
Influence of the Implantation Site on the Sensitivity of Patient 
Pancreatic Tumor Xenografts to Apo2L/TRAIL Therapy

R Sharma, MD1, S Buitrago, DVM2, R Pitoniak, MsN3, JF Gibbs, MD, MHCM1, L Curtin, 
DVM2, M Seshadri, PhD4, EA Repasky, PhD3, and BL Hylander, PhD3,*

1Department of Surgical Oncology, Roswell Park Cancer Institute, Buffalo, NY

2Laboratory Animal Resources, Roswell Park Cancer Institute, Buffalo, NY

3Department of Immunology, Roswell Park Cancer Institute, Buffalo, NY

4Department of Pharmacology, Roswell Park Cancer Institute, Buffalo, NY

Abstract

Objectives—We have previously demonstrated activity of Apo2L/TRAIL against patient 

pancreatic tumor xenografts. Here, we have examined the influence of the tumor implantation site 

on therapeutic response of orthotopic tumors and their metastases to Apo2L/TRAIL.

Methods—Sensitivity of six patient pancreatic tumor xenografts to Apo2L/TRAIL was 

determined in a subcutaneous model. To compare the response of orthotopic tumors, cells from 

subcutaneous xenografts were injected into the pancreas. Tumor growth was confirmed by 

histological examination of selected mice and then treatment was started. When all control mice 

developed externally palpable tumors, the experiment was terminated and pancreatic weights 

compared between control and treated groups. Magnetic resonance imaging was used to quantitate 

the response of orthotopic and metastatic tumors.

Results—The sensitivity to Apo2L/TRAIL observed in subcutaneous tumors was maintained in 

orthotopic tumors. Metastatic spread was observed with orthotopic tumor implantation. In an 

orthotopic model of a sensitive tumor, primary and metastatic tumor burden was significantly 

reduced and median survival significantly extended by Apo2L/TRAIL therapy.

Conclusions—Our data provide evidence that the site of tumor engraftment does not alter the 

inherent sensitivity of patient xenografts to Apo2L/TRAIL and these results highlight the potential 

of Apo2/TRAIL therapy against primary and metastatic pancreatic cancer.
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INTRODUCTION

The most common approach for preclinical evaluation of novel therapies in cancer research 

involves the conduct of studies in mice bearing subcutaneous human tumor xenografts.1,2 

However, it is now well recognized that the therapeutic sensitivity of a tumor can be 

significantly influenced by the microenvironment. For example, the sensitivity of colon 

carcinoma cells to doxorubicin, but not 5-FU, varies depending on the implantation site3. 

Since tumors may respond to therapeutics in an agent and site dependent manner, it is 

important to determine the response of the tumor to a particular therapy in more than one 

site (e.g. orthotopic vs. subcutaneous) as well as to test the response of established 

metastases.

In this study we investigated the responses of six patient pancreatic tumor xenografts 

engrafted in two different sites (subcutaneous vs. orthotopic) to evaluate the influence of the 

implantation site on tumor response to the targeted therapy Apo2L/TRAIL. We also 

investigated the response of metastases derived from one of these tumors. Apo2L/TRAIL 

directly induces apoptosis through the cell surface death receptors DR4 and DR54 and we 

have previously shown that some patient tumors grown subcutaneously in SCID mice are 

sensitive to treatment with Apo2L/TRAIL while others are quite resistant.5 Recent clinical 

trials have shown that Apo2L/TRAIL has a good safety profile, although limited efficacy 

was observed.6 However, because Apo2L/TRAIL targets malignant cells without similar 

toxicity to normal cells4,7 there is still enthusiasm for therapies targeting death receptors 

and, in addition to Apo2L/TRAIL, antibodies to death receptors are also being investigated 

clinically.8,9 For this reason, the response of patient tumor xenografts to therapies targeting 

death receptors is clinically relevant and it is important in order to understand the degree to 

which the response of a tumor is inherent or influenced by different implantation sites.

Our results show that patient pancreatic xenografts responded to Apo2L/TRAIL in similarly 

in both implantation sites. Using a sensitive tumor, we developed a metastatic model and 

found that treated mice also had significantly reduced metastatic tumor burden compared to 

controls. Moreover, treatment of mice with confirmed metastases significantly improved 

survival, demonstrating that these metastatic tumors did not acquire resistance to Apo2L/

TRAIL.

METHODS

Mice

Severe Combined Immunodeficient mice (SCID- strain C.B Igh-1bIcrTac-Prkdcscid/Ros) 

were obtained from the RPCI breeding colony. Experiments were approved by the Institute 

Animal Use and Care Committee (IACUC).

Surgical specimens and subcutaneous patient tumor xenografts

De-identified patient specimens were obtained through the Pathology Research Network and 

are referred to by a procurement number. The specimens were implanted subcutaneously in 

2–4 mice5, engrafted tumors were passaged and subsequently used as donor tumors for 

experiments.
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Apo2L/TRAIL treatment

Mice in the treatment groups received 500µg Apo2L/TRAIL/200µl saline (Apo2L/TRAIL 

was a gift from Genentech and Amgen) and mice in the control groups received 200µl saline 

daily. Characterization of the anti-tumor effect on subcutaneous tumors, was carried out as 

previously described5.

Orthotopic engraftment

Subcutaneous xenografted donor tumors were minced in Accutase (Innovative Cell 

Technologies, Inc., San Diego, CA cat. no. AT-104), incubated at room temperature for 20 

minutes and filtered through sterile 40-µm nylon filters. Cell yield and viability was assessed 

by trypan blue. 2×106 cells were suspended in 25µl of RPMI media and mixed 1:1 with 

matrigel (BD Biosciences, cat. no. 356230). Surgical procedures were performed under 

sterile conditions in the LAR facility. Mice were anesthetized with Isoflurane, an incision in 

the skin of the left flank just inferior to the lowermost palpable rib was made, the 

peritoneum was incised and the spleen with the tail of the pancreas was exteriorized. 50 µl of 

cell suspension was injected into the tail of the pancreas by injecting parallel to the length of 

pancreas and observing the formation of a bleb. Alternatively, a 5mm3 piece of donor tumor 

was sutured to the surface of pancreas with 5-0 Vicryl. The spleen and pancreas were 

repositioned and the peritoneal cavity closed with 5-0 Vicryl suture. The skin was closed 

with Vetbond (3M Corp St Paul MN, No 1469SB). Buprenorphine (0.05 mg/kg SC) was 

given post-operatively for analgesia. In “survival” experiments, the mice were euthanized 

when they showed signs of distress including abdominal distension, jaundice or loss of more 

than 20% of body weight. The growth of orthotopic tumors and their metastases was 

evaluated by either assessing tumor burden (i.e. weight of the pancreas at the end of the 

experiment) or in vivo by magnetic resonance imaging.

Magnetic resonance imaging (MRI)

MRI was performed weekly beginning at 13 weeks post-implantation, using a 4.7 T/33-cm 

horizontal bore magnet (GE NMR Instruments, Fremont, CA) incorporating a removable 

gradient coil insert (G060; Bruker Medical Inc., Billerica, MA) generating maximum field 

strength of 950 mT/m and a custom-designed 35-mm RF transmit-receive coil. Animals 

were placed prone on an MR-compatible sled (Dazai Research Instruments, Toronto, 

Canada) within a carrier tube and positioned in the magnet. Induction and maintenance of 

anesthesia during imaging was achieved by inhalation of 2–3% Isoflurane in oxygen (Abbott 

Laboratories, IL). Coronal T2-weighted (T2W) images were acquired with the following 

parameters: FOV = 4.8 × 3.2 cm, matrix (MTX) = 256 × 192, number of slices = 21, slice 

thickness = 1.00 mm, TEeff = 41 ms, TR = 2424 ms, no. of averages = 4. Contrast-enhanced 

MRI was performed using the super paramagnetic iron oxide (SPIO) nanoparticle, FeREX 

(BioPal Inc., Worcester, MA). At the 15 week time point, coronal T2-weighted images were 

acquired before and after intravenous administration of FeREX (0.1cc of 0.5 mg/ml) for 

enhanced visualization of metastatic lesions. Following image acquisition, raw image sets 

were transferred to a processing workstation and processed using the medical imaging 

software, Analyze (AnalyzeDirect, version 7.0; Overland Park, KS). Primary tumor volumes 

and metastatic burden (mm3) were calculated from manually traced regions-of-interest 
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(ROI). A two-tailed unpaired t test was used to compare primary tumor and metastatic 

burden between animals in the control and treatment group.

Histology

Tissues were formalin-fixed and processed for routine histology. Immunohistochemistry to 

identify cells of human origin was carried out with anti-human mitochondrial antibody 

(Chemicon International, Temecula CA, #MAB 1273) following antigen retrieval in citrate 

buffer.

Statistical Analysis

Significance was set at p=0.05. Graph Pad prism 5 analytical software was used for Student 

t-tests.

RESULTS

Tumor sensitivity to Apo2L/TRAIL in a subcutaneous site

The response of several different patient pancreatic tumors to Apo2L/TRAIL was 

determined as previously described5. Mice were treated for either one or two 2-week cycles. 

If tumor growth was significantly inhibited by Apo2L/TRAIL treatment (Fig. 1, p< 0.05), 

tumors were designated sensitive (#11424, #14244, #16096) and, if not, they were 

designated resistant (#12298, #12424, #12459).

The orthotopic model

Two approaches for establishing orthotopic pancreatic xenografts, using either histologically 

intact tumors10 or a cell suspension from disaggregated tumors11 were evaluated. Both 

methods developed tumors at the primary site, but only tumors from the cell suspensions 

developed metastases (data not shown). The presence of primary tumor within the pancreas 

was confirmed by histology and immunohistochemistry for human mitochondria (Fig. 2A, 

B) and visible liver metastases (Fig. 2C) were confirmed histologically (Fig. 2D). Based on 

these observations, injection of a cell suspension was chosen to establish orthotopic tumors.

We then characterized the engraftment kinetics of the six tumors by engrafting groups of 

mice and necropsying one mouse weekly. Histologically identifiable tumors were seen in 

sections of pancreas in the three sensitive tumors between 2–5 weeks post-implantation 

(11424- 26 days, 14244- 39 days and 16096- 20 days). Development of the resistant tumors 

took longer (12298- 112 days, 12459- 68 days and 12424- 43 days). Liver metastases from 

11424 and 14244 were found at 9 and 21 weeks respectively. Among the resistant tumors, 

only a single mouse with tumor 12298 developed a liver metastasis at 38 weeks. A 

comparison of tumors grown subcutaneously vs. orthotopically shows that the histologies 

are similar and distinctive histological features are retained in both sites (Fig. 2 E–P).

Tumor sensitivity or resistance to Apo2L/TRAIL is maintained in an orthotopic setting

To investigate whether the sensitivity to Apo2L/TRAIL is influenced by tumor location, 

each sensitive tumor was engrafted orthotopically in groups of mice. After two weeks, one 

mouse per group was necropsied weekly until tumor engraftment was confirmed 
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histologically. The remaining mice were divided into two groups and treatment initiated (see 

Table 1). Experiments were terminated when the majority of control mice developed large, 

externally palpable tumors (11424= 5/7, 14244= 7/7 and 16096= 4/5); upon necropsy 

tumors (too small to be palpated) were found in all control mice. In contrast, very few mice 

in the treated groups had large, palpable tumors (11424= 0/7; 14244= 0/7 and 16096= 2/5), 

although histological evidence of small tumor foci was found in all mice. Correspondingly, 

the average pancreatic weight was significantly higher in control vs. treated mice (Fig. 3A–

C).

When similar experiments were done using resistant tumors, mice in both control and 

treated groups developed large, palpable tumors (Table 1) and the pancreatic weights were 

not significantly different (Fig. 3D–F). However, we observed a tendency towards increased 

sensitivity to Apo2L/TRAIL in tumor #12424 (Fig. 3E, p= 0.07). Additional experiments 

showed that subcutaneous tumors established from intact tumor pieces displayed resistance 

as originally observed (n=5, p= 0.89) while subcutaneous tumors established by injection of 

disaggregated cells in matrigel showed a trend towards increased sensitivity (n=5, p= 0.08) 

based on final tumor volume (data not shown). This suggests that it is the disaggregation of 

this tumor that slightly increases its sensitivity to Apo2L/TRAIL and not the difference in 

implantation site.

Because it has been reported that Apo2L/TRAIL treatment of tumors in which the apoptotic 

pathway is blocked can increase metastasis12, we examined mice bearing resistant tumors 

for signs of metastatic lesions after treatment. Neither gross nor histological examination of 

the liver, peritoneum, spleen, diaphragm, viscera, lymph, and portal lymph nodes revealed 

any evidence of increased metastases.

Apo2L/TRAIL inhibits growth of primary and metastatic disease and confers survival 
benefit

To examine the activity of Apo2/TRAIL against primary and metastatic pancreatic cancer, 

13 mice were implanted orthotopically with a metastasizing tumor (#11424; Control, n=6, 

and Apo2L/TRAIL treated, n= 7) and treatment was initiated at week 13 because tumor 

#11424 was seen to develop metastases between 8–13 weeks. MRI imaging was performed 

weekly to monitor primary tumors and metastatic burden. Measured values are reported as 

mean ± standard error of the mean. Representative coronal T2-weighted MR images 

(primary tumor outlined in red) of a saline-treated mouse and a mouse treated with Apo2L/

TRAIL at two different time points are shown in Fig. 4. Growth curves of primary tumors in 

saline treated animals and animals treated with Apo2/TRAIL are shown in Fig. 5A. Primary 

tumor volumes of animals in both groups were comparable at the time treatment was 

initiated (d94: saline= 634 ± 121 mm3, Apo2L/TRAIL= 705 ± 134 mm3; p>0.05). A 

significant increase (p<0.05) in primary tumor volume was observed in saline-treated 

controls on day 109 (1511± 318 mm3), day 115 (1722 ± 18 mm3) and day 122 (1902 ± 70 

mm3). In contrast, a marked degree of tumor growth inhibition was observed in Apo2L/

TRAIL treated animals. Differences in tumor volume between saline and TRAIL treatment 

groups were statistically significant on day 109, d115 and d122. In agreement with the MRI 
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data, the pancreatic weights in the control mice were significantly higher than those of 

treated mice (Fig. 5B).

The effect of Apo2L/TRAIL therapy on metastatic disease was also investigated using MRI. 

Non-contrast enhanced T2-weighted and SPIO-enhanced T2-weighted MRI was utilized to 

visualize metastatic lesions in mice. Metastatic lesions were visualized in the liver, spleen 

and diaphragm in 5/6 control animals and 5/7 Apo2L/TRAIL treated animals (Fig.4). Fig. 

5C shows metastatic burden (mm3) of saline and Apo2/TRAIL treated animals at different 

time points post implantation. A significant increase (p<0.001) in metastatic burden was 

observed in saline-treated controls between day 94 (6.4± 2.8 mm3) and day 122 (44.1 ± 3.4 

mm3). In comparison, Apo2L/TRAIL treated animals showed significant inhibition of 

metastatic burden over time. Differences in metastatic burden between animals in saline and 

treatment groups were statistically significant on day 115 (p<0.05) and d122 (p<0.001).

Finally, in a separate experiment, we investigated whether Apo2L/TRAIL therapy in the 

metastasizing model had survival benefit. Treatment was initiated at 8 weeks when the 

majority of mice developed palpable pancreatic tumors. Mice were monitored for signs of 

distress and the time of sacrifice was considered the survival end-point. All the mice in the 

control group reached this end point by week 20, whereas the majority of mice in the 

treatment group were still surviving. Therefore, the treatment was stopped and the remaining 

mice in the treatment group evaluated by MRI (n=5). MRI imaging revealed minimal tumor 

burden in pancreas and no evidence of metastases supporting the conclusion that inhibition 

of growth of both primary and metastatic tumors by Apo2L/TRAIL significantly improved 

the survival of these mice. Following cessation of treatment, the mice progressed and met 

the criteria for the survival end-point; all mice were sacrificed by d226. The mean survival 

of the groups was 130 days for the control group and 175 days for the treated group (Fig. 

5D; p= 0.01).

DISCUSSION

Preclinical tumor models derived from primary patient specimens may be more 

representative of patient tumors than long- established cell lines and may better predict the 

response of patient tumors (see10,11,13). We have established patient tumor xenografts for 

several solid tumors including breast, colon, pancreas and head and neck.14–17 Using patient 

pancreatic and colon tumor xenografts implanted subcutaneously, we have previously 

characterized the response of these tumors to Apo2L/TRAIL.5,18,19 Since tumor biology and 

therapeutic response can be strongly influenced by the microenvironment, we have now 

examined the activity of Apo2/TRAIL against an orthotopic/metastatic model of pancreatic 

cancer. This study extends our previous work and shows that the response of six patient 

pancreatic tumor xenografts grown subcutaneously to Apo2L/TRAIL is maintained in a 

different (orthotopic) location as well as in metastases of a sensitive tumor.

There have been limited studies comparing the efficacy of targeting death receptors in 

subcutaneous and orthotopic locations. One study compared the response to Apo2L/TRAIL 

of NCI-H460 lung tumors engrafted subcutaneously to those engrafted orthotopically20 and 

observed inhibition of tumor growth (by Apo2L/TRAIL alone which was enhanced in 
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combination with chemotherapy) in the two locations as well as improved survival of mice. 

A similar study was carried out evaluating the responses of NCI-H460 to a DR5 targeting 

antibody (drozitumab) with similar results.21 Also, in a study of breast cancer cell lines, it 

was shown that these lines are more sensitive to anti-DR5 (lexatumumab) than anti-DR4 

antibodies (mapatumumab) and that antibody treatment of mice with orthotopic MDA-

MB-231 tumors resulted in reduced growth of primary tumors as well as statistically 

significantly fewer metastases.22

Orthotopic models of pancreatic adenocarcinoma which metastasize to clinically relevant 

sites have been developed using cell lines and patient tumors.10,23–25 In several of these 

studies, inhibition of the primary tumor has been shown to correlate with inhibition of 

formation of metastases. However, instances in which the response of the metastases 

differed from that of the primary have also been observed, for example, inhibition of 

hedgehog signaling by cyclopamine did not significantly inhibit primary orthotopic 

pancreatic tumor growth, while it did significantly decrease the instance of metastases.26. In 

a clinical setting however, metastatic disease is often present at diagnosis and so a model in 

which the efficacy of a therapeutic can be evaluated against established metastases is 

valuable. Recently, using a metastatic melanoma model in which metastasis occurs within a 

predictable time frame, the ability of metronomic chemotherapy to improve survival and 

control established metastases in melanoma was demonstrated.27 In this study, we utilized 

MRI to non-invasively monitor primary and metastatic tumor burden in mice with 

orthotopic tumors. While optical imaging methods including bioluminescence and 

fluorescence imaging are widely utilized in preclinical studies, they require transfection of 

tumor cell lines with optically active reporters. This approach is not feasible with xenografts 

established from surgically derived tumor tissue. In comparison, MRI provides excellent soft 

tissue contrast and good spatial resolution in vivo that enables distinct delineation of primary 

and metastatic tumors without the need for manipulating tumor cells or tissues. The 

multislice imaging capabilities of MRI without the use of radioactive tracers makes it ideal 

for non-invasive longitudinal monitoring of tumor growth in preclinical model systems. The 

results of our experiments with the metastasizing tumor #11424 show that, for this tumor, 

treatment with Apo2L/TRAIL is able to inhibit the growth of both primary tumors in the 

pancreas and documented metastatic lesions and, furthermore, that this treatment 

significantly improved survival in the treated animals.

While there are many reports of selective apoptosis in tumor cells induced by Apo2L/

TRAIL, there have also been cautionary reports of increased metastasis by cells that are 

resistant to apoptosis.12 In the present study we examined the response of three different 

resistant patient tumor xenografts and did not observe any increase in instances of 

metastasis.

Originally, investigations of the anti-tumor effects of Apo2L/TRAIL focused on the fact that 

a large number of malignant human cell lines underwent apoptosis in response to 

engagement of the death receptors DR4 and DR5, both in vitro and in immunodeficient 

mouse xenograft models, while normal cells did not.28,29
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Walczak et al29 reported that while leucine zipper trimerized-human TRAIL (LZ-huTRAIL) 

and mouse LZ-msTRAIL are equally effective against the mouse tumor LB27.4 in a 

chromium release assay, LZ-huTRAIL is 300× more effective against the human Jurkat cell 

line than was the LZ-msTRAIL. To specifically examine the question of cross-reactivity, 

Bossen et al30 set up an expression system where the extracellular domains of the human 

and mouse ligands and receptors were expressed on the cell surface and their interactions 

could be evaluated. They found species cross-reactivity in which both the huTRAIL and 

msTRAIL interacted with all four human receptors and the msDR5 and msDcR2. In those 

assays, they stated that the ligands were predicted to be hexamers and therefore could 

exhibit higher avidity than the natural trimers. In fact, a recent report by Wilson et al31 

demonstrated that an oligomeric form of huApo2L/TRAIL induced apoptosis in the murine 

endothelial cells within xenografted human tumors whereas the trimeric form did not. 

Therefore, in terms of examining mechanisms of Apo2L/TRAIL induced apoptosis in 

tumors vs. normal cells in xenografts, species cross-reactivity with mouse stromal elements 

may occur with some forms of ligands and antibodies targeting death receptors, but not with 

the trimerized form used in this study. In terms of what information different models may 

provide, the patient xenografts such as used in this study have several advantages. Since 

they are derived from freshly obtained surgical specimens acquired at time of patient 

diagnosis, they are uniquely representative of the heterogeneity of the patient population and 

should provide evidence of how the diverse patient population will respond to therapies 

(either traditional or targeted). However, three drawbacks of these patient xenograft models 

derive from the necessity of using SCID mice: 1) the stroma in the tumor microenvironment 

is derived from the murine host and therefore therapy induced effects on the stroma may not 

occur, 2) cells of the adaptive immune system are lacking and 3) the engrafted tumors are 

often at advanced stages of malignant development.

Genetically engineered mouse models (GEM models) are now being developed that 

recapitulate many features of human cancer initiation and progression in the autochthonous 

setting in immunocompetent mice (see recent reviews32,33). These GEM models provide for 

the development of malignancy in the presence of a functional immune system which is 

important in understanding the role of TRAIL in endogenous tumor control because TRAIL 

is expressed by activated immune cells and has been shown to play a role in 

immunosurveillance.34 Furthermore, the histological features of these tumor models are 

architecturally representative of human tumors and when tumors develop in the appropriate 

cells with genetic alterations found in patient tumors, they could be expected to act like 

patient tumors in response to therapies.32 Although GEM models are not yet used routinely 

in preclinical therapeutic studies, two recent reports demonstrate the potential of these 

models. Singh and colleagues carried out an extensive study with GEM models that 

phenocopy human NSCLC and pancreatic cancer and successfully showed that results 

obtained in these preclinical trials correlated with results from actual clinical trials.35,36 In a 

second example, Olive and colleagues37 used a GEM model of pancreatic cancer which 

developed extensive desmoplasia to show that inhibition of stromal elements could facilitate 

delivery of chemotherapy and significantly improve anti-tumor efficacy. GEM models are 

based on a limited number of relevant genetic mutations, however, and will be unlikely to 

reproduce all the genetic changes occurring in diverse patient derived tumor models.
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The fact that tumor development is not synchronous in GEM models, though, creates 

experimental challenges in carrying out therapeutic studies requiring cohorts of mice with 

tumors at comparable stages and size. Also, in testing targeted therapies, it may be necessary 

to use “surrogate” molecules whose activity in the murine system is specifically designed to 

mimic the affinity of the human molecules in human tumor models. Clearly, different 

models have different strengths and weaknesses and preclinical studies using both types of 

models should provide complementary information about novel therapeutics thus improving 

chances of accurately predicting which will be successful in the clinic.

In summary, our results demonstrate potent antitumor activity of Apo2/TRAIL therapy 

against a patient tumor xenograft in several different sites (subcutaneous, primary orthotopic 

and metastatic pancreatic cancer) in vivo. Overall, these results support the idea that initial 

pre-clinical evaluations of some therapeutics (in this case Apo2L/TRAIL) using patient 

tumors in a subcutaneous location can be predictive for response in orthostatic and 

metastatic sites. Although it might be predicted that patient tumors have already “escaped” 

from immune surveillance molecules, this is clearly not true for all tumors. Our findings 

concerning the response of pancreatic tumor xenografts to Apo2L/TRAIL support the 

further development of death receptor targeting therapeutics for the treatment of pancreatic 

malignancies and demonstrate the need to develop methods for identifying those tumors 

which are sensitive to these apoptosis inducing therapies.
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FIGURE 1. 
Degree of tumor growth inhibition (TGI) of patient pancreatic tumors engrafted 

subcutaneously in SCID mice achieved by Apo2L/TRAIL treatment for 3 sensitive and 3 

resistant xenografts. Tumor bearing mice were treated with 500µg/dose of Apo2L/TRAIL 

daily for approximately two 2-week cycles, separated by 1 week rest (the day on which the 

% tumor growth inhibition was calculated varied slightly between experiments as indicated). 

Sensitivity was designated based on the results of the Student t-test comparing average 

tumor size on day indicated (**p<0.005; *p<0.05). Gray bars- sensitive tumors; black bars- 

resistant tumors.
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FIGURE 2. 
Histology of engrafted pancreatic xenograft #11424. A. Viable tumor cells (arrow) can be 

identified in the SCID mouse pancreas. B. In a serial section, these cells are positive by IHC 

for human mitochondria (arrow) and thus confirmed to be of human origin. C. A metastatic 

lesion is grossly visible in the periphery of the liver (circled). D. A metastatic lesion in a 

section of the liver (arrow). E–P. Histological features of individual tumors are identical in 

subcutaneous and orthotopic sites: for each tumor the subcutaneous (SC) sample is shown 

above the orthotopic (Ortho) location: (#11424 E-SC, F-Ortho; #14244 G-SC, H-Ortho; 
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#16096 I-SC, J-Ortho; #12298 K-SC, L-Ortho; #12424 M-SC, N-Ortho; #12459 O-SC, P-

Ortho).
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FIGURE 3. 
Responses of the six patient pancreatic xenografts engrafted orthotopically to Apo2L/

TRAIL treatment. Mice were treated daily with Apo2L/TRAIL and tumor burden (as 

indicated by weight of the pancreas) was evaluated at the end of treatment. A–C. Mice with 

tumors 11424 (A), 14244 (B) and 16096 (C) all showed a significant differences in 

pancreatic weight between control and treated mice; D–E Mice with tumors 12298 (D), 

12424 (E) and 12459 (F) did not. (**p<0.005; *p<0.05).
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FIGURE 4. 
Response of orthotopic and metastatic pancreatic cancer to Apo2L/TRAIL. The presence of 

both primary and metastatic tumors was confirmed prior to initiating treatment on day 94. 

Representative coronal T2-weighted MR images of a saline-treated mouse (A, B) and an 

Apo2L/TRAIL treated mouse (C, D) on day 110 (A, C) and on day 122 (B, D) in which the 

appearance of both primary and metastatic lesions are indicated (primary tumors are 

outlined in red; arrows point to metastatic lesions).
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FIGURE 5. 
Growth of primary orthotopic tumors and metastatic lesions is inhibited by Apo2L/TRAIL 

and survival is extended in treated mice. A. Growth curves of primary tumors in control and 

Apo2/TRAIL treated mice. B. Final pancreatic weights in the mice shown in (A). C. 
Metastatic burden (mm3) of control and Apo2/TRAIL treated animals at different time 

points post implantation. Differences in metastatic burden between animals in saline and 

treatment groups were statistically significant on day 115 (p<0.05) and d122 (p<0.001). D. 
Kaplan-Meier survival curves of control and Apo2/TRAIL treated animals. A significant 

increase in median survival was observed following Apo2/TRAIL treatment (175 days; 

p=0.01) compared to control animals (130 days).
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