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Abstract

AIM: To investigate the effect of age on severity of
acute pancreatitis (AP) using biochemical markers,
histology and expression of the protective pancreatitis-
associated proteins (PAPs).

METHODS: AP was induced via intraductal injection of
4% sodium taurocholate in young and old rats. Sera and
pancreata were assayed at 24 h for the parameters listed
above; we also employed a novel molecular technique to
assess bacterial infiltration using polymerase chain reac-
tion to measure bacterial genomic ribosomal RNA.

RESULTS: At 24 h after induction of AP, the pancreata
of older animals had less edema (mean £ SE histologic
score of young vs old: 3.11 £ 0.16 vs 2.50 + -0.11, P <
0.05), decreased local inflammatory response (histologic
score of stromal infiltrate: 3.11 + 0.27 vs 2.00 + 0.17,
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P < 0.05) and increased bacterial infiltration (174% =+
52% increase from sham vs 377% % 4%, P < 0.05). A
decreased expression of PAP1 and PAP2 was demon-
strated by Western blotting analysis and immunohisto-
chemical staining. There were no differences in serum
amylase and lipase activity, or tissue myeloperoxidase
or monocyte chemotactic protein-1 levels. However, in
the most-aged group, serum C-reactive protein levels
were higher (young vs old: 0.249 + 0.04 mg/dL vs 2.45
+ 0.68 mg/dL, P < 0.05).

CONCLUSION: In older animals, there is depressed
PAP expression related to a blunted inflammatory re-
sponse in AP which is associated with worsened bacte-
rial infiltration and higher C-reactive protein level; this
may explain the more aggressive clinical course.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Acute pancreatitis (AP) is a disease with significant impact
in the United States. In 2003 there were about 226 000 ad-
missions for this diagnosis, at a cost of over §2.2 billion".
The incidence of pancreatitis is higherlz], and its severity is
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worse” in the older patient. While Frey ez al” showed that
the increased comorbidities associated with age account, in
part, for the worsened severity, he and others also showed
that age is an independent prognostic indicator of survival,
specifically in patients over the age of 70 years” ™,

The mechanism that puts the aged pancreas, and aged
patient, at risk for severity in pancreatitis is unknown.
Possibilities include: the immune response of the organ-
ism to the injury is impaired; the host organ response to
the injury (e.g, lung or renal) is worsened; or protective
mechanisms from the pancreas are depressed. The latter
two concepts are supported by the observation that the
aged patient with pancreatitis has a higher incidence of
systemic complications, while there is a decreased local
complication rate!”.

We have recently defined that pancreatitis-associated
proteins (PAPs) are proteins innate to the pancreas which
are induced during AP. PAPs are members of the pan-
creatic regenerating (Reg) family of proteins, which are
calcium-dependant lectins; all are secretory proteins[()’sl.
PAPs are homologues of pancreatic reg I, and in rats,
mice and man, localize to the same chromosome”'?.
However, while reg 1 is constitutively expressed in nor-
mal pancreas, PAP mRNA expression is very low. PAPs
are highly induced during AP,

PAPs are endogenous protectors against pancreatic in-
jury. We have shown that targeted inhibition of the three
rat PAP isoforms, PAP1, 2 and 3, exacerbated AP"*".
They likely protect by immunomodulation"”. Tn particu-
lar, PAP2 protects by inducing macrophages, and PAP1
has other anti-inflammatory and anti-apoptotic effects'"”.

Loss of protection by PAP with aging may put patients
at risk for pancreatitis. The normal expression of the
PAP homologue pancreatic regeneration gene I (reg 1),
decreases in aging™’, resulting in impairment of its func-
tion in the aged animal. We postulate that PAP levels are
also depressed in aging, resulting in less protection in AP
and more severe disease. However, since baseline PAP
levels are minimal in the normal pancreas, we needed to
measure the extent of its induction after stimulation.

In this study, we used sodium taurocholate (NaT) to
induce AP and determined: (1) the extent of pancreatitis
in young and old rats; (2) the extent of PAP expression
in young and old animals with pancreatitis; and (3) how
PAP expression relates to severity of pancreatitis in the
older animals. We employed a novel molecular method to
measure bacterial infiltration.

MATERIALS AND METHODS

Animals
Sprague Dawley male rats weighing 260-1000 mg (Chatrles
River, Wilmington, MA) were divided follows: animals in
the young group had an average age of 91.9 + 3.7 d (range
82-111 d, » = 10), and those in the older group averaged
339 £ 17.9 d (range 291-546 d, » = 21). Each group had
10 unoperated and 10 sham-operated animals as controls.
Animals were fed standard laboratory chow, given
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water ad libitum, and were randomly assigned to control
or experimental groups. All animal studies were approved
by the Division of Animal and Laboratory Resources,
SUNY Downstate Medical Centet.

Pancreatitis

AP was induced with 4% NaT, by retrograde injection
into the pancreatic duct as previously described"". Briefly,
under nembutal anesthesia (50 mg/kg intraperitoneally,
Abbott Laboratories, North Chicago, IL), a midline inci-
sion was performed. The common bile duct was identi-
fied and cannulated in a retrograde direction with PE-10
tubing (Fisher Scientific, Pittsburgh, PA) through the
ampulla of Vater »iz small needle puncture of the duo-
denum. The bile duct was ligated to prevent the flow of
bile, and NaT was infused into the pancreatic duct at a
rate of 1 mL/kg over 30 min. The abdomen was then
closed with monofilament suture, and the animals al-
lowed to recovet.

Animals assigned to the sham group were anesthe-
tized under the same protocol as the sodium taurocholate
group. They were then subjected to a midline incision,
pancreaticoduodenal manipulation, and then similarly
closed and recovered.

Post-operative analysis

The animals were sacrificed 24 h after surgery. Swab
cultures of the pancreata were taken, after which whole
blood was taken viz an 18-Gauge syringe in the inferior
vena cava. The pancreas was then subdivided into 30
mg portions for pathology (10% formalin), RNA isola-
tion (liquid nitrogen and rapid isolation), and protein
isolation.

Qualitative cultures were performed in the clinical
microbiology laboratory at SUNY Downstate, for which
samples were plated on agar plates for 48-72 h.

To calculate edema, a pancreatic sample was imme-
diately weighed on a coverslip and placed in a 37 C dry
oven. These samples were then re-weighed at 72 h on the
same scale. The wet-to-dry ratio was then calculated.

Other pancreas samples were homogenized in
25 mmol/L Ttis/0.5% Triton (Sigma, St. Louis, MO) in a
glass homogenizer and centrifuged at 12 000 g for 10 min
at 4 "C. After aspiration of the lipid layer, the supernatant
was poured into a 1.5 mL tube and the pellet discarded.
Proteins were assessed by the Bradford Assay (Bio-Rad
Laboratories, Inc., Richmond, CA) and all samples were
diluted to 2 mg/mlL in phosphate buffered saline (PBS)
(Lonza, Walkersville, MD), treated with protease inhibitor
cocktail (Sigma) and stored at -20 “C until analyzed.

Ribonucleic acid isolation

Pancreas samples were flash frozen in liquid nitrogen
and immediately processed using 600 pl. Trizol reagent
(Fisher Scientific, Piscataway, NJ). The samples were ho-
mogenized and mixed with 75% ethanol. The tubes were
centrifuged at 10 000 g and the clear lysate was applied
to an RNeasy column (Qiagen, Valencia, CA). They were
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centrifuged at 10 000 g for 15 s and then rinsed with wash
buffer, and subjected to DNase digestion.

Blood

Whole blood was collected in red-top tubes without anti-
coagulant (Fisher, Piscataway, NJ) and allowed to clot for
30 min at room temperature. Tubes were centrifuged at
1800 rpm for 20 min. Sera were collected and stored at
-80 C until analyzed.

Serum amylase activity was measured using 4,6-ethy-
lidene (G7)-p-nitrophenyl (G1)->1D-maltoheptaoside as
the substrate. Serum lipase was measured by the Clinical
Laboratories, SUNY Downstate Medical Center. Simi-
larly, C-reactive protein (CRP) levels were determined in
the clinical laboratory using a conventional immunoassay
system and Beckman nephelometer (Beckman Coulter,
Inc., Galway, Ireland).

Myeloperoxidase, monocyte chemotactic protein-1
analysis

Pancreatic protein was assessed for rat monocyte chemo-
tactic protein-1 (MCP-1) using the Rat MCP-1 ELISA
Kit for tissue lysate (RayBiotech, Inc., Norcross, GA) and
myeloperoxidase (MPO) by the rat MPO ELISA kit (Cell
Sciences, Canton, MA) according to the manufacturet’s
protocol.

Polymerase chain reaction

One-step real-time quantitative reverse-transcriptase-
polymerase chain reaction (PCR) for PAP 1, 2, 3, and
reg I was performed as previously described"*"" using
the LightCycler 480 (Roche, Indianapolis, IN) with -actin
as an endogenous control to standardize the amount of
sample RNA added to a reaction. Primers and probes
were designed as previously for PAP 1, 2, and 3, the
primers for reg [ were 5-TACAGCTGCCAATGTCT-
GGATT-3 (forward), 5-CAGTGTCCCAGGATTT-
GTAGAGA-3’ (reverse), and 5-ATCCCAAAAATA-
ATCGCCGCTGGC-3’ (probe) (Applied Biosystems,
Bedford MA). One hundred nanograms of total RNA
was used to set up 20 pL real-time quantitative PCRs that
consisted of 1 X Master Mix, 500 nmol/L forward and
reverse primers, and 250 nmol/L TagMan probe (Roche).
Polymerase chain reaction amplification was performed
with the temperature profile of: 3 min at 45 C, 7 min
at 95 C, and 45 cycles of 5 s at 95 Cand 30 s at 60 C.
Assays were performed in triplicate. Data were analyzed
with the relative standard curve method. Standard curves
of the genes of interest and [-actin were prepared with
six ten-fold dilutions of total RNA from the sample that
was expected to have the highest amount of mRNA for
the gene of interest. For each reaction tube, the amount
of target or endogenous reference was determined from
the standard curves. The mean amount of each sample
was calculated from the triplicate data and was normal-
ized by division by the mean quantity of B-actin RNA for
the same sample. The mean and standard error of each
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treated group were calculated from the normalized value
for each rat in the group.

Bacterial 16s ribosomal DNA from pancreatic tissue
was amplified by PCR as described”, using probes spe-
cific for gram-positive cocci (GPC) and gram-negative
rods (GNR). The primers are specific for bacterial
16sRNA, a gene highly conserved in bacterial strains.
Briefly, 0.2 pg of total DNA extracted from each pancre-
as tissue isolated above was added to pre-decontaminated
PCR cocktail for PCR amplification with the primers.
The product is a 370 bp fragment.

Western blotting analysis
After SDS-polyacrylamide gel electrophoresis (15%), 15 ug
and 30 pg protein/well was electrophoretically transferred
to nitrocellulose (Nytan; Schleicher and Schuell, Keene,
NH) and monoclonal antibody to reg 1%? was used at
1:10 000 dilution, polyclonal antibodies to PAP 1, and PAP
2" were used at 1:1000 dilution. Secondary antibody to
IgG at 1:100 000 dilution was used for detection of primary
antibody.

Densitometry was performed using the Bio-Rad Gel
Documentation System with Quantity One software.
Units are presented as Intensity (IN'T) X area (mm?).

Histopathological analysis
The head of the pancreas from each rat was fixed in
10% buffered formaldehyde solution (Fisher Scientific,
Pittsburgh, PA). Four to six micron section slides were
generated for each pancreas, collected and stained with
hematoxylin and eosin (H and E). Using previously de-
scribed criteria, the histological severity of pancreatitis
was examined in a blinded fashion by our pathologist.
Using a scale ranging from zero (representing the least),
to four (representing the greatest) severity, the degree of
leukocytic infiltration (acinar and stromal) and tissue ne-
crosis (acinar and stromal), edema and hemorrhage were
determined for each specimen.

Immunohistochemical analysis was done as described
in®™ using PAP1 and 2 antibodies at 1:1500 dilution.

RESULTS

NaT experiments
There were three mortalities after surgery to induce pan-
creatitis; 2 in the young and one in the old group. Where
appropriate, we show data from shams and unoperated
controls for clarity and comparisons. Where noted, we
performed subgroup analysis of the older animals, divid-
ing them into: subgroup (a) aged, whose average age was
256.3 + 2.1 d (n = 10); subgroup (b) very aged, 372.5 + 0.4
d (#» = 9); and subgroup (c) most aged, 544 £ 2.8 d (1 =
3). The latter group had the single mortality of the older
group.

Twenty four hours after induction of NaT pancreati-
tis, older animals had slightly less edema, as measured by
ratio of wet to dry weight, when compared to younger

ones (1.35 + 0.04 »s 1.52 + 0.08, P = 0.07). By compari-
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Figure 1 Effect of age on pancreatic edema 24 h after induction of sodium taurocholate pancreatitis. A: A young rat with severe, grade 4 edema [hematoxylin
and eosin (H and E), 40x]; B: An old rat with moderate, grade 3 edema (H and E, 40x); C: Mean % SE histologic scoring of edema for both groups; D: Edema data cal-
culated by wet:dry ratio of pancreatic tissue. While young vs old ratios are discussed in the text, when animals were sorted into young, aged (group a), very aged (group
b) and most aged (group c) groups, a progressive decrease in edema was seen with age. A significant negative correlation was also noted (°P < 0.05, Student’s ¢ test).

NaT: Sodium taurocholate; ANOVA: Analysis of variance.

son, sham-operated animals had 1.12 £ 0.03 wet to dry
ratios; unoperated controls had 1.01 £ 0.08 (all statisti-
cally significantly lower than the NaT group).

Histopathologic examination also showed that the
extent of edema was significantly depressed in the older
group (Figure 1A-C, P < 0.05) When subgroups of age
(subgroups A-C), were subjected to analysis of variance
(ANOVA), there was a statistically significant decrease
(Figure 1D, P = 0.02), and significant negative correlation
(r=-0.3, P = 0.05) with aging.

Histopathologic examination also showed that the
extent of parenchymal and stromal inflammatory cell in-
filtrates was depressed in aging (Figures 2A and B, 3B and
C). The extent of necrosis (acinar, peripheral acinar or fat
necrosis), cellular vacuolization and hemorrhage was not

different in the older animals (Figure 3A).

Markers of pancreatitis

When compated to sham-operated controls, animals with
NaT pancreatitis showed significant increases in amylase
(628 £ 63 pg/L »s 7919 £ 2022 pg/L, respectively, P <
0.05), and lipase (37.7 £ 16 pg/L »s 864 + 260 pg/L,
respectively, P < 0.05). Also, pancreatic levels of MPO
were very high (202 * 49 ng/mlL »s 2014 + 628 ng/mlL,
respectively, P < 0.05), as were levels of MCP-1 (2172 *
463 pg/mL s 4508 £ 251 pg/mL, respectively, P < 0.05).
However, when values from old and young NaT' animals
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Table 1 Effect of age on biochemical markers of sodium
taurocholate pancreatitis

Young rats OId rats
Amylase (ug/L) 12536 + 6141 5941 £ 1162
Lipase (ug/L) 1288 + 755 682 +194
MPO (ng/mL) 1962 + 538 2066 + 1219
MCP-1 (pg/mL) 4312 + 350 4730 £ 376
CRP (mg/dL) 0.25 £ 0.04 0.61 £0.19

All serum levels were higher than sham and unoperated controls. No dif-
ferences were seen between young and old animals. However, subgroup
analysis of CRP levels revealed that the most-aged subgroup (c) had signifi-
cantly higher levels (Figure 3). MPO: Myeloperoxidase; MCP-1: Monocyte
chemotactic protein-1; CRP: C-reactive protein.

were compared, no differences were noted (Table 1).
Serum CRP levels in control, unoperated animals were
0.17 + 0.07 mg/dL. A significant increase in CRP was seen
after NaT (0.25 £ 0.04 mg/dL, respectively, P = 0.05 com-
pared to unoperated controls); but when young and old
NaT animals were directly compared, no difference was
seen between younger and older groups (Table 1). How-
ever, subgroup analysis of age groups showed that serum
CRP was statistically higher in the most-aged (subgroup
¢) (Figure 4) (2.45 * 0.69 mg/dL, P < 0.001 ANOVA
compared to all groups, P < 0.001 compared to young,
Student’s ¢ test). This phenomenon was noted only for
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Figure 2 Histology (hematoxylin and eosin, 100x) of young (panel A) and old (panel B) inflammatory infiltrates 24 h after induction of sodium taurocholate
pancreatitis. A: Severe, grade 4 parenchymal inflammation in the young animal; B: Mild, grade 2 inflammation in an older one.
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Figure 3 Histologic scores. There was no difference in necrosis scores between young and old (C), but significant decreases were observed in inflammatory infiltrates
of the parenchymal (D) and stromal (E) tissue (*P < 0.05, Student’s ¢ test). NaT: Sodium taurocholate.

CRP, not for any of the other markers measured above
(amylase, lipase, MPO, MCP-1).

Real time PCR of mRNA isolated from rats with
pancreatitis showed that 7¢g /, PAP1, PAP2 and PAP3 all
increased when compared to controls (not shown). The
increase was similar to that which we have observed previ-
ouslym’m with reg [ increasing twofold, and PAP1, 2, and
3 increasing 50-100 fold (not shown). Western analysis
showed that protein levels increased but only minimally
for reg [ and by a factor of 3-8 fold for PAP1 and 2.

When young and old NaT animal mRNAs were com-
pared, no differences were noted for pancreatic reg 7,
PAP1 and PAP2 mRNA (Table 2); and only PAP3 levels
were significantly decreased. Conversely, when protein
levels were compared, older animals had lower levels of
PAP1 (P < 0.05); PAP2 proteins were depressed as well
(P = 0.07) (Figure 5). PAP3 proteins were not measured
since antibodies were not readily available.

Since we have previously shown 7 vitro that PAP2
directly activates leukocyteslm, we postulated that its ex-
pression would correlate with MPO or MCP-1 activity.
While there were no correlations between mRNAs or
proteins and MCP-1 levels, a significant positive correla-
tion of PAP2 mRNA levels with MPO protein was ob-
served (r = 0.81, P = 0.004).
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Immunohistochemistry

PAP1 and 2 immunohistochemistry showed no staining
in normal pancreas, and positive staining pattern in the
acinar cells (Figure 6A-C) after induction of NaT pancre-
atitis. Similar to our observation in the Western analysis,
both PAP1 and 2 immunohistochemistry showed more
intensity in the younger animals when compared to older
(Figure 7); preparation of the slides was done side by side.

In young animals, PAP1 staining in AP was typically
intracellular, uniform, and oriented in a base-to-apical
intensity (Figures 6B, 7A). In contrast, PAP2 staining in
AP was heterogenous (Figures 6C, 7C): it too was intra-
cellular, but was occasionally visible as dense, clumped
proteins towards the base of the cells.

In older animals the staining patterns reversed: PAP1
staining became more heterogenous (Figure 7B), and the
pattern for PAP2 became more homogenous (Figure 7C).

Interestingly, in many sections, PAP2 staining was
found in areas which corresponded to parenchymal and
stromal inflammatory infiltrates (Figure 8).

Bacteriology

Qualitative cultures of the pancreata from almost all the
animals showed colonization by GPC and GNR, with no
difference between old and young animals. For example,
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Table 2 Effect of age on pancreatic Reg1 and pancreatitis-
associated protein mRNA levels

Young rats Old rats
Regl 0.727 £0.19 1.27 £0.22
PAP1 119 + 46 116 £18
PAP2 690 + 267 475 + 142
PAP3 57.8+19 26.4 +4.3°

Real time polymerase chain reaction analysis of RNA isolated from
pancreata from young and old rats 24 h after induction of pancreatitis
by sodium taurocholate. All were done against a B-actin control. No
difference in RNAs were found except for pancreatitis-associated protein
(PAP)3 (*P < 0.05, Mann Whitney U test).

35
P < 0.05, ANOVA

=N NWw
o w o [6,] o
T T T T T

C-reactive protein (mg/dL)

o
"
T

o

Young a b c
Age (group)

o
=]

Figure 4 Effect of age on serum C-reactive protein level 24 h after induc-
tion of sodium taurocholate pancreatitis. Data for young vs old animals were
not significantly different and are shown in the text and Table 1. However, when
animals were sorted into young, and subgroups of aged (subgroup a), very aged
(subgroup b) and most aged (subgroup c), a significant increase in C-reactive pro-
tein was seen in the most aged group (subgroup c). ANOVA: Analysis of variance.

O PAPL
PAP2
16K |- "
12K -
£
<
8K |-
b
4K
1 1

Young NaT Old NaT

Figure 5 Western blotting analysis of pancreatitis-associated protein 1 and
pancreatitis-associated protein 2 protein levels from pancreatic tissue 24 h
after induction of sodium taurocholate pancreatitis. Both decreased with age,
with statistical significance in the pancreatitis-associated protein (PAP)1 group (*P
=0.003), and near significance in the PAP2 group (P = 0.06). Units are based on
densitometry and expressed as intensity x area (mm?). NaT: Sodium taurocholate.

5 of 9 young animals with Na'T pancreatitis grew GPC,
while 8 of 9 grew GNR; only one animal had no culture
positive. In the older group, 8 of 19 grew GPC, while 18
of 19 grew GNR; only one had no culture positive.

In order to accurately quantitate bacterial infiltration
of the pancreas, we employed a novel molecular technique
to discern the amount of bacterial genomic ribosomal

RNA (tRNA) in the pancreata. As shown in Figure 9,
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Figure 6 Immunohistochemistry for pancreatitis-associated proteins
(40x) in a young control animal without pancreatitis (A) compared to
pancreatitis-associated protein 1 (B) and pancreatitis-associated protein 2
(C) in young animals 24 h after sodium taurocholate pancreatitis. No stain-
ing is seen in controls, uniform brown colored staining is seen for pancreatitis-
associated protein (PAP)1 (B). Preparation of the slides was done side by side.
A different, heterogenous pattern of staining is seen for PAP2 (C). Note that
islets of Langerhans (arrows) do not stain at all for PAPs in normal animals or
animals with acute pancreatitis.

compared to sham-operated animals, there was an in-
crease in bacterial genomic rRNA in both the young and
old NaT animals, and a more intense amount of bactetial
rRINA in the older animals when compared to young,

DISCUSSION

In the present study, we found that 24 h after induction
of AP, the pancreata of older animals have less edema,
decreased inflammatory response and increased bacterial
infiltration. This is associated with decreased expression of
PAPs as measured by Western analysis and immunohisto-
chemistry. While there were no differences between young
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Figure 7 Immunohistochemical staining for pancreatitis-associated protein 1 and 2, high power (100x). Young animals (A, C) are compared to older (B, D).
A decreased intensity of staining is observed in aging, and while pancreatitis-associated protein (PAP)1 staining in younger animals is uniform, in older animals it is
heterogenous. In contrast, while PAP2 staining patterns are heterogenous in younger animals, they are more uniform in older ones. Note the clumping of PAP2 within
the cells of the younger animals, which is absent in the older group.

PAP2 and leukocytes

Figure 8 Association of pancreatitis-associated protein2 staining with inflammatory infiltrates. A: Immunohistochemical staining in animals 24 h after sodium
taurocholate. The arrow points to intense stromal infiltration near the periphery of intense pancreatitis-associated protein (PAP2) staining (40x); B: Association of PAP2
positive cells with stromal leukocyte infiltration depicted by arrow in A (100x); C: Association of PAP2 positive cells with parenchymal leukocyte infiltration (100x). This

association was not seen for PAP1 (not shown).

and old animals in serum amylase and lipase activity, in the
most-aged subgroup (c), there was an increase in CRPs.
These data suggest that the local response to AP is
less severe in the older animals, and the systemic response
may be worse. PAPs are endogenous protectors against
pancreatic injury"*"¥, and it appears that the decrease in
PAPs may not be related to the decreased inflammatory
infiltrate. As will be described below, the effect may be a
result of an altered balance of PAP 1 and 2. The decrease
of PAPs may also result in increased bacterial infiltration
into the pancreas, and ultimately a worsened outcome.
While the pancreas progressively atrophies with age,
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its reserve capacity results in minimal clinical changes.
Studies comparing baseline and stimulated levels of
pancreatic enzymes have shown no significant differ-
ences™. However, the regenerative capacity of the
pancreas is diminished®?”] as evidenced by decreased re-
covery from pancreatitis. At the molecular level, this has
been attributed to decreased phosphorylation of AKT™",
Very little is known about the aged pancreas in AP.
As we have observed in animals, in humans there seems
to be a blunted local response and an exaggerated sys-
temic one. Fan ¢ al” noted decreased local complications
but increased systemic complications, leading to death.
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Figure 9 Molecular quantitation of bacterial levels in pancreatic tissue in
unoperated controls, sham-operated animals and 24 h after sodium tau-
rocholate pancreatitis. DNA from pancreas was subjected to semiquantitative
polymerase chain reaction (PCR) using probes for the genomic sequences of
bacterial ribosomal RNA. Top Panel shows representative polyacrylamide gels
showing the 370 base pair PCR product; Bottom graph shows quantitated val-
ues from multiple experiments. No differences were seen between controls and
sham-operated animals (not shown). There were significant differences in bac-
terial genomic levels between sham and sodium taurocholate (NaT) animals (*P
< 0.05), and between young and old (°P = 0.008) NaT animals, when percent
increases were compared (Mann-Whitney U test).

Kimura ez a/* described elderly patients with high moz-
tality from AP, but autopsy evidence revealed only mild
interstitial pancreatitis, where the inflaimmation was cen-
tered in the ductal and interstitial tissues regions.

We postulated that as animals age, there would be
loss of protective mechanisms from the pancreas which
would lead to worsened fate after pancreatitis. We fo-
cused on the PAP family since we and others have shown
that they are endogenous proteins which are protective
in AP""'*), We know that expression of other genes of
the PAP family decrease with aging™, and we formulated
experiments to determine whether PAPs decreased too.

We showed that in older rats subjected to NaT, there
is blunted PAP1 and 2 protein response in both Western
analysis and immunohistologic staining patterns. How
does this correlate with the histologic and biochemical
data above?

PAP1’s protective activity may be local or systemic.
Locally, it has both rnitogenicm and anti—apoptoticm ef-
fects, which affect regeneration after pancreatitis. PAP1 is
a known anti-inflammatory agent[1 9 anda potent modula-
tor of lung injury in pancreatitism’m. Its loss with aging
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may worsen the systemic response after acute pancreatitis.

However, our results differ from others who ob-
served increased local inflammatory infiltrates in PAP1
knockout mice'"”. Our model differs not only in that we
employed a different rodent species, but in the fact that
other proteins, such as PAP2, 3 and other inflammatory
modulators, are likely also depressed.

PAP2’s protective activity, on the other hand, is likely
local. It can directly activate macrophages'”, and mac-
rophage activation has been shown to be protective in
pancreatitism’m. PAP2 is a more potent immunomodula-
tor than PAP1™. In our present study we even noted
that PAP2-positive pancreatic cells co-localize with
leukocytes (Figure 8); this was not observed with PAP1.
We also noted a positive correlation of PAP2 with pan-
creatic MPO activity. Activation of macrophages can in-
duce MPO activity”™™, and it is possible that a decrease
of PAP2 will be associated with decreased macrophages
or macrophage activity, which is detrimental for the pan-
creas and host. The decrease in PAP2 may really be the
reason for the decreased leukocyte infiltration seen in
older animals.

Finally, PAP proteins directly interact with bacteria.

They can bind gram-negative'”

ria””, and we have discovered a bacteriocidal action of
PAP1 and 2 (unpublished results). Our data suggest there
i1s more bacterial infiltration in the older pancreata, as
evidenced by increased quantity of bacterial tfRNA. The
blunted PAP responses may result in more acute pancre-

atic infection.

and gram-positive bacte-

Increased bacterial colonization could lead to an
increased systemic response to the injury, which is wors-
ened by decreased PAP1 level. It is possible that PAPs
are endogenous bacteriostatic or bacteriocidal agents that
protect against infection during AP. Whether the loss
of PAP with aging leads to increased clinical pancreatic
infection remains to be seen. To study this, longer term
experiments along with qualitative analysis of bacterial
species will be necessary.

In conclusion, this is the first study to show a physi-
ologic difference in AP between young and old animals,
and the first to show that endogenous pancreatic mol-
ecules are related to the diathesis of the disease. In older
animals, there is decreased edema and leukocyte infiltra-
tion, but increased bacterial infiltration and even serum
CRP level. All are associated with decreased endogenous
PAPs in the pancreas. Further studies are planned on the
direct effect of all three PAPs in modulating the severity
of pancreatitis, by focusing on their local immunomodu-
latory effect and effect on bacterial infiltrates, as well as
the systemic response of the host.
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COMMENTS

Background

Acute pancreatitis (AP) is a disease with significant impact and expense world-
wide. In the United States, the cost is significant, and only recently has the
impact of this disease on the elderly begun to emerge.

Research frontiers

The mechanism that puts the aged pancreas, and aged patient, at risk for se-
verity in pancreatitis is currently being explored. Impaired immune system, host
organ response to the injury or protective mechanisms from the pancreas are
possibilities. A molecular mechanism is the likely source.

Innovations and breakthroughs

The authors recently showed that pancreatitis-associated proteins (PAPs) are
protective in pancreatitis. The authors postulated that their expression would be
depressed in elderly animals with pancreatitis, resulting in worsened disease.
Applications

By understanding how PAPs affect the outcome of pancreatitis, the authors
suggest that physicians can then employ strategies to enhance their expression
in elderly patients with the disease and prevent complications. The authors also
employed a new way of monitoring the infiltration of bacteria into the pancreas
using polymerase chain reaction (PCR), which is much more sensitive than
culture techniques.

Terminology

PAPs are members of the Reg family of pancreatic regenerative proteins. They
have been shown to be important in pancreatic disease, including AP and gas-
trointestinal malignancies. Expression was monitored by standard techniques
such as Western blot and immunohistochemical staining, as well as PCR.
Myeloperoxidase and monocyte chemotactic protein-1 analysis was used to
monitor inflammation. Bacterial infiltration was monitored by PCR, using their
16s ribosomal RNA as the unique target.

Peer review

The overall goal of the paper is relevant. The data presented are solid and
credible. The results are interesting and clinically important.
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