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Introduction
Pancreatic cancer is the fourth leading cause of cancer death in men and women (Ilic et al
2016). The most common form is pancreatic ductal adenocarcinoma (PDAC), which has an
extremely low survival rate. PDAC forms epithelial tumors that arise from acinar cells, which
normally produce and secrete digestive enzymes to aid in digestion (Rooman and Real, 2012;
Murtaugh, 2014). PDAC initiation is characterized by the transition of healthy acinar cells to
acinar-to-ductal metaplasia (ADM), pancreatic intraepithelial neoplasms (PanINs), and finally
pancreatic cancer. Mutations in the KRAS gene have been linked to the development of
pancreatic cancer, and have shown to drive the formation of PanINs (Di Magliano and Logsdon,
2013). However, mutant KRAS is not the sole driver of PDAC initiation and is not sufficient in
activating the pathway needed for aggressive cell proliferation (Murtaugh, 2014). We are
interested in what other factors could be playing a role in this cancer initiation.
Our lab studies the transcription factor Ptf1a and its role in PDAC progression. Ptf1a is a
transcription factor important in the maintenance and function of healthy acinar cells. Loss of
acinar cell identity results in acinar cell reprogramming, in which the cells lose their normal
pattern of gene expression and adapt a more duct like phenotype (Rooman and Real, 2012;
Murtaugh, 2014). Knocking out Ptf1a in a mutant Kras background resulted in exacerbated
ADM and PanIN formation compared to control mutant Kras mice. This work showed that Ptf1a
inhibits mutant Kras reprogramming when it is present (Krah et al., 2015).
Work from our lab studying the role Ptf1a plays in the initiation of pancreatic cancer has found
that Ptf1a is turned off in PanINs and that ADM and PanIN growth were extremely high in mice
that had lost Ptf1a and expressed mutant KRAS. This led us to hypothesize that Ptf1a has
protective properties and works to inhibit reprogramming of acinar cells or maintain
differentiated acinar cells. To discover this potential protective factor, our lab analyzed RNA
sequencing data comparing pancreata from wild-type mice and Ptf1a knockout mice. Through
this method, fibroblast growth factor 21 (FGF21) was identified as a possible candidate for
several reasons. FGF21 is highly expressed in the pancreas, it is significantly downregulated in
Ptf1a KO mice, and has anti-inflammatory properties in the pancreas (Fon Tacer et al, 2010).
Therefore, we hypothesize that the Ptf1a target gene, FGF21, works to maintain acinar cell
differentiation and inhibit reprogramming.
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This figure represents the progression of the precancerous stages from healthy to cancerous through
H&E staining. Figure 1 shows healthy acinar cells in clusters with nuclei at the edges of the cell
and large pink cytoplasm. Figure 2 shows ADM formation where acinar cells lose their shape and
become more cuboidal/duct-like. Figure 3 shows PanIN formation, these lesions can form large
structures in which cells become more columnar in shape. Figure 4 shows pancreatic cancer with
loss of normal tissue, fibrosis, and cellular reprogramming.

Experimental Design
To test if FGF21 is sufficient in inhibiting acinar cell reprogramming, Tamoxifen (TM) will
be administered to Ptf1a cKO and Ptf1a cKO; KrasG12D mice to induce Ptf1a KO. FGF21 will
then be injected to the mice for three weeks. The mice will then be harvested and their tissue will
be analyzed through histology/ acinar gene expression. We will look for less ADM/PanINs in the
Ptf1a KO mice and collect data. If there is no change in the amount of ADM/PanINs quantified,
then we may be able to reject our hypothesis that FGF21 works to maintain acinar cell
differentiation and inhibit reprogramming.
Figure 5: Timeline of Experiment

Methods
My role in this project begins in the fixation and embedding process of the tissue. I assist
hands-on in the dissection of the mouse when harvesting the pancreas, in which I take note the
weight and appearance of the pancreas. Following the dissection, I then fix the tissue in a series
of rinses and washes of ethanol, xylene, and hot wax. After doing so, I will embed the tissue in a
wax block for sectioning. I then section the tissue and prepare it on slides for histology staining
and imaging. I will be looking for the formation of ADM and PanINs. These are distinguishable

from healthy pancreatic tissue by their structure and by using different stains that will allow us to
look at markers for healthy acinar cells, ADM, and PanINs. I will then quantify the number of
these cellular changes, analyze overall findings from the imaging and draw conclusions.

Figure 6: Methods of Experiment

In the lab, most of my time is dedicated to sectioning and staining. H&E staining is the most
common stain used in histology. Within the tissue, the nucleus and other RNA-containing
structures of the cells will stain purple and the cytoplasm will stain pink. This will help us to
better see the morphology of the tissue (Paxton 2003).
Alcian Blue staining is used to identify PanINs. Alcian blue stains acidic sulfate groups in
mucins that are produced by PanINs, staining them blue. This allows for better PanIN
identification within the tissue (Myers 2010).
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Results
Fgf21 treatment does not prevent ADM/ PanIN formation
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Figure 9 is a graph showing the histological quantification results of FGF21 exp 1 in control and
mutant mouse models. Affected area in Ptf1a KO; Kras is high despite the administration of
FGF21. Figure 10 is an H&E stained image of a Ptf1a KO; Kras mouse without the
administration of FGF21. PanIN/ADM (highlighted in yellow) formation is high. Figure 11 is an
H&E stained image of Ptf1a KO; Kras mouse with the administration of FGF21. PanIN/ADM
(highlighted in yellow) formation is high, similar to Figure 8. Both Figure 10 and 11 are from
FGF21 exp 1.

Conclusion
To test our hypothesis FGF21 administration is sufficient in inhibiting acinar cell
reprogramming, we administered TM to induce Ptf1a KO and then injected mice with FGF21 for
three weeks before the mice were harvested. We expected to see a significant decrease in
PanIN/ADM formation in the mice that received FGF21 injections compared to the ones that did
not. However, there was no significant change in PanIN/ADM formation between the two. Both
conditions, with FGF21 and without, had similar results. These results can be seen in Figure 10,
11, and 12. Figure 10 shows there is no change in affected area of the Ptf1a Ko; Kras mice.
Pancreata from these conditions show severe PanIN/ADM formation but no difference (figure
11,12).
There are several reasons that could explain why this experiment was unsuccessful. This was
the first experiment conducted that tested this hypothesis. Therefore, mistakes could have been
made and our methods or experimental design may need to be altered in order to yield different
results. Another factor in explaining the lack of effect of FGF21 could be that there were
inconsistent levels of recombination within the different experimental groups. A different
possibility could be that this hypothesis is incorrect and FGF21 is insufficient in suppressing
PanINs on its own and the FGF21 protein is ineffective. In order to test this and draw
conclusions, we plan to analyze immunofluorescence staining. We also plan to test this
hypothesis in future experiments in similar and different mouse models as well as re-analyze our
data. If similar results are reproduced in future experiments, a new hypothesis may need to be
tested in order to determine if the mice are responding to FGF21 administration.
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