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Inflammatory Mechanisms Contributing to Pancreatic
Cancer Development

Buckminster Farrow, MD,* Yuko Sugiyama, MD,* Andy Chen, BS,* Ekong Uffort, BS,*
William Nealon, MD,* and B. Mark Evers, MD*†

Objective: Pancreatic cancer is the most deadly of all gastrointes-
tinal (GI) malignancies, yet relatively little is known regarding mech-
anisms of tumor development including the role of inflammation.
Summary Background Data: Chronic pancreatitis (CP) increases
the risk of developing cancer by 10- to 20-fold; mediators of the
chronic inflammatory process and the surrounding fibrotic stroma
likely support a transformation to malignancy, yet the exact mech-
anisms remain undefined. The purpose of our present study was to
determine potential inflammatory components in epithelial and stro-
mal cells that may contribute to both CP and pancreatic cancers.
Methods: Specimens of normal pancreas, CP, and pancreatic cancer
were examined using laser-capture microdissection (LCM), gene
array, and immunohistochemistry.
Results: Gene array analysis from LCM-dissected tissues demon-
strated: (i) increased expression of interleukin-8 (IL-8), an activator
of the inflammatory factor nuclear factor-�B (NF-�B), and (ii)
decreased expression of I�B (an inhibitor of NF-�B) in CP ductal
cells compared with normal ducts. Compared with CP, cancers
demonstrated: (i) increased expression of tumor related genes in-
cluding S100A4, cyclin E1, and epidermal growth factor (EGF)
receptor, and (ii) expression of matrix metalloproteinase 2, a pro-
invasive factor for tumor cells, which was not present in the CP
stroma. Increased staining of both the p50 NF-�B subunit and IKK�

kinase (a protein that allows activation of NF-�B) was noted in CP
and cancers.
Conclusions: Our results demonstrate that similar inflammatory
components and downstream effectors are present in CP and pan-
creatic cancers. Importantly, these findings suggest that a common
pathway for pancreatic cancer development may be through a
chronic inflammatory process including stroma formation. These

findings may lead to novel strategies for pancreatic cancer prophy-
laxis based on inhibition of inflammatory mediators.

(Ann Surg 2004;239: 763–771)

The causative link between chronic inflammation and can-
cer was described nearly 200 years ago by the French

Surgeon Jean Nicholas Marjolin when he noted the develop-
ment of squamous cell carcinoma at the site of a chronically
inflamed open wound.1 Since that initial description, a variety
of inflammatory diseases have been recognized as contribut-
ing to the development of cancer, including several cancers of
the gastrointestinal (GI) tract. For example, there is increased
risk of colorectal carcinoma in patients with inflammatory
bowel disease involving the colon,2 and this risk appears to
increase with the severity of the inflammation and a longer
duration of illness.3–5 Further, antiinflammatory medications
can decrease the risk of colorectal cancer,6,7 thus chemopre-
ventive strategies may be uniquely effective against tumors
that arise from chronic inflammation, especially for diseases
that currently lack effective therapies. Pancreatic cancer is the
fourth leading cause of cancer death in the United States;8

surgical resection offers the only possibility for cure, yet
fewer than 15% of patients are candidates for tumor resection
at the time of diagnosis.9,10 The lethality of this cancer is
related to its rapid growth and propensity to invade adjacent
organs and metastasize; novel strategies that can halt the
progression of premalignant conditions will provide the most
effective treatments to improve the prognosis of pancreatic
cancer.

Various genetic alterations have been reported in pan-
creatic cancers;11–14 however, relatively few studies have
assessed inflammatory components that may play a more
critical role in pancreatic cancer development. Chronic pan-
creatitis (CP) significantly increases the risk of developing
pancreatic cancer,15–17 which suggests chronic inflammation
within the pancreas may be a predisposing factor to the
development of cancer. Nuclear factor-�B (NF-�B) and in-
terleukin-8 (IL-8) are key mediators of the inflammatory
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process in CP;18 both have been implicated in the develop-
ment of other malignancies.19,20 The exact mechanisms and
inflammatory mediators that link CP and pancreatic cancer
remain undefined.

A dense fibrotic stroma that forms around the remain-
ing acinar cells in CP contains inflammatory cells, prolifer-
ating fibroblasts, and cytokines. Similarly, pancreatic cancer
induces a strong desmoplastic reaction that may provide a
source of inflammatory mediators and growth factors to
support tumor growth and metastases.21 This stroma is com-
posed of the same cell types in both CP and pancreatic
cancer, thus it may provide a source of cytokine expression
and growth factors which facilitates the development and
progression of pancreatic cancer from CP. The inflammatory
mediators that lead to the development of cancer remain
undefined.

We have previously shown that inhibition of NF-�B
can sensitize pancreatic cancer cells to apoptosis,22 and acti-
vation of NF-�B is an important mediator of pancreatic
inflammation.23 NF-�B activity has also been recognized as a
key regulator of tumor cell growth and sensitivity to apopto-
sis.24 The purpose of our present study was to analyze normal
pancreas, CP, and pancreatic cancer (cancer cells and sur-
rounding stroma) to determine potential inflammatory com-
ponents that may contribute to both CP and pancreatic can-
cers. We demonstrate here that components of the NF-�B
pathway are highly expressed in both CP and pancreatic
cancer, while markers of pancreatic adenocarcinoma were
found only within the tumor tissue. Additionally, cells within
the tumor stroma expressed growth factors and pro-invasive
agents that could facilitate the aggressiveness typically seen
with pancreatic cancer. Further study of inflammatory mech-
anisms of pancreatic cancer development may identify new
targets for effective chemoprevention and improve the prog-
nosis of pancreatic cancer.

MATERIALS AND METHODS

Materials
The PixCell II LCM system (Arcturus Engineering,

Mountain View, CA) was used for laser capture microdissec-
tion. RNaeasy and RLT lysis buffer were purchased from
Qiagen (Valencia, CA). DNase I was purchased from Roche
(Basel, Switzerland). The AmpoLabeling-LPR kit and the
Human Cancer Pathway Finder Gene Array were purchased
from Superarray Bioscience (Frederick, MD). Primary anti-
bodies recognizing the NF-�B subunit p50, IKK kinase,
epidermal growth factor (EGF), or EGF receptor (EGFR)
were purchased from Santa Cruz Biotechnology (Santa Cruz,
CA). The DAKO EnVision�System, Peroxidase(DAB)Kit
was purchased from DAKO Corporation (Carpinteria, CA).

Tissue Specimens
Pancreatic tissue was obtained under an IRB-approved

protocol from patients undergoing pancreatic resection. Two
specimens of histologically normal pancreas were obtained
from resections performed for a diagnosis (ie, serous cysta-
denoma) other than CP or pancreatic cancer. CP tissue was
taken from resections performed due to extensive disease
within the head of the pancreas; no malignancy was identified
in any of these 9 specimens. Pancreatic cancer specimens
(n � 11) were all confirmed to be moderate or poorly
differentiated adenocarcinomas by a pathologist. Specimens
were either fixed within 24 hours and embedded in paraffin
(for immunohistochemistry) or snap frozen in liquid nitrogen
immediately after resection (for gene array analysis and
immunohistochemistry) and stored at �80°C.

Laser Capture Microdissection (LCM)
Specimens of CP or pancreatic cancer tissue were cut

into sections (10-�m thickness) and mounted on uncoated
glass slides. Before LCM, sections were fixed in 70% ethanol
for 1 minute at a room temperature, followed by stepwise
dehydration with 95% ethanol twice and 100% ethanol twice
for 1 minute, and incubation in xylene for 1 minute at a room
temperature. After the sections were air-dried, cancer cells or
ductal cells from CP tissue and stromal cells were selectively
microdissected by the PixCell II LCM system as we have
done previously.25,26

Isolation of RNA and Gene Array Analysis
Laser-captured cell nests or normal pancreatic tissue

was resuspended with RLT lysis buffer, and total RNA was
extracted using the RNeasy Kit according to the manufactur-
er’s protocol. During this step, DNase I was added to remove
any contaminating genomic DNA. Total RNA was amplified
and used to synthesize cDNA probes for gene array analysis
using the AmpoLabeling-LPR kit. Microarray analysis was
performed using the Human Cancer Pathway Finder Gene
Array according to the manufacturer’s protocol. Briefly, bi-
otinylated cDNA probes were hybridized to membranes that
contain complementary sequences from 96 genes related to
cancer growth, cell cycle regulation, and metastases. Mem-
branes were washed after overnight hybridization, and signals
were detected using a nonradioactive chemiluminescent de-
tection system. Images were obtained using a digital camera
and quantitated using GE array analyzer software. Compari-
sons of expression were performed after background levels
were subtracted and values were normalized to housekeeping
gene expression (GAPDH and �-actin) on each array.

Immunohistochemistry
Paraffin-embedded tissue or frozen tissue embedded in

OCT compound was sectioned and mounted on glass slides.
After protein denaturation, slides were incubated with pri-
mary antibodies to the NF-�B subunit p50, IKK kinase, EGF,
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or EGFR. Immunostaining was detected using the DAKO
EnVision�System, Peroxidase(DAB)Kit according to the
manufacturer’s protocol.

RESULTS

Expression of Pro-Inflammatory Cytokine IL-8
Is Increased in CP

To determine the expression of inflammatory factors in
CP, compared with normal pancreatic tissue, gene array analysis
was performed using RNA from LCM-dissected tissues. Expres-
sion of IL-8 was increased more than 9-fold in the cells isolated
from CP tissue when compared with normal pancreatic tissue
(Fig. 1). IL-8 is an activator of the inflammatory factor NF-�B,27

which suggests NF-�B activity is high in CP tissues. Addi-
tionally, gene array analysis demonstrated decreased expres-
sion of I�B (an inhibitor of NF-�B) in CP ductal cells
compared with normal ducts, further supporting the possibil-
ity that NF-�B activity increased with CP.

Activators of NF-�B Are Expressed in Both CP
and Pancreatic Cancer

Gene array analysis demonstrated increased IL-8 ex-
pression in CP, which can activate NF-�B. NF-�B activation
requires the expression of its subunits as well as the kinases
that permit its translocation to the nucleus where it induces
transcription of pro-inflammatory and oncogenic factors.28

To determine whether the key components of the NF-�B
pathway are expressed in normal pancreatic tissue, CP, or
pancreatic cancer, immunohistochemical staining was per-
formed on all specimens collected (Fig. 2). Increased staining
of both the p50 NF-�B subunit and IKK� kinase (a protein
that allows activation of NF-�B) was noted in CP and
cancers; in contrast, minimal to no staining was identified in
normal pancreas. The staining of p50 and IKK was seen
predominately in the acinar and ductal cells in CP or tumor
cell cancers; there was minimal staining in the fibrotic stroma
or tumor stroma. Taken together with the results of the gene
array, we demonstrate that increased NF-�B activity differ-
entiates normal pancreatic tissue from CP and pancreatic
cancer.

Expression of Tumor-Related Genes Is
Increased in Pancreatic Cancer

We hypothesize that inflammatory mediators are ex-
pressed in early stages of malignant progression, which then
give rise to expression of specific oncogenes that stimulate
pancreatic cancer growth and metastases. To determine whether
these oncogenic factors are expressed in tumor cells but absent
in benign tissues, we again used gene array analysis to simulta-
neously measure the expression of multiple genes. Compared
with CP or normal tissue, cancers demonstrated an increased
expression of tumor-related genes including S100A4, cyclin E1,
and EGFR (Fig. 3), which activates NF-�B.29 The calcium-
binding protein S100A4 (also known as mts-1) is expressed in
most pancreatic cancer cell lines and invasive pancreatic carci-
nomas, but not in normal tissue or early intraductal neoplasia;30

this correlates well with our finding of higher expression only in
the tumor cells. Cyclin E1 expression was highest in tumor cells,
but it was also elevated in ductal cells from CP tissue compared
with normal pancreatic cells. Additionally, expression of the
cyclin-dependent kinase (cdk) inhibitor p27kip1 was highest in
CP cells and nearly absent in normal and tumor cells, which
suggests the chronic inflammatory state seen in CP stimulates
cell growth. This stimulation, as indicated by cyclin E1 expres-
sion, is also present in tumor cells, but regulation by inhibitors of
the cell cycle (eg, p27kip1) may be lost in tumor cells, allowing
them to proliferate rapidly. Finally, the expression of EGFR was
higher in tumor cells compared with ductal cells in CP. When
stimulated by its ligand (ie, EGF), EGFR activates signaling
pathways that are important for pancreatic cancer growth.31

Taken together, our gene array results demonstrate that factors
known to stimulate growth and metastases in pancreatic cancer
are more highly expressed in tumor cells compared with normal
ductal cells or ductal cells from CP.

MMP-2 and EGF Are Expressed in Tumor
Stroma

The dense fibrosis found in CP closely resembles tumor
stroma seen with pancreatic carcinoma histologically, but the

FIGURE 1. IL-8 expression is increased, and I�B expression is
decreased in ductal cells from CP compared with normal
pancreatic tissue, based on gene array analyses.
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interrelationship between these mesenchymal cells and pan-
creatic cancer cells is poorly understood. To determine pat-
terns of gene expression within the fibrosis found in CP and
tumor stroma, we performed gene array analysis using RNA
isolated by LCM from the stromal cells surrounding the CP
and pancreatic cancers. These expression patterns were also
compared with our previous gene array results comparing
normal ductal cells and pancreatic cancer cells to determine
whether the expression patterns differ between epithelial cells
and mesenchymal cells. The tumor stroma cells had increased
expression of matrix metalloproteinase 2 (MMP-2), a pro-
invasive factor for tumor cells,32 when compared with stro-
mal cells found in CP (Fig. 4A). NF-�B can increase MMP-2
expression,33 thus further supporting the hypothesis that in-
flammation may facilitate the development and progression
of pancreatic cancer. Additionally, expression of EGF, which
can activate NF-�B,29 was increased in the tumor stroma
when compared with either tumor cells or the mesenchymal
cells in CP. Conversely, expression of the EGFR was higher
in tumor cells than in the stroma or ductal cells in CP tissue
(data not shown). This pattern of expression suggests a
mitogenic relationship between tumor stroma and the adja-
cent cancer, as EGF is produced within the tumor stroma and
activates the EGFR on the surface of tumor cells.

To further confirm the expression of EGF and EGFR in
pancreatic cancer and the surrounding stroma, we performed

FIGURE 3. Mediators of tumor growth and invasion are more
highly expressed in pancreatic cancer compared with CP
based on gene array analyses.

FIGURE 2. Expression of the NF-�B subunit p50 and activating kinase IKK are increased in CP and pancreatic cancer as shown by
the brown immunohistochemical staining.
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immunohistochemistry on pancreatic cancer tissue. Staining
of EGFR was seen predominately in tumor cells and not in
the surrounding stroma, which is consistent with our gene
array results (Fig. 4B). Staining of EGF was seen in both
stroma and cancer cells, although its activity is dependent on
the presence of the EGF receptor, which was found almost
exclusively on tumor cells. Together, these findings suggest
that the fibrotic stroma that results from chronic inflammation
may provide a source of growth factors and proteases that
facilitate pancreatic cancer growth and invasion.

DISCUSSION
The link between inflammation and the development of

cancer has been recognized for a number of years. In 1863,
Rudolf Virchow noted leukocytes in neoplastic tissue and
suggested that this reflected the origin of cancer at sites of
chronic inflammation.34 In pancreatic cancer, inflammatory
mediators, including NF-�B, cyclo-oxygenase-2, and TNF�
are known to facilitate tumor cell growth and metastasis;19

however, the importance of inflammation as the origin of
pancreatic cancer development has not been described.

We demonstrate in this study that inflammatory medi-
ators, most notably NF-�B, are expressed in pancreatic can-
cer cells and in CP, which is a strong risk factor for the
development of pancreatic cancer.15,16 Up-regulated or con-
stitutive expression of NF-�B has been identified in many
forms of cancer including other GI malignancies such as
colorectal cancer and hepatocellular carcinoma.20 Activated
RelA, a subunit of the active NF-�B complex, is constitu-
tively activated in human pancreatic cancer specimens when

compared with normal pancreatic tissue.35 Activation of
NF-�B inhibits induction of apoptosis in pancreatic cancer
cells36 and can activate signaling pathways that stimulate
pancreatic cancer cell growth,29 thus suggesting an important
role for NF-�B in the progression of pancreatic cancer.

In CP, this activation of NF-�B is likely due to cyto-
kines (ie, IL-8) and other components of the chronic inflam-
matory response, most notably reactive oxygen species.37

The chronic inflammatory process leads to activation of
stellate cells and the development of pancreatic fibrosis,
which consists of an inflammatory infiltrate and proliferating
mesenchymal cells. The combination of NF-�B expression in
ductal cells and the presence of this inflammatory stroma
create a cellular milieu rich in growth factors that favor the
proliferation of hyperplastic cells which may have been
mutated from exposure to reactive oxygen species and cyto-
kines. Consistent with this hypothesis, previous investigators
have shown that NF-�B activates cyclin D1 expression, a
regulatory protein that promotes cell cycle activity.38 In our
present study, we found that expression of another activator
of cell cycle progression, cyclin E1, is increased in CP ductal
cells when compared with normal cells. The increased ex-
pression of cyclin E may induce cell proliferation, depending
on the expression of the cell cycle inhibitors such as p27kip1,
which is also increased in CP. Coexpression of p27kip1 and
cyclin E1 may prevent cyclin E1-induced proliferation in CP
ductal cells, however the expression of cyclin E1 remains
high in tumor cells and expression of p27kip1 is reduced,
which favors cell proliferation.

FIGURE 4. Tumor stroma contains
high expression of EGF and MMP-2
compared with pancreatitis stroma
based on gene array analyses (A); im-
munohistochemistry staining for EGF
or EGFR (shown in brown) demon-
strated EGF expression predominantly
in tumor stroma and EGFR expression
predominantly in tumor cells. Only
genes with greater than 2-fold change
were considered significant. (B) Fro-
zen tissue from pancreatic cancer
specimens were sectioned, mounted
on slides, and immunostained for epi-
dermal growth factor (EGF), or EGF
receptor (EGFR). Staining was de-
tected using a horseradish peroxidase
technique as described in Methods.
Positive expression of either EGF or
EGFR is shown in brown (arrows).
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Our findings also suggest potential mechanisms for a
role of the fibrotic stroma in pancreatic cancer progression. In
pancreatic cancer specimens, EGF expression was higher in
the tumor stroma than in either cancer cells or fibrotic stroma
from CP. Further, expression of EGFR was predominately in
tumor cells, where activation of signaling pathways down-
stream from EGFR can stimulate pancreatic cancer cell
growth and invasion. Thus the tumor stroma may provide a
source of critical growth factors, such as EGF, to facilitate the
aggressive biologic behavior of pancreatic cancer. The im-
portance of EGF in regulating pancreatic cancer cell growth
is well established. Treatment with inhibitors to EGFR result
in sensitization to other apoptosis-inducing drugs39 and the
concomitant presence of EGFR and its ligand EGF is asso-
ciated with enhanced tumor aggressiveness and shorter sur-
vival periods after tumor resection.40 Additionally, activation
of EGF signaling in transgenic mouse pancreata produces
pancreatic tumors that closely resemble human pancreatic
adenocarcinoma in terms of histology, aggressiveness, and
lethality.41 In this study, we have identified the inflammatory
tumor stroma as a possible source of EGF, further suggesting
the importance of inflammation in pancreatic cancer devel-
opment.

Expression of MMP-2 was increased in tumor stroma
when compared with CP, which further links NF-�B activa-
tion and pancreatic cancer. MMP-2 is a key regulator of
pancreatic cancer cell invasion and formation of metastases.42

In vitro studies have also shown that NF-�B can induce
MMP-2 expression after stimulation with reactive oxygen
species.33,43 We have shown previously that inhibition of
MMP-2 expression in pancreatic cancer cells is associated
with reduced invasiveness.44 Also expression of MMP-2
correlates with the amount of desmoplastic reaction within
pancreatic tumors,45 which provides a potential mechanism
for NF-�B–induced stroma formation. The close interaction
between MMP-2 and NF-�B and the importance of both in
regulating pancreatic cancer invasiveness further support a
significant role for inflammation in the development of pan-
creatic cancer.

Results of our study as well as others46,47 suggest a
progression of pancreatic cancer that begins with the estab-
lishment of chronic inflammation. Pancreatic inflammation is
associated with reactive oxygen species production, cytokine
release, and up-regulation of pro-inflammatory transcription
factors (ie, NF-�B). Mediators of the inflammatory response
can induce genetic damage, cell proliferation, and inhibition
of apoptosis in the pancreas. The inflammation also induces
stroma formation that can facilitate the growth of transformed
cells through secretion of EGF and production of proinvasive
factors (eg, MMP-2).

In conclusion, we demonstrate that inflammatory me-
diators are expressed in CP and pancreatic cancer, providing
a potential explanation for the higher rate of pancreatic cancer

found in patients with CP. Further studies will more clearly
elucidate other important inflammatory mediators that acti-
vate key components of malignant transformation in the
development of pancreatic cancer. Aspirin, an inhibitor of
many inflammatory mediators, has already been shown to
decrease the incidence of pancreatic cancer.48 We expect that
as the link between chronic inflammation and pancreatic
cancer becomes more established, other antiinflammatory
agents can be tested to determine their effectiveness in halting
the progression of pancreatic cancer. Early intervention is
likely the best strategy to improve the prognosis of this
devastating disease.
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Discussions
DR. HENRY A. PITT (MILWAUKEE, WISCONSIN): This paper

by Drs. Farrow, Evers, and colleagues from Galveston clearly
establishes at the molecular genetic level, a link between
chronic inflammation and pancreatic cancers. The authors
have shown that NF-�B plays a key role in this process, and
they have confirmed that epidermal growth factor and matrix
metalloproteinase 2 also are important in tumor growth and
invasion. These observations are likely to lead to new strat-
egies for cancer prevention, one of the ultimate goals in
medicine.

My first question relates to the patients that you have
studied. You analyzed tissue from only 2 patients with a
normal pancreas. Is this number sufficient for to you be
comfortable that your findings are generalizable, or do you
need more patients in this category?

In comparison, you had 9 patients with CP and 11 with
pancreatic cancer. Were these patients similar with respect to
age, gender, diabetes, and other factors that may have influ-
enced your results?

In addition, a subset of patients with CP has recently
been described who have lymphoproliferative sclerosing pan-
creatitis. These patients have a more active inflammatory
response than the average patient with CP. Do you know
whether any of your CP patients had this variety of the
disease?

One of the interesting negative findings from your
analysis is that TNF� was not upregulated in either your CP
or your pancreatic cancer patients. TNF� is known to facil-
itate pancreatic tumor cell growth and metastases; therefore,
were you surprised that you did not find alterations in TNF�?
Or do you have any technical explanation for the negative
observations?

Both CP and pancreatic cancer involve intra- and
peripancreatic nerves, with pain being a common symptom
for both diseases. I know that you focused in the latter part of
your presentation on stroma rather than on the tumor cells.
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Would you speculate, however, as to whether any of your
findings provide any insight regarding the interaction among
inflammation, pancreatic nerves, and pancreatic cancer?

Finally, I agree with your observations that they are
likely to lead to new strategies for prevention rather than for
treatment. Would you speculate, however, as to whether
COX-2 inhibitors, amino-salicylates, anti-growth factor
drugs, or anti-metalloproteinase medications are most likely
to be successful in preventing cancer?

DR. DAVID J. COLE (CHARLESTON, SOUTH CAROLINA): I
appreciate the opportunity to discuss this interesting paper. I
would like to congratulate the authors on what is an excellent
and I believe timely study addressing molecular pathogene-
sis, or at least initial insights into that topic, related to
pancreatic cancer. It is clear, given the static and currently
dismal outcomes related to the treatment of pancreatic cancer,
that novel insights, and therefore novel treatments, are going
to be required before we can make substantive gains in the
treatment of this disease.

Currently there is an increasing array of molecular
techniques, hopefully insights, as a result of the completion of
human genome project, which provides tools for addressing
molecular pathogenesis. The strength of this study is that
these investigators have started to apply these tools as a first
step from which subsequent studies can hopefully have im-
pact on the treatment of this disease. I have several questions
for the authors.

Similar to our first discussant, 2 normal specimens is a
fairly small sample size. My question is, is this enough for a
comparative analysis? Especially when the differential ex-
pression is not a hundred-fold difference, but 6- to 9-fold.
Similarly, were you able to confirm, given the vagaries of
quantitation of microarray analysis, the actual RNA by dif-
ferent techniques; for example, PCR confirmation, Western
blot, and so forth?

Secondly, did you look at other antiinflammatory or
inflammatory mediators? One example might be cyclooxy-
genase 2. I did not see any commentary on that topic. Clearly
you did a full microarray analysis, but you focused on
specific mediators. Were there clearly any other genes that
were elevated or suppressed in your analysis?

Finally, do you have any actual evidence that NF-�B
has a causative effect with respect to the pathogenesis of
pancreatic cancer as opposed to relational presence in the
presence of inflammation?

DR. DAVID W. MERCER (HOUSTON, TEXAS): This inter-
esting paper examines the link between CP and the develop-
ment of pancreatic cancer. I would like to compliment the
authors on an excellent paper presentation, for providing me
a copy of the manuscript, and for their novel observations that
may possibly identify therapeutic targets for the treatment of

patients at risk for developing pancreatic cancer. I do have
several questions, and some of these are shared by the other
discussants.

My first question relates to patient demographics. There
really weren’t any demographics presented in the manuscript.
I wonder, especially since a lot of these patients have pain
and are on salicylates or nonsteroidals, which have been shown
to decrease the incidence of pancreatic cancer, whether any
of these patients were on these medications as part of their
treatment?

Secondly, as I looked at the immunohistochemical
stainings for the NF-�B, it looked to me as though the P-50
subunits were in the cytosol and not in the nucleus. In order to
have transcriptional activity, these subunits need to be located in
the nucleus. I wonder if you would comment on that.

Along those lines, transcriptional activity requires het-
erodimers. P-50 or P-65 homodimers usually don’t have
transcriptional activity. Have you shown that heterodimers
exist, or are these just P-50 homodimers?

Thirdly, as the other discussant inquired, were COX-2
and TNF� included on your chip array; if so, did they
change?

Lastly, with regards to the MMPs, I think that is a very
intriguing observation. However, there are other things that
go along with gelatinases. One, there are other gelatinases
involved, and were these measured?

Secondly, did you correlate that with gelatin zymogra-
phy or in situ zymography to see if these changes in transcrip-
tion correlated with changes in activity of these gelatinases?

Lastlly, when assessing MMP activity, you also have to
look at the activity of endogenous tissue inhibitors of MMPs
or TIMPs, to see if they change. If both MMP and TIMP
activity increase simultaneously, there probably isn’t any
significant change in net activity. Therefore I think it is
important that you look at both.

DR. J. PATRICK O’LEARY (NEW ORLEANS, LOUISIANA): I
wonder which is the chicken and which is the egg? Are you
proposing that these are causative or simply the result of the
destructive process that occurs in the pancreas?

With regard to the MMPs, they also can be elevated in
the diffuse inflammatory process. They can also be elevated
in the presence of overgrowth of bacteria in the gut. I wonder
if this might be a part of the process. So my basic question is:
Is it causative or just the result of the tumor growth?

DR. BUCKMINSTER FARROW (GALVESTON, TEXAS): Thank
you to all the discussants for their insightful questions and
comments.

Both Dr. Pitt and Dr. Cole asked about our use of only
2 normal specimens for comparison in the study. We used
fairly strict criteria as to what we consider normal. We used
pieces of pancreatic tissue that had no other malignant diag-
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noses in them, including no IPMNs and no forms of pancre-
atitis, and we found very few specimens that fit that stringent
criteria. However, in all the comparisons that we did, the
analysis remained the same. So we feel that those are suffi-
cient for now, and we certainly continue to build our database
of tissue to try to further enhance our data set.

Secondly, both Dr. Pitt and Dr. Mercer asked about our
patient populations. In general, our patient populations with
CP and pancreatic cancer in Galveston are from the same
mold. We don’t see a lot of things outside the typical age and
sex demographics for both those diseases. So we feel that
these results would be somewhat applicable to the population
as a whole.

Third, Dr. Pitt, you asked about the lymphoproliferative
variant of CP. We saw none of that in the samples that we
used for this analysis.

Fourth, the question about TNF�. That was included in
our array, and we did not see any significant differences in the
specimens between the CP and pancreatic cancer nor in the
stroma specimens in terms of the TNF� expression. This may
be because there really is no difference, or it may be due to
our microdissection technique. We very carefully selected
only epithelial and stroma cells and did not dissect any
lymphoid cells that could be producing TNF and that could be
confounding the true situation in the biological setting.

The next question was about nerve cells and their role
in this. We actually have research ongoing looking at the
importance of perineural invasion, the role of inflammation,
and whether or not that can facilitate perineural invasion, but
we have not necessarily looked specifically at nerve cell gene
expression in this study. I will say that I think that it is
definitely consistent with our hypothesis that ongoing inflam-
mation in both CP and pancreatic cancer could be causing
pain in both these patients, and it may be inflammatory
mediators causing pain in both the clinical situations.

Finally, the question about prophylaxis with antiinflam-
mable medications. As you pointed out, the use of salicylates
to inhibit COX-2 has already been described for other tumors.
We feel that this may be helpful in preventing pancreatic
cancer, and some preliminary population-based studies have
shown that.

However, there are also a lot of other targets, including
NF-�B, that we feel are very important, and a lot of new
inhibitors coming out that could be very effective through

inhibition of NF-�B. In addition, we have done some work
with PPAR-�, which is an antiinflammatory transcription
factor. Not only does it modulate tumor growth, but there is
also a lot of description in the literature about the way
PPAR-? activation can inhibit both pancreatic and hepatic
fibrosis. It would be interesting to speculate whether inhibit-
ing that activity may inhibit the development of the stroma
seen in CP and in pancreatic cancer, and provide another way
to prevent both these diseases.

Dr. Cole, you asked about studies in addition to our
gene array data. We are still working on perfecting our
technique of LCM to try to get suitable levels of protein to be
able to do further studies such as Western blotting. As we
perfect that technique, we certainly hope to have more infor-
mation.

In regards to other inflammatory mediators. I have
already mentioned that TNF� expression was unchanged.
COX-2 is also included on this gene array, and we did not see
any significant changes between CP and pancreatic cancer.

In regards to Dr. Cole’s last question, that I think Dr.
O’Leary was alluding to in his question about NF-�B and
whether there is really a causative effect here, I think that is
obviously the key question. And what we hope to do is take
this study further and develop models of pancreatic cancer
based on NF-�B overexpression to truly test whether or not
we can drive the formation of malignancy through sufficient
expression and inflammatory mediators.

Dr. Mercer mentioned about the immunohistochemistry
and the NF-�B subunit P-50. We did see, as he mentions,
expression in the cytoplasm and not necessarily nuclear
translocation. We are still looking at that more specifically
and actually trying to develop better techniques for determin-
ing whether or not NF-�B activity is truly active at the
transcriptional level in these tissues. Of note, we did also look
at P-65 expression, which we did find in most samples, but
there is not a significant difference between the tissue types,
which is why we haven’t reported that specifically in the
presentation.

In regards to MMPs, there was only 1 other MMP listed
on this array, which we didn’t see a lot of change with. As I
mentioned before, as we perfect our protein extraction tech-
niques through LCM, we hope to be able to do other things
like gelatin zymography to further enhance the results of our
study.
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