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Abstract
Background—It has recently been suggested that overexpression of palladin in sporadic
pancreatic cancer may contribute to pancreatic cancer’s invasive and migratory abilities. This
hypothesis was based on reverse transcriptase-polymerase chain reaction analyses of bulk
pancreatic tissue, yet pancreatic cancer is a complex admixture of neoplastic epithelial cells and
desmoplastic stroma.

Design—Immunohistochemical labeling of tissue microarrays was used to define the patterns of
palladin protein expression in 177 ductal adenocarcinomas of the pancreas. Western blot analysis
was used to determine the epitope(s) of palladin recognized by the antibody as well as the relative
levels of palladin expression in short-term cultures of stromal fibroblasts, non-neoplastic ductal
cells and pancreatic cancer cell lines.

Results—Immunolabeling revealed that the palladin protein was strongly overexpressed in non-
neoplastic stromal cells in 171 (96.6%) of the 177 evaluable pancreatic cancers. By contrast, the
overexpression of palladin protein by the neoplastic epithelial cells relative to normal pancreatic
epithelium was observed in only 22 (12.4%) of the 177 cancers. Western blot analysis confirmed
that the antibody recognizes the ~90 kDa isoform of palladin, and demonstrated that fibroblast cell
lines had higher expression of palladin than pancreatic cancer cell lines.

Conclusions—The overexpression of palladin relative to normal pancreas in the majority of
pancreatic cancers is limited to non-neoplastic stromal cells. This observation highlights the
limitations of relying on bulk tissues when analyzing gene expression. Since palladin is not
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overexpressed in most pancreatic cancer cells, the overexpression of palladin is not likely to be
responsible for pancreatic cancer cells invasive and migratory abilities.
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Introduction
Linkage analysis performed on a large kindred with multiple pancreatic cancers suggested
that a familial pancreatic cancer gene may be present on chromosome 4q32-34.1 Pogue-
Geile et al. used a two-pronged approach to discover this gene. First, they hypothesized that
abnormalities in the expression of genes within the area of linkage on 4q32-34 may help
localize the putative familial pancreatic cancer gene.2 They therefore created a custom built
mRNA expression microarray with clones representative of the genes in the area of linkage
on 4q32-34.2 They then utilized these arrays to evaluate gene expression levels in bulk
normal pancreas, in bulk pancreatic cancer tissue, and in pancreatic intraepithelial neoplasia
(PanIN) lesions.2 The second approach they took was to sequence multiple candidate genes
within the area of linkage on 4q32-34.2

Pogue-Geile et al. found a sequence alteration in the PALLD gene that tracked with the
disease phenotype in the kindred with linkage.2 This base pair change caused a proline to
serine amino acid change in palladin, the protein coded for by the PALLD gene, suggesting
that the sequence alteration may have functional consequences. Interestingly, the amino acid
change discovered by Pogue-Geile et al. is modeled to be in the protein region that
specifically interacts with alpha-actinin.2,3 They functionally demonstrated that when
mutant palladin was expressed in Hela cells, it acted in a dominant negative fashion by
disrupting normal stress fiber organization, although it is unclear exactly how disruption of
microfilaments could explain a putative contribution to carcinogenesis.2 Remarkably, the
gene expression studies conducted by Pogue-Geile et al. also revealed abnormalities in
PALLD mRNA expression.2 Utilizing reverse transcriptase-polymerase chain reaction (RT-
PCR), PALLD mRNA expression was found to be increased in bulk samples of sporadic
pancreatic cancer relative to bulk samples of normal pancreas. The non-neoplastic
www.landesbioscience.com Cancer Biology & Therapy 325 pancreatic parenchyma adjacent
to infiltrating cancer and microdissected PanIN lesions also showed elevated levels of
PALLD mRNA expression.2

These findings led Pogue-Geile et al. to propose that PALLD gene mutations cause familial
pancreatic cancer, and that the overexpression of palladin, the protein product of the PALLD
gene, may “be responsible for or contribute to the tumor’s strong invasive and migratory
abilities.2”

These experiments, however, relied on bulk pancreatic tissues and a method (RT-PCR) that
doesn’t provide topographical information. The tumor formed by pancreatic ductal
adenocarcinoma is a complex admixture of entrapped normal pancreas, non-neoplastic
fibroblasts, vessels, inflammatory cells and neoplastic epithelial cells.4 Only a minority of
the cells in a pancreatic cancer are actual neoplastic cells (Fig. 1A). Studies of gene
expression patterns in pancreatic cancer should be based on a firm understanding of this
pathology, and should utilize methods that allow the investigator to correlate expression
with cell morphology. For example, apolipoprotein C-1, apolipoprotein D, SPARC and
MMP11 are significantly overexpressed in microarray analysis of “bulk” cancer specimens,
but when examined utilizing methods that localize gene expression to specific cell types, the
expression of these genes can be seen to be exclusively localized to the non-neoplastic
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stromal elements.5–7 In fact, studies by Iacobuzio-Donahue et al. have defined distinct
compartments of aberrant gene expression in the peritumoral stroma, including the
angioendothelium, stromal cells immediately adjacent to the invasive neoplastic epithelium,
and stromal cells distant from the invasive neoplastic epithelium, underscoring the critical
importance of topographical tissue validation for novel gene markers.7

We therefore examined palladin protein expression in a large series of well-characterized
infiltrating ductal adenocarcinomas of the pancreas using immunohistochemical labeling.

Methods
Patients

The 177 patients represented in the tissue microarrays employed in this study underwent
pancreaticoduodenectomy at Johns Hopkins Hospital between 1998 and 2003. This study
was approved by the Institutional Review Board of The Johns Hopkins Medical Institutions
(JHMI).

Immunohistochemical labeling
The expression of palladin protein was examined utilizing immunohistochemical labeling of
tissue microarrays (TMAs). Ten tissue microarrays containing a total of 177 different
surgically resected infiltrating ductal adenocarcinomas of the pancreas and a variety of
normal tissues were constructed as previously described.8 These 10 TMAs were selected for
analysis from the 17 TMAs available from patients from this time period. Each carcinoma
and adjacent non-neoplastic tissue was represented four times in each tissue microarray to
account for potential tumor heterogeneity. Unstained four-micron sections of each tissue
microarray were stained on a Benchmark XT autostainer (Ventana Medical Systems, Inc,
Tucson, AZ). The staining protocol included routine deparaffinization, standard antigen
retrieval with conditioner 1 (CC1), sixteen minutes of primary antibody incubation (rabbit-
anti-Palladin, Proteintech Group, Inc. Chicago, IL.; 1:100 at room temperature), followed by
amplification (Amplifier A and B, 8 minutes each) and blocking (Blocker A and B, 4
minutes each). Labeling was detected using I-view detection kit (Ventana Medical Systems,
Inc, Tucson, AZ). All sections were counterstained with hematoxylin. The primary antibody
was omitted in controls.

The relative intensity of labeling (from 0 to 3+) was scored by two observers at a multi-
headed microscope. The observers were unaware of the patients’ clinical characteristics, and
a consensus was reached for each case. The relative intensity of labeling of the non-
neoplastic stroma was evaluated as was the relative intensity of labeling of the neoplastic
cells. A score of 0 was assigned if there was no appreciable labeling. A score of 1+ was used
for labeling equal to that observed in the non-neoplastic acinar and ductal cells from the
same case. A score of 2+ was given for tissues labeling discernibly more intensely than the
adjacent non-neoplastic acinar and ductal cells, but less intensely than the most intensely
labeling cells on the slide. A score of 3+ was reserved for compartments that strongly and
diffusely labeled with the antibody. In the statistical analyses, labeling was considered
positive if the cells labeled at an intensity of 2 or 3+; that is if they labeled more intensely
than the normal non-neoplastic acinar and ductal cells from the same case. Labeling of 0 or
1+ was considered negative for overexpression.

PALLD mRNA expression
Levels of palladin RNA in pancreatic cancer tissues and cell lines were examined in a set of
Affymetrix U133A oligonucleotide microarray profiles that we have previously
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generated9–11 and in the case of hTERT-HPNE cells and cancer associated fibroblast lines
using U133 2.0 microarrays (unpublished data).

Western blot analysis
Three major isoforms of palladin have been described, with molecular weights of ~200 kDa,
140 kDa, and 90 kDa.2,3,12 The ~90 kDa isoform is the isoform that was reported to be
overexpressed in pancreatic cancer.2 The product description provided by the manufacturer
of the antibody we employed (Protein Tech Group, Inc, Chicago, Illinois), includes an image
of a Western blot demonstrating that the antibody recognizes an ~90 kDa isoform and an
~50kDa isoform of palladin. In order to confirm that the antibody we employed recognized
the ~90 kDa isoform of palladin, we performed a Western blot analysis using lysates from
two immortalized cultures established from normal pancreas (HPDE [human pancreatic
ductal epithelium] from Tsao et al13 and hTERT-HPNE cells14,15), three pancreatic cancer
cell lines (BxPc3, Capan1, and Panc1), and two primary cultures of pancreatic cancer
associated fibroblasts (CAF1 and CAF3). Equal amounts of protein (30 μg per lane) were
separated by 4–12% gradient SDS gel electrophoresis, transferred to nitrocellulose
membranes, and incubated in blocking solution (5% milk in TBS with 0.1% Tween 20) for
30 minutes. Membranes were incubated overnight with polyclonal or monoclonal antibodies
directed against palladin (Protein Tech Group, Inc.) at 1:100 dilution or against GAPDH
(glyceraldehyde-3-phosphate dehydrogenase) at 1:5000 dilution. Secondary HRP-linked
antibodies (Santa Cruz Biotechnology, Amersham Biosciences) were applied at 1:2000
dilution and proteins were detected using an ECL kit (Amersham Biosciences).

Statistical data analysis
Simple descriptive statistics were used to compare the clinicopathological variables
according to immunohistochemical palladin expression. Significance was set at p < 0.05.

Results
Patients

The 177 patients represented in the tissue microarrays included 93 males, 84 females (mean
age 65 years). Two patients were stage 1A, four patients were stage 1B, 19 patients were
stage stage 2A, 149 patients were stage 2B, and 3 patients were stage 3. Four patients had
well-differentiated, 97 patients had moderately differentiated and 76 patients poorly
differentiated pancreatic adenocarcinomas. Median survival for the 177 patients was 15
months. The average tumor size was approximately 3.2 cm. Of the 177 patients, 127 (72%)
are deceased. These patient demographics are representative of the patients treated
surgically at The Johns Hopkins Hospital for pancreatic cancer.16

Western blotting
To confirm that the antibody we used in this study for immunohistochemistry is specific for
Palladin, we performed Western blotting in immortalized cultures derived from normal
pancreatic ducts (HPDE, hTERT-HPNE), two pancreatic cancer cell lines (BxPc3 and
Panc1), and two primary cultures of pancreatic cancer associated fibroblasts (CAF1 and
CAF3). In both the immortalized cultures and the pancreatic cancer cell lines, the antibody
detected a single band at approximately 90 kD. Levels of the 90 kD Palladin isoform were
similar in pancreatic cancer cell lines (Fig. 2, lanes 3 and 4) relative to cells immortalized
from ducts of the normal pancreas (Fig. 2, lanes 5 and 6). The antibody also recognized high
expression levels of a smaller Palladin isoform in the cancer associated fibroblasts that was
not seen in cells derived from pancreatic ducts (Fig. 2, lanes 1 and 2). This smaller isoform
is also noted in the Western blot included in the package insert for the antibody. Five
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additional pancreatic cancer cell lines (AsPc1, Capan1, Hs766T, MiaPaca, and Su8686) also
expressed the 90kD Palladin isoform at levels similar to those of HPDE and hTERT-HPNE
(data not shown). These results, taken together with our immunohistochemistry data, suggest
that Palladin is primarily expressed by stromal cells in the pancreas but was not
overexpressed at the protein level in any of the 7 pancreatic ductal adenocarcinoma lines
tested.

Palladin RNA expression
We also examined Palladin RNA expression in a panel of pancreatic tissues that we have
previously subjected to global gene expression analysis using Affymetrix oligonucleotide
microarrays10,11 (and unpublished data). The pancreas samples examined included the
HPDE and hTERT-HPNE immortalized cell lines, five pancreatic cancer cell lines (AsPc1,
CFPac, HS766T, MiaPaca, and Panc1), and the two pancreatic cancer associated fibroblast
cultures (CAF1 and CAF2). Signal intensities of Palladin RNA (corresponding to the
probeset 200897s, which represents the 90kD isoform) were as follows: HPDE; 206.6,
hTERT-HPNE; 3019.5, AsPc1; 482.6, CFPac; 1038.3, HS766T; 748.1, MiaPaca2; 50.9,
Panc1; 560.3, CAF1; 4980.6, and CAF2; 5594.6. The levels of GAPDH across these cell
lines were similar such that palladin/GAPDH signal intensities provided similar information.
Although palladin RNA levels were variable in different samples, and four of the five
pancreatic cancer cell lines had modestly higher mRNA levels than the HPDE cell line, none
of the cancer cell lines had higher mRNA levels than the non-neoplastic HPNE cell line.
Furthermore, both of the cancer associated fibroblast samples had much higher RNA levels
than all of the non-stromal pancreatic tissues examined. These results agree with our protein
expression data, in which Palladin expression levels are comparable between pancreatic
cancer cells and non-neoplastic pancreatic cells, with high expression levels predominantly
seen in stromal fibroblasts.

Immunohistochemical labeling of normal pancreas
Immunolabeling with antibodies directed against palladin only weakly labeled the normal
pancreas (Fig. 1B). Most acinar and ductal cells were either completely negative or showed
only a “blush” of labeling. The walls of small blood vessels and scattered stromal spindle
shaped cells labeled with mild to moderate intensity.

Immunohistochemical labeling of neoplastic pancreas
Palladin was strongly overexpressed in non-neoplastic stromal cells relative to normal
pancreatic epithelium in 171 (96.6%) of the 177 evaluable pancreatic cancers (Fig. 1C). By
contrast, the overexpression (2+ and 3+) of palladin by the neoplastic epithelial cells was
observed in only 22 (12.4%) of 177 of the evaluable cancers (Fig. 1D). To determine if the
pancreatic cancers with increased levels of palladin protein expression had different
clinicopathological features, we examined demographic and pathological data for the 177
patients and their cancers. The mean age of the 22 patients whose neoplastic epithelial cells
overexpressed palladin was 64 years and 10 (45%) of the 22 patients were male. All 22
patients had stage 2 disease (two patients were stage 2A, and 20 were stage 2B). The
average tumor size of these 22 patients was 3.3 cm. Sixteen of these 22 patients had
moderately differentiated and six patients had poorly differentiated carcinomas. The median
survival for these 22 patients was 16 months. These clinicopathological features were not
significantly different from the 155 patients whose pancreatic cancers did not overexpress
palladin (p > 0.05).
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Discussion
It has recently been suggested that the overexpression of the protein palladin plays a
significant role in the pathogenesis of pancreatic cancer.2 We used a commercially available
antibody to the 90 kDa isoform of palladin overexpressed in bulk pancreatic cancer tissues
and found that the antibody labeled the non-neoplastic stromal cells in 96.6% of 177
pancreatic cancers, and only 12.4% of the neoplastic epithelial cells in 177 evaluable
pancreatic cancers. We confirmed PALLD mRNA expression in fibroblasts using gene
expression array analysis of short term cultures of fibroblasts from pancreatic cancer. These
results underscore the critical importance of tissue validation for novel gene markers, and
suggest that the overexpression of palladin by neoplastic epithelial cells is not likely to be
responsible for pancreatic cancer’s invasive and migratory abilities.

The expression of palladin protein by fibroblasts in the desmoplastic stroma associated with
an invasive cancer would be expected based on the known function of the protein.3,12,17–20

Palladin is a well-documented microfilament associated protein, where it is co-localizes with
alpha-actinin in a “beads on a string” pattern along f-actin stress fibers.21,22 The palladin
protein binds a number of actin-binding proteins including profillin, alpha-actinin, ezrin and
vasodilator-stimulated phosphoprotein [VASP].2,3,12,17–20 Palladin is therefore believed to
play an important role in recruiting these other proteins to sites of actin dynamics, thereby
functioning in cytoskeletal formation, cell movement and cell-extracellular matrix
interactions.2,3,12,17–20 It should therefore not be surprising that actin filaments, and
therefore palladin proteins, are important in fibroblast function and are overexpressed in
fibroblasts in desmoplastic stroma.17 The expression of palladin in non-neoplastic
fibroblasts not only explains the expression of palladin in bulk samples of cancer, but it
would also explain the observation made by Pogue-Geile et al. that palladin is also
overexpressed in the non-neoplastic pancreatic parenchyma adjacent to a cancer.2 Pancreatic
cancers obstruct the local pancreatic ducts producing chronic pancreatitis and therefore
scarring in the adjacent pancreatic parenchyma.4

If palladin is predominantly overexpressed in stromal fibroblasts and not in neoplastic
epithelial cells in surgically resected pancreatic cancers, how can we explain the observation
that palladin mRNA levels were reported to be increased in pancreatic cancer cell lines2?
First, the mRNA levels reported by Pogue-Geile et al. in pancreatic cancer cell lines were
only higher relative to a single non-neoplastic cancer cell line, HPDE.2 In the present study
we found that the mRNA levels in several pancreatic cancer cell lines are lower than the
mRNA levels in another non-neoplastic cell line, hTERT-HPNE. Second, it is likely that a
number of genes are aberrantly induced in human cancer cell lines simply by their having
been passaged in vitro, particularly under conditions of growth serum supplementation. For
example, in our own experience, we have demonstrated >3-fold overexpression of the cell
adhesion molecule MelCAM/MUC18 in microarray analysis of biliary cancer cell lines, yet
found complete lack of expression of the corresponding protein in tissue sections of resected
biliary cancers.23 Given the unequivocal evidence that human cell lines accrue progressive
genetic and epigenetic alterations in culture,24 the cell line- tissue disconcert for palladin
expression should not be entirely unexpected, and highlights the critical importance of
validating gene expression results in primary biosamples such as surgically resected cancers.

Further studies are clearly needed to define the role of palladin in the development of
pancreatic cancer. For example, the present study utilized a single commercially available
antibody. Further studies utilizing additional antibodies as they become available should
incorporate an understanding of the complex pathology of pancreatic cancer; a cancer in
which the majority of cells in bulk biosamples are non-neoplastic cells.4
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Figure 1.
Hematoxylin and eosin stained section of ductal adenocarcinoma of the pancreas (A). Note
that the islet of Langerhans above, and stromal fibroblasts on either side of the neoplastic
gland in the center. Immunolabeling for palladin (B–D). Overexpression by non-neoplastic
stromal cells with no detectable expression in the neoplastic cells was the most common
pattern of labeling observed (B). The neoplastic epithelial cells overexpressed palladin in
12% of the cases (C), while the normal pancreatic parenchyma showed weak labeling of
small vessels (D).
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Figure 2.
Western blot analysis of palladin expression using the same antibody used in the
immunolabeling studies. Primary cultures of pancreatic cancer associated fibroblasts, CAF1
and CAF2, were loaded in lanes 1 and 2; the pancreatic cancer cell lines BxPc3 and Panc1 in
lanes 3 and 4; and the normal pancreatic cell lines HPDE and hTERT-HPNE were loaded in
lanes 5 and 6.
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