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Pancreatic cancer is the 4th leading cause of cancer deaths with less than a 7% 5-year survival rate.  Most 

pancreatic cancers are detected at very late stages, making treatment a major challenge. Perhaps more 

daunting, the basic biology of pancreatic tumors makes them very difficult to treat.  Most tumors are 

surrounded by a thick, impenetrable wall of so-called “stromal” cells that are co-opted by the tumor to 

perform a protective function.  This barrier blocks access of most drugs to the tumor cells and the cells 

that comprise the bricks in the wall of the barrier make proteins that help the tumor to grow.  Researchers 

have discovered that a protein named Hedgehog is important for creating and maintaining this 

impenetrable wall, and treatment with drugs that block Hedgehog function make chemotherapy work 

much better in mouse models of pancreatic cancer. 

Some people have called Hedgehog pathway targeting the “magic bullet” for uncovering vulnerabilities in 

pancreatic tumors to allow for treatment. Until recently, however, scientists did not appreciate a second 

role of the impenetrable stromal wall.  Upon treating human pancreatic cancer patients with Hedgehog 

inhibitors to poke holes in the barrier, the tumor cells escaped in some patients, seeding new tumors in 

the liver.  This was a huge clinical disappointment that highlighted our need to better understand the 

biology of pancreatic tumors. The result is very important for researchers who now appreciate that the 

stromal barrier functions not only to keep chemotherapy out of the tumor, but also is protecting the 

patient from the tumor by holding the tumor cells inside the wall. 

At Fox Chase Cancer Center, a team of seven researchers is tackling this significant problem. Two years 

ago, three different laboratories landed on the exact same protein family as an important and completely 

unexpected sentry for protection of pancreatic tumors.  Dr. Igor Astsaturov’s lab was conducting a screen 

for drugs that could kill pancreatic cancer cells isolated from Fox Chase patients and found that drugs 

targeting proteins that help make cholesterol in pancreatic cancer cells were very effective at killing the 

tumor cells.  This depended on the function of a protein called the Liver-X-Receptor, which is a close cousin 

of the Vitamin D Receptor. At the same time, Dr. Tim Yen’s lab was in the process of identifying genes that 

are important for protecting pancreatic cancer cells against the chemotherapeutic agent gemcitabine and 

found that reducing levels of the Vitamin D Receptor made the tumor cells sensitive to gemcitabine. Their 

work shows that loss of the Vitamin D Receptor works in part by crippling the ability of the tumor cells to 

repair the damage done to their DNA by gemcitabine, making it impossible for them to survive after 

multiplying.  Finally, Dr. Alana O’Reilly’s lab identified the fly version of the Vitamin D Receptor as a protein 

that interprets the amount of dietary cholesterol consumed by the fly to control the amount of Hedgehog 

protein available to make cells divide.  Together, these studies led to the development of the new idea 

that cholesterol in the diet controls the function of the Vitamin D Receptor and its cousins to protect 

pancreatic tumor cells in two ways.  First, The Vitamin D Receptor helps the tumor cells repair their DNA 

after treatment with gemcitabine.  Secondly, the Vitamin D Receptor translates the amount of cholesterol 

available to tumor cells to allow Hedgehog to create the impenetrable stromal barrier of protection. 



Pilot funds from the Bucks County Board Chapter/Board of Associates provided the first opportunity for 

Fox Chase scientists to begin to explore this novel hypothesis.  After two years of a close partnership with 

the BCC/FCCC, three new drugs that kill pancreatic cancer cells in the lab are being prepared for testing in 

Phase I clinical trials in Fox Chase patients.  The first drug, identified by Dr. Tim Yen’s lab in collaboration 

with Dr. Igor Astsaturov’s lab, targets proteins that help the tumor cells repair the DNA damage caused 

by gemcitabine treatment.  The paper describing the effects of this drug on patient tumors grown in mice 

was published recently. Like all the most exciting articles published in scientific journals, it was selected 

as a “News and Views” feature that highlighted the potential therapeutic value of the newly identified 

drug.  Two additional drugs have been identified by Dr. Igor Astsaturov’s lab that also effectively kill human 

pancreatic tumors grown in mice.  Dr. Astsaturov was awarded a grant from the National Cancer Institute 

for $1.25 million to understand the biology behind the effects of one of these drugs, and the second is 

showing tremendous promise in animal models of pancreatic cancer.  We are working to begin clinical 

trials on these drugs within the next 18 months. 

In addition to research aimed at identifying new drugs that kill pancreatic cancer cells, four additional labs 

are taking different approaches to tackle the question of how pancreatic tumors protect themselves by 

trying to understand the underlying biology of the tumor.  Dr. Edna Cukierman’s lab has expertise in the 

changes that occur in the stromal cells surrounding the tumor. Using a unique three-dimensional model 

of stromal barrier formation, Dr. Cukierman’s lab is identifying proteins that alter the stromal cells to allow 

them to support and protect the tumor. At the same time, Dr. Kerry Campbell’s lab is interested in 

determining how the patient’s immune system participates in tumor cell killing and/or protection.  His 

work is focused on a special kind of blood cell called an NK cell suggests that there is an army of immune 

cells that line up in blood vessels around the tumors, ready to take action.  Something prevents them from 

penetrating the tumor, however, and Dr. Campbell’s lab is working hard to understand how the tumor 

environment is keeping the NK cell army at bay.  Dr. Alana O’Reilly’s lab is examining the role of Hedgehog 

and its associated proteins in pancreatic tumor recurrence by identifying cells called “cancer stem cells” 

hiding within the tumors to avoid drug treatment and seed new tumors. Dr. Tiffiney Hartman’s lab seeks 

to understand how cholesterol helps tumors form in the first place. Using a mouse model of pancreatic 

cancer development, her lab is mapping the proteins that are important for controlling Hedgehog levels 

relative to the changes that occur when a normal pancreatic cell becomes a benign lesion and then 

develops through a series of stages to form a malignant cancer, called adenocarcinoma. This project aims 

to identify proteins that are important for the transition from cells with some abnormal characteristics to 

cancer in the hope of uncovering methods for the detection and treatment of benign lesions to prevent 

pancreatic cancer development.  Based on these exciting beginnings, Dr. Carolyn Fang became involved 

in the project to understand how behavioral risk factors such as diet and exercise influence cholesterol 

levels in patients that may affect the development of pancreatic tumors.  Dr. Fang is working extensively 

with Dr. Cukierman to measure the effects of high cholesterol on pancreatic cancer treatment and 

prevention.  This is an incredible new direction that emphasizes a unique strength of Fox Chase: its small 

size and highly collaborative environment really allows us to assemble a complementary team of experts 

than can address a challenging biological and clinical problem from every possible angle. 



Additional collaborations in other diseases have resulted from the energy generated by this incredible 

partnership.  Dr. Denise Connolly is collaborating with Dr. O’Reilly to identify cancer stem cells in ovarian 

cancers.  She independently landed on one of the same drugs found by Dr. Astsaturov as a pancreatic 

cancer cell killer.  Ongoing work in the two labs aims to uncover similar vulnerabilities in these two 

therapeutically challenging cancers. Dr. Zeng-jie Yang is an expert in childhood brain tumors, a disease 

that is driven by defects in Hedgehog signaling.  Dr. Yang is exploring the role of cholesterol in controlling 

Hedgehog levels in these challenging tumors, with significant crosstalk with the approaches in Dr. 

O’Reilly’s lab on pancreatic cancer.   

The work of our team is progressing rapidly, with each new day uncovering a new and exciting 

development. Since we formed our partnership with the BCC/FCCC, 13 papers have been published, with 

3 more submitted for review. The nearly $500,000 BCC/FCCC dollars that have supported this project have 

already resulted in just over $4.25 million in grants that will support this research at Fox Chase over the 

next 5 years.  An additional $6.9 million dollars will be requested in grant applications for consideration 

before the end of the 2014 calendar year.  Importantly, the time frame for these achievements is only 2 

years and counting.  This is truly remarkable in the current funding and publishing climate, and is a true 

testament to the value of a committed fundraising team paired with scientists who are limited only by 

sufficient funds to conduct cutting edge and clinically important cancer research. 
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