Preclinical fluorescent mouse models of pancreatic cancer
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ABSTRACT

Here we describe our cumulative experience with the development and preclinical application of several highly
fluorescent, clinically-relevant, metastatic orthotopic mouse models of pancreatic cancer. These models utilize the
human pancreatic cancer cell lines which have been genetically engineered to selectively express high levels of the
bioluminescent green fluorescent (GFP) or red fluorescent protein (RFP). Fluorescent tumors are established
subcutaneously in nude mice, and tumor fragments are then surgically transplanted onto the pancreas. Locoregional
tumor growth and distant metastasis of these orthotopic implants occurs spontaneously and rapidly throughout the
abdomen in a manner consistent with clinical human disease. Highly specific, high-resolution, real-time visualization of
tumor growth and metastasis may be achieved in vivo without the need for contrast agents, invasive techniques, or
expensive imaging equipment. We have shown a high correlation between florescent optical imaging and magnetic
resonance imaging in these models. Alternatively, transplantation of RFP-expressing tumor fragments onto the pancreas
of GFP-expressing transgenic mice may be used to facilitate visualization of tumor-host interaction between the
pancreatic tumor fragments and host-derived stroma and vasculature. Such in vivo models have enabled us to serially
visualize and acquire images of the progression of pancreatic cancer in the live animal, and to demonstrate the real-time
antitumor and antimetastatic effects of several novel therapeutic strategies on pancreatic malignancy. These fluorescent
models are therefore powerful and reliable tools with which to investigate human pancreatic cancer and therapeutic
strategies directed against it.
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1. INTRODUCTION

Pancreatic cancer is often a fatal disease with 5-year survival rates of only 1-4% (1, 2). It is the fourth leading
cause of cancer related mortality in the United States. Reasons for low survival in this disease include aggressive tumor
biology, high metastatic potential, and late presentation at the time of diagnosis (3, 4). The symptoms of pancreatic
cancer may include jaundice, pain, weight loss, digestive problems, and new onset diabetes (5). By the time an
individual with pancreatic cancer develops these symptoms, the tumor has often reached a large size and metastasized to
other organs including liver, lung, and peritoneum (4). Although chemotherapy can offer some palliation, it is not
curative and the median survival is less than 6 months. For the few patients who have localized disease, surgical
resection offers the only chance for cure. However, even with potentially curative surgery the five-year survival rates are
only 15-20% (1). Clearly, techniques for earlier diagnosis and new treatment modalities need to be explored if progress
is to be made. In an effort to help develop more effective treatment modalities for pancreatic cancer and improve
detection, we and others have developed orthotopic models of human pancreatic cancer in the nude mouse that simulate
tumor growth, progression, and metastasis and allow for testing of novel treatment strategies (6-15).

Mouse models based on athymic mice have been used for human cancer for the past several decades. However,
metastatic rates from subcutaneous or intramuscular xenografts have been low or non-existent, even from tumors that
were highly metastatic in the patient from whom the tissues were derived (16, 17). Work from a number of laboratories
indicates that implanting human tumor cells orthotopically in the corresponding organ of nude mice results in much
higher metastatic rates. For instance, dissociated human colon cancer cells, when grown in culture and subsequently
injected into the cecum of nude mice, produce tumors that eventually metastasize to the liver, showing that orthotopic
implantation can enhance the metastatic capability of human tumor cells in nude mice (18). Similar results have been
achieved for orthotopic implantation of cell lines of human lung cancer, bladder cancer, melanoma, breast cancer,
stomach, colon, and head and neck cancer.

In the 1980s, investigators first reported metastatic models of human pancreatic cancer using orthotopic
implantation of tumor-cell suspensions, which resulted in invasive tumor growth and subsequent metastases (8, 19).
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