Pure
Chemical Co., Ltd.).

Histological assessment of pancreas and lung

Specimens of pancreas and lung were fixed
with 10% buffered formalin, dehydrated in an
ethanol series, and embedded in paraffin. They
were then cut into sections 3-um thick and
stained with hematoxylin and eosin.

Pancreatic sections were graded in a blinded
manner for extent and severity of interstitial
edema, acinar cell necrosis, vacuolization, and in-
flammatory cell infiltration according to Nead-
erau et al'”.

Interstitial edema was graded on the following
scale: 0 : absent, 1; diffuse expansion of interlobu-
lar septa, 2; 1 + diffuse expansion of interlobular
septa, 3; 2 + diffuse expansion of interlobular
septa, 4; 3 + diffuse expansion of interlobular
septa. Acinar cell necrosis and vacuolization were
graded according to the approximate percentage
of cells involved: 0; 0%, 1 ; <5%, 2 ; 5~<25%,
3 25~<50%, 4 ; =50%.

Inflammatory cell infiltration was graded on
the following scale: 0 ; absent, 1; minimal, 2; mild,
3; moderate, 4; severe.

Lung sections were graded in a blinded man-
ner for extent and severity of edema and inflam-
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Table 1 Primers used for RT-PCR

TNF « sense
anti-sense

IL-18 sense
anti-sense

B actin sense

5
5
5 ’
5
5
anti-sense 5

. -ATGAGCACAGAAAGCATGATC-3
-TACAGGCTTGTCACTCGAATT-3

" -CAGGATGAGGACATGAGCACC3
-CTCTGCAGACTCAAACTCCAC3”

" -TGTGATGGTGGGAATGGGTCA-3 .
"-TTTGATGTCACGCACGATTTC-3

matory cell infiltration according to Osman et
al'"V. Edema was graded on the following scale: 0 :
absent, 1; slight edema of the alveolar walls, 2;
moderate edematous thickening of alveolar walls
with occasional alveoli containing coagulated
edema fluid, 3; extensive occurrence of alveolar
and interstitial edema.

Inflammatory cell infiltration was graded on
the following scale: O ; absent, 1; slight focal in-
flammation, 2; moderate granulocytic margina-
tion of necrosis, 3; widespread and pronounced
granulocytic margination of necrosis.

Polymerase chain reaction analysis of TNFo
mRNA and IL-1B mRNA expression

Total RNA was isolated from the pancreas and
lung with an RNA purification kit (ISOGEN: Nip-
pon Gene Inc, Toyama, Japan) and quantified by
measuring the absorbance at 260 nm. The integ-
rity of the isolated RNA was verified by the pan-
creas of equimolar 18S and 28S ribosomal RNA
bands following denaturing electrophoresis. Al
ul/ug amount of total RNA was reverse tran-
scribed into complementry DNA with a commer-
cial RT kit (Advantage TMRT-for-PCR: CLON-
TECH, Palo Alto, CA, US.A.).

The complementry DNA (cDNA) obtained was
used as a template, and the pancreatic and pul-
monary cDNA were amplified by the polymerase
chain reaction (PCR) using a commercial PCR kit
(Gene Taq, Nippon Gene Inc). Thirty-five PCR
cycles were performed for TNFa and IL-1B (each
cycle consisted of after 94 C, for 30 sec, 60 C for
30 sec, 72 C for 1 min) in a reaction mixture con-
taining mouse-specific cDNA primers (Continen-

tal Laboratory Products, CA, U.S.A.) for individ-
ual cytokines (Table 1). Thirty cycles of PCR for
B actin (internal standard) were performed. An
aliquot of the reaction product (10 ul) was sub-
jected to electrophoresis on 2% agarose gel, after
staining with ethidium bromide, the bands were
visualized under ultraviolet light.

Statistical analysis

Results are shown as means = standard error
of the mean (SEM) . The pancreatic enzyme data
were assessed by the unpaired Student’s t-test.
The histological findings in the pancreas and lung
are expressed as the ranges of the scores and
means = SEM, and they were compared by
means of a nonparametric test. A p value of <
0.05 was considered statistically significant.

Results

Serum amylase levels

The changes in serum amylase levels are
shown in Fig. 2. Serum amylase release peaked
12 h after the first cerulein injection in both the
IL-10 (=) group and the IL-10 (+) group. Simi-
lar increases in amylase concentrations were sub-
sequently observed in both groups, but the peak
values were significantly higher in the IL-10
(=) groups than in the IL-10 (+) groups at 12
h (IL-10 (=) group, 48400+ 6,960 vs IL-10 (+)
group, 37,600 = 3,730; p<0.05) and at 24 h (IL-10
(=) group, 24,000 + 3,400 vs IL-10 (+) group,
12,000+ 1,100; p<0.05).

Serum lipase levels

The changes in serum lipase levels are shown
in Fig. 3. Serum lipase release peaked 12 h after
the first cerulein injection in both the IL-10 (—)
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Fig. 2 Serum amylase levels after induction of pan-
creatitis in the IL-10 (=) and IL-10 (+) groups
Significant differences were observed at 12 and
24 h.

1010 (=), O:IL-10 (+), % :p<0.05.
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Fig.3 Serum lipase levels after induction of pancrea-
titisin IL-10 (=) and IL-10 (+) groups
Significant differences were observed at 12 and
24 h.

O:IL-10 (=), O:1L-10 (+), % :p<0.05.

Table 2 Serum TNF alevel

Time after 7 1 (4 IL10 (-) Statistical
pancreatitis = . Conifi
‘nduction n=5 n=5 significance
6h 0=x=00 000 NS
12h 000 7+34 (1~19) p <005

Data are expressed as means = SEM.

group and the IL-10 (+) group. At 12 h after the
first cerulein injection, similar increases in lipase
concentrations were observed in the IL-10 (=)
animals and IL-10 (+) animals, but the peak val-
ues in the IL-10 (=) groups were significantly
higher than in the IL-10 (+) groupsat12h (IL-
10 () group, 5320+800 vs IL-10 (+) group,
3,650 = 305; p<0.05) and at 24 h (IL-10 () group,
860+ 438 vs IL-10 (+) group, 584 +59; p<0.05).

Serum TNFa level

Table 2 shows the serum TNFa level in each
group of animals at 6 and 12 h after the first ce-
rulein injection. Twelve hours after the first ce-
rulein injection, the serum TNFo concentrations
tended to decrease in the IL-10 (+) group.

Histological assessment of the pancreas

Table 3 shows the histological findings in the
pancreas in each group of animals at 6, 12, and 24
h after the first cerulein injection. Acinar cell ne-
crosis and vacuolization at 6 and 12 h were sig-
nificantly less severe in the IL-10 (+) group than
in the IL-10 (=) group, and by 24 h acinar cell ne-
crosis, vacuolization, and inflammatory cell infil-
tration were dramatically attenuated in the IL-10
(+) animals. The histological appearance of the
pancreas at 12 and 24 h in each group of animals
is shown in Fig. 4.

Histological assessment of the lung

Table 4 shows the histological appearance of
lung in each group of animals at 6, 12, and 24 h.
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Table 3 Histological findings in the pancreas

Time after

pancreatitis 10 (-) L0 (v Sttt
induction significance
6 h
Edema 25+ 02 20 =02
(2~3) (1~3)
Cell infiltration 18 =02 12 + 0.2
(1~3) (1~2
Vacuolization 24 £02 14 =02 p <005
(2~3) (1~2)
Necrosis 20+ 02 1.0 £ 02 p <001
1~3) 0~2)
12h
Edema 28 £ 02 24 £ 02
(2~3) 2~3)
Cell infiltration 24 02 1.8 =02
1~3 (1~3)
Vacuolization 28 £ 02 16 = 02 p < 0.05
(2~3) 1~2)
Necrosis 26 =02 12 £ 02 p <001
(2~3) (1~2)
24h
Edema 30=*02 26 02
2~4) (2~3)
Cell infiltration 28 £ 02 20 £ 02 p < 0.05
(2~4) (1~3)
Vacuolization 28 £ 02 14 =02 p <005
@2~4 (1~3)
Necrosis 34 £02 18 £ 02 p <001
(2~4) 1~3)
Data are expressed as means + SEM.
Edema and inflammatory cell infiltration at 6 and Discussion

12 h were significantly less severe in the IL-10
(+) group than in the IL-10 (—) group, and at
24 h edema had decreased slightly in the IL-10
(+) animals. The histological appearance of the
lung at 12 h in each group of animals is shown in
Fig. 5.

Pancreatic tissue TNFoo mRNA and IL-1B
mRNA

Pancreatic tissue TNFoo mRNA and IL-1p
mRNA were detectable at 3 h in both groups.
The IL-10 (+) group showed significant attenu-
ation of the increase of TNFo and IL-1p mRNA at
all time points investigated Fig. 6. All of the mice
in the IL-10 (+) group survived the experiment,
but, about 5% of the mice in the IL-10 (—) group
died from 12 h onwards.

12)

Oxygen-derived free radicals” cholecystoki-
nin'?, impaired pancreatic blood flow'?, nitric ox-
ide”, and cytokine have been considered pro-
gression factors of severe acute pancreatitis, but,
the pathogenesis of pancreatitis is not very clear.
We investigated the effect of IL-10 in a mouse
model of necrotizing pancreatitis induced by ce-
rulein and LPS, and the results of our study can
be summarized as follows.

Serum amylase and lipase release peaked at 12
h after the first cerulein injection, and both the
amylase and lipase concentrations at 12 and 24 h
were significantly reduced by IL-10 treatment.
Histologically, acinar cell necrosis and vacuoliza-
tion in the pancreas were dramatically attenu-
ated at 6, 12 and 24 h in the IL-10 treated animals.
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Fig. 4 Histological changes in the pancreas 12 h and 24 h after the first injection of

cerulein

Acinar cell necrosis and vacuolization were dramatically attenuated at both 12 and
24 h in the IL-10-treated animals.

A:IL-10 (=) at12h B:IL-10 (+) at12h, C:IL-10 (=) at24 h, D:IL-10 (+) at
24 h.

Hematoxylin-eosin stain; original magnification % 100.

Table 4 Histological findings in the lung

Time after

i _ Statistical
p?gg;i?itégs 110 (=) IL-10 (+) significance
6 h
Edema 13+ 02 0.7 =02 p < 0.05
(1~2) 0~1
Cell infiltration 17 =02 07 02 p < 0.05
1~2) 0~1
12h
Edema 1.8 £ 02 1.0 £ 02 p < 0.05
(1~2) 0~2)
Cell infiltration 20 £ 02 1.3 =02 p < 0.05
(1~3) (1~2)
24 h
Edema 24 + 02 1.7 £ 02 p < 0.05
2~3) 1~2)
Cell infiltration 25 £ 0.2 20 02
2~13) (1~3

Data are expressed as means + SEM.
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Fig.5 Histological changes in the lung 12 h after the
first injection of cerulein

The edema was dramatically attenuated in the IL-
10-treated animals.

A:1L-10 (=) animalat 12 h, B:IL-10 (+) animal
at 12 h.

Hematoxylin-eosin stain; original magnification X
100.

Edema and inflammatory cell infiltration in the
lung were significantly reduced at 6 and 12 h by
IL-10. Induction of tissue TNFoo mRNA and IL-1B
mRNA in the pancreas was significantly reduced
by IL-10 at 3, 6, 12 and 24 h after the first cerulein
injection.

Several recent studies have reported the possi-
ble role of proinflammatory cytokines (TNFgq, IL-
1B) in mediating the different events involved in
acute pancreatitis and its systemic complications,
and it is important to compare and contrast the
observations in those studies with our own. In a
model of severe acute pancreatitis induced by
forceful duct injection of bile in rats, Hughes et

TNF a IL-10(-)

IL-10(+)

B -actin
TNF o
3 6 12 24 3 6 12 24h
IL-18 IL-10(-) IL-10(+)
B -actin
1L-18

3

6

1224 3 6 12 24h

Fig. 6 Expression of TNFo mRNA and IL-13 mRNA
in pancreatic tissue 3, 6, 12 and 24 h after the first
injection of cerulein
TNFo mRNA and IL-1p mRNA were significantly
reduced by IL-10 each time measured.

al”showed that administration of anti-TNFo, poly-
clonal antibody before the injection mitigated the
severity of the pancreatitis, providing strong evi-
dence that TNFa is a major contributor to mor-
bidity and mortality from acute pancreatitis. Nor-
man et al’ gave mice intraperitoneal cerulein in-
jections hourly and found that blockade of the
proinflammatory cytokine (TNFq and IL-6) cas-
cade at the IL-1 receptor level before or soon af-
ter induction of the pancreatitis significantly at-
tenuated the rise in these cytokines and was as-
sociated with decreased severity of the pancreati-
tis and reduced intrinsic pancreatic damage. Den-
ham et al” observed decreased severity and mor-
tality from acute pancreatitis induced by a CDE
diet (a choline deficient diet supplemented with
0.5 g% ethionine) in transgenic knockout mice de-
ficient in IL-1 type receptors and TNF type 1 re-



ceptors compared with wild type mice. As stated
above, TNFo and IL-1B play an important in the
progression of pancreatitis and multiorgan fail-
ure.

JL-10, on the other hand, is a recently charac-
terized, potent anti-inflammatory mediator that
inhibits the production of other cytokines by acti-
vated macrophages and reduces the severity of
experimental acute pancreatitis. In the recent
study, IL-10 treatment reduced the inflammatory
response in an animal model of sepsis” and intes-
tinal ischemia/reperfusion'®. In a rat model of
acute pancreatitis induced by intravenous ce-
rulein infusion, Rongion et al® found that serum
amylase, pancreatic edema, vacuolization and in-
flammation were significantly reduced when IL-
10 was administered either before or after the in-
duction of pancreatitis. They reported that the in-
duction of tissue TNFa mRNA, and the TNFa
protein level in the pancreas were reduced by IL-
10 at 3 and 9 h after induction of the pancreatitis,
and van Lathem et al” made similar observations.
Moreover Kusske et al® found that IL-10 de-
creased inflammation and prevented death in a
mouse model of necrotizing pancreatitis induced
by a CDE diet. Norman et al” showed that induc-
tion of tissue TNFoo mRNA and IL-1 mRNA in
the pancreas, lung, liver, and spleen was signifi-
cantly reduced by IL-10 in a mouse model pro-
dued by intraperitoneal injection of cerulein and
feeding a CDE diet. These findings are consistent
with our investigation.

Endotoxemia is associated with a poor progno-
sis in acute pancreatitis, and severe gram-
negative bacterial infections can lead to the de-
velopment of necrotizing pancreatitis. LPS, the
major constituent of the cell walls of gram-
negative bacteria, is among the most potent toxic
substances produced by living organisms .
Howard et al” created a model of lethal endo-

toxemia model by injecting LPS, and we used ce-
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rulein to create a model of pancreatitis adminis-
tered LPS as a septic challenge. We think that the
pancreatitis in our experimental model pro-
gressed to necrotizing pancreatitis with sepsis at
12 h after induction of the pancreatitis, because
LPS was given in the same dose as in the model
of sepsis created by Howard et al and histological
examination showed not only edema and cell infil-
tration but necrosis as well. In a clinical study, Is-
enmann et al® showed that bacterial infection
and extent of necrosis were determinants of or-
gan failure in patients with acute necrotizing pan-
creatitis, and in an experimental study, Mithofer
et al'” found that antibiotic treatment reduced
early and late septic pancreatic complications and
improved survival from acute necrotizing pan-
creatitis induced by cerulein plus an intraductal
bile acid infusion.

Finally we confirmed that sepsis is an impor-
tant factor in the progression of acute pancreati-
tis, and we wish to emphasize that the discovery
that IL-10 reduced the severity of pancreatitis
with sepsis is an important finding in terms of
protection against pancreatitis. Our data showed
that histologic findings in the pancreas and lung
were improved by IL-10 and induction of tissue
TNFomRNA and IL-1p mRNA in the pancreas
was reduced. We therefore, conclude that IL-10
inhibits proinflammatory cytokines (TNFa and
IL-1B) and not only mitigates the local inflamma-
tory response in the pancreas but prevents pro-
gression to multi-organ failure. Norman et al de-
tected TNFo and IL-18 mRNA and protein in the
pancreas early in the course of pancreatitis in a
mouse model created by intraperitoneal injection
of cerulein and feeding a CDE diet, and they ob-
served a significant delay between cytokine pro-
ductionin the pancreas and distant organs (lung,
liver, spleen). These findings suggested that
proinflammatory cytokine production in the pan-
creas occurs before distant organ dysfunction de-
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velops and that progression of the pancreatitis is

reduced by inhibiting production of these cytoki-

nes.

In conclusion, our findings indicate that IL-10 is

capable of decreasing the severity of experimen-

tal acute necrotizing pancreatitis and inhibition of

TNFa and IL-1B synthesis in the pancreas ex-

plain the protective effect of IL-10.
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v ) RIBFEMBER ETIVICH T B IL10 BHERHROKRE -

HRLTFERARSE EFR HILENRE
R BRI AR
N T T NITIET T S SRS Y

[H®] Interleukin-10 (IL-10) IPiSEMH A b AL v & LTHISNRTHEY, L4 ¥ (Cn) R
Y UF T4 VY PRV EREREFVCTILIO #5952 L THRRIUET 5 L) #iE
Bhb, SEHFEAIZ, VLA UBIY, UERYF v A 54 FLPS) 2 Ao~ 7 ABIEHELE
FUEERL, IL-10 D588 % Kat L7z,

[(HEE] =7 A2 LPS 10 mg/kg 1 [l (Cn ¥ EI¥5-BF) BERENH S +Cn 50 pg/kg 1 B #EIZFT 10
BRSNS U CHER 2 /EBL L, 1L-1010,000U % Cn B X ' LPS #IEI#% 5 1 M AT & 0 2 Ref I
7 ERS L, Fo5sRE R L.

(2] OmiBEEE LA Cn WEKESEL ) 12,24 BEEHETIL10H5 X D IR S h. O
MRS Cn BEITE 5 X D 12, 24 BRI T IL-10 512 & ) BRI R L 712, O%F
MR Cn WIS X 0 3, 6, 12, 24 BRI T IL-10 $5-12 & 1) BEf# A @ TNFa, IL-13 mRNA
DFEBDHH S N7z,

(4EE] 1010 T EBRIBEEMEEAICB VT, TNFo, IL-1p OEAEZIHI L, EELZEHIES L%
Zbhiz.




