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Abstract

Pancreatic cancer is the fourth leading cause of cancer-related deaths in the United States and is nearly
always fatal. Whereas early detection offers the most promising approach for reducing the mortality of
this disease, there is still a need to develop effective drugs for the prevention and treatment of pancreatic
cancer. We tested two promising classes of noncytotoxic drugs, synthetic oleanane triterpenoids and
rexinoids, for the prevention of carcinogenesis in the highly relevant LSL-Kras®'?P/*;LSL-Trp538127H/+,
Pdx-1-Cre (KPC) mouse model of pancreatic cancer. KPC transgenic mice closely recapitulate the genetic
mutations, clinical symptoms, and histopathology found in human pancreatic cancer. Beginning at
4 weeks of age, mice were fed powdered control diet or a diet containing the triterpenoids CDDO-methyl
ester (CDDO-Me) or CDDO-ethyl amide, the rexinoid LG100268 (LG268), or the combination, until the
mice displayed overt symptoms of pancreatic cancer. CDDO-Me, LG268, the combination of CDDO-Me
and LG268, and the combination of CDDO-ethyl amide and LG268, all significantly (P < 0.05) increased
survival in the KPC mice by 3 to 4 weeks. Recent studies have shown that gemcitabine, the current
standard of care for human pancreatic cancer, does not extend survival in KPC mice. In cell lines devel-
oped from the KPC mice, the triterpenoids directly interact with both signal transducer and activator of
transcription 3 and IxB kinase (IKK) to decrease constitutive interleukin-6 secretion, inhibit constitutive
signal transducer and activator of transcription 3 phosphorylation, and block the degradation of IkBa
when challenged with tumor necrosis factor a. These results suggest that oleanane triterpenoids and re-
xinoids have the potential to prevent pancreatic cancer. Cancer Prev Res; 3(11); 1427-34. ©2010 AACR.

Introduction

Over 43,000 new cases of pancreatic cancer are expected
to be diagnosed in the United States in 2010, and this dis-
ease is almost uniformly fatal, with a 5-year survival rate
of just 6% (1). More than 80% of patients present with
unresectable or metastatic disease, and pancreatic cancer
is resistant to conventional cytotoxic chemotherapy and
radiotherapy. Gemcitabine has been the standard palliative
therapy for patients with pancreatic cancer for decades.
Only recently have combination therapies of gemcitabine,
with erlotinib or capecitabine, been shown to prolong
survival, but this increased survival is usually measured
in weeks (2). Although prevention of pancreatic cancer will
ultimately be the most effective strategy for reducing the
unacceptable mortality rates for this disease (3, 4), the
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practical realities of the cancer clinic are undeniable evi-
dence that new drugs and drug combinations are needed
for both prevention and treatment of pancreatic cancer.

Genomic analyses of human cancers are revealing the
complexity of carcinogenesis (5, 6). In pancreatic cancer,
an average of 63 genetic mutations per cancer involving
12 distinct signaling pathways were altered in 67% to
100% of the 24 human pancreatic tumors sequenced
(7). The high number of genetic mutations and the result-
ing defects in cellular signaling are thought to contribute
to the aggressiveness and chemoresistance of pancreatic
cancer (8). Kinzler et al. concluded that monofunctional
drugs that target a single mutated gene product will likely
not work in pancreatic cancer; instead, drugs or drug com-
binations that broadly target key regulatory nodes or
multiple pathways will be needed to reduce the number
of deaths from this devastating disease (7).

Synthetic oleanane triterpenoids and rexinoids are two
promising classes of multifunctional drugs that are highly
effective for preventing and/or treating cancer in a wide va-
riety of preclinical animal models (9, 10), and they have
also been shown to inhibit proliferation and/or induce
apoptosis in human pancreatic cancer cells (11-13). These
compounds are neither conventional cytotoxic drugs nor
monofunctional agents that target single proteins in a
signal transduction pathway. Instead, these multifunctional
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drugs target either receptors that act as transcription factors
themselves (rexinoids) or proteins that regulate transcrip-
tion factors (triterpenoids; ref. 9). Thus, these oleanane
triterpenoids and rexinoids are able to affect a number of
biological processes thought to be critical for tumorigenesis
in the pancreas (14-16), including inflammation, cell pro-
liferation, angiogenesis, and apoptosis.

Triterpenoids are synthesized endogenously in many
different types of plants through the cyclization of squa-
lene, and over 300 new synthetic oleanane triterpenoids
have been synthesized and screened (9). Many of these
new compounds are over 10,000-fold more potent than
the starting material, oleanolic acid, and potently inhibit
inflammation, regulate the redox status of cells, block cell
proliferation, and induce differentiation and apoptosis of
a variety of cancer cells. Moreover, cancer cells are more
sensitive than normal cells to apoptosis as concentrations
of triterpenoids that induce apoptosis in cancer cells are
not toxic to normal lymphocytes or normal epithelial cells
(9). The triterpenoid CDDO-methyl ester (CDDO-Me) has
been tested in early clinical trials for the treatment of a va-
riety of cancers, including pancreatic cancer, but is now be-
ing evaluated in patients with chronic kidney disease.

Rexinoids are selective ligands for members of the
nuclear receptor superfamily known as retinoid X recep-
tors (RXR). Because RXRs form functional heterodimers
with several other nuclear receptors, including retinoic
acid receptors, vitamin D receptors, thyroid hormone re-
ceptors, and liver X receptors, they modulate the activity
of many other transcription factors that control develop-
ment, metabolism, and physiology of cell growth and
survival (9, 10). Although bexarotene is currently the only
rexinoid that is approved for clinical use, both LG100268
(LG268) and NRX 194204 are significantly more potent
and more selective for RXRs than bexarotene. We have also
shown that the combination of a triterpenoid and rexinoid
synergizes in vitro and in vivo (9). The use of two synergistic
classes of drugs that target different signaling pathways will
allow lower doses of drugs to be used to improve drug tol-
erance in the patient without sacrificing drug efficacy (17).

Activating mutations in the Kras protoncogene are
found in over 90% of human pancreatic cancers (7). In
mice, conditionally targeting an activating point mutation
in Kras (G12D) with a Pdx-1 pancreas-specific promoter
results in pancreatic lesions that display a full spectrum
of pancreatic intraepithelial neoplasias (mPanIN), precur-
sors to invasive pancreatic cancer (18). These lesions prog-
ress to fully invasive and metastatic adenocarcinomas,
and thus, this transgenic mouse model (LSL-Kras“'?"/*;
Pdx-1-Cre) mimics both the genetic and histologic changes
observed in human pancreatic cancer. When a point muta-
tion (R172H) in the p53 tumor suppressor gene, which is
mutated in 75% of human pancreatic tumors, is also intro-
duced into the pancreas of mice with a Kras“’?"/* mutation,
these triple transgenic LSL-Kras®'?P/*;LSL-Trp53R127H/+,
Pdx-1-Cre (KPC) mice develop pancreatic cancer more
rapidly than do mice with just the Kras mutation (19).
Because the carcinomas in the KPC mice do not typically

appear until 10 weeks of age, additional genetic alterations
may be needed for disease progression.

The median survival time of the KPC triple transgenic
mice is only 5 months, and they develop large pancreatic
carcinomas that metastasize to the liver, lungs, and dia-
phragm. The clinical symptoms including cachexia and
abdominal distension, the defined histopathologic pro-
gression, and the genomic instability found in human
pancreatic cancer are all replicated in the KPC transgenic
mice, making it one of the most relevant animal models
for preclinical evaluation of new drugs for pancreatic
cancer (20). We hypothesized that the triterpenoids and
rexinoids, alone and in combination, could significantly
delay tumor development in KPC mice. Based on our
studies in 177 mice, we report effective chemoprevention
or chemotherapy in this KPC model by the individual
drugs but did not find a synergistic effect.

Materials and Methods

Drugs

CDDO-Me and CDDO-ethyl amide (CDDO-EA) were
synthesized as previously described (21-23) by Reata
Pharmaceuticals. LG268 (24) was generously provided
by William Lamph, Ligand Pharmaceuticals.

Tissue culture and in vitro assays

PDA 4964 pancreatic cancer cells (provided by Anirban
Maitra) were grown in DMEM and 10% fetal bovine
serum. To generate new pancreatic cancer cell lines, pancre-
atic tumors resected from a KPC mouse (19) were minced
with a scalpel and digested in 0.25% trypsin/0.02% EDTA
(Invitrogen) for 15 minutes at 37°C with gentle agitation
from a stir bar. The cell suspension was filtered through a
40-pm cell strainer (BD Bioscience), centrifuged at 220 x g
for 10 minutes and plated in DMEM + 10% fetal bovine
serum. Additionally, abdominal ascites from different
KPC mice were centrifuged at 220 x g for 10 minutes and
then plated in the same media. After passing the cells
>10 times, they were used for mechanistic studies (PanAsc
cells from ascites and Pan cells from tumors). To determine
targets of the triterpenoids, cells were treated with 3 pmol/L
of a biotinylated triterpenoid (compound 6 in ref. 25) for
1 hour. Cell lysates were incubated with 50 pL DynaBeads
MyOne Streptavidin (Invitrogen) as described (26) and
then analyzed by Western blotting using antibodies against
signal transducer and activator of transcription 3 (STAT3),
phosphorylated STAT3 (pSTAT3), cCAMP-responsive element
binding protein, and epidermal growth factor receptor
(EGFR; Cell Signaling); IxB kinase (IKK), IkBa, proliferating
cell nuclear antigen, and RXR (Santa Cruz); tubulin (Calbio-
chem); and ErbB2 (Lab Vision). Cells were treated with
triterpenoids for 3 days, and the amount of interleukin-6
(IL-6) released into the medium was measured using a
Quantikine ELISA kit (R&D Systems). For proliferation, cells
were treated with triterpenoids for 2 days, and the amount of
[*H]thymidine incorporation was measured after a 2-hour
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incubation. To measure reactive oxygen species, cells were
treated with triterpenoids for 1 hour, and 10 umol/L of
H,DCFDA were added for the last 30 minutes. The mean
fluorescence intensity of 10,000 cells was analyzed by
flow cytometry using a 480-nm excitation wavelength and
a 525-nm emission wavelength. Apoptotic cells were stained
using a TACS Annexin V-FITC apoptosis detection kit (R&D
Systems) and counted by flow cytometry.

Prevention of pancreatic cancer in vivo

All animal studies were conducted in accordance with
protocols approved by the Institutional Animal Care and
Use Committee of Dartmouth Medical School. KPC triple mu-
tant mice (19) were obtained by interbreeding LSL-Kras“'?"/*;
LSL-Trp53R127H/* and LSL-Trp5371271/*; Pdx-1-Cre mice.
Genomic DNA was extracted from tail snips using the
Extract-N-Amp Tissue PCR kit (Sigma) and genotyped as
previously described (18, 19). Four-week-old KPC mice
were randomized and fed powdered 5002 rodent chow
(PMI Feeds) or the same powdered diet containing drugs
ad libitum. The doses selected for these studies were based
on previous chemoprevention studies with these drugs and
are well tolerated (9). The drugs are stable in diet for over a
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Fig. 1. Triterpenoids directly interact with critical regulatory proteins

in pancreatic cancer cells. PDA 4964 cells were treated with a
biotinylated triterpenoid (B-CDDO-Me, 3 pymol/L) for 1 h, triterpenoid-
protein complexes were precipitated from cell lysates with streptavidin
DynaBeads, proteins were separated by SDS-PAGE, and various
antibodies were used for immunoblotting.

month, and food was replaced in the cages twice a week. All
mice were carefully observed daily and were weighed week-
ly. Because of Institutional Animal Care and Use Commit-
tee regulations, death was not used as an end point, but
instead mice were sacrificed when severe symptoms were
evident. These symptoms included cachexia,
abdominal distension, rapid weight loss or labored breath-
ing. Death of the mice predictably occurs within 24 to
72 hours after such symptoms appear (19).

Statistical analysis

Results are described as mean + SEM and were analyzed
by one-way ANOVA and Tukey test or by one-way ANOVA
on ranks (Wilcoxon signed rank test; SigmaStat 3.5). All
P values are two-sided.

Results and Discussion

Triterpenoids interact with important regulatory
proteins in pancreatic cancer cells

The biological activity of the synthetic triterpenoids de-
pends on their ability to interact with cellular nucleophiles
such as the -SH groups of cysteines on target proteins (9).
Therefore, the triterpenoids interact with multiple molec-
ular targets, accounting for their numerous biological
activities. However, the triterpenoids do not interact non-
specifically with cysteine residues in all proteins. Instead,
the nucleophilicity of the -SH group of any specific cyste-
ine residue is markedly influenced by its neighboring
amino acids as well as the redox potential of the cell. Fur-
thermore, steric factors also determine the accessibility of a
drug to such potential nucleophilic sites.

Recent proteomic studies® have revealed several new
putative targets for the triterpenoids, so we tested whether
these drugs directly interact with regulatory proteins that
have been implicated in the pathogenesis of pancreatic
cancer (27, 28). In PDA 4964 pancreatic cancer cells treated
with a biotinylated triterpenoid followed by streptavidin
precipitation with DynaBeads (29), the triterpenoids di-
rectly interacted with STAT3, IKK, RXRa, cAMP-responsive
element binding protein, EGFR, ErbB2, and a-tubulin
(Fig. 1) but did not interact with proliferating cell nuclear
antigen. All of these targets, except RXRa, are important
in pancreatic cancer (4, 30). For example, proteins in the
NF-kB pathway including the p65 subunit of NF-xkB (RelA)
and IkBa are constitutively activated or overexpressed in
pancreatic adenocarcinomas and pancreatic cancer cell
lines but not in normal pancreatic tissue (4, 15, 31). Con-
stitutive activation of STAT3 drives cellular transformation
and tumor progression while protecting against apoptosis
in a number of tumors including pancreatic cancer; block-
ing STAT3 signaling limited invasion and decreased the
expression of proangiogenic molecules in pancreatic
cancer cells (32, 33).

4 Manuscript in preparation.
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Furthermore, high levels of ErtbB2/Her2 are consistently
expressed in KPC mice in mPanIN lesions, invasive carcino-
mas, and metastases (19). Overexpression of the EGFR has
been described in a subset of human pancreatic cancers,
especially at advanced clinical stages (4, 34). When the
EGFR inhibitor erlotinib was combined with gemcitabine,
this combination did provide a small but statistically sig-
nificant improvement in survival for pancreatic cancer
patients (2). Rexinoids bind selectively to RXRs and regulate
complex cell survival and differentiation processes by het-
erodimerizing with other nuclear hormone receptors (9).
The discovery that triterpenoids can directly bind to RXRa
may help explain the striking synergy between triterpenoids
and rexinoids for preventing and treating experimental
breast and lung cancer (9, 26).

To make the in vitro studies as relevant as possible to the
in vivo model, we developed several new cell lines from
solid pancreatic carcinomas (Pan cells) or abdominal
ascites (PanAsc cells) from KPC mice. In all of the new
cell lines tested (two Pan and three PanAsc cell lines), the
biotinylated triterpenoid directly interacted with STAT3
and IKK (Fig. 2A is a representative blot from PanAsc
2159 cells). These protein interactions are biologically
relevant as the triterpenoids CDDO-Me and CDDO-EA
reduced constitutive expression of pSTAT3 in a dose-
dependent manner in the PanAsc 2159 cells but had no
effect on STAT3 levels (Fig. 2B). All of the new pancreatic
cancer cells secreted detectable levels of IL-6, with higher
levels in PanAsc cells from ascites than in Pan cells from
solid tumors. IL-6 can induce phosphorylation of STAT3,
resulting in constitutive STAT3 phosphorylation (35),
and treatment of pancreatic cancer cells with CDDO-Me

and CDDO-EA significantly (P < 0.05) reduced IL-6 secre-
tion in a dose-dependent manner in PanAsc 2159 cells
(Fig. 2C). The interaction of the triterpenoids with IKK is
also highly relevant in these pancreatic cancer cells as pre-
treatment with triterpenoids for 2 hours (data not shown)
or 24 hours (Fig. 2D) prevented the degradation of IkBa
when challenged with tumor necrosis factor «; the interac-
tion of the triterpenoids with IKK is also known to block
nuclear translocation of p65 as has been shown in a variety
of cells (29). The same concentrations of triterpenoids
that blocked constitutive pSTAT3 expression (Fig. 2B)
and prevented the degradation of IkBa (2D) also induced
apoptosis in the pancreatic cancer cells (Fig. 3C), possibly
through the accumulation of reactive oxygen species
(Fig. 3A), as has been previously reported for the induction
of apoptosis in human pancreatic cancer cells by triter-
penoids (13). The triterpenoids, but not the rexinoid
LG268, also inhibited proliferation of the pancreatic cancer
cells in a dose-dependent manner (Fig. 3B). Because the
triterpenoids suppressed constitutive IL-6 secretion and
STAT3 phosphorylation as well as inhibited IkBa degrada-
tion in pancreatic cancer cells from the KPC mice, we next
tested whether triterpenoids could extend survival in vivo.

Triterpenoids and the rexinoid LG268 extend survival
in the KPC mouse model of pancreatic cancer
Beginning at 4 weeks of age when pancreata are histo-
logically normal, KPC transgenic mice were started on
powdered control diet or diet containing a triterpenoid
or rexinoid until the mice developed symptoms found in
human pancreatic cancer, such as cachexia or abdominal
distension caused by the accumulation of up to 10 mL
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1

(1

Fig. 3. Triterpenoids inhibit
proliferation and induce reactive
oxygen species and apoptosis in
pancreatic cancer cells. A, PanAsc
2159 cells were treated with %1
CDDO-EA (3 pmol/L) for 1 h and
loaded with H,DCFDA for the last oluists
30 min of treatment, and the
mean fluorescence intensity was
analyzed by flow cytometry. B
B, PanAsc 2159 cells were
treated with drugs for 2 d, and
proliferation was measured using a
[®H]thymidine incorporation assay.
C, to measure apoptosis, Pan1343
cells were treated for 24 h, and
Annexin V and propidium iodide
staining were measured by

flow cytometry. A, anisomycin,

10 pg/mL. *, P < 0.05 versus control.
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of hemorrhagic ascites. Other symptoms of the disease in
this model include significant and rapid weight loss of up
to 20% of body weight caused by intestinal obstruction by
a pancreatic tumor or labored breathing from metastases
in the lungs or diaphragm. Once any of these symptoms
appear, we and others (19) have found that death predict-
ably and consistently occurs within 24 to 72 hours, and
gross observation of pancreatic cancer was confirmed for
all mice included in our studies. Although this KPC model
of pancreatic cancer is very aggressive with an average
survival time of only 20.5 + 0.9 weeks of age in control
mice (n = 83), the mice fed CDDO-Me (60 mg/kg diet
or ~15 mg/kg body weight; n = 17) lived an average
of 24.2 + 2.7 weeks, significantly longer than the controls
(Fig. 4A; P < 0.001). In 13 littermate-matched pairs, 12 of
13 mice fed with the triterpenoid CDDO-Me lived an
average of 5 weeks longer than the controls (P = 0.021
for all 13 pairs; data not shown).

We also tested the rexinoid LG268 in this model. As has
been reported previously (9), the rexinoids have almost no
effects on epithelial cells in vitro and thus did not inhibit
proliferation of pancreatic cancer cells (Fig. 3B) and did
not change the expression or activity of any of the proteins
or pathways shown in Figs. 1 to 3 (data not shown). How-
ever, rexinoids are very effective for prevention and treat-
ment of cancer in a number of experimental animal
models, as they target inflammatory cells and the tumor
microenvironment to inhibit inflammation, angiogenesis,
invasion, and metastases (9). When fed in diet (45 mg/kg
diet or ~11 mg/kg body weight), LG268 also significantly

(P < 0.001) prolonged survival of KPC mice (Fig. 4B;
n = 25). The average life span was 23.7 + 1.7 weeks for
the LG268 group versus 20.5 + 0.9 weeks for the controls.
In 14 littermate-matched pairs, 12 of 14 mice fed the
rexinoid LG268 lived an average of 8.4 weeks longer than
the controls (P = 0.021).

The combination of a triterpenoid and a rexinoid is also
effective in this model, but unlike previous studies in
experimental breast and lung cancer (26, 36), the combi-
nation of these two multifunctional drugs was not syner-
gistic. Mice fed the combination of CDDO-Me and LG268
(Fig. 4C; n = 26) lived an average of 24.8 + 2 weeks, which
was longer than the average of 20.5 + 0.9 weeks in the
controls (P < 0.001). In 18 littermate-matched pairs, 14
of 18 mice fed the combination of CDDO-Me and
LG268 lived an average of 7.3 weeks longer than the con-
trols (P = 0.023). Although the triterpenoid CDDO-EA
alone (data not shown) did not significantly prolong
survival in the KPC at the one dose tested (400 mg/kg diet
or ~100 mg/kg body weight), the combination of CDDO-
EA and LG268 was effective (Fig. 4D; n = 26, P = 0.005),
with an average life span of 24.3 + 1.5 weeks versus the
above controls. These drugs were all well tolerated at the
doses used, and the mice continued to gain weight
throughout the experiment, until they were symptomatic
with pancreatic cancer. After 15 weeks on diet, the controls
gained an average of 8.2 g compared with 7.1 g for mice
fed CDDO-Me, 8.2 g for mice fed LG268, 10 g for mice
fed the combination of CDDO-Me and LG268, and 7.4 g
for mice fed the combination of CDDO-EA and LG268.
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Fig. 4. Triterpenoids and rexinoids, alone or in combination, extend survival in the KPC mouse model of pancreatic cancer. Beginning at 4 wk of age,
KPC transgenic mice were fed powdered control diet: (A) CDDO-Me (60 mg/kg diet), (B) LG268 (45 mg/kg diet), (C) the combination of CDDO-Me
and LG268, or (D) the combination of CDDO-EA (400 mg/kg diet) and LG268. n = 83 for control, n = 17 for CDDO-Me, n = 25 for LG268, n = 26 for
CDDO-Me + LG268, n = 26 for CDDO-EA + LG268. *, P < 0.05 versus control; **, P < 0.05 versus control and P < 0.05 versus LG268 alone.

Additional experiments with higher doses of both CDDO-
EA and LG268, alone and in combination, are ongoing
but seem to be even more effective than the doses of drugs
used in the current studies. Comprehensive pharmacokinet-
ic studies with these drugs have not been done in the KPC
mice. We have, however, published tissue levels of these
drugs in other strains of mice and thus know that oral
administration as described here produces pharmacolo-
gically useful drug levels (37). Pilot studies in KPC mice
found detectable drug levels in the pancreas for both triter-
penoids and rexinoids, with an average of 120 + 60 nmol/L
in mice fed CDDO-EA and 285 + 80 nmol/L in mice
fed LG268 (n = 2-4 per group); further pharmacokinetic
analysis will be done.

Traditionally, screening of potential new drugs for pan-
creatic cancer has relied on xenograft models, which can
replicate the genetic features of the parental tumors and
are rapid, easy, and relatively high throughput. Although
a number of drugs, including gemcitabine, are effective in

these models, these findings have not translated into the
clinic. The lack of predictive ability, the inability to mount
an immune response, and the absence of a physiologic
microenvironment in xenograft models suggest that trans-
genic mouse models that better replicate the human dis-
ease should be used for drug testing (20, 38).

In pancreatic cancer, the KPC mouse model mimics the
genetics, the pathophysiology, and metastatic potential of
the human disease (18, 19). Although the age at which
symptoms first appear in this KPC transgenic mouse mod-
el is highly variable, the mice treated with the triterpenoids
CDDO-Me or CDDO-EA, the rexinoid LG268, or the com-
bination lived an average of 3 to 4 weeks longer than the
control mice. When compared with littermate-matched
controls, the average life span of mice fed triterpenoid or
rexinoid was 5 to 6 weeks longer than the controls. In
comparison, cyclopamine increased median survival by
only 6 days in a LSL-KrasG12D;Ink4a/Arf*/"%; Pdx-1-Cre
transgenic mouse model of pancreatic cancer (39), and
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the combination of gemcitabine with IPI-926 increased
survival in the KPC model by 14 days (38). Both cyclopa-
mine and IPI-926 are inhibitors of the hedgehog signaling
pathway, an important pathway during pancreatic devel-
opment that can be reactivated in pancreatic carcinogene-
sis; inhibitors of the hedgehog pathway have gained
increasing attention as possible new therapies for pan-
creatic cancer (30). When tested in the LSL-Kras“'?";
Pdx-1-Cre mouse model, the cyclooxygenase-2 inhibitor
nimesulide (40) significantly reduced the number of
mPanlIN lesions, early precursor lesions that proceed to
pancreatic ductal adenocarcinoma. Moreover, both aspirin
and enalapril, an angiotensin-I converting enzyme inhibi-
tor, delayed the progression of mPanINs in LSL-Kras®'?";
Pdx-1-Cre mice and partially inhibited the development of
invasive pancreatic ductal adenocarcinoma in KPC mice
(41). It would be interesting to compare the efficacy of
nimesulide, aspirin, or enalapril to the triterpenoids or
rexinoid, but no survival data in the KPC model were
reported for these compounds.

In summary, we have shown that the triterpenoid
CDDO-Me and the rexinoid LG268, two multifunctional
drugs with different mechanisms of action, can signifi-
cantly extend the life span of KPC mice. The KPC trans-
genic mouse model is an aggressive and relevant animal
model that accurately recapitulates the genetics, histopa-
thology, and metastatic potential of human pancreatic
cancer. We are currently using this model to optimize
the doses of triterpenoids and rexinoids and testing these
and others drugs in combination with standard therapies,
such as gemcitabine and erlotinib. We will also explore the
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