
 

Pluripotent cells from pancreatic cancer cells
first human model of cancer's progression
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This is a scheme for generating induced pluripotent stem (iPS) cells from
pancreatic cancer (PDAC) and using the PDAC-iPS cells to recapitulate cancer
progression and early marker discovery. Credit: Kenneth Zaret, PhD, Perelman
School of Medicine, University of Pennsylvania

Pancreatic cancer carries a dismal prognosis. According to the National
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Cancer Institute, the overall five-year relative survival for 2003-2009
was 6 percent.

Still, researchers and clinicians don't have a non-invasive way to even
detect early cells that portent later disease. 'There's no PSA test for
pancreatic cancer,' they say, and that's one of the main reasons why
pancreatic cancer is detected so late in its course.

They have been searching for a human-cell model of early-disease
progression. Now, Perelman School of Medicine, University of
Pennsylvania scientists have used stem-cell technology to create a
research cell line from a patient with advanced pancreatic ductal
adenocarcinoma (PDAC).

This first-of-its-kind human-cell model of pancreatic cancer progression
was published this week in Cell Reports from the lab of Ken Zaret, PhD,
professor of Cell and Developmental Biology.

"It is the first example using induced pluripotent stem [iPS] cells to
model cancer progression directly from a solid tumor, and the first
human cell line that can model pancreatic cancer progression from early
to invasive stages," says Zaret, also the associate director of the Penn
Institute for Regenerative Medicine.

"We were able to predict the appearance of cellular features and protein
markers in the intermediate stages of pancreatic cancer that are not
evident in the terminal stages. This has given us new perspectives into
what this deadly type of cancer looks like – something no one has seen
before in human cells. Our analysis revealed known molecular networks
that are activated during PDAC progression, as well as a new molecular
network that is activated during the intermediate stages. This could
provide a fresh outlook on biomarkers for early stages of the disease."
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A Leap of Faith

Zaret and first author Jungsun Kim, PhD, a postdoctoral associate in the
Zaret lab, hypothesized that if human PDAC cells were reprogrammed
back to pluripotent cells and then allowed to re-differentiate into
pancreatic tissue, they might undergo the early stages of cancer. To do
this, they created the PDAC pluripotent cells and indeed found that they
recapitulated the early to intermediate stages of pancreatic cancer. They
then isolated the cells at the early stage, cultured the cells in vitro, and
identified the secreted and released proteins that might serve as early-
stage biomarkers of disease progression.

  
 

  

This is an invasive stage lesion from the human PDAC-iPS line grown in
immune-tolerant mice for 9 months. Credit: Kenneth Zaret, PhD, Perelman
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School of Medicine, University of Pennsylvania

There's one caveat, though, says Zaret. "Using the iPS method, we could
only get a cancer cell line from one patient to reprogram, meaning this
work is representative of one individual's cancer," noting that his close
collaboration with John Hoffman, a surgeon from the Fox Chase Cancer
Center (FCCC) was key in order to get fresh cancer cells for the
reprogramming. They tried this method with cells from nine human
tumors in total. However, as Zaret points out, there are many examples
of where a single human cell line has served as a highly useful model for
human disease.

"Our iPS-like cells exhibited pluripotency, like other stem cells, but
when they differentiated after we injected them into the
immunodeficient mice, they preferentially developed into early-stage
pancreatic cancer cells," says Zaret. He explains that the approach is
another example of using iPS cells from human patients to model
disease, by capturing the genome of an affected individual. However,
this is a first in solid tumor cancers, whereas many other labs have
developed these types of cell lines for neurological and cardiovascular
disorders.

The visual characteristics of these cancer cells—as they progress from
early- to late-stage cancer—are typical of what is seen in cells analyzed
from cancer patients in the clinic now. In the early stage, pancreatic
ducts have lesions with cells of an abnormal shape, and express
characteristic proteins as measured by stains. Over time, some of these
aberrant cells may grow excessively, lose their ductal characteristics, and
become invasive.

When the human PDAC iPS cells are grown as lesions in the mouse,
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they secrete or release proteins corresponding to protein networks
expressed during the progression of human pancreatic cancer, namely
molecules centered on a trio of key proteins: HNF4, integrin, and
TGFbeta.

"We propose to look in the blood of potential pancreatic cancer patients
or relatively early-stage patients for the biomarkers we found
downstream of these molecular networks, to see if they are present in
people," says Zaret.

The Making of a Model

This approach allows human cells to be studied directly, as opposed to
examining characteristics of pancreatic cancer progression in an animal
model and then having to assess whether the findings apply to humans.
The cells harvested from the cancer patient were reprogrammed using
the four Yamanaka factors carried in a lentivirus, which was adapted by
the Zaret lab.

To see what the reprogramming did at a genetic level, the team
compared the genomic structure of the early iPS pancreatic cancer cell
line to original tumor cells from which the cell line was isolated. They
found 23 chromosomal aberrations in the primary tumor cells as
compared to 20 of the same chromosomal aberrations in the PDAC iPS
line, demonstrating that the PDAC iPS line was derived from the
original tumor cells.

By contrast, no chromosomal abberations were seen in cells taken from
the margin of the tumor in a cancer-free part of

the pancreas from the patient, as well as from an iPS line that the Zaret
group made from the margin cells. These sets of comparisons allowed
the team to directly observe the changes in the pancreatic cancer cell line
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versus a normal cell line derived from the same human genetic
background.

"We understand that the pancreatic cancer field has been dogged by
searching for unique markers in the blood that detect disease early, and
we hope that this live-cell progression approach will gives us a new way
to see early molecular markers for pancreatic cancer," says Zaret.

"Since we can detect released protein markers of at least three different
networks from the early-stage human lesions in our model, we think that
looking for blood markers of the simultaneous activation the three
pathways, instead of a single marker, could provide better leverage in
detection. The new model could also be used to test drugs that block the
intermediate stages of the disease. We would also like to know how we
got lucky with this one cell line, so that the iPS technology can be
adapted to model other human cancers."

Provided by University of Pennsylvania School of Medicine
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