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Abstract
The dismal prognosis of pancreatic adenocarcinoma (PA) is due in part due to a lack of molecular
information regarding disease development. Established cell lines remain a useful tool for
investigating these molecular events. Here we present a review of available information on
commonly used PA cell lines as a resource to help investigators select the cell lines most
appropriate for their particular research needs. Information on clinical history, in vitro and in vivo
growth characteristics, phenotypic characteristics, such as adhesion, invasion, migration and
tumorigenesis, and genotypic status of commonly altered genes (KRAS, p53, p16, and SMAD4)
was evaluated. Identification of both consensus and discrepant information in the literature
suggests careful evaluation before selection of cell lines and attention be given to cell line
authentication.
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INTRODUCTION
Pancreatic adenocarcinoma (PA) is an aggressive disease that develops in a relatively
symptom-free manner and is usually advanced at the time of diagnosis. As is common in
epithelial tumors, carcinogenesis develops through accumulation of mutations and genetic
lesions leading to activation of oncogenes and inactivation of tumor suppressor genes. Since
multiple combinations of mutations can lead to the development of PA 1, disease sub-classes
may present different survival strategies requiring multiple targeted intervention strategies.
A thorough understanding of the specific cellular and molecular mechanisms of PA
development and progression is required in order to identify early detection strategies,
preventative measures, and effective interventions.

Both in vitro and in vivo experimentation involving cancer cell lines remains a convenient
starting point for discovery and proof-of-concept studies. Investigations in colon and breast
cancer indicate that cell lines recapitulate the genomic events leading to neoplastic changes
seen in patient samples 2, 3. It is likely that a similar situation occurs in PA, which is
supported by the fact that the four most common mutations occurring in PA tumors are
found in cell lines at similar percentages (see below) and PA cell lines demonstrate disparate
phenotypes and genotypes that are representative of PA sub-classes. This diversity facilitates
mechanistic inferences and aids in proving causality through gain- and loss-of-function
experiments. Examples of studies that capitalized on phenotypic differences in PA cell lines
have provided mechanistic insight through linkage of differential expression of specific
proteins to tumor growth, invasion and metastasis 4, 5 and chemotherapeutic drug resistance
6. Choosing cell lines for specific phenotypic characteristics is challenging due to the lack of
comprehensive comparative studies. Furthermore, there are many apparent contradictory
reports concerning both phenotype and genotype of PA cell lines. Here we present a review
of the current information characterizing the eleven most commonly referenced pancreas
cancer cell lines. Our goal was to identify consensus in the literature regarding phenotype
and genotype as well as provide a compendium of PA cell line information that can be used
as a reference and starting point for researchers.

CLINICAL PICTURE AND CELL LINE DERIVATION
Information concerning the clinical course of the donor patient and the site of derivation are
important in defining the biologic and pathologic characteristics of the tumor cell line and
should be considered in designing in vitro experiments. General characteristic of the donor
subject, disease course, and cell line as well as the relevant references describing the original
cell line derivation are shown in Table 1. More extensive descriptions of the histological
appearance and differentiation of the tumor cell lines are summarized below. All donor
patients were Caucasian between the ages of 26–65.

AsPC-1 was obtained from a 62-year-old woman with adenocarcinoma of the head of the
pancreas and metastases to several abdominal organs. The patient received radiation and
chemotherapy but eventually developed ascites and died two weeks later. The ascitic cell
culture was noted to produce abundant mucin as well as carcinoembryonic antigen 7.

BxPC-3 was cultured from a 61-year-old woman’s adenocarcinoma of the body of the
pancreas. The patient died 6 months later despite radiation and chemotherapy. No evidence
of metastasis was found. Tumors grown in nude mice resemble the primary tumor of the
patient and produced carcinoembryonic antigen, human pancreas cancer-associated antigen,
human pancreas-specific antigen, and traces of mucin 8.

Capan-1 was obtained from a liver metastasis of a 40-year-old male with a pancreas
adenocarcinoma in the head of the pancreas. Metastases were present in regional lymph
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nodes. In athymic mice, Capan-1 derived tumor produced mucin and was morphologically
and biochemically similar to the tumor of origin 9. Although not reported in the original
publication, a doubling time of 41 hours was subsequently determined for Capan-110.

Capan-2 originated from a 56-year-old male with pancreatic adenocarcinoma. The primary
tumor involved the head of the pancreas and infiltrated the duodenal wall distal to the
ampulla. The patient underwent pancreatectomy, cholecystectomy, partial gastrectomy,
large and small bowel omentectomy and splenectomy. The patient received postoperative
chemotherapy and died 6.75 years later 11.

CFPAC-1 was obtained from a liver metastasis of a 26-year old male with cystic fibrosis.
Laparotomy revealed a well-differentiated adenocarcinoma in the head of the pancreas and
multiple liver metastases 12. Carriers of mutations in the gene encoding the cystic fibrosis
transmembrane conductance regulator (CFTR) commonly exhibit an idiopathic pancreatitis,
which is a risk factor for pancreas cancer. In addition, it has been proposed that CFTR
carrier status is a direct risk factor for young onset (before age 60) pancreas cancer 13. On
the contrary, other reports suggest there is no connection between cystic fibrosis and
pancreas cancer 14, 15. Exactly what role, if any, CFTR carrier status plays in the
pathogenesis of pancreas cancer remains unresolved. It is likely that the CFPAC-1 pancreas
cancer cell line may have resulted from unique molecular events that may not be
representative of the basic pathogenesis which characterizes the majority of pancreas cancer
cases.

HPAC was derived from an adenocarcinoma found in the head of the pancreas in a 64-year-
old female. The tumor was histologically described as moderately well-differentiated and of
ductal origin 16.

HPAF-II was obtained from the ascites of a 44-year-old male with pancreas adenocarcinoma
and metastases to the liver, diaphragm and lymph nodes 17.

Hs 766T was derived from the lymph node metastasis of a 64-year-old male with pancreas
carcinoma 18, 19.

MIA PaCa-2 was derived from the pancreas adenocarcinoma of a 65-year-old man who
presented with abdominal pain for 6 months and a palpable upper abdominal mass. The
tumor involved the body and tail of the pancreas and had infiltrated the periaortic area. The
tumor did not express measurable amounts of carcinoembryonic antigen and an alkaline
phosphatase stain was negative 20.

PANC-1 was cultured from a 56-year-old male with an adenocarcinoma in the head of the
pancreas which invaded the duodenal wall. Metastases in one peripancreatic lymph node
were discovered during a pancreaticoduodenectomy. In culture, the cell line was not found
to secrete significant carcinoembryonic antigen 21.

SU.86.86 was obtained from a 57-year-old woman with an adenocarcinoma of the head of
the pancreas. There was extensive metastasis to the liver and the tumor specimen was
obtained from a liver metastasis. Histological evaluation showed a moderate-to-poorly
differentiated adenocarcinoma 22.

Table 1 lists doubling times as reported in the publication that originally described the cell
line. Since differences in proliferation rates may arise due to variations in culture conditions,
these doubling times might best be used as a relative guide. Subsequent studies report
substantial differences from the original publications. For example, McIntyre and Kim
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report doubling times of 26 hours for MIA PaCa-2 and 28 hours for PANC-1, whereas the
original doubling times were reported as 40 and 52 hours respectively 10.

PHENOTYPE
For this review we focused on commonly used experimental systems involving PA cell line
behavior in tissue culture and mouse xenograft models (adhesion, migration, invasion,
angiogenic potential, and tumorigenicity). Our goal was to identify consensus differences in
studies that compared multiple cell lines. Many of the studies were qualitative for which we
report relative phenotypic differences. Where possible, we report quantitative, statistically
significant differences.

Adhesion
The high metastatic potential of pancreas cancer underscores the importance of
understanding the properties of cancer cell adhesion, which influences tumor growth and
largely determines metastatic potential. Cell adhesion is mediated by the interaction of
extracellular matrix components with cell-surface molecules. Many of the studies in
pancreas cancer have focused on alterations in adhesive properties by the addition of
cytokines or anti-cancer drugs in tissue culture, although several studies document adhesion
to various substrates in two or more PA cell lines allowing the comparison of relative
affinities (Table 2). Commonly studied extracellular matrix components mediating cell
attachment were fibronectin, a glycoprotein found in basement membranes and connective
tissues, collagens I and IV, found in tissue stroma and basement membranes, respectively 23,
and laminin, the main noncollagenous glycoprotein in the basement membrane 24.

Agreement among reports of adhesive propensities exists for several cell lines. Specifically,
Capan-1 bound more avidly to type I collagen compared with MIA PaCa-2 10, 25–28.
Additionally, BxPC-3 and PANC-1 appeared to bind with equivalent affinity to type I
collagen 25, 29, 30. However, consensus in binding affinity with one medium does not
necessarily translate to other types of binding material. For example, when Capan-1 and
MIA PaCa-2 were plated on laminin, several groups observed equivalent binding affinity
and one group reported that Capan-1 bound less avidly than MIA PaCa-2 25, 26, 28. Also,
when BxPC-3 and PANC-1 were plated on laminin two groups reported that they bound
equivalently and two groups reported that BxPC-3 bound more avidly 25, 29–31.

The type of extracellular matrix component utilized is an important variable to consider
when comparing and or designing an experiment. For, example when PANC-1 and Capan-1
were plated on a mixture of type I, II, and IV collagen they had close to complete adherence
by nine hours, but only roughly 10% and 25% adherence respectively on type II collagen
alone at the same time point 24. This experiment also illustrates that the length of time
allowed for adherence can alter the outcome. Temporal differences between studies may at
least partially explain some of the reported discrepancies, but the pervasive lack of
consensus suggests other variables may be important. Cell quantification techniques differ
between experimental groups with spectrophotometry and light microscopy being the two
most common methodologies. Other variables that could influence experimental outcomes
include cell culture conditions and extracellular matrix handling. All of these variables make
it difficult to compare the results of different experiments, and individual investigators
should verify the differential adhesive properties of the specific cell lines used in a given
study.
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Cell Migration and Invasion
Just as tumor cell adhesion is a key mediator in the process of metastasis and invasion, cell
migration is also an important component in the spread of pancreas cancer 5. In early stages
of the disease, cancer spread is thought to occur after tumor cells infiltrate the peritoneal
cavity and gain access to blood vessels 32. Thus, the study of the migratory abilities of
pancreas cancer cells is necessary to provide insight into the biological processes that
mediate metastasis. Several techniques have proven useful for assessing cell migration. With
the traditional Boyden chamber, cells migrate in a chemotactic gradient through pores of a
filter separating two chambers 33. A modification of this technique using transwell inserts in
24 and 96 well culture plates allows for replicate parallel experiments under identical culture
conditions. Another common technique is the wound-healing cell migration assay 34, which
quantifies the time or distance for cells to repopulate an artificial wound scratched into a
near confluent cell culture.

Reports of migration assay data that directly compare two or more PA cell lines are limited.
In a transwell migration assay, Stahle and coworkers demonstrated that PANC-1 cells had 5-
fold greater motility than BxPC-3 cells 35. PANC-1 cells also appeared to migrate
predominantly as single cells whereas BxPC-3 cells migrated as a tightly packed sheet in a
wound healing assay 35. Migration of PANC-1 cells was also greater than BxPC-3 cells on
transwell filters coated with collagen 1 36. Cell motility can also be assessed by measuring
the area of phagokinetic tracks of cells moving through colloid-plated substrates. Using this
technique, Lin and colleagues showed that HPAF-II cells had greater motility than BxPC-3
cells37.

Another important phenotype of PA cells is its invasive properties, as pancreas cancer is
highly aggressive and invasive by nature, with almost all patients presenting with metastasis
at the time of diagnosis. Indeed, the presence of metastases is thought to be responsible for
the poor prognosis of this disease 38. Over 80% of pancreas cancer patients have tumor
extension into the peripancreatic tissues and metastases to local lymph nodes 5. Invasion is a
unique characteristic of malignant cells and is a key step in the series of events which lead to
metastasis 39. Whereas migration assays monitor cell movement, invasion assays monitor
cell movement through a specific matrix, usually measured in transwell filters coated with
reconstituted extracellular matrix, with Matrigel (a mixture of laminin, type IV collagen,
entactin and heparin sulfate) being the most commonly used extracellular matrix40.

The current literature contains a number of studies that have analyzed the invasive
propensities of PA cell lines through various substrates (Table 3). There does appear to be
agreement that Capan-1 and MIA PaCa-2 cells have similar invasive properties in Matrigel
25, 27,41. In contrast, there are discrepancies when BxPC-3 is compared to MIA PaCa-2.
Funahashi 42 reported that BxPC-3 was more invasive in Matrigel, collagen, and laminin
than MIA PaCa-2, however, several other investigators observed similar invasive properties
for BxPC-3 and MIA PaCa-2 cells in Matrigel 25, 39, 43. Another controversy lies in the
relative invasive ability of MIA PaCa-2 and PANC-1 cells. Specifically, Duxbury reported
that PANC-1 exhibited more invasion through Matrigel than MIA PaCa-2 44, but two other
groups claimed that MIA PaCa-2 was more invasive than PANC-1 39, 41. Some of the above
studies utilized commercially available kits for the measurement of invasion 39, 43, 45, 46,
while others made their own 25, 27, 37, 41, 42. Thus, subtle differences in methodology may
explain the varied results. Other important variables to consider are cell culture conditions,
time, and cell quantification techniques. The variability in invasion properties between
experiments again suggests that each investigator characterize their own cell lines when
drawing conclusions from differential invasive capabilities.
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Angiogenic Potential
Angiogenesis, the process by which cancerous cells induce proliferation of endothelial cells
leading to subsequent formation of new blood vessels, is quintessential to tumor growth and
metastasis 47. Tumor microvessel density (MVD) is generally considered a valid predictor of
tumor progression and patient survival, predominantly in tumors that induce significant
neovascularization such as breast and prostate carcinomas 48. The prognostic capacity of
MVD in PA is ambiguous with some reports indicating a significant correlation 49, 50 while
others showed none 51–53. Tumor proliferation is associated with an angiogenic switch in
which the presence of pro-angiogenic factors outweigh anti-angiogenic factors 54–57 and
expression of pro-angiogenic factors, particularly vascular endothelial growth factor
(VEGF), correlates with MVD in PA 49, 50, 53. The aggressiveness of PA may be linked to
angiogenesis in that many pro-angiogenic factors over expressed in PA are also mitogenic
58.

Expression of pro-angiogenic cytokines, chemokines, enzymes and their products have been
used to assess the angiogenic potential of PA cell lines. Recent attention has focused on the
inducible enzyme cyclooxygenase-2 (COX-2), also known as prostaglandin-endoperoxide
synthase 2 (PTGS2), which is over expressed in multiple malignancies, including pancreatic
cancer 59, 60. One mechanism through which COX-2 promotes angiogenesis is by
converting arachidonic acid into bioactive molecules, such as prostaglandin E2 (PGE2),
which act as activating factors in angiogenesis 61. Furthermore, selective COX-2 inhibitors
potentiate the growth inhibitory effects of chemotherapeutic agents used in pancreatic cancer
treatment 62, 63. In addition to their direct stimulatory role in angiogenesis 64, prostaglandins
activate Nuclear Factor-κB, which in turn up-regulates the expression of COX-2 65

contributing to angiogenic signal propagation. Expression in PA cell lines of the cytokines
IL-1α and IL-8 have also been used as surrogate markers of angiogenesis. IL-8 has is known
to induce proliferation and chemotaxis of vascular endothelial cells 66–68 and promotes
growth of pancreatic tumors 69

Although several groups have reported differential COX-2 expression in PA cell lines 70–73,
very little quantitative information is available. In our laboratory, we used relative
quantitation to measure basal COX-2 protein expression in the 11 cell lines (Figure 1, Table
4) by densitometric analysis of Western blots. These data are consistent with qualitative
reports that showed that COX-2 protein expression was detectable in BxPC-3, Capan-1,
Capan-2 and HPAF-II, but not AsPC-1, MIA PaCa-2 or PANC-1 cell lines 70–73.
Furthermore, with the exception of Capan-2, the measured expression of COX-2 protein was
remarkably similar to the reported differential levels of PGE2 74, 75 suggesting that
expression corresponds to function of COX-2 in PA cell lines. In our study, Capan-2 showed
highly variable COX-2 expression in the four replicate experiments (Figure 1) indicating
that COX-2 expression was highly dependent in experimental conditions in this cell line.
Capan-2, and PANC-1, also showed variable relative expression of other pro-angiogenic
factors (Table 4). However, for those cell lines examined in three or more studies, consensus
was achieved for several cell lines. BxPC-3 and Capan-1 both showed consistently high
levels of pro-angiogenic factors suggesting a high angiogenic potential for these cell lines,
whereas AsPC-1 and MIA PaCa-2 showed consistently low levels of pro-angiogenic factors.

A question remains as to the value of measuring pro-angiogenic factors as a surrogate for
angiogenic potential rather than direct measurement of differential angiogenesis in PA cell
lines. Although several studies report direct measurement of angiogenesis for individual cell
lines, there is a paucity of information directly comparing multiple cell lines. Matsuo et al.
showed that BxPC-3 cells secreted high levels of IL-1α and IL-8 whereas Capan-2 and MIA
PaCa-2 cells secreted much lower levels of IL-8 and undetectable levels of IL-1α 76.
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Consistent with a role for these cytokines in angiogenesis, tube formation by HUVEC cells
was significantly enhanced by co-culture with BxPC-3, but not MIA PaCa-2 cell lines and
enhanced tube formation was attenuated in the presence of IL-1α or IL-8 blocking
antibodies 76. These data are consistent with the consensus conclusion drawn above, that
BxPC-3 and Capan-1 have high pro-angiogenic potential and ASPC-1 and MIA PaCa-2
have low pro-angiogenic potential, and suggest that levels of pro-angiogenic factor may be a
useful surrogate for angiogenic potential.

Tumorigenicity
Tumorigenicity describes a cancer cell line’s ability or propensity to produce tumors in vivo.
Tumor volume, tumor mass, frequency to develop and/or rate of growth have been used to
estimate tumorigenicity. These parameters have been commonly measured after injecting a
suspension of pancreas cancer cells into the subcutaneous tissue of an immunocompromised
mouse and allowing a tumor to form. Tumor volume and/or mass are then measured at
autopsy. Other methods to determine tumorigenicity include intraperitoneal or intravenous
injection of tumor cells, orthotopic transplantation of tumor tissue obtained from a donor
nude mouse with a subcutaneous tumor, or direct orthotopic injection of human PA cells
into the pancreas of nude mice. Individually, these models recapitulate some, but not all,
aspects of the natural course of clinical tumor progression. Furthermore, research has shown
that the site of growth influences genetic signaling and thus could be a confounding variable
when comparing studies 77. Although our review yielded no overall consensus for
tumorgenicity in PA cell lines, it is clear that differential tumorgenicity is highly dependent
on the specific characteristic measured.

Subcutaneous injections of tumor cells is technically convenient in that the injection site is
readily accessible, multiple tumors can be grown in the same mouse, and repeated
measurements of tumor size can be easily made lending power to statistical comparisons. Of
the few studies that had quantitative measures of tumor size in the subcutaneous injection
model, little consensus was apparent (Table 5). In two studies, BxPC-3 tumors were
consistently larger than PANC-1 tumors 78, 79 whereas a third showed the opposite 80. The
time for tumor development appears to be a critical factor in the subcutaneous injection
model and may contribute to the reported discrepancies in tumor size. Diaz and coworkers
81 injected mice with suspensions of either BxPC-3, Capan-1 or PANC-1 cells and found
that after 14 weeks only the Capan-1-injected mice had developed tumors. It reportedly took
more than 4 months for the BxPC-3 and PANC-1 mice to develop tumors. Elevated latency
for BxPC-3 tumor development was confirmed in another study in which BxPC-3 tumors
did not begin growing until 40 days after injection 82. In the same study, Capan-1 tumors
had measurable growth increase ten days after injection. Another study showed a 4 week
latency for PANC-1 tumor formation and a 3 week latency period for MIA PaCa-2 tumors
83. Taken together, the results of these studies suggest a consensus in which Capan-1 cells
rapidly form tumors whereas BxPC-3 and PANC-1 cells have high latency periods before
tumor development after subcutaneous injection.

When Severe Combined Immunodeficiency (SCID) mice received intraperitoneal injections
of 5 × 106 cells 100% of the Capan-1, 86% of the Panc-1, and 66% of the MIA PaCa-2
developed primary tumors after one week. Thus it appears that Capan-1 can consistently
produce subcutaneous and intraperitoneal tumors, but there is variability in the ability of
MIA PaCa-2 and Panc-1 to produce tumors. In terms of intraperitoneal tumor size after 30
days the MIA PaCa-2 tumors were the largest. Capan-1 tumors were second largest and
PANC-1 produced the smallest tumors 84.
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An alternative method for determining tumorigenicity parameters involves using donor nude
mice to grow tumors, which are then removed, sliced into small fragments and then placed
directly into the pancreas of a recipient nude mouse. The subsequent tumors in the recipient
mouse are then used to measure tumor volume, tumor mass, or growth rate. Since latency is
less of a problem, this method often yields robust tumor growth. Eibl et al. 85 reported that
nude mice that received orthotopic implants of 1 mm3 Capan-2 and MIA PaCa-2 tumor
fragments into the tail of the pancreas developed significantly smaller Capan-2 tumors than
MIA PaCa-2 tumors. They also report that 100% of the recipient mice developed tumors. In
another study, nude mice were subjected to orthotopic transplants of 1mm3 tumor fragments
into the tail of the pancreas, and the results showed that tumor volumes were largest for MIA
PaCa-2, PANC-1 tumors were second largest, and finally AsPC-1 yielded the smallest
tumors 86. A similar study resulted in HPAF-II tumors that were twice as large as tumors in
the AsPC-1 group 87. Thus it appears that MIA PaCa-2 tumor implants consistently
produced larger tumors whereas AsPC-1 tumor implants produced smaller tumors.

Orthotopic implantation of tumor fragments may not fully recapitulate the early events of
clinical tumor development since angiogenic signals and tumor microenvironment are
established in the subcutaneous setting. Orthotopic injection of tumor cells requires de novo
tumor development in the context of the pancreas and thus should better mimic the clinical
course of the disease. Few studies have been reported that compare multiple cell lines
although one comprehensive study in which SCID mice received injections of 106 PA cells
directly into the pancreas yielded the following data concerning the percentage of mice that
developed tumors after 100 days: AsPC-1: 100% (10/10), CFPAC-1: 100% (10/10), HPAF-
II: 100% (8/8), Capan-2: 90% (9/10), Hs 766T: 90% (9/10), HPAC: 88% (7/8), PANC-1:
80% (8/10), and BxPC-3: 67% (6/9) 88. Katayama et al. 89 observed that tumor masses were
consistently higher for orthotopically injected MIA PaCa-2 than for HPAC cells when
measured between 2 and 5 weeks. Another study showed that MIA PaCa-2 and AsPC-1 cells
had similar growth characteristics at 2 and 5 weeks post orthotopic injection 90.

One study of interest compared tumors developed from implanted tumor fragments to
tumors developed from direct injection of tumor cells into the pancreas of nude mice 91.
Tumors developed in 100% of mice subjected to implantation, however, tumor development
varied in mice subjected to orthotopic injection. Specifically, AsPC-1 had 100% tumor
development compared to 92% for HPAF-II, 83% for MIA PaCa-2, and 33% for Capan-1.
At necropsy (14 weeks) tumor volume was largest to smallest in the following order: HPAF-
II > MIA PaCa-2 > AsPC-1 Capan-1 for implanted tumors 91. Tumor volumes showed a
similar magnitude and propensity using injected cell lines, although Capan-1 tumors were
significantly smaller than seen for implanted tumors 91. This study demonstrates that, at
least for some cell lines, tumorigenicity may vary depending on the methodology used.

GENOTYPE
Pancreatic cancers accumulate multiple genetic alterations, including frequent mutations in
the KRAS (v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog), TP53 (encoding the p53
protein), CDKN2A (also known as p16 or p16INK4a), and SMAD4 (SMAD family member
4, also known as DPC4; deleted in pancreatic carcinoma locus 4) genes 92–94. A summary
of these four mutations in PA cell lines is presented in Table 6. Information on the genotype
of these cell lines provide a background for understanding how alterations in these pathways
contribute to the growth characteristics, tumorigenicity, and chemosensitivity. The
relationship of genotype to phenotype is still unclear, as there are few studies available that
directly assess the effect of these mutations on cell behavior. There is some evidence that the
mutational status of KRAS, TP53, CDKN2A/p16, and SMAD4/DPC4 do not correlate with
either the grade of differentiation 95 or the biological behavior 96 of pancreatic cancer cell
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lines. However, one group found that in vivo metastatic behavior was associated with p53
status, suggesting that genotype and phenotype may be related 88.

KRAS mutations are very common in pancreatic cancer, occurring in almost all primary
tumors, and are present early in the progression of the disease 97–99. The RAS family
members (H-, K- and N-RAS) are guanine nucleotide binding proteins that transmit signals
from cell surface receptors by cycling from an inactive GDP-bound state to an active GTP-
bound state. Mutations in codons 12, 13, or 61 inhibit the GTPase activity of RAS, leading
to oncogenic RAS protein that is constitutively activated in its GTP-bound state, inducing
multiple signaling pathways 100. Of clinical significance are the findings that activating
mutations of KRAS activate the Raf/mitogen-activated protein kinase pathway and the Akt/
protein kinase B pathway, resulting in the up-regulation of COX-2 transcription and
stabilization of its mRNA, respectively63. Loukopoulos et al. directly measured the four
most common mutations using sequence analysis in ten pancreatic cancer cell lines 88.
Mutations were found in the second base of codon 12 of KRAS in all cell lines but two (Hs
766T, BxPC-3) 88. In a similar study by Berrozpe and co-workers, KRAS codon 12
mutations were found in 14 of 17 pancreatic cancer cell lines analyzed while Hs 766T,
BxPC-3, and SW979 were determined to be wild-type 101. In these and other studies which
looked exclusively at exon 1 of KRAS, no mutations were found for Hs 766T. In a
subsequent assay assessing the activation state of RAS by measuring the percentage of RAS
bound to GTP, Hs 766T was found to contain a high level of activated RAS, similar to cell
lines containing a codon 12 mutation. Sequencing of KRAS exon 2 revealed an activating
mutation in codon 61 of Hs 766T 102. There is a consensus that BxPC-3 cells contain wild-
type RAS and are not RAS-activated. Consequently, although BxPC-3 is one of the most
commonly used PA cell lines, it is probably not representative of the majority of pancreatic
cancers.

Inactivation of the CDKN2A/p16 tumor suppressor gene is thought to be an early event in
the progression of pancreas cancers, since CDKN2A/p16 inactivation can be found in up to
40% of precursor PanIN (Pancreatic Intraepithelial Neoplasia) lesions 103, 104. The p16
pathway is disrupted, either by mutation, homozygous deletion, or promoter methylation, in
up to 98% of all pancreatic carcinomas 105. In a recent examination of 25 primary ductal
adenocarcinomas, p16 was inactivated or mutated in 80% of tumors 106. The most common
cause of p16 inactivation was aberrant promoter methylation, seen in 52% of cases.
Sequence mutations (16%) and homozygous deletions (12%) were also found.
Correspondingly, p16 is also inactivated in many pancreas cancer cell lines. Using PCR and
direct sequencing of exons 1 and 2, Loukopoulos found alterations of CDKN2A/p16 in 7 of
10 cell lines 88. Capan-1 and PANC-1 contained homozygous deletions, while HPAF-II had
an in-frame deletion and HPAC had a mutation in exon 2. In each case, sequence analysis
detected only the mutated allele, indicating a loss of the normal allele which is important for
loss of tumor suppressor function. CFPAC-1 contained wild-type sequence but did not
express protein, as shown by western blotting. This is in agreement with previous reports
that the CDKN2A/p16 promoter is methylated in CFPAC-1 cells 107. Similarly, BxPC-3
showed a wild-type sequence but undetectable protein product. This may be explained by
the presence of a homozygous deletion in exons 2–3 108–110. AsPC-1, Capan-2 and Hs
766T were reported to be wild-type for the CDKN2A/p16 sequence. However, AsPC-1 has
also been shown in other reports to have either a homozygous deletion of CDKN2A/p16
exons 2–3110 and/or a frameshift mutation 107–109. Capan-2 does express p16 protein,
however this protein was shown by other groups to be inactivated by an insertion in codons
11 and 12 108, 109. There is also disagreement on the status of Hs 766T, which was shown to
be wild-type for CDKN2A/p16 but has also been found to contain possible mutations 108,
109. Considering these discrepancies, it is possible that all of these cell lines are lacking
functional CDKN2A/p16. Additionally, taking into account epigenetic changes such as
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methylation, CDKN2A/p16 deficiency may be the most common occurrence in the
development of pancreas cancer.

Mutations in the TP53 tumor suppressor gene are common in many types of human tumors,
including more than 50% of pancreatic adenocarcinomas, where they occur late in the
tumorigenesis process 94. Berrozpe et al. 101 reported TP53 mutations in 26% of primary
pancreas cancers and metastases. Interestingly, mutations were much more common in cell
lines, with 15 of 17 pancreatic cancer cell lines showing mutations. Moore found TP53
mutations in 95% of the cell lines tested 107. In the Loukopoulos study, TP53 mutations
were missense in eight of ten cell lines, with Capan-2 and HPAC being wild-type 88. As
seen with CDKN2A/p16, only the mutant p53 allele was detected, indicating loss of the
wild-type allele. Capan-2 has been reported by several groups to be wild-type for TP53, but
it should be noted that Berrozpe found a 200-bp deletion 101. In support of Capan-2
possessing wild-type TP53 is a study showing that radiation was able to induce elevated
TP53 and p21WAF1/CIP1 protein expression in Capan-2 cells, suggesting the presence of a
functional TP53 response. This response to radiation was not seen in PANC-1 or MIA
PaCa-2 cells, which contain TP53 mutations 111. There is also some discrepancy on the
TP53 status of Hs 766T, with some groups finding mutations while others report wild-type
sequence. In one case, the presence of a mutation was detected between codons 225–282,
but the actual mutation was not sequenced 101. Overall, mutations in TP53 were very
common in PA cell lines. TP53 and CDKN2A/p16 both play significant roles in G1/S cell
cycle checkpoint control and maintenance of genome integrity after DNA damage. The high
frequency of loss of CDKN2A/p16 and TP53 underscores the importance of abrogation of
the G1/S cell cycle checkpoint in the progression of pancreatic cancer.

SMAD4/DPC4, a member of the transforming growth factor β family and also a tumor
suppressor, is inactivated in approximately 48 – 55% of invasive pancreatic
adenocarcinomas 112, 113. Accordingly, SMAD4/DPC4 inactivation has been found at a
similar rate in PA cell lines. BxPC-3, CFPAC-1, and Hs 766T have all been shown to lack
SMAD4/DPC4 protein due to homozygous deletions 88, 110, 112, 114, 115. Capan-1 cells
possess a point mutation in SMAD4/DPC4 that result in loss of expression 88, 113. However,
no SMAD4/DPC4 alterations have been found in Capan-2, MIA PaCa-2, PANC-1, or SU.
86.86 88, 107, 110. Divergent results have been seen for AsPC-1, with some groups finding
wild-type sequence 88, 107, 114 while others have reported a non-conservative point mutation
113 or homozygous deletion 110. In a comprehensive analysis by Moore, using direct
sequencing as well as methylation-specific PCR to test for the four mutations in 22
pancreatic cancer cell lines, inactivation of SMAD4/DPC4 was always found along with
alterations in the three other genes 107. This supports data from a study on the molecular
pathogenesis of pancreas adenocarcinoma which shows that loss of SMAD4/DPC4 occurs
late in the progression towards invasive cancers 97.

To summarize, there is a consensus that KRAS is activated in 10 of 11 cell lines, with
BxPC-3 being the wild-type exception. SMAD4/DPC4 is clearly inactivated in 4 of the 11
cell lines. AsPC-1 was the only cell line with divergent results for SMAD4/DPC4. The
status of the tumor suppressor genes TP53 and CDKN2A/p16 are more inconsistent. The
three cell lines AsPC-1, Capan-2, and Hs 766T showed variable alterations in these genes. It
is possible that these cells have acquired additional alterations during routine culturing. It is
also been suggested that heterogeneous populations in the original tumor could provide a
source of different genetic variants 110. With this in mind, researchers should be aware of
the potential for discrepancies in the mutational status of cell lines currently being used in
each individual laboratory versus that reported in the literature.

Deer et al. Page 10

Pancreas. Author manuscript; available in PMC 2011 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



CONCLUSIONS
Sufficient discrepancies exist in the literature for both phenotype and genotype of PA cell
lines to warrant careful scrutiny during cell line selection and thorough application of
appropriate controls during experimental design. Although some discrepancies might be
explained by technical differences in the application of specific assays, it is likely that
differential selection of a heterogeneous tumor cell population inherent in the individual cell
lines and differential accumulation of genetic changes (“drift”) contribute to the reported
disparities. Phenotypic differences due to differential propagation of cell lines have been
well documented with long-term sub-culturing resulting in divergent effects on morphology,
development, and gene expression 116–121. Long-term propagation may introduce selective
pressures leading to overgrowth of faster growing or more adherent sub-types. Cross-
contamination, mycoplasma contamination, and miss-identification have long plagued the
study of cell lines and are also likely contributing factors to the observed discrepancies.
These findings suggest that investigators authenticate cell lines and limit the number of
passages.

Several points of consensus were identified in our review; however, it is clear that
reproduction of prior results may be problematic and investigators should limit
interpretations to internally consistent data. Although it may be convenient to consider PA
cell lines as representing a homogeneous population of cells, the potential for genetic drift
and the presence of tumor cell sub-types suggests that it may be expedient and more
reflective of the clinical situation to consider PA cell lines as a heterogeneous population of
cells.
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Figure 1.
Relative expression of COX-2 in PA cell lines. Basal expression of COX-2 was determined
by Western blot analysis in PA cell line lysates and quantified by densitometry. A:
Representative Western blot. All cell lines were acquired from the American Type Culture
Collection (ATCC, Manassas, VA) and propagated in ATCC recommended media. Cells
were grown to 80% confluence before preparation of cell lysates. Proteins were separated by
SDS-polyacrylamide gel electrophoresis and transferred to PVDF membranes using standard
protocols. The membranes were probed with antibodies to COX-2 (mouse monoclonal,
Cayman Chemical, Ann Arbor, MI) and β-actin (rabbit monoclonal, Cell Signaling
Technology, Danvers, MA) or GAPDH (mouse monoclonal, Novus Biologicals, Littleton,
CO) as total protein loading controls. B: Densitometric analyses. Autoradiographs of
Western blots were quantified using ImageJ software (National Institutes of Health,
http://rsb.info.nih.gov/ij/). COX-2 intensity was first normalized to the corresponding
loading control (β-actin or GAPDH) and then normalized to the BxPC-3 ratio for each blot.
Data represents the combined results of four independent experiments (mean ± SEM).
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Table 2

Comparison of the adhesive ability of pancreas cancer cell lines to various extra cellular matrix proteins.

Substrate Relative Affinity Ref.

Collagen I

Capan-1 > PANC-1 > MIA PaCa-2 10

AsPC-1 > BxPC-3 = PANC-1 > MIA PaCa-2 30

Capan-1 > MIA PaCa-2 27

Capan-1 > PANC-1, MIA PaCa-2 = 0 26

Capan-1 > MIA PaCa-2 28

PANC-1 = BxPC-3 > SU.86.86 > AsPC-1 29

Capan-1 = BxPC-3 = PANC-1 > > MIA PaCa-2 25

Collagen IV

PANC-1 > Capan-1 > MIA PaCa-2 10

AsPC-1 > PANC-1 > MIA PaCa-2 > BxPC-3 30

AsPC-1 > BxPC-3 > Capan-2 122

Fibronectin

PANC-1 > BxPC-3 > AsPC-1 > SU.86.86 29

BxPC-3 = MIA PaCa-2 > AsPC-1 = PANC-1 30

BxPC-3 > PANC-1 31

MIA PaCa-2 = Capan-1 = PANC-1 26

MIA PaCa-2 = Capan-1 28

Capan-1 = BxPC-3 = PANC-1 > MIA PaCa-2 25

Laminin

BxPC-3 = PANC-1 > SU.86.86 > AsPC-1 29

AsPC-1 > BxPC-3 = MIA PaCa-2 = PANC-1 30

BxPC-3 > PANC-1 31

Capan-1 = MIA PaCa-2 = PANC-1 26

Capan-1 > MIA PaCa-2 28

BxPC-3 > Capan-1 = MIA PaCa-2 = PANC-1 25
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Table 3

Comparison of invasive abilities of PA cell lines. Data abstraction was limited to those studies that directly
compared multiple cell lines. Measured invasiveness is given in parentheses (mean invaded cells per high-
powered field, unless otherwise noted) after each cell line.

Substrate Relative Effect Time (Hrs) Ref.

Matrigel

BxPC-3 (41 ± 4.2) > MIA PaCa-2 (14.7 ± 3.7) 24 42

BxPC-3 (73.3) = MIA PaCa-2 (90.3) 24 43

BxPC-3 (~45) = MIA PaCa-2 (~47) = PANC-1 (~40) 12 39

HPAF-II (~310)a > BxPC-3 (~25) 24 37

Capan-1 (~420) = MIA PaCa-2 (~480)b > PANC-1 (~310) 48 41

Capan-1 (~35)c = MIA PaCa-2 (~32) 48 27

Capan-1 (~190) > AsPC-1 (~95) 96 45

Capan-2 (44.3 ± 4.3) > AsPC-1 (23.3 ± 5) 24 46

BxPC-3 (~6) = Capan-1 (~6.5) = MIA PaCa-2 (~11) = PANC-1 (~8) 48d 25

Fibronectin

BxPC-3 (42.7 ± 2.2) > MIA PaCa-2 (24 ± 2.9) 24 42

Collagen IV

BxPC-3 (~25) > AsPC-1 (~20) = Capan-2 (~17) 24 122

Laminin

BxPC-3 (66.7 ± 11.9) > MIA PaCa-2 (7.3 ± 0.7) 24 42

a
cells/chamber

b
cells/cm2

c
% of added cells

d
After 48 hrs, the number cells that had completely migrated into the bottom chamber was significantly higher for Capan-1 and MIA PaCa-2 than

for BxPC-3 and PANC-1 cell lines.
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Table 5

Differential tumorigenicity of PA cell lines. In all experiments, mice received subcutaneous injections of PA
cell lines. The reported tumor volume measurement (mm3) is given in parentheses after each cell line.

# Cells Injected Relative Effect (Tumor Size, mm3) Time (Days) Ref.

1 × 106 BxPC-3 (~2000) > PANC-1 (~500) 54 78

1 × 106 PANC-1 (~570) > BxPC-3 (~155) 42 80

1 × 106 BxPC-3 (~2000) > AsPC-1 (~1450) > PANC-1 (~750) > MIA PaCa-2 (~525) 21 79

3 × 106 AsPC-1 (~2250) > HPAC (~1300) 24 126
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Table 6

Genotype. The four most common mutations in pancreas cancer.

Cell Line KRASa TP53 CDKN2A/p16 SMAD4/DPC4

AsPC-1 12 Asp88, 101, 107, 110, 114, 127,
128

135 Δ1 bp88, 101, 107, 108

Intron 4 Δ200 bp splice site101

HD exon 5110

WT88

Δ2 bp107–109

HD110

WT88, 107, 114

HD110

100Thr113

BxPC-3 WT88, 101, 110, 114 220 Cys88, 101, 108, 110 WT88b

HD108–110
HD88, 110, 112, 114

Capan-1 12 Val88, 101, 127, 128 159 Val88, 101, 108 HD88, 108, 109 577 Leu88

343 STOP113

Capan-2 12 Val88, 101, 114 WT88, 108

Intron 4 Δ200 bp splice site101
WT88

6 bp ins108

7 bp ins109

WT88

CFPAC-1 12 Val88, 107 242 Arg88, 107, 108 WT108, 109

WT88b

Promoter methylation107

HD88, 107, 112

HPAC 12 Asp88 WT88 112 amber STOP88 WT88

HPAF-II 12 Asp88, 101, 107 151 Ser88, 101, 107 Δ20–2588

Δ26–27109

Δ29–34107

WT88, 101, 107

Hs 766T WT88, 101, 114

61 His102d
WT88, 108

Mut 225–282101c

Δexons 2–4e

WT88

Intron 2 splice site108, 109
HD88, 112, 114

MIA PaCa-2 12 Cys101, 107, 110, 128 248 Trp101, 107, 108, 110 HD107–110 WT107, 110

PANC-1 12 Asp88, 101, 107, 110, 127, 128 273 His88, 107, 108, 110, 127

273 Cys101
HD88, 107–110 WT88, 107, 110

SU.86.86 12 Asp110 245 Ser108, 110 HD108–110 WT110

a
KRAS exon 1 sequenced, unless otherwise noted

b
Wild type sequence, but western blotting product absent

c
Mutation found between codons 225–282, but not further characterized

d
KRAS exons 1 and 2 sequenced

e
http://pathology2.jhu.edu/pancreas/geneticsweb/profiles.htm

WT—wild type, Δ—deletion, ins—insertion, bp—base pair, HD—homozygous deletion
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