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Adenoviral transfer of human interleukin-10 gene in lethal pancreatitis
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Abstract

AIM: To evaluate the therapeutic effect of adenoviral-vector-
delivered human interleukin-10 (hIL-10) gene on severe
acute pancreatitis (SAP) rats.

METHODS: Healthy Sprague-Dawley (SD) rats were
intraperitoneally injected with adenoviral IL-10 gene
(AdvhIL-10), empty vector (Adv0) or PBS solution. Blood,
liver, pancreas and lung were harvested on the second
day to examine hIL-10 level by ELISA and serum amylase
by enzymatic assay. A SAP model was induced by retrograde
injection of sodium taurocholate through pancreatic duct.
SAP rats were then administered with AdvhIL-10, Adv0
and PBS solution by a single intraperitoneal injection 20 min
after SAP induction. In addition to serum amylase assay,
levels of hIL-10 and tumor necrosis factor-a (TNF-a) were
detected by RT-PCR, ELISA and histological study. The
mortality rate was studied and analyzed by Kaplan—Meier
and log rank analysis.

RESULTS: The levels of hIL-10 in the pancreas, liver and
lung of healthy rats increased significantly after AdvhIL-10
injection (1.42 ng/q in liver, 0.91 ng/g in pancreas); while
there was no significant change of hIL-10 in the other two
control groups. The concentration of hIL-10 was increased
significantly in the SAP rats after AdvhIL-10 injection
(1.68 ng/g in liver, 1.12 ng/g in pancreas) compared to
the other two SAP groups with blank vector or PBS
treatment (P<0.05). The serum amylase levels remained
normal in the AdvhIL-10 transfected healthy rats. However,
the serum amylase level was significantly elevated in the
other two control SAP rats. In contrast, serum amylase
was down-regulated in the AdvhIL-10 treated SAP groups.
The TNF-a expression in the AdvhIL-10 treated SAP rats
was significantly lower compared to the other two control
SAP groups. The pathohistological changes in the AdvhIL-
10 treated group were better than those in the other two
control groups. Furthermore, the mortality of the AdvhIL-
10 treated group was significantly reduced compared to
the other two control groups (£<0.05).

CONCLUSION: Adenoviral hIL-10 gene can significantly
attenuate the severity of SAP rats, and can be used in the

treatment of acute inflammation process.
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INTRODUCTION

The pathogenesis of severe acute pancreatitis (SAP) is
complicated. Studies have indicated that the explosive
production and release of pro-inflammatory cytokines play an
important role in its pathogenesis. There is evidence that
TNF-a andinterleukin-1 (IL-1) arevery important inflammatory
cytokines in this process™2. Although pro-inflammatory
cytokines are necessary for protecting against inflammation in
the early phase, uncontrolled and adverse inflammatory effects
of the systemic cytokine response could a so be harmful. Thus,
inhibiting the synthesis of pro-inflammatory cytokines and
altering the balance between pro- and anti- inflammatory
cytokines might significantly affect the severity of pancrestitis
and the survival ratel*4. IL-10 is a major anti-inflammatory
cytokine. It has been shown to be down-regulated the
expression of TNF and other inflammatory cytokines from
activated macrophages. IL-10 could block the rel ease of oxygen
free radicals and nitrogen oxide. In consequence?, it could
decrease the mortality!®®. These findings suggested that
administration of 1L-10 could be useful in blocking these pro-
inflammatory cytokines during theinitiation of acute pancrestitis.

Gene therapy as anovel drug delivery system to express
proteins in individual tissues has been used in inflammatory
diseases?. The use of deficient adenovirus vectors might be a
useful tool for this gene therapy due to its high infectious
activity and high protein expression ability. Gene therapy has
been proposed in many inflammation diseases to produce anti-
inflammatory cytokinesat local sites'®Y, However, transfection
of SAPratswith an adenoviral vector has not been previously
reported.

In this paper, we reported a successful gene therapy for
SAPrats. Our experiments showed that human IL-10 expression
in tissues could block the development of SAP and improve
the survival rate. The results suggest a novel potential
therapeutic approach for the treatment of patients with acute
pancrestitis.

MATERIALS AND METHODS

Materials

Adenovirusexpression system (Adenoviral Gateway Expression
Kit, 293A Cell Line, Gateway LR Clonase Enzyme Mix,
Lipofectamine 2000) and TRIzol reagent were provided by
Invitrogen (San Diego, CA). pcDNA3IL-10 plasmid was
generously donated by professor XY Liu (Shanghai Institute
for Biological Sciences, Chinese Academy of Sciences,
Shanghai, China). Restriction enzyme (Hindl11, EcoRI, BamHI,
Sall) was obtained from Promega (Madison, Wi, USA). Sodium
taurocholate was purchased from Sigma Chemical Company
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(St Louis, MO). Amylase enzyme assay kitswere obtained from
Shanghai Kehua-Hualing DiagnosisKit Co (Shanghai, China).
An ELISA kit specific for human IL-10 was purchased from
Diaclone Research International (BESANCON Cedex, French).

Adenoviral vectors

Human IL-10 cDNA was cloned into the BamHI and EcoRl sites
of pEntr 1A vector. Then the IL-10 cDNA was moved into the
adenovira destination vector from pEntr 1A vector by Gateway
LR Clonase. The recombinant E1 deleted type 5 adenoviral
vector encode hlL-10 under the transcriptional control of the
cytomegalovirus promoter and contained the bGHp(A)
sequence. Adenovirus hlL-10 vector was transfected into 293A
human embryonickidney cell linewith Lipofectamine2000. After
transfection, cellswere fed with fresh DMEM solution until the
onset of cytopathic effect. Viruseswere propagated in the 293A
and purified by ultracentrifugation through two caesium chloride
gradients. The titer of adenoviral vectors was determined by
plaque assay on 293A cells. Viral stocks were aliquoted and
stored in 100 mL/L glycerol at -80 “C until use.

Adenovirus IL-10 gene transfection into healthy rats
Sprague-Dawley (SD) rats were purchased from Shanghai BK
Experimental Animal Company (Shanghai, China) and maintained
infilter-top cages under specific pathogen-free conditions. The
Animal Study Ethics Committee of Shanghai Second Medical
University approved all experiments. The experiments were
conducted in 6-7 week-old malerats, weighing 170-180 g. Adult
healthy mae SD rats (n = 20) were given asingleintraperitoneal
injection of adenovirus PBS solution containing 10%° pfu of the
AdvhIL-10. All injectionswere performed with asterile 25-gauge
needle in the left lower quadrant of the abdomen. Rats were
anesthetized using sodium pentobarbital (40 mg/kg injection,
intraperitoneal) and killed 24, 48, 96, and 168 h after transfection.
Blood samples were obtained from the celiac artery. The
samples were separated and stored at -70 ‘C for determination
of amylase. Pancreas, liver and lung wereimmediately dissected
from their attachments and divided for isolation of total RNA
and total protein. some samples were fixed in 40 g/L buffered
formaldehyde for histopathological test. PBS control group
(n=15) received an intraperitoneal injection of PBS solution,
and the empty vector control group (n =5) wasgiven asingle
intraperitoneal injection of empty vector (Adv0) containing
10" pfu viruses. Tissues of both control groups were harvested
24 h later as previously described.

Adenovirus IL-10 gene therapy in SAP rats

SD rats(n= 80) wererandomly divided into four groups: normal,
AdvhIL-10, AdvO0, and PBS groups. After laparotomy, SAP
mode wasinduced through injection of 0.5mL of 30 g/L sodium
taurocholate via the pancreatic duct. Twenty minutes after
sodium taurocholate injection, AdvhlL-10 group received
0.5mL singleintraperitoneal injection of AdvhlL-10 containing
10" pfu of AdvhIL-10. Two control groups received 0.5 mL
single intraperitoneal injection of Adv0 (containing 10% pfu
viruses) or PBS solution, respectively. In each group, 5 rats
were sacrificed by dislocation of the cervical vertebra 24 and
48 h after induction of SAP, respectively. Blood sampleswere
obtained as previously described for determination of amylase.
Pancress, liver, and lungswere harvested as previoudy described
and prepared for RT-PCR, ELISA, and histopathological test.
Mortality was observed among the rats 7 d after the initiation
of pancredtitis.

Assay
Serum amylase levelswere measured at 37 C by an enzymatic
assay using a Beckman nucleic acid and protein analyzer DU

640 (BECKMAN, USA) standardized for theserat proteins. All
serum samples were assayed in duplicate, and the results were
averaged a theend of theexperiment. Rat TNF-a, hiL-10levels
in the homogenates were determined using commercially
available enzyme-linked immunosorbent assay (ELISA) kits
from Diaclone Research International .

IL-10 and TNF-a mRNA expression

Total RNA was extracted from homogenized liver, pancreas,
and lung with TRIzol reagent following the manufacturer’s
instructions. Aliquots of 5 pg of total RNA were reverse-
transcribed by using afirst-strand cDNA synthesiskit (Promega
A3500). The cDNA was then amplified by polymerase chain
reaction using primers specific for hiL-10 or TNF-a with 3
actin primers serving as controls. The primer sequences and
sizes of amplification products were asfollows: hiL-10 sense,
5'- GAGCG, GATCC, ATGAA, GTGGG, TAACC, TTTC-3;
antisense, 5'- ATACG, AATTC, CTGCA, GCGGC, CGCCA, CT-
3' (540 base pairs); TNF sense, 5'-TGCCT, CAGCC, TCTTC,
TCATT-3'; antisense, 5 -ACACC, CATTC, CCTTC, ACAGA-
3 (446basepars); B-actinsense, 5'-TTGTA, ACCAA, CCTGGG,
ACGAT, ATGG-3'; antisense, 5'-TGGAA, GACTC, CTCCC,
AGGTA-3' (515 basepairs). Following aninitial denaturation at
94 °C for 5 min, the samples were amplified by 27 cycles of
denaturationat 94 C for 40s, anneding at 58 "C for 50 s, extension
at 72 °C for 90's, and ended by extenson at 72 “C for 15min. The
PCR reaction products were separated on 20 g/L agarose gels.
Photo-micrographs of ethidium bromide stained gel sweretaken.
Relative mRNA levels of hIL-10, TNF-a and (3-actin were
determined by computer-assisted densitometric scanning.

Histopathological analysis

Pancreas samples were fixed in 40 g/L buffered formaldehyde
and embedded in paraffin. Then the sampleswere cut into 5 pm
thick sections,and stained with haematoxylin and eosin for light
microscropic examination. Histological assessment was
performed by an investigator blinded to the treatment group.
The severity of pancreatitis was determined by the degree of
edema, hemorrhage, inflammation and necrosis™".

Statistical analysis

Results were expressed as mean+SD. Differences between
groups were compared by two-way ANOVA. P<0.05 was
considered statistically significant. Mortality was assessed by
Kaplan-Meier and log rank analysis. All data processing was
done with agtatistical program, SPSS 11.0.

RESULTS

hIL-10 levels in pancreas, liver, and lung at 24 h post- transfection
in healthy rats
Twenty-four h after transfection, The normal and two control
groups did not show hIL-10 protein expression.

hiL-10 protein was effectively measured in hedlthy rats after
AdvhIL-10 administration. The hlL-10 level in pancress, liver,
and lung increased and reached its peak at 24 h post-transfection,
then decreased gradually 4 d after transfection. The hiL-10
level in the tissues was undetectable 7 d post-transfection, and
was the highest in the liver among the three observed organs
(Figure1A).

Serum amylase levels and histological changes in healthy rats
There were no significant differences in serum amylase level
among the rats effectively transfected with AdvIL-10 and AdvO
and PBStreated ratsin the duration of the experiment (Figure 6,
P>0.05). In addition, no detectabl e histology alternation of the
pancress, liver, and lungs was observed in the transfected rats.
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Panceatic edema, hyperemia, exudation and necrosis were not
detected. These findingsindicated that adenovirus genetransfer
could be performed safely.
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Figure 1 hIL-10 levels and serum amylase levels in pancreas,
liver, and lung after adminstration of AdvIL-10, Adv0, and
PBS in healthy and SAP rats. A: hIL-10 levels in pancreas, liver
and lung after administration of AdvIL-10, Adv-0 and PBS in
healthy rats. B: Serum amylase levels in pancreas, liver and lung
after administration of AdvIL-10, Adv-0 and PBS in SAP rats.

Serum amylase in SAP rats

The SAP ratstreated with AdvO and PBS showed a significant
increasein serum amylaselevel compared to normal rats (P<0.05).
Transfection with AdvhiL-10 after induction of pancreatitis
decreased the severity of SAP, as evidenced by markedly
attenuated amylase production compared to the two control
SAP groups (Figure 1B, P<0.05).

Figure 2 Expression of IL-10 and TNF-a in SAP rat tissues 24 h
post- transfection with AdvhIL-10 and PBS. Lanes a, band c: IL-
10 expression in liver, pancreas, and lung, respectively, in
AdVIL-10 treated SAP rats; Lanes d, e and f: IL-10 expression in
liver, pancreas, and lung, respectively, in the PBS treated SAP
rats; Lanes 1, 2, and 3: TNF-a expression in liver, pancreas,
and lung, respectively, in PBS treated SAP rats; Lanes 4, 5, and
6: TNF-a expression in liver, pancreas, and lung, respectively,
in AdvIL-10 treaed SAP rats. 3-actin served as control.

IL-10 and TNF-a mRNA expression in SAP rats

HIL-10 mRNA wasstrongly expressed inthe AdvhiL-10 trested
pancreatitis rats 24 h post-tranfection. The levels of hiL-10in
pancreas, liver, and lung did not show significant difference. A

weak expression of hlL-10 was observed in Adv0 and PBS
treated pancreatitis rats 24 h post-tranfection. TNF-a genein
the normal rats was not detected. The expression of TNF-a
gene was significantly higher in the pancreatitis rats treated
with Adv0 and PBS than that in those treated with AdvhiL-10
(P<0.05, Figure 2). Inthe AdvhiL-10 group, the level of TNF-a
gene was moderate in pancreas and weak in the liver and lung
(Figure3).

Levels of hIL-10 and TNF-a proteins in SAP rats

Thelevelsof IL-10in pancress, liver and lung in the AdvhiL-10
group were markedly higher than thosein thetwo control groups
24 and 48 h post-transfection (P<0.05). No significant difference
was observed between the two control groups (Figure 3A). In
normal rats, TNF-a express on was undetectable. Twenty-four h
after induction of pancreatitis, TNF-a level was significantly
higher in AdvO and PBS groups than that in AdvIL-10 group
(P<0.05, Figure3B).

A 2.0
1.8 1 W Liver
~ 1.6'
S 1.4- @ Pancreas
BE 1.2
*5 2. 1.0 1 O Lung
Q4 0.8 1
Q< 0.6
©'%6 0.4
0.2
0'0_24h 48h 24h 48h 24h 48h 24h 48h
AdvIL-10  AdvO PBS Normal
B
2.5 | jver
2.0 B Pancreas
1.5

Olung

(=
(6 I ]

Concentration of TNF (ng/g)

0
24h 48h 24h 48h 24h 48h 24h 48h
AdvIL-10  AdvO PBS

Normal

Figure 3 hlL-10 and TNF-a levels in liver, pancreas, and lungs
of SAP rats after treatment with AdvIL-10, Adv0, and PBS. A:
hIL-10 levels in liver, pancreas and lungs of SAP rats after
treatment with AdvIL-10, Adv-0 and PBS. B: TNF-a levels in
liver, pancreas and lungs of SAP rats after treatment with
Adv-10, Adv-0 and PBS.

Histopathological changes

Hematoxylin and eosin-stained sections of pancreas from
pancrestitisratstreated with AdvO and PBS showed an increase
in inflammation, hemorrhage, and necrosis after injection of
sodium taurocholate. The histological changesin the AdvIL-
10 treated pancrestitis rats were mild compared with the control
groups. Most of the pathological parametersof pancreaticinjury
were significantly decreased in pancreatitis rats transfected
with AdvIL-10 gene compared to the pancreatitis rats treated
with Adv0 and PBS (P<0.05, Table 1, Figure 4).

Mortality

No significant difference in mortality was observed between
the two control SAP groups within 7 d after SAP inducetion,
90% of the ratswere died in the Adv0 and PBS treated groups,
while only 20% of the rats were died in the AdvIL-10 gene
therapy group (Figure 5).
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Figure 4 Histological sections of rat pancreas (HE, 200x). A: Normal rat pancreas; B: Severe necrotizing acute pancreatitis with
hemorrhage and necrosis 24 h after induction with sodium taurocholate; C: Acute pancreatitis in rats treated with AdvhlIL-10; D:
Acute pancreatitis in rats treated with PBS (the pathology changes in the Adv0 group were completely the same as PBS group).
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Figure 5 Survival rate of SAP rats after treatment.
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Figure 6 Serum amylase levels in heathy rats 24 h after trans-
fection with Adv0, PBS and AdvIL-10.

Tablel Histological scores of pancreas from rats with SAP
(mean=SD)

Normal PBS (or Adv0)  hIL-10 transfected
Edema 0+0 2.26+0.13 1.7440.13
Necrosis 0+0 2.56+0.21 0.51+0.13
Inflammation 00 3.43+0.14 0.46+0.14
Hemorrhage 00 2.31+0.17 0.13+0.11

DISCUSSION
IL-10 genetherapy has been widely explored for the treatment

of many diseases, including intestinal transplantation immune
regulation, bronchiolitis, endotoxemia, and rheumatoid
arthritisi®>, |n the present report, we explored thetissue levels,
distribution, and biological responses of hiL-10 mediated by
adenovira vectorsin healthy and pancreatitis rats. Adenovirus
vector has many advantages. Adenovirus genomes did not
integrate into the host cell chromosome and had a high efficiency
genetransfer than cationic liposome regard ess of the proliferative
state of tissues. Although the duration of gene expression was
short, the level of therapeutic gene expression was much higher
(18 Adenoviral vectors could bind to cell surface integrins and
gain entry by receptor mediated endocytosi s using receptors such
as Coxsackie virus and adenovirus receptor!*?. Thus, adenovira
vector could offer the opportunity to target specific tissues for
highly local expression, owing to special tropism for pulmonary
epithelial calls, hepatocytes, and pancreatic epithelial cellg®2),
Expression of adenoviral vector was rapid, protein appearance
usually occurred within hours and peak concentration appeared
within 1-2 d after adenoviral administration?Y. Furthermore,
adenovirus vectors could be prepared at a much higher titre.
Norman James? reported that with very few exceptions,
cytokines were not constitutively produced. The results of our
experiment is consistent with Norman James's results. We
explored the use of adenovirus based gene therapy to deliver
hiL-10 geneintraperitoneally to healthy and pancrestitis rats.
Tissue hiL-10 protein was highly produced 24, 48 h after
AdvhlIL-10 was injected into peritoneal cavity of healthy rats.
The current study demonstrated that the current adenovirus
delivery system could offer ahighly efficient transfection and
well-correl ated ti ssue accummulation. We also found that highly
efficient transfection with AdvhIL-10 did not result in an
increase in amylase and lipase or any ateration in pancreatic
histopathology. Therefore, adenoviral vector mediated hiL-10
gene delivery in healthy rats was well tolerable and safe. In
SAP rats, AdvhiL-10 attenuated the rel ease of serum amylase
and decreased histologic injury significantly. In addition, the
action of TNF-a could dso bediminished by IL-10. Theimportant
factor of our experiment wastheincrease of survival rateresulted
from adenoviral vector mediated hiL-10 gene delivery in rats
with lethal acute pancretitis. These results are consistent with
several previous reports on adenoviral vector-mediated gene
therapy in pancreatitis and acute lung inflammation(®224,
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Thereissufficient evidence (immunological, pathophysiolo-
gical, and biochemical) that SAP is a systemic rather than a
locd critical condition. The severity of the process varied from
alimited local inflammation of the pancreasto asystemic multi-
organ failure. SAP was characterised by enzyme activation,
interstitial edema, hemorrhage and necrosig?!. Many pro- and
anti- inflammation cytokines are involved in the initiation of
acute pancredtitis. IL-10, produced by TH2 cells, macrophages,
stellate cells and hepatocytes, has been reported to play an
important rolein inflammatory diseases®!. It has been reported
the deficiency of 1L-10 gene could prompte colitis and fibrosis
probably by itsfailurein inhibiting the overproduction of tumor
growth factor-f; and TNF?"?, The later is secreted by
macrophages and can enhance inflammation in alocal site. In
animals, IL-10 is endogenoudy released during inflammatory
diseases, and its blockade could result in higher elevations of
TNF as well as more severe histologic injury™®. Production of
large quantities of exogenousIL-10inloca stesof inflammation
could changethe balance of pro- and anti- inflammeation cytokines
and block the production and release of TNF and other pro-
inflammation cytokines. IL-10 admingtration couldimproveof local
and systemic conditions. In the current study, exogenous hiL-10
wasfound to be abletoinhibit the progress of acute pancreetitisin
rats. Similar results were also reported by previous studieg'*!.

The time to administrate AdvlL-10 seems to be very
important, since it takes time to transfect and express protein.
Thus, early administration of AdvIL-10might block theinduction
of TNF and IL-151. Kato et al. reported that the time to
administratie hiL-10 should be in the early period of sepsis. In
the current study, hlL-10 gene was administrated 20 min after
the induction of SAP, and the highest level of IL-10 protein
was observed 24 h after adminstration, which wasvery similar
to a previous study by Denham et al .2,

In conclusion, human genes can be effectively transfected
into rat pancreas, livers, and lungs using a adenoviral vector-
mediated ddivery system. Transfection of hlL-10genecan decrease
the severity of pancrestitisand improve the survival rate. Asgene
therapy is becoming amore acceptable method of treatment, it is
anticipated that adenovirus-based gene therapy will become
available as a drug delivery system. Cytokine modulating
therapies, likeL-10, represent an attractive therapeutic approach
for the treatment of acute pancreatitis patientsin clinic.
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