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Abstract

AIM: To analyze gene expression profiles in an experi-
mental pancreatitis and provide functional reversal of
hypersensitivity with candidate gene endothelin-1 an-
tagonists.

METHODS: Dibutyltin dichloride (DBTC) is a chemi-
cal used as a polyvinyl carbonate stabilizer/catalyzer,
biocide in agriculture, antifouling agent in paint and
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fabric. DBTC induces an acute pancreatitis flare through
generation of reactive oxygen species. Lewis-inbred
rats received a single i.v. injection with either DBTC
or vehicle. Spinal cord and dorsal root ganglia (DRG)
were taken at the peak of inflammation and processed
for transcriptional profiling with a cDNA microarray
biased for rat brain-specific genes. In a second study,
groups of animals with DBTC-induced pancreatitis were
treated with endothelin (ET) receptor antagonists [ET-A
(BQ123) and ET-B BQ788)]. Spontaneous pain related
mechanical and thermal hypersensitivity were mea-
sured. Immunohistochemical analysis was performed
using anti-ET-A and ET-B antibodies on sections from
pancreatic tissues and DRG of the T10-12 spinal seg-
ments.

RESULTS: Animals developed acute pancreatic inflam-
mation persisting 7-10 d as confirmed by pathologi-
cal studies (edema in parenchyma, loss of pancreatic
architecture and islets, infiltration of inflammatory
cells, neutrophil and mononuclear cells, degeneration,
vacuolization and necrosis of acinar cells) and the pain-
related behaviors (cutaneous secondary mechanical
and thermal hypersensitivity). Gene expression profile
was different in the spinal cord from animals with pan-
creatitis compared to the vehicle control group. Over
260 up-regulated and 60 down-regulated unique genes
could be classified into 8 functional gene families: cir-
culatory/acute phase/immunomodulatory; extracellular
matrix; structural; channel/receptor/transporter; signal-
ing transduction; transcription/translation-related; anti-
oxidants/chaperones/heat shock; pancreatic and other
enzymes. ET-1 was among the 52 candidate genes up-
regulated greater than 2-fold in animals with pancre-
atic inflammation and visceral pain-related behavior.
Treatments with the ET-A (BQ123) and ET-B (BQ-788)
antagonists revealed significant protection against
inflammatory pain related mechanical and thermal
hypersensitivity behaviors in animals with pancreatitis
(P < 0.05). Open field spontaneous behavioral activity
(at baseline, day 6 and 30 min after drug treatments
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(BQ123, BQ788) showed overall stable activity levels in-
dicating that the drugs produced no undesirable effects
on normal exploratory behaviors, except for a trend to-
ward reduction of the active time and increase in rest-
ing time at the highest dose (300 umol/L). Immunocy-
tochemical localization revealed that expression of ET-A
and ET-B receptors increased in DRG from animals with
pancreatitis. Endothelin receptor localization was com-
bined in dual staining with neuronal marker NeuN, and
glia marker, glial fibrillary acidic protein. ET-A was ex-
pressed in the cell bodies and occasional nuclei of DRG
neurons in naive animals. However, phenotypic expres-
sion of ET-A receptor was greatly increased in neurons
of all sizes in animals with pancreatitis. Similarly, ET-B
receptor was localized in neurons and in the satellite
glia, as well as in the Schwann cell glial myelin sheaths
surrounding the axons passing through the DRG.

CONCLUSION: Endothelin-receptor antagonists pro-
tect against inflammatory pain responses without in-
terfering with normal exploratory behaviors. Candidate
genes can serve as future biomarkers for diagnosis
and/or targeted gene therapy.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Abdominal pain ranging from mild to severe pain is the
chief symptom of patients with pancreatic disorders.
Neural innervation of the pancreas is important in the
initiation and maintenance of inflammation. Activa-
tion of pancreatic sensory neurons causes release of
neurotransmitters in the spinal cord and neurogenic ac-
tivation signals in the pancreas itself producing plasma
extravasation and neutrophil infiltration. Abundant evi-
dence has suggested that endothelins (ETs) may play a
role in the transmission of nociceptive information in
animals" ” and in humans™*”. ET1 has been shown to
induce abdominal constrictions in mice, incapacitation
in dogs, and intradermal injection into humans caused
wheal and flare and itching responsesm. Additionally, duc-
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tal fibrosis induced constriction is enhanced through en-
dothelin autocrine loops caused by stellate cell activation.
Therefore, endothelin cascade is implicated as a major
contributing factor in pancreatic pain in both pancreatitis
and pancreatic cancer” .

Multifunctional ETs" comprise a family of peptides
of 21 amino acids which interact with their specific re-
ceptor subtypes that are involved in regulation of blood
flow, cell proliferation, muscle contraction or relaxation,
secretion and ion transport' . The ETs are expressed by
a variety of cell types including endothelial cells, macro-
phages, astrocytes and neurons. Previous data also indi-
cate that ETs can have direct effects on the peripheral
sensory nervous system (including neurons and glial cells
and may directly be involved in signaling nociceptive
events in peripheral tissues)”. In inflammatory states the
levels of ETs are increased'’. In mammals, ETs produce
their biological effects via activation of two receptors
subtypes, the endothelin-A (ET-A) receptor and the en-
dothelin-B (ET-B) receptor”. ET-A and ET-B receptors
are expressed in different cell types in peripheral nerve
and sensory ganglia and are involved in pain transmis-
sion”. ET receptor blockade in severe acute pancreatitis
leads to systemic enhancement of microcirculation, stabi-
lization of capillary permeability, and improved survival
in rats"", ET-A receptors are mainly localized in dorsal
root ganglia (DRG), enteric motor neurons' ), and brain
blood vessels. In petipheral nerves, small unmyelinated fi-
bers, are reported to express both ET-A and ET-B recep-
tors. ET-B receptors are expressed primarily in the glia,
epithelia, ependymal, in addition to neuronal cells. ET-A
receptor action produces vasoconstriction and they are
involved in hypoxia mediated neuropathic pain, while ac-
tion of ET-B receptors results in vasodilatation that has
been implicated in inflammatory pain and nociception'’,
ET-1 is a potent vasoconstrictor peptide increased in in-
flammatory states and known to induce pain in animals
through its actions on endothelin receptors”. In addition,
ET-1 increases capillary permeability changes and plays
a role in aggravating the development of acute hemor-
rhagic pancreatitis through its action on the pancreatic
microcirculation”, ET-1 is recognized as the key player
in the immune-mediated hypernociception and inflamma-
tory diseases as depicted in autoimmune pancreatitis'".
Indeed, ET-1 is considered as the main cause of pancreas
microcirculation disturbance during acute pancreatitis.
ET-1 increases capillary permeability changes. Nitric ox-
ide (NO) is the mediator of the cascade of inflammatory
responses[w]. Normally, ET-1 and NO together are in a
dynamic balance regulating the elasticity of blood vessels,
and maintaining the peripheral resistance of vessels and
local vasomotor function. Once this balance is disrupted,
it leads to vasomotor dysfunction and microcirculation
disturbances™

Objectives of the present study were to analyze the
gene expression profile in the thoracic spinal cord and
DRG to elucidate whether pancreatitis can induce gene
regulation in these tissues. One of the genes upregulated
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by dibutyltin dichloride (DBTC)-induced pancreatitis
was endothelin-1. As a test of phenotypic expression
and functional significance, the present study examined
localization of endothelin-A and B receptors in the pan-
creas and the DRG, as well as determined the effects of
pharmacological agents known to be ET-A or ET-B re-
ceptor antagonists. Thus, we used the chemically-induced
pancreatitis model by a single 7» injection of the polyvinyl
carbonate stabilizer/catalyzer, biocide in agticulture, anti-
fouling agent in paint and fabric of DBTC that results in
acute pancreatitis through reactive oxygen species. Pan-
creatitis induced by DBTC persists through seven days
allowing a more clinically relevant study of the ongoing
processes evoked by activation of viscero-nociceptive
pathways that are likely maintaining the central sensiti-
zation state characteristic of experimental and clinical
pancreatitism’zzl. We hypothesized that the pancreatitis-
induced hypersensitivity is mediated by the endothelin
imbalance and its action on related receptors. Further-
more was tested the notion that pain related responses
generated by endothelins could be pharmacologically re-
duced using specific endothelin receptor antagonists. To
reduce the activation in viscero-nociceptive pathways, we
assessed the ability of ET-A (BQ123) and ET-B (BQ788)
receptor antagonists to reverse the behavioral syndrome
induced by the experimental pancreatitis as described
previouslym’m. This behavioral syndrome is a measure-
able end point indicative of the central sensitization state
ongoing in the spinal cord and peripheral nerves.

MATERIALS AND METHODS

Animal study
All animal procedures were approved by the Institutional
Animal Care and Use Committee. Male Lewis-inbred
rats (125-150 g) were purchased from Harlan Labora-
tories (Indianapolis, IN). Rats were housed 2 per cages
with a 12-h/12-h light/datk cycle and allowed access to
food and water ad /ibitum except during behavioral test-
ing. Rats were monitored daily for continued weight gain
and general health. Health Status and Procedures were
documented daily on the post-operative evaluation form.
After one week acclimatization/quarantine, they were
assigned to experimental groups. Baseline behavioral
measures were assessed prior to induction of pancreatitis
with DBTC and one week later, before and after treat-
ment with ET-A antagonist BQ123 or ET-B antagonist
BQ-788. A flowchart for the experimental design is pro-
vided in (Figure 1).

Animals were divided into groups: Naive control,
Vehicle/phosphate buffer (PBS) and DBTC/PBS. The
study was repeated for each of the endothelin antagonists

(Table 1).

Induction of persistent acute pancreatitis: Acute per-
sistent pancreatitis was induced in Lewis rats by a single
tail vein injection with DBTC (Sigma-Aldrich, St Louis,
MO). DBTC was dissolved in 95% ethanol (two parts)
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‘ Male lewis inbred rats ‘

l

| Tail vein (iv) DBTC or vehicle |

N\

+ i.p. antagonists ET-A (BQ123)
or ET-B (BQ788)

|

Behavioral tests IHC analysis with
anti-ET-A, ET-B Abs pancreatic or
DRG segments T10-12 IHC

Thoracic spinal cord segments

Extract mRNA reverse transcription
P33 labeled cDNA

Hybridization of labeled samples
with microarrays gene chip

‘ DNA chips exposure to film ‘

|

Data analysis spot intensity;
statistical significance

Figure 1 Schematic drawing of the study design. DBTC: Dibutyltin dichlo-
ride; DRG: Dorsal root ganglia. ET: Endothelin; IHC: Immunohistochemistry.

No. Groups (7 = 5 per group) iv injection Drug administration (ip)

1 Naive Non Non

2 Vehicle/PBS Vehicle 0.1 mol/L PBS
3 Vehicle/BQ-123 or BQ-788  Vehicle 300 pmol/L

4 DBTC/PBS DBTC 0.1 mol/L PBS
5] DBTC/BQ-123 or BQ-788 DBTC 33 umol/L

6 DBTC/BQ-123 or BQ-788 DBTC 100 pmol/L

7 DBTC/BQ-123 or BQ-788 DBTC 300 pmol/L

Rats were injected with dibutyltin dichloride (DBTC) or vehicle (ethanol +
glycerol) via tail vein to induce pancreatitis. On day 7 animals were treated
with sham or endothelin receptor A (BQ-123) or endothelin receptor B
(BQ-788) antagonists and tested for the behavioral hypersensitivity. Each
group was constituted of at least n = 5. Experiment was repeated at least
once. PBS: Phosphate buffer.

and then mixed with glycerol (three parts). In rats anes-
thetized with isoflurane inhalation, a maximum volume
of 200 pL of DBTC (8 mg/kg body weight) was injected
into the tail vein at a rate of 25 pL/ min over 10 min us-
ing a syringe pump (Harvard Apparatus 22). Sham con-
trol rats received the vehicle (95% ethanol + glycerol, 2:3)
also via tail vein. All animals (DBTC and sham controls)
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were fed Teklad 8626 chow and given 10% alcohol + 5%
apple juice in their drinking water as a maintenance diet
to support persistence pancreatitis in the model.

Tissue acquisition, RNA extraction, and gene chip
analysis: Rat DRGs and segments of T10-T12 spinal
cord were taken 7 d after injection at the peak of pancre-
atic inflammation and processed for transcriptional profil-
ing using the rat brain-biased cDNA nylon array generated
by Millennium Pharmaceuticals Inc. (Cambridge, MA) for
gene discovery (both normal and subtractive). The cDNA
libraries, array construction, hybridization, sequencing,
process technology, informatics, TRACE for library
construction, expressed sequence tag sequencing, data
acquisition, and software have been detailed previously™.
Therefore, rats were sacrificed and tissues were rapidly
dissected from three animals per each group, frozen in
dry ice, and stored at -80 C before RNA isolation. Fro-
zen tissues were homogenized in 1 mL of the TRIZOL
reagent (Invitrogen, Carlsbad, CA) per 50-100 mg tissue
and total RNA was extracted following the manufactur-
ers protocol. Briefly, total RNA from each sample was
column purified, and oligonucleotide primers flanking the
cloning site was used to amplify the cDNA insert by poly-
merase chain reaction. After purification over CHROMA
SPIN TE+30 columns, the labeled cDNA was annealed
at 65 C for 1 h with 10 pg poly (dA) > 200 (Amersham
Pharmacia). At 2 X 10° cpm/mlL, the annealed cDNA
mixture was added to array filters in preannealing solution
containing 100 mg/mL sheared salmon sperm DNA in 7%
sodium dodecyl sulphate, 0.25 mol/L sodium phosphate,
1 mmol/L ethylene diamine tetraacetic acid, and 10% for-
mamide. Following overnight hybridization the radioac-
tive signals captured by a Fuji BAS 2500 phosphoimager
(Fuji Medical Systems, Stamford, CT) and were quantified
by using ARRAY VISION software (Imaging Research,
St. Catherine’s, ON, Canada). Array hybridizations were
performed in triplicate. Expression profiling data analysis
and data clustering algorithm were done according to the
published methodology™. Regulated genes were selected
based on the array spot intensity that was normalized to
the average of housekeeping genes and normal controls
across the array. Total 3 animals/each group was used for
the microarray analysis and the study repeated at least X2.
The average greater than or equal 2 fold changes in gene
expressions were included in the study. Animal study de-
sign is shown in the Figure 1.

Pain-related behavioral assessments: Experimental
procedures: Day O: Baseline testing of abdominal no-
ciceptive responses to mechanical and heat stimuli was
applied to the upper left abdominal quadrant skin of rats
as previously described”**!, Pain-related behavior was
assessed throughout the study by an observer blinded
to group assignment. (1) Assessment of Secondary Me-
chanical Hyperalgesia/Allodynia by Testing Abdominal
Withdrawal Threshold. Mechanical hypersensitivity in the
abdominal area was quantified by measuring the number

(4 9

Boishidengs  WIG | www.wjgnet.com

4260

of withdrawal events (either abdominal withdraw from
the von Frey filament or consequent licking of the ab-
dominal area, or whole body withdrawal) in response to
normally innocuous or sub-threshold mechanical stimuli.
The stimuli, applied to the upper left abdominal skin
area, were von Frey filaments with bending forces of 3.52
mN, 10.78 mN and 47.24 mN (considered sub-threshold
stimuli), and with bending forces of 215.6 mN (used as
a supra-threshold stimulus). Reflex testing for “referred”
secondary mechanical hyperalgesia/allodynia with von
Frey fibers was developed by Max von Frey, who in 1896
identified “pain spots” on human skin, and has remained
the standard in the field of pain assessment in humans
and in animals. Mechanical nociceptive assay scores were
expressed as an average percent response to ten applica-
tions of the von Frey filaments or the total number of
withdrawal events to ten applications of three individual
filaments as described previously[21’22’24]. Before testing,
all animals were shaved on the rostral abdominal area
and placed into clear plastic enclosures (7 cm X 4 cm
X 4 c¢cm) on the metal meshed (3 cm X 3 cm) platform
(36 cm X 29 cm X 21.5 cm) and acclimated for 30 min.
The von Frey filaments were applied from underneath
through the mesh floor to the surface of the rostral ab-
dominal area at different points. A single trial consisted
of 10 applications of every von Frey filament. Each
application was held for 1-2 s with a 5 s rest interval
between applications to allow the animal to cease any
response and return to a relatively inactive position. To-
tally, there were 3 trials through the graded series with
a 10 min interval between trials. The withdrawal events
for the three trials were averaged to get a single value per
rat per time point. A percentage response was calculated
(average of withdraw events/10 X 100) for the study. A
positive response was defined as an abrupt withdrawal
(tlick response) of the abdomen during stimulation or
immediately after the removal of stimulus. The abdomi-
nal withdrawal tests were performed at baseline; before
DBTC insult (day 6); and on day 7 after endothelin
receptor antagonist’ injection and von Frey filaments
mechanic stimulation at 0 min, 20 min, 40 min, 75 min
after BQ123 or BQ788 i.p. injection. Comparisons were
made to baseline response; (2) Assessment of Secondary
Thermal Hyperalgesia. In this assay, rats were placed on
a regulated hotplate (52 °C) in a clear plastic enclosure
(14 inches X 14 inches). The latency to responses (foot
flick, jumping, licking, e#.) was determined on day 7 after
DBTC insult and before (0) and 20 min, 40 min and 75
min after injection of endothelin receptor antagonists;
and (3) Open Field Box Spontaneous Exploratory Be-
havioral Measures. On day 6, spontaneous exploratory
behavioral activities were collected using open field 16 X
16 Photobeam Activity System (PAS) with FLEXFIELD
software coupled to a PC (San Diego Instrument, Inc.
CA). The PAS allows acquisition of movements in an x,
y and z axis oriented grid system within an activity cham-
ber (40 cm X 40 cm X 40 cm) by recording the number
of times photobeams are obstructed. Data was collected
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in 5 min intervals for 30 min. Six different behavioral
measures of spontaneous activity were examined: rear-
ing events, rearing time (s), active time (s), rest time (s),
distance traveled (inch), and total counts (number of
beams broken). Resting time was defined as a period
when the animal remained in place for 1 s or longer.
Active and rest time are important to determine effect
of the treatment on the total amount of time spent for
both exploratory and stationary movements. Changes in
each parameter were evaluated individually.

Endothelin receptor antagonist administration: ET-A
receptor antagonist (BQ-123) and ET-B receptor antago-
nist (BQ-788) from American Peptide, CA, were tested
in this model to assess their effect on pain related behav-
ioral modification. The drugs were dissolved in PBS with
final concentration in 1 mL and administrated (i.p.). Rats
were treated with ET-A and ET-B receptor antagonists
(0 min, 20 min, 40 min and 75 min) day 7 after induction
of pancreatitis. The concentrations used are based on
the respective Ki for the drugs. The Ki for BQ-123 has
been reported to be 10 nmol/L”!. The Ki for BQ-788
has been reported to be 100 nmol/ L The 33 umol/L,
100 pmol/L and 300 pumol/L treatments were used for
generating the BQ-123 dose response curve by examin-
ing the effects of post-treatment on behavioral testing in
animals with pancreatitis (# = 5 per each dose). Then, the
maximal effective dose (300 umol/L) was selected for
the rest of study including for the drug, ET-B receptor
antagonist (BQ-788, American Peptide, CA). Control rats
received PBS injections (i.p.).

Therefore, seven different experimental groups were
designed: BQ-123 or BQ-788 treated rats with or without
pancreatitis; PBS treated rats with or without pancreatitis
as well as nafve rats. Five rats in each group were included

in this study (Table 1).

Morphine administration: Morphine was injected in
cumulative doses of 1, 5 and 10 mg/kg body weight or
sham saline given i.p. to rats (# = 6/group). Systemic
administration of morphine is used as a gold standard
analgesic in different pain related behavioral modification
studies.

Necropsy and sample collection

Perfusion and tissue collection: At the end of the ex-
petiment, rats were given an overdose of pentobarbital (75
mg/kg). Fresh pancreatic tissues wete collected. Dorsal
root ganglia (DRG) and spinal cord from 10th-12th tho-
racic segments were dissected as they receive the sensory
information from the neuronal fibers that innervate the
pancreas. Samples were flash frozen in liquid nitrogen
and kept at -80 C and processed for transcriptional
profiling microarray analysis biased for rat brain-specific
genes as mentioned above and for immunohistochemis-
try. The study design is shown in the Figure 1.

Immunohistochemical study
Spinal cord, DRG and pancreatic tissues collected

(49

Boishidongs  WIG | www.wjgnet.com

4261

Oz HS et al. Gene expression, endothelin and pancreatitis

for immunohistochemical analysis: At the end of the
experiment, rats were given an overdose of pentobarbital
and transcardially perfused with 4% buffered parafom-
aldehyde. Spinal cord segments T7-T12 and DRGs were
taken 7 d after injection at the end of the experiment.
Tissue were removed and stored overnight at 4 'C fol-
lowed by immersing in 30% sucrose. The frozen sections
were cut as 30 um thickness. The fresh pancreas was
directly fixed in 4% paraformaldehyde for 24 h followed
by storing in 70% alcohol. The tissue was processed for
paraffin sections (4 um) which were mounted onto the
chrome-gelatin pre-coated glass slides. After deparaf-
finization in xylene for 5 min (X 2), the sections were
hydrated gradually with 100%, 95%, 80% and 70% alco-
hol followed by washes with distilled watet. Polyclonal
rabbit anti- ET-A and ET-B receptor (Alomone Labs,
Jerusalem, Isracl) were used for staining frozen sections
of the DRG. In addition, paraffin sections of pancreas
were prepared from rats with different treatments. Then,
immunohistochemical staining procedures for both fro-
zen and paraffin section were performed. After rinsing in
0.1 mol/L PBS, the tissues were blocked with 5% normal
goat serum in 0.1 mol/L PBS plus 0.05% Triton X-100
and 0.3% bovine serum (NGSTB) for 40 min. Then,
the tissues were double stained with specific antibodies
produced in two different species in the following combi-
nations: (1) Endothelin receptor A and neuronal marker
(NeuN); and (2) Endothelin receptor B and glial fibrillary
acidic protein marker for all glia (GFAP) (satellite and
Schwann cells). This was accomplished by incubating the
cut tissue sections with rabbit anti-ET-AR (1:400) and
mouse anti-NeuN (1:5000) or ET-BR (1:200) and mouse
anti-GFAP (1:500) diluted in 1% NGSTB overnight at
room temperature. After tinsing with 0.1 mol/L PBS, the
tissues were incubated for 1 h in a fluorescent tagged sec-
ondary antibody, red Alexa fluor 568 goat anti-rabbit IgG
(1:1000) and green Alexa fluor 488 goat anti-mouse IgG
(1:1000) diluted in 1% NGSTB. Finally, the tissues were
tinsed with 0.1 mol/L PBS, cover-slipped with mounting
media hard set with hard set mounting media with blue
4 ,6-diamidino-2-phenylindole counterstain (Vector Labs,
Burlingame, CA). Pictures were taken using the Act-1
program with a Nikon E1000 microscope.

Statistical analysis

All data are presented as mean * SD unless otherwise
stated. Statistical analysis was performed by the ANO-
VA-test (two way analysis of variance). If significant
differences were found Bonferroni post boc and when
appropriate student 7 test statistical analysis were per-
formed to assess changes over time for each group sepa-
rately to compare (1) baseline and 7 d after induction of
pancreatitis; (2) before and after drug treatment; and (3)
drug treated group compared to controls without drug
treatment. Statistical significance was set at P << 0.05.

RESULTS

Animals that received sham vehicle significantly gained
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Figure 2 Timeline demonstrates % body weight gain/loss in rats during
the study comparing naive rats and rats with pancreatitis (n = 5). DBTC:
Dibutyltin dichloride; PBS: Phosphate buffered saline.

weight (27%) on the diet (vehicle: D1 »s D7, P < 0.01)
compared the DBTC induced pancreatitis rats which dif-
fered (vehicle »s DBTC) by an average of 21% (Figure 2).

Gene chip analysis

Rat DRG segments of T10-12 spinal cord were taken
at the peak of inflammation and processed for gene ex-
pression profiling with a microarray biased for rat brain-
specific genes. An average of 3 animals/each group was
used for the microarray analysis and the study repeated
at least twice. The genes were normalized with sham
controls and average greater than or equal 2 fold changes
in gene expressions were demonstrated in the Table 2.
Modified genes were classified into groups according to
their functionality (Table 3). The identified genes includ-
ed: circulatory/acute phase, extracellular matrix, signaling
transduction, transcription/translation-related, antioxi-
dants/chaperones/heat shock and pancreatic and other
enzymes. Candidate genes are among those modified in
comparison to normals and are involved in different sig-
naling pathways in DBTC induced pancreatic inflamma-
tion as shown in the Table 2.

Acute pancreatitis regulates gene expression in spinal cord
Subtraction of overlapping normal genes revealed 321
unique genes that were classified into 9 different func-
tional groups (Table 3). The candidate genes included 261
that were up-regulated and 60 downregulated genes in
this model. Amongst these, fifty-two distinct genes that
were upregulated greater than 2-fold were chosen as can-
didates for the pancreatitis, visceral pain and pancreatic
cancer pathway specific and listed in Table 2. Addition-
ally, 53 selected genes which were down regulated in this
pancreatitis model are shown in Table 2.

Pain related behavioral activity

Secondary mechanical hyperalgesia: Animals devel-
oped persistent pancreatic inflammation during the study
as detected in pathological samples and secondary pain-
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Group Regulated genes Abbreviation Fold
Up-regulated genes'

1 B-lymphocyte surface antigen 7.3

1 Endothelin-1 ET-1 32

1 Eosinophil chemotactic protein ECP 11

1 T-cell surface glycoprotein CD5 2.6

1 Tumor necrosis factor TNF-o 4

2 Laminin o 5 LAMAS5 25

2 Matrix gla protein MGP 74

2 Integrin o 27

3 Epithelial-cadherin E-CADHERIN 3.1

3 Transmembrane ER-resident protein, IRE1lb 235

typel
4 ATP binding cassette ABC-transporter 23
4 C-C chemokine receptor type 8 C-C CKR-8, 34
GPR-CY6
4 GABAA receptor GABAA R 14.3
4 Glutamate receptor ionotropic, GluR-1 9.1
AMPA 1

4 Putative G protein-coupled receptor GPR68 (OGR-1) BAIl

5 Calcium binding protein CHP 2.6

5 Caveolin-1 CAV1 3.8

5 Iron response regulator IRR 2.8

5 LDL receptor-related protein 6 LDL-R6 3.6

5 Insulin-like growth factor binding ALS 2.7

complex acid label chain precursor

5 Proto-oncogene tyrosine-protein C-FES 8
kinase FES/FPS

5 RAS GTPase-activating-like protein RAN 3.9

5 Retinoic acid-inducible gene-1 RAIG1 6.4

5 Transforming growth factor-b TGFb 2.8

5 Guanine nucleotide binding protein G (Y) a-11 47

6 Nuclear factor of activated T cells NF-ATc B85

6 Signal transducer and activator of STAT5b 3
transcription 5B

6 Transcription factor TF 11.8

7 Glutathione peroxidase GSHPX_GI 25
gastrointestinal

7 Extracellular superoxide dismutase EC-SOD 29

7 Heat shock related 70 kD proteins2 23

7 NADH dehydrogenase (ubiquinone) 23

7 Serum amine oxidase SAO 22

8 ACE-related carboxypeptidase ACE2 3.6

8 Aminopeptidase N APN 23

8 ATP-dependent RNA helicase P54 DDX6 2

8 a enolase 2

8 a-Tryptase TRYPTASE 1 2.6

8 cAMP cAMP-inhibited cGMP 3’ 9.4

5’-cyclic phosphodiesterase

8 Cholecystokinin type A receptor CCK-AR 2.8

8 Dopamine p-hydroxylase DBH 54

8 GAMMA-glutamyltransferase 1 Gamma-GT 5.6

8 (GDP-D-MANNOSE dehydratase GMD 315

8 Glycolipid transfer protein GLTP 2.6

8 Lipase 3.8

8 Lysophosphatidic acid LPAAT-b 34
acyltransferase-b

8 Malonyl-CoA decarboxylase MLYCD 438

8 NTPDase 3; CD39L 3 ENTPD3 72

8 Pancreatic isozyme Glucokinase 34

8 Phosphate regulating neutral NEP 11

endopeptidase
8 Putative NAD (P)-dependent MDH 3
cholesterol dehydrogenase
8 Red cell phosphatasel, isozyme F ACP1 2.3
Down-regulated genes'
1 Insulin precursor 28
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IG GAMMA-3 chain C region
Interlaken 1 receptor 1 precursor
Growth regulated protein
(neutrophil-activating protein 3)
Natural killer cells antigen CD9%4
Monocyte chemotactic protein 1
T-cell surface glycoprotein CD3 &
chain precursor
Heparin-binding growth factor 1
EGF-containing fibulin-like
extracellular matrix protein 1
Homocontig12
MT4-MMP
Glocosyl structure
Microtubule-associated protein 2
Mucosal addressin cell adhesion
molecule-1
Peripheral myelin protein 22
Growth factor regulated channel 5
Growth hormone secretagogue
receptor type 1
a platelet-derived growth factor
receptor (CD104A antigen)
Glucose transporter type 5, small
intestine (fructose transporter)
Dopamine receptor
C-C chemokine receptor type 9
Monocarboxylate-transporter 3
Orphan receptor
G protein-coupled receptor
Neuropeptide Y Receptor Type 4
b 3 Adrenergic Receptor
G25K GTP-binding protein, placental
isoform (GP)

MAD 2
Ribosomal S6 protein kinase
Metalloproteinase Inhibitor 3
GTPase RhoD
Ankyrins
Putative RHO/RAC effector protein
Protein farnesyltransferase p subunit
(RAS Proteins prenyltransferase)
GTP-binding protein
GTP-binding protein 1
hLHX 6 1o
AMP-binding protein
Thyroid peroxidase
Ubiquitin-conjugating enzyme E2
(ubiquitin-protein ligase)
Steryl-sulfatase (steroid sulfatase)
(steryl-sulfate sulfhydrolase)
Histone deacetylase 2
Corticosteroid 11-p-dehydrogenase,
isozyme 2
Hydroxymethylglutaryl-CoA
synthase
ATP synthase oligomycin sensitivity
conferral protein
Indoleamine 2,3-dioxygenase
Lysozyme
ubiquitin C-terminal hydrolase
Tyrosine aminotransferase,L-
tyrosine: 2-oxoglutarate
Aminotransferase
Corticosteroid 11-p-dehydrogenase,
isozyme 2
Hydroxymethylglutaryl-CoA
synthase
ATP synthase oligomycin sensitivity
conferral protein

WJG | www.wjgnet.com

HDC
IL-1R, IL-1Ra
NAP-3

KP43

FIBL-3

MAP2C

PMP-22
GRC5

PDGFRa

CCR-9
MCT 3
GRF
GRP1
NPY4-R

TIMP-3
RhoD
FTASE-B
RHEB
GP-1
TPO
UBE2

ASC

HD2

OsCP
IDO

UCH
TAT

oscp

3.8
23

42
43
52

7.3
21

23

21
21

3.8
21

21

22

23
2.4
29
3.6
3.6
10.6
253

22
24
2.7
42
24

22
2.3

2.7
21

21
43

44

49

21

22

213

2.7

43

4.4

49
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8 Glycogen phosphorylase 8.5

'52 selected genes (1 = 3/ group, study repeated x 2). Dibutyltin dichloride
induced pancreatitis regulated genes (up or down-regulated) expression
normalized with sham controls. Group 1: Circulatory/acute phase/
immunomodulatory; Group 2: Extracellular Matrix; Group 3: Structural;
Group 4: Channel/receptor/transporter; Group 5: Signaling transduction;
Group 6: Transcription/translation-related; Group 7: Antioxidants/
chaperones/heat shock; Group 8: Pancreatic and other enzymes; Group 9:
Unidentified genes. Total genes = 321; up-regulated = 261, down-regulated
=60.

related cutaneous mechanical hypersensitivity. Abdominal
mechanical testing with von Frey microfilament dem-
onstrated statistically significant increases in withdrawal
events on day 6 post DBTC injection in pancreatitis
animals and are presented as % number of events (# = 5)
(Figure 3). In contrast, no changes were detected in the
sham control rats. Data obtained were consistent for 2
different microfilaments except more intense responses
were detected with the larger microfilament (3.52 mN »s
10.78 mN) as expected, demonstrating consistency for
abdominal response with the von Frey mechanical test
(Figure 3A and B).

On day 7 after induction of pancreatitis, groups of
animals were simultaneously treated (i.p. injection) with
3 different doses of ET-A antagonist (BQ123, 33, 100
and 300 pumol/L). Animals with pancreatitis had dose
dependent responses in contrast to control animals that
were not affected by the antagonists. While 33 pmol/L
BQ123 did not provide a statistically significant effect
(Figutre 4), 300 pmol/L provided significant protection
against inflammatory pain related behaviors in pancte-
atitic animals tested at 75 min after drug administration.
Therefore, studies continued only with the 300 pmol/L
dose (Figure 4).

Next we compared efficacy of BQ123 (ET-A recep-
tor antagonist) to the BQ788, an ET-B antagonist (Figure
5). Both drugs were effective in normalizing mechani-
cal hypersensitivity response. However, ET-A receptor
antagonist had a longer lasting effect compared to ET-B
receptor antagonist, with a more robust response. The
ET-A receptor antagonist (BQ123) and the ET-B recep-
tor antagonist (BQ788) abolished abdominal mechanical
hypersensitivity as early as 20 min (Figure 5A). The re-
duced events using BQ123 demonstrated more vigorous
response persisting through 75 min post treatment (7 = 5),
while the number of withdrawal events increased again at
75 min for the ET-B receptor antagonist demonstrating
less efficacy and persistence of effect for this agent than
for the ET-A receptor antagonist in management of pain
related behavioral modifications in this model.

Hotplate whole-body thermal responses: Rats with
pancreatitis reacted to the hotplate with reduced re-
sponse times compated to naive rats indicating increased
thermal hypersensitivity (Figure 5B). Both ET-A recep-
tor antagonist (BQ123) and ET-B receptor antagonist
(BQ788) significantly increased response latencies, rein-
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Groups G1 G2 G3 G4 G5 Gé G7 G8 G9 % Total
Up 17 17 8 30 46 23 9 67 44 81.3 261
Down 7 8 B 11 12 4 1 14 3 18.7 60
Sum 24 20 13 41 58 27 10 81 47 321
Total% V25, 6.2 41 128 18.1 8.4 3.1 25.2 14.6 100

Sum 8.7 4.62 5.86 13.98 16.56 6.24 1.86 20.52 7.26 118.7 334

'52 selected genes (1 = 3/ group, study repeated x 2).

A 40 B
P < 0.05

Response frequency (%)
Response frequency (%)

10
Base T Day 6 T Day 7

DBTC Drug

Base T

DBTC
von Frey mechanical hypersensitivity

W Vehicle/PBS

[J Vehicle/BQ123 (300 umol/L)
I DBTC/PBS

[0 DBTC/BQ123 (300 umol/L)

Figure 3 Behavioral responses to mechanical stimuli using 2 von Frey microfilaments of different strengths (g-Force). A: 3.52 mN; B: 10.78 mN, at baseline
and on day 6 (dibutyltin dichloride-induced pancreatitis) and day 7 (drug treatment). BQ123 (300 umol/L) abolishes abdominal hypersensitivity 75 min post treatment
with no effect in naive animals (n = 5). PBS: Phosphate buffered saline; DBTC: Dibutyltin dichloride.

P < 0.05 W DBTC/BQ123
(33 umol/L)

[J DBTC/BQ123
(100 pmol/L)

W DBTC/BQ123
(300 pmol/L)

% withdrawl frequency
Y [e)}
o o
T T

N
o
T

Base T Day 6 T Day 7

DBTC Drug

Figure 4 Response to von Frey monofilaments for rats at baseline, after
induction of pancreatitis with dibutyltin dichloride which promotes me-
chanical hypersensitivity (day 6), and responses 75 min (day 7) after the
three doses of BQ123 (n = 5). DBTC: Dibutyltin dichloride.

stating response times back to the levels of the vehicle
control animals.

Additionally as expected abdominal hypersensitivity
to von Frey mechanical stimulation and hyperalgesia (data
not shown) were attenuated by the i.p. administration of
the morphine in a cumulative, dose dependent manner
in rats on day 7 (# = 6). As systemic administration of
morphine is currently a gold standard therapy in differ-
ent experimental pain models, data for the endothelin
receptor antagonists used in this study correlated well to
those obtained with morphine administration (correlation
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not shown).

Open field exploration: Spontaneous behavioral activity
was conducted before induction of pancreatitis (base-
line), 6 d after induction of pancreatitis, as well as 30 min
after drug treatments (BQ123, BQ788) for comparison
to sham control animals. The overall stable activity levels
indicate that the drugs produced no undesirable effects
on normal exploratory behaviors (data not shown). No
changes were noted in the six behavioral measures ex-
cept a trend toward reduction of the active time and an
increase in resting time measured at the highest dose (300
umol/L). These data indicate that the agents do not in-
terfere with normal exploratory behaviors.

Pancreatic pathology

Pancreatic sections stained with HE from naive animals
receiving sham treatment showed normal histological
architecture and islets. In contrast DBTC treated rats
develop persistent pancreatitis demonstrated as edema in
parenchyma, loss of pancreatic architecture, infiltration
of inflammatory cells including neutrophil and mono-
nuclear cells, degeneration vacuolization and necrosis of
acinar cells (not shown).

Endothelin-A and B receptor expression in pancreas
Endothelin-A and B receptor expression in naive or
pancreatitis DBTC rats was observed in the vascular en-

dothelia (Figure 6). ET-A receptor appeared to be more
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Day 7 mechanical (A) and thermal (B) hypersensitivity after 0 min, 20 min, 40 min, 75 min of treatments

Figure 5 Mechanical and thermal hypersensitivity. A: Rats with pancreatitis demonstrate fewer withdrawal events in response to mechanical stimuli at time points
after treatment with BQ123 [endothelin (ET)-A receptor antagonist, 300 umol/L] and BQ788 (ET-B receptor antagonist, 300 umol/L). The response to BQ788 persisted
for a shortened amount of time compared to the longer lasting to BQ123. Data is presented as actual number of events (n = 5); B: Endothelin-A receptor antagonist
(BQ123) normalized secondary thermal hypersensitivity that was shortened after induction of pancreatitis. The effect persisted longer for BQ123 compared to shorter
response to BQ788 antagonist (n = 5). PBS: Phosphate buffered saline; DBTC: Dibutyltin dichloride.

condensed around constricted vessels in pancreatitic
compared to naive control animals. However, no quan-
titation was done since overall, minor detectable differ-
ences were evident in ET-A and ET-B receptors expres-
sion in the pancreas in comparisons between naive and
pancreatitis animals.

Endothelin A and B in DRG

Based on immunocytochemical localization, ET-A and
ET-B receptors were increased in DRG (T10-12) from
pancreatitis compared to naive rats (Figure 7). ET-A re-
ceptor expression was observed in all sizes of primary
sensory neurons of the DRG. In contrast, ET-B recep-
tors were primatily localized on the Schwann cells (myelin
sheaths) surrounding the axons that were passing through
the DRG from naive or pancreatitic rats.

Endothelin receptor localization was combined in
dual NeuN and GFAP (Figure 8). ET-A was expressed
in the cell bodies and occasional nuclei of neurons of
different sizes in the DRG in naive animals. However,
phenotypic expression of ET-A receptor was greatly in-
creased in neurons of all sizes in rats with DBTC induced
pancreatitis. Similarly, ET-B receptor was also localized in
neurons of all sizes, in the satellite glia, as well as in the
Schwann cell glial myelin sheaths surrounding the axons
passing through the DRG and satellite glia.

DISCUSSION

In this investigation, DBTC-treated animals developed
persistent pancreatic inflammation detected in pathologi-
cal analysis and secondary pain-related hypersensitivity.
The DRG and spinal cord from 10th-12th thoracic seg-
ments were selected for gene microarray analysis, as they
portray the major source of sensory neuronal fibers in
the pancreas. Amongst the 52 candidate genes upregu-
lated in three animals in each experimental group (run
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in duplicate) was ET-1. ET-1 was upregulated greater
than 2-fold in the animals with pancreatic inflammation
and visceral pain-related behavior. This finding illustrates
the benefits of gene array analysis in identifying relevant
genes with possible direct roles in mediating pain in
visceral inflammatory states. Visceral mechanical testing
with von Frey microfilaments demonstrated functional
significance showing increases in abdominal withdraw-
als on day 6-7 post DBTC insult in pancreatitis animals.
In contrast, no changes were detected in normal rats
receiving sham vehicle alone. Similarly, spontaneous pain
related behaviors were unchanged in naive rats treated
with endothelin antagonists indicating that the agent had
no effect on normal exploratory behaviors. Single highest
dose treatment with ET-A antagonist (BQ123) provided
significant protection against inflammatory pain related
behaviors in animals with pancreatitis, while the ET-B
antagonist (BQ788) had a short lasting effect.

In the current study, ET-A and ET-B receptors wete
both detected in DRG. ET-A receptors trigger vascular
constriction and ET-B receptors act as vasodilators, but
their role in neurons is not defined.

Although, ET-A and ET-B receptors ate both present
in the thoracic spinal segment, and DRG, ET-B recep-
tors are primarily expressed in DRG satellite cells and
ensheathing Schwann cells”® where they can stimulate
the synthesis and release of prostaglandin E2, an active
compound in inflammatory painﬂ(’]. In addition, ET-B
receptors present on keratinocytes mediate the release
of B-endorphin from these cells with a local analgesic
effect”
cell growth in colon and pancreas in which there is also
upregulation of ET-A receptors and moderate down-
regulation of ET-B receptors””

In our hands, ET-A receptors appeared to be more
localized around constricted vasculature in pancreatic tis-
sues of animals with DBTC-induced pancreatitis. While,

|, ET-1 has a mitogenic effect, promoting cancer
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Figure 6 Pancreatic tissues from naive and pancreatitic animals. A: Naive endothelin (ET)-AR; B: Dibutyltin dichloride (DBTC) ET-A receptor; C: Naive ET-B re-
ceptor; D: DBTC ET-B receptor. ET-A receptors are expressed in ducts (arrows) which appear more constricted in pancreatitis animals (B: DBTC ET-A receptor). ET-B
receptors were expressed on the vasculature (4',6-diamidino-2-phenylindole, nuclear blue counterstaining) 40x magnification (n = 5).

- -
Figure 7 Immunohistochemical analysis of the localization of endothelin-A and endothelin-B receptors in dorsal root ganglia from naive or pancreatitic
rats. A: Naive endothelin (ET)-A; B: Dibutyltin dichloride (DBTC) ET-A; C: Naive ET-B; D, E: DBTC ET-B (n = 5). ET-A receptor expression is shown in primary sen-

sory neurons (A, B). In contrast, ET-B receptors (B-E) are primarily localized on the Schwann cells (myelin sheaths) surrounding the axons passing through the dorsal
root ganglia from naive or pancreatitic rats (4',6-diamidino-2-phenylindole nuclear blue staining and Alexa Fluor 568, red).
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Figure 8 Endothelin receptor A and B in dorsal root ganglia (T10-12). A: Double staining of Endothelin receptor A with dual staining for neuronal (NeuN) and glial
fibrillary acidic (GFAP) markers from naive animal; B: Dual staining for Endothelin A and NeuN in a pancreatitic animal; C: NeuN in a pancreatitic animal; D: Endothe-
lin receptor A in a pancreatitic animal. Significant increases in the endothelin (ET)-A are noted in dorsal root ganglia (DRG) neurons of all sizes on day 7 after induc-
tion of pancreatitis; E: Dual staining for Endothelin B and GFAP in a naive animal; F: Dual staining for Endothelin B and GFAP in a pancreatitic animal; G: GFAP in a
pancreatitic animal; H: Endothelin receptor B in a pancreatitic animal; Significant increases in the ET-B receptor are noted localized in satellite glia and Schwann cell

myelin in thoracic DRG on day 7 after induction of pancreatitis. Alexa Fluor 568, red; Alexa Fluor 488, green (n = 5).

modest detectable differences were evident in the ET-B
expression of the pancreatic tissues in comparisons of
animals with pancreatitis to naive controls.

Animals with pancreatitis demonstrated trend toward
a reduction in active time and an increase in resting time.
Immunohistological analysis revealed increased ET-A in
DRG neurons of all sizes and ET-B in myelin sheath and
satellite glia. The changes in spontaneous behaviors in-
duced by pancreatitis were normalized by application of
the ET-A antagonist (BQ123), suggesting that this recep-
tor has a role in pancreatitis-induced behavioral changes.

Injection of ET-1 is reported to cause severe pain via
activation of ET-A receptors, in the sciatic nerve chronic
constriction injury model™. In the present study, both
the endothelin-A (BQ-123) and B (BQ-788) receptor
antagonists significantly reversed the thermal hypersen-
sitivity assessed using the hot plate method at 20 min, 40
min after injection. However, the ET-B antagonist was
ineffective at the 75 min time point while the efficacy for
the endothelin-A receptor antagonist persisted. Neither
agents affected vehicle injected animals. Additionally, we
demonstrated that the thermal and mechanical hyperalge-
sia induced in pancreatitis animals were equally well nor-
malized by the administration of morphine (10 mg/kg)
with a dose dependent response, whereas a lower dose
of BQ-123 and BQ-788 were required to reverse the
nocifensive responses in the pancreatitic rats. Similarly,
administration of the ET-A receptor antagonist reversed
the attenuation of spontaneous exploratory behaviors
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observed in pancreatitic animals.

These data reveal that nocifensive responses invoked
by the persistent pancreatitis in animals can be ameliorat-
ed by systemic post-treatment with endothelin-A receptor
and to a lesser degree endothelin-B antagonist similar to
conventional morphine administration. As has been sug-
gested for neuropathic pain®, ET-A receptor antagonists
deserve future study as potential novel therapy including
against inflammatory pain.

Previous studies indicate that treatment with non-se-
lective ET-A and ET-B (LU 302872) and selective ET-A
(LU 3021406) antagonists had no effect on the pancreatic
pathological (edema and inflammatory infiltration) nor on
trypsinogen activation 4h after caerulein-induced acute
pancreatitis model. A slight increase in the pathological
necrosis and vacuolization suggested the possible unde-
sited effects of these compounds in the model™. In con-
trast ET-1 at the high dose was found to be beneficial on
morphological changes and trypsinogen activation in that
model”. In our hands we did not detect any undesirable
pathological effects or any histological improvement in
treated animals after single dose i.p. administration of en-
dothelin-1 receptor antagonists (BQ123, BQ788).

In severe acute pancreatitis, microcirculatory disorders
and increased capillary permeability contribute to mul-
tiple organ dysfunction syndrome, while, ET-A receptors
stabilize capillary leakage and improved organ function™,
Of interest, upregulated genes reported here substantiate
this finding, For example, multifunction pro-inflamma-
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tory cytokine I1.-6 levels were significantly upregulated
in DRG of rats with pancreatitis on day 6 after DBTC
injectionlzoj. Relative quantification of target cDNA levels
in primary stellate cultures using real-time polymerase
chain reaction revealed a dose-dependent reduction of
endothelin-1 after treatment with inhibitors of histone
deacetylases™. This is relevant to anti-cancer activities
and, therefore, of growing clinical interest™. It is well
established that diabetes can occur in acute pancreatitis
as well as chronic pancreatitis. Insufficient pancreatic
enzyme activity and dosing is treated in pancreatic ste-
atorrhea with administration of lipase with meals in pa-
tients” . In this model we detected modulation of genes
for the inflammatory markers of pancreatitis, including
upregulated lipase, o enolase and o tryptase, while insulin
precursot, glucose transporter type 5, and glycogen phos-
phorylase were down regulated. In accordance with these
findings the increased levels of the serum amylase and
lipase were reported on day 3 and peaked on day 7 in this
DBTC induced pancreatitis model, consistent with pan-
creatitis in patientslzzj. Finally, amongst those genes found
to be downregulated were peripheral myelin protein 22,
o platelet-derived growth factor receptor, dopamine re-
ceptor, and neuropeptide Y receptor. Further studies are
warranted to investigate the role of these candidate genes
as novel targeted therapeutic modalities in patients. ET-A
receptor antagonists deserve future study as a potential
novel therapy against inflammatory and neuropathic pain.

In conclusion, we report 8 different groups of genes
modified in this model of pancreatitis. These candidate
genes may be useful as future biomarkers for diagnostic
and/or tatgeted gene therapy. As an example, endothe-
lin-1 gene was upregulated and subsequently, ET-A and
ET-B receptor antagonists were found to reverse inflam-
matory pain responses. These results demonstrate the
potential utility of the gene microarray analysis to identify
candidate genes for analgesic development.

COMMENTS

Background

Abdominal pain ranging from mild to severe pain is the chief symptom of pa-
tients with pancreatic disorders. Neural innervation of the pancreas is important
in the initiation and maintenance of inflammation. Activation of pancreatic sen-
sory neurons causes release of neurotransmitters in the spinal cord and neuro-
genic activation signals in the pancreas itself producing plasma extravasation
and neutrophil infiltration. Endothelins (ET) cascade is implicated as a major
contributing factor in pancreatic pain in both pancreatitis and pancreatic cancer.
Research frontiers

Multifunctional ETs comprise a family of peptides which interact with their re-
ceptors that are involved in regulation of blood flow, cell proliferation, muscle
contraction or relaxation, secretion and ion transport. The ETs are expressed
by endothelial cells, macrophages, astrocytes and neurons. ETs activate the
peripheral sensory nervous system and may directly be involved in signaling
nociceptive events in peripheral tissues. ETs are increased in inflammatory con-
ditions. ETs produce their biological effects via activation of the ET-A receptor
and the ET-B receptor.

Innovations and breakthroughs

The ET-1 was amongst the 52 candidate genes upregulated (average of 3 ani-
mals/group and study repeated X2) greater than 2-fold in an experimental pan-
creatitis model. ET receptor antagonists were safe and effective in ameliorating
mechanical and thermal hypersensitivity in doses lower than the gold standard
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morphine with exception of no detectable side effects.

Applications

The candidate genes reported in this investigation may be useful as future
diagnostic tool and targeted gene therapies. ET-A and to a lesser extent ET-B
receptor antagonists can reverse pancreatic inflammatory pain responses. The
results demonstrate the possible utility of the gene array analysis to identify
candidate genes for analgesic development.

Terminology

The pain systems are comprised of peripheral neurons and their receptors, the
nociceptors, central neuronal transmitting pathways and neurons with excitatory
or inhibitory effects on nociceptive information. Nociceptors are specialized
receptors on nerve endings that respond to noxious to mechanical and thermal
stimuli interpreted as pain. Dorsal root ganglia are the cell bodies of peripheral
nerves and are located adjacent to the spinal cord in the vertebral column. ET
interacts with its receptors and regulates blood flow, cell proliferation, muscle
contraction or relaxation, secretion and ion transport.

Peer review

This paper reports a potentially interesting approach to an important problem,
pain in pancreatitis. The paper is an original report focusing on the gene profil-
ing to provide rationale for potential casual mechanisms and pharmacological
block of functional pain related behaviors with specific antagonists. The agent
dose response data present important information for potential future human
translational studies.
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