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Abstract
Background—Recent studies have reported widespread copy number alterations and p53
mutations arising in cancer associated stromal cells. The aim of this study was to determine if
pancreatic cancer associated fibroblasts display similar genetic alterations.

Design—Cancer-associated fibroblast cultures were established from 7 primary pancreatic
adenocarcinomas. These fibroblasts and corresponding normal tissues when available were analyzed
for genome-wide copy number changes using Affymetrix 250K SNP microarrays. Evidence of p53
protein expression, an indicator of p53 mutation was determined by immunohistochemical labeling
of tissue microarrays containing 117 pancreatic ductal adenocarcinomas.

Results—Pancreatic cancer associated fibroblasts did not show any evidence of somatic copy
number gains or losses. p53 protein expression was confined to invasive pancreatic adenocarcinoma
cells and was not expressed in cancer-associated fibroblasts.

Conclusions—We find no evidence that pancreatic cancer associated fibroblasts harbor somatic
copy number changes or immunohistochemical evidence of p53 mutations.
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Introduction
Increasing evidence suggests that tumor-stromal cell interactions within the cellular
microenvironment of a variety of cancers are critical to tumor development and progression.
The stromal component, consisting primarily of cancer-associated fibroblasts, inflammatory
and endothelial cells as well as extracellular matrix, interacts with and undergo changes in gene
expression in response to the invasive cancer to contribute to tumor progression of
pancreatic1,2–5 and other cancers.6–7,8 While the importance of the stromal response to tumor
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development is recognized, the mechanisms underlying these molecular changes are only
beginning to be understood.6–7,9

Recently, several investigators have reported genome-wide loss of heterozygosity (LOH) or
allelic imbalance (AI) in cancer-associated stromal cells in many patients with breast cancer.
10–17 These studies used archived tissue samples and laser capture microdissection to isolate
stromal cells for genotyping by PCR amplifying microsatellite markers using limited amounts
of formalin-fixed paraffin embedded DNA. However, PCR analysis of poor quality formalin
fixed DNA can induce spurious genetic alterations.18–23 In addition, investigators have
reported evidence of p53 mutations in breast cancer stromal cells.13 These authors conclude
that the stromal compartment undergoes genetic alterations which contribute to carcinogenesis
and tumor progression and that these stromal fibroblasts have similar chromosomal loss
patterns to their epithelial cancer cells. Such somatic genetic alterations in cancer associated
stromal cells are perhaps surprising given that cancer associated fibroblasts do not display
morphological and metastatic features of cancer cells. Indeed, fibroblasts can be transformed
into cancers in vitro using a limited number of genetic alterations.7 Furthermore, patients with
inherited cancer syndromes due to defects in genome stability genes such as Li-Fraumeni
syndrome carry a genetic deficiency in every cell and have normal tissue fibroblasts that are
prone to genetic instability and can develop aneuploidy and immortalize in vitro.24,25 In
contrast, we have found that cancer associated fibroblasts undergo senescence typical of normal
tissue fibroblasts (unpublished observations).To determine if genetic alterations are found in
pancreatic cancer associated fibroblasts (pancreatic CAFs), we performed a genome-wide
analysis of pancreatic CAFs cultured directly from primary pancreatic ductal adenocarcinomas.
We also analyzed stromal expression of the tumor suppressor protein TP53 for evidence of
expression indicative of p53 mutation.13

Results
Generation of cancer associated fibroblast cultures

We established cancer associated fibroblast cultures from resection specimens of seven primary
pancreatic adenocarcinomas. Initially, these cultures contain cancer cells as well as fibroblasts
until fibroblast outgrowth is achieved. Once established, these cultures were shown by
immunohistochemistry to express alpha smooth muscle actin, a marker of activated fibroblasts
typically expressed in cancer associated fibroblasts but not normal quiescent fibroblasts (data
not shown). They lacked expression of the pancreatic ductal epithelial-specific protein
cytokeratin19, indicating that the cultures were free of contaminating epithelial cells (data not
shown).

Analysis of DNA copy number in cancer associated fibroblasts
We employed the Affymetrix GeneChip Human Mapping 250K Sty I Array to analyze copy
number and to detect regions of LOH using matched normal lymphocyte DNA and data from
the HapMap collection (available online) as a reference. We determined CAF genotypes using
the Affymetrix BRLMM algorithm, which generates homozygous or heterozygous genotype
calls at any given SNP. The average call rate for all of the CAFs and matched normal
lymphocytes was 99.2%. All of the samples had call rates of ~99% apart from one CAF sample
that had a genotype call rate of 95.4%. Heterozygous SNP calls were located throughout the
genome of all pancreatic CAFs (Fig. 1). Genotype analysis using a Hidden Markov model
(Partek Genomics Suite Software) predicted no LOH events in the CAF samples (Fig. 1). We
observed small (<1 megabase) copy number changes typical of normal germline copy number
variation in each of the seven CAFs compared to the HapMap collection, but no large copy
number gains or losses typical of the chromosomal instability found in cancer cells were
detected. We did not detect any somatic copy number gains or losses in four of the CAF samples
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compared to their normal counterparts (Fig. 1). For comparison, we also examined the genome
copy number of two pancreatic cancer cell lines using the 270 controls from the HapMap
collection as a reference (Fig. 2). These two pancreatic cancers showed widespread megabase
copy number gains and losses typical of those found with pancreatic ductal adenocarcinoma.
27 For example, both cancer cell lines harbored losses at chromosomes 9p and 18q, and gains
at chromosomes 7p and 11q as well as numerous other gains and losses in chromosomal regions
(Fig. 3).

Analysis of p53 expression pattern in of pancreatic cancers associated stromal tissue
We analyzed the infiltrating cancer and stroma of 117 pancreatic cancers for evidence of p53
mutation using immunohistochemical detection of p53 expression. While 71 of 117 pancreatic
cancers (61%) demonstrated strong labeling of p53 in cancer epithelial cells, none of the
cancers expressed p53 in the associated stromal tissue (Fig. 4). For comparison, α-SMA
expression of stromal fibroblasts and cytoplasmic cytokeratin 19 expression of malignant
epithelial cells is also shown. Cytokeratin-19 immunostaining highlights isolated epithelial
cells present in a sea of stroma (Fig. 4c). Immunohistochemical staining of p53 protein shows
overexpression in the malignant neoplastic epithelial cells with no detectable expression in the
surrounding stromal fibroblasts.

Discussion
The integral role of the stromal component of neoplasms in their development and progression
has been increasingly recognized. Molecular analysis of stromal cells can no doubt increase
our understanding of their role in tumor progression. Isolating pure populations of stromal cells
is often necessary for molecular analysis and can be achieved using laser-capture
microdissection (LCM) of individual cells from formalin-fixed, paraffin-embedded tissue.
Twenty-eight LCM enables the analysis of specifically defined cell populations, but the quality
and quantity of DNA that can be obtained for downstream applications is often limited.
Formalin fixation in particular cross links nucleic acids and results in highly fragmented DNA
and RNA molecules; thus, material extracted from formalin-fixed, paraffin-embedded tissues
is not optimal for large scale genetic analysis and the risk of artifacts during PCR amplification
is high, particularly if picogram amounts of DNA are used in analysis.18–23 In contrast, one
can obtain sufficient amounts of high-quality DNA from specific cell populations by isolating
and growing the cells of interest in culture. This method has been widely used to study pure
populations of cancer-associated fibroblasts (CAFs), which can be harvested from primary
cultures and do not require degradative processes such as freezing or formalin fixation.7,29

We find no evidence of widespread copy number alterations indicative of genomic instability
in stromal fibroblasts derived from primary pancreatic cancers. Previous reports suggest that
genomic alterations occur in both the epithelium and stroma of cancers. In these studies, LOH
was defined by genotyping of microsatellite markers, using genomic DNA from archival tissue.
DNA from these tissues is typically degraded and of suboptimal quality, and at low DNA
concentrations the allelic dropout rate due to stochastic error of PCR can be greater than 50%.
19–21,30,31 Allelic dropout at a heterozygous locus results in a false positive prediction of
LOH due to apparent homozygosity at that locus, leading to overestimation of LOH rate.
Therefore, the high rate of LOH previously reported in tumor associated stroma could well be
the result of stochastic PCR errors leading to erroneous LOH calls generated from poor quality
DNA.10–17

Patocs et al. recently found p53 mutations in the stromal compartment of a subset of breast
cancers analyzed. The majority of p53 gene mutations in human cancers are missense mutations
which result in overexpression of mutant p53 protein in tumor cells.32 They also found p53
overexpression in tumor associated stromal cells, although the authors did not describe a close
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correlation between cases with stromal expression of p53 and the presence of stromal p53
mutations. In contrast, although we find that ~60% of the 117 pancreatic cancers analyzed
displayed p53 overexpression, only the cancer epithelial cells displayed such overexpression,
with no evidence of p53 overexpression in the stromal cells of any of the pancreatic cancers
examined. Since the use of formalin-fixed tissue can also create artifacts in cycle sequencing
of p53 and other genes33, it is possible that the somatic p53 mutations reported in tumor
associated stromal cells by Patocs et al are the result of PCR artifacts. Another possibility is
that microdissections of stroma could contain isolated infiltrating cancer cells.

Several mouse genetic models highlight the important role of stromal fibroblasts in tumor
progression. For example, conditional inactivation of the TGF-beta type II receptor in mouse
fibroblasts results in prostate intraepithelial neoplasia (PIN) and invasive squamous cell
carcinoma in the forestomach.34 Thus, inhibition of TGF beta signaling in fibroblasts exerts
a paracrine effect on epithelial proliferation. The growth promoting effects of stromal cells on
adjacent epithelia have also been observed in other cancer types. Stromal fibroblasts enhance
tumorigenicity when co-injected with epithelial cells in mouse models of breast, pancreatic,
and prostate carcinomas.35,36,29,4,37 Conversely, blocking growth signaling pathways in
stromal fibroblasts can dramatically slow malignant tumor expansion and invasion.35,37,38
These studies indicate that stromal cells can interact with and significantly impact the growth
and oncogenic potential of adjacent epithelia.

However, despite the biological insights provided by these genetic mouse model systems, clear
evidence that genetic events in fibroblasts contribute to human cancer progression is limited.
One example of a genetic loss observed in human neoplastic stroma is in the setting of juvenile
hamartomatous polyps. Patients with inherited juvenile polyposis carry a germline mutation
of SMAD4 in all of their cells and develop juvenile polyps which display allelic loss at the
SMAD4 locus both in the epithelium and in the stromal fibroblasts.39 Evidence that similar
biallelic inactivation of tumor suppressor genes are occurring in cancer associated fibroblasts
is hard to find and available evidence supports the hypothesis that cancer associated fibroblasts
generally do not have tumor suppressor gene inactivation. One would expect that if fibroblasts
had biallelic inactivation of a tumor suppressor gene they would become a dominant fibroblast
clone within the tumor microenvironment and readily identifiable with appropriate markers.
Yet, we don’t observe p53 overexpression in pancreatic cancer fibroblasts and we have not
seen evidence for inactivation of other tumor suppressor genes in primary pancreatic cancer
stroma. For example, inactivation of the TGF beta pathway through SMAD4 mutation occurs
in ~55% of pancreatic cancers and can be reliably identified by demonstrating loss of SMAD4
protein, yet pancreatic cancer associated fibroblasts consistently demonstrate normal
expression of SMAD4.40 Similarly, in situ studies of chromosomal alterations in human
cancers focus on alterations in cancer epithelial cells and not reported than in tumor stroma.
Future studies that utilize in situ or immunohistochemical techniques to investigate cancer
alterations can observe patterns in cancer associated fibroblasts to determine if these cells ever
display genetic losses or tumor suppressor gene inactivation.

Our results are consistent with previous observations that genomic alterations are not typical
of cancer associated stromal cells.9,41 Our findings do not exclude the possibility that the
cancer associated fibroblasts of certain patients with inherited cancer syndromes could harbor
genetic alterations in their tumor fibroblasts. However, our results indicate that genetic
alterations such as widespread LOH are not required for the development and progression of
pancreatic ductal adenocarcinomas.

CAFs respond to the tumor environment with widespread transcriptional changes and, may
acquire inheritable changes in gene expression arising from epigenetic alterations. Evidence
supporting this hypothesis includes a comparison of epithelial and stromal cells from breast
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tumors using serial analysis of gene expression (SAGE), which found that although gene
expression changes occur in all cell types composing invasive breast carcinomas, genetic
changes were found only in cancer cells.41 Furthermore, methylation-specific digital
karyotyping showed that epigenetic alterations occur in normal epithelial cells, myoepithelial
cells, and stromal fibroblasts during breast tumorigenesis.9 Our data are inconsistent with
previous work reporting evidence that widespread LOH is a common property of cancer
associated stroma. Accurate molecular characterization of the tumor microenvironment is
necessary for the understanding of mechanisms of tumor stromal interactions needed to develop
rational therapeutics.

Materials and Methods
Culture of cell lines and establishment of fibroblast cultures

Primary cultures of stromal fibroblasts were established from surgically resected pancreatic
cancer tissue from seven patients (four males, three females with a mean / standard deviation
age of 60/±8 years) with clinically sporadic pancreatic ductal adenocarcinoma. The cancers
were all moderate to poorly differentiated with a mean tumor size of 3.6 cm. Fresh pancreas
tumor tissue was minced into 1–3mm3 fragments and digested with 0.25% trypsin at 37°C for
30 min. The resulting fragments were centrifuged at 600xg for 5 min. and washed once with
DMEM containing 10% fetal bovine serum. The tissue fragments were then plated and allowed
to adhere. After incubation at 37°C for several days, fibroblast outgrowth from the tissue
fragments occurred. Fibroblasts were sub-cultured by trypsinization for 2–3 passages until free
of epithelial cell contamination and maintained in DMEM supplemented with 10% fetal bovine
serum, 2% penicillin and streptomycin (Invitrogen). Cells were grown at 37°C in a humidified
atmosphere containing 5% CO2. The pancreatic cancer cell lines AsPC-1 and Panc-1were
maintained in RPMI medium containing 10% fetal bovine serum, 2% penicillin and
streptomycin (Invitrogen). All samples were collected with approval from the Johns Hopkins
Committee for Clinical Investigation.

Characterization of fibroblast cultures
The purity of fibroblast cultures was assessed by immunostaining for cytokeratin 19 (mouse
monoclonal cytokeratin 19 antibody, Santa Cruz Biotechnology, dilution 1:100), and α-smooth
muscle actin (mouse monoclonal α-smooth muscle actin antibody, DAKO, clone IA4, dilution
1:100). Cells were cultured on chamber slides (BD Falcon) and grown until sub-confluent.
Cells were then fixed in 70% methanol for 10 min. at RT. Slides were removed from chambers,
washed once with PBS, and subjected to immunostaining on a DAKO Autostainer, using a
primary antibody incubation time of 60 minutes.

Total genome Copy Number analysis
Genomic DNA was extracted from cultured fibroblasts and matching frozen normal tissue
(peripheral blood lymphocytes or normal duodenum) using a DNeasy Blood & Tissue Kit
(Qiagen). Matched normal DNA was available for five of the CAF samples. DNA was digested
and hybridized to the Affymetrix GeneChip Human Mapping 250K Sty I Array to analyze
copy number and to detect regions of loss of heterozygosity (LOH). The 7 CAFs were also
compared to the genotypes of 270 individuals from the HapMap collection. Genotype calls
were determined using the Affymetrix Chromosome Copy Number Analysis Tool 4.0 (CNAT
4.0). Genotypes and copy number changes were analyzed using Partek® Genomics SuiteTM
ver. 6.03 to generate LOH predictions. Copy number profiles were generated using Partek®
Genomics SuiteTM ver. 6.03 and significant copy number changes were detected using a
Hidden Markov’s model. The copy number patterns of two pancreatic adenocarcinoma cell
lines known to have widespread copy number alterations were analyzed for comparison.
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Pancreatic adenocarcinoma tissue microarrays and p53 immunohistochemistry
The expression of p53 protein was examined utilizing immunohistochemical labeling of
formalin-fixed, paraffin-embedded tissue microarrays (TMAs) using the DAKO Autostainer.
Seven tissue microarrays containing a total of 117 different surgically resected pancreatic
ductal adenocarcinomas were constructed as previously described.26 Sections were
deparaffinized in xylene, hydrated in graded ethanol concentrations, and boiled for 20 minutes
in epitope retrieval buffer (DAKO). Immunostaining was then performed on the DAKO
Autostainer using a monoclonal mouse anti-human p53 primary antibody (clone D0-7; DAKO)
with an overnight incubation, an anti-cytokeratin-19 antibody (Santa Cruz Biotechnology) for
60 minute incubation, or an anti-α-smooth muscle actin antibody (DAKO) also for 60 minute
incubation. Labeling was performed according to the manufacturer’s protocol using the
Envision Plus Detection Kit (DAKO). Nuclei were counterstained with hematoxylin.
Hematoxylin and eosin staining was performed by heating one tissue microarray for 20 minutes
at 95°C followed by a 10 minute incubation in hematoxylin and a five minute incubation in
eosin.
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Figure 1.
Copy number analysis of four cancer associated fibroblast cultures and matching normal
genomis DNA hybridized o SNP arrays. No copy number gains or losses were predicted by
Hidden Markov’s model.
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Figure 2.
Copy number gains (red) and losses (blue) in pancreatic cancer cell lines ASPc1 and Panc1
relative to the 270 HapMap data collection. For each chromosome, ASPc1 is represented in
the top panel and Panc1 is represented in the bottom panel.
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Figure 3.
Representative heat map of copy number values (top panel) and plot of genotype calls (bottom
panel) on chromosomes 1, 2, amd 3 for one CAF sample relative to its match normal DNA.
The heat map plots copy number at each SNP. The paired row of genotype calls represents one
CAF and its match normal DNA
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Figure 4.
Localizatin of p53 protien in ductal adenocarcinomaof the pancreas. (A) Hematoxylin and
eosin staining demonstrates scattered malignant epithelial glands (arrows) and surrounding
stromal fibroblasts and infiltration of inflammatory cells. (B) *-SMA expressiom is observed
in stromal fibroblasts and (C) expression of cytoplasmic cytokeratin 19 is exclusively observed
in malignant epithelial cells. (D) Immunohistochemical staining of p53 protien show
overexpression in the malignant neoplastic epithelial cells with no detectable expression in the
surrounding stromal fibroblasts.
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