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Abstract Purpose: Current therapy for lung cancer involves multimodality therapies. However, many
patients are either refractory to therapy or develop drug resistance. KRAS and epidermal growth
factor receptor (EGFR) mutations represent some of the most commonmutations in lung cancer,
and many studies have shown the importance of these mutations in both carcinogenesis and
chemoresistance. Genetically engineered murine models of mutant EGFR and KRAS have been
developed that more accurately recapitulate human lung cancer. Recently, using cell-based
experiments, we showed that platinum-based drugs and the antidiabetic drug rosiglitazone
(PPARg ligand) interact synergistically to reduce cancer cell and tumor growth. Here, we directly
determined the efficacy of the PPARg/carboplatin combination in these more relevant models of
drug resistant non ^ small cell lung cancer.
Experimental Design: Tumorigenesis was induced by activation of either mutant KRAS or
EGFR. Mice then received either rosiglitazone or carboplatin monotherapy, or a combination of
both drugs. Change in tumor burden, pathology, and evidence of apoptosis and cell growthwere
assessed.
Results: Tumor burden remained unchanged or increased in the mice after monotherapy with
either rosiglitazone or carboplatin. In striking contrast, we observed significant tumor shrinkage
inmice treatedwith these drugs in combination. Immunohistochemical analyses showed that this
synergy wasmediated via both increased apoptosis and decreased proliferation. Importantly, this
synergy between carboplatin and rosiglitazone did not increase systemic toxicity.
Conclusions:These data show that the PPARg ligand/carboplatin combination is a new therapy
worthy of clinical investigation in lung cancers, including those cancers that show primary resis-
tance to platinum therapy or acquired resistance to targeted therapy.

Lung cancer is the leading cause of cancer-related deaths. There
are over 210,000 cases of lung cancer diagnosed and over
160,000 deaths in the United States alone (1, 2). The most
common type of lung cancer is non–small cell lung cancer
(NSCLC), which comprises over 75% of the cases (3). Despite
advances in multimodality therapies, <15% of patients with
NSCLC survive beyond 5 years of initial diagnosis. Activating
mutations of the KRAS proto-oncogene are among the most

common genetic alterations in NSCLC (4–8). These mutations
lead to the constitutive activation of downstream signaling
transduction pathways including RAF and phosphatidylinosi-
tol-3-OH kinase. These pathways, in turn, regulate proliferation
and survival. In addition to playing a role in the development
of lung cancer, mutations in KRAS predict a poor outcome and
a poor response to conventional therapy such as platinum-
based drugs, as well as targeted therapy (4, 9–12). The
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epidermal growth factor receptor (EGFR) is another key signal
transduction component that is commonly altered in >60% of
NSCLC (13). Genomic amplification, point mutations, and
autocrine loop activation are responsible for the increased
activity of EGFR in many of these cancers. The EGFR has
received a significant amount of attention in recent years
because of the development of small molecule tyrosine kinase
inhibitors (TKI). Although stable disease is observed in many
patients after treatment with these TKIs, clinically objective
responses are mainly observed in a subpopulation of patients
(female, nonsmoker, Asian, and adenocarcinoma). One of the
causes of tumor sensitivity to TKIs in these patients is an acti-
vating mutations in the kinase domain of the EGFR (14, 15).
Despite the dramatic response of cancers with sensitizing EGFR
mutations to TKIs, these tumors invariably develop drug
resistance within 9 to 12 months (16–18). In approximately
half of cases with acquired resistance, there is a secondary
mutation to the EGFR , T790M (19). This mutation has been
shown in vitro to increase the EGFR kinase activity and to
confer TKI resistance. There are few viable treatment options for
these relapsed patients.
PPARg is a member of the nuclear hormone receptor

superfamily of ligand-activated transcription factors that plays
a critical role in the regulation of multiple cellular processes
including energy metabolism and differentiation (20, 21).
Agonist ligands for PPARg including pioglitazone and rosigli-
tazone are widely and clinically used for the treatment of type 2
diabetes. Studies have shown that PPARg can function as a
tumor suppressor, and its ligands have antitumor activity in
preclinical models (21–27). This is particularly attractive

because the PPARg ligands are extremely well-tolerated com-
pared with conventional chemotherapeutics, and as such, they
have considerable appeal as novel cancer therapeutics. Indeed, a
recent report described a decreased risk of lung cancer in patients
taking PPARg ligands for control of diabetes (28). However,
with the exception of an early trial in liposarcoma, exploratory
clinical trials testing PPARg ligands as monotherapy in advanced
cancer failed to show a therapeutic benefit (29–33).
We recently discovered that the combination of PPARg

ligands and platinum-based drugs caused a significant and
synergistic reduction in the growth of several human cancer
cells, including NSCLC cell line xenografts in nude mice (34).
However, these cell lines might not be representative of primary
lung cancer cells, as they have been kept in cell culture for
extended periods of time and may have evolved many
additional genetic alterations. Additionally, xenograft experi-
ments often do not fully recapitulate the immune and stromal-
tumor interactions that might impact on the differential
responses to therapeutic treatments (35).
Several laboratories have recently developedmouse models of

NSCLC cancer based on specifically defined oncogenic alter-
ations that are associated with lung cancer (35, 36). These
tumors are certainly more similar to human lung cancer than
xenograft models and provide a more rigorously defined pre
clinical model for the testing of novel therapeutics. These
models also represent drug-resistant lung cancer seen in patients
for whom there are presently no good therapeutic options
(37, 38). In this study, we have applied the carboplatin/PPARg
combination therapy to two different autochthonous models
of lung cancer driven by mutant KRAS or EGFR . The combi-
nation of PPARg agonist and a platinum chemotherapy agent
led to significant tumor shrinkage without an increase in
systemic toxicity in both of these models. These data show the
feasibility of this combination regimen of PPARg agonist and
platinum-based chemotherapy drugs in the treatment of NSCLC
patients, especially patients with tumors refractory to conven-
tional and other molecularly targeted therapies.

Materials andMethods

Induction of lung tumors. Tet-op EGFR T790M-L858R (EGFR-TL)
mice were generated as previously described (39). The CCSP-rtTA mice
were generously provided by Dr. Jeffery Whitsett at University of
Cincinnati, Cincinnati, OH (40). Bitransgenic mice (EGFR-TL and
CCSP-rtTA) were administered doxycycline beginning at age 4 wk as
previously described (37). After 6 wk on doxycycline, bitransgenic mice
(EGFR-TL and CCSP-rtTA) were subjected to magnetic resonance
imaging (MRI) to document the lung tumor burden (41). The Lox-
StopLox K-ras G12D (LSL-KrasG12D) mice were generously provided by
Dr. Tyler E. Jacks (Massachusetts Institute of Technology, Cambridge,
MA). LSL-kras mice were infected with adenovirus Cre recombinase at
ages 6 to 8 wk as previously described, and tumor burden was
confirmed by MRI (39). All mice were housed in the pathogen-free
environment at the Harvard School of Public Health. The mice were
handled in strict accord with good animal practice as defined by The
Center for Animal Resources and Comparative Medicine at Harvard
Medical School, and all animal work was done with Animal Resources
and Comparative Medicine approval.

Cancer therapy using carboplatin and the PPARg agonist drug

rosiglitazone in vivo. Carboplatin (Sigma) was reconstituted in double
distilled water. Mice were dosed at 50 mg/kg thrice a week via i.p.
injection. Rosiglitazone pellets were synthesized and obtained from
Bio-Serv. Control laboratory chow pellets and rosiglitazone pellets at a

Translational Relevance

This manuscript describes the use of genetically engi-
neered mouse models to show the striking efficacy and
lack of systemic toxicity of the PPARgligand/carboplatin
combination therapy in the treatment of autochthonous
murine lung adenocarcinomas. PPARg ligands are clinically
approved for the treatment of type II diabetes and have a
favorable toxicity profile. Carboplatin is a conventional
DNA adduct forming chemotherapeutic agent commonly
used in the treatment of lung cancer and a variety of other
solid tumors. Combination of carboplatin with other con-
ventional chemotherapeutics in the clinical leads to only
slight improved efficacy while increasing the overall toxicity
profile of the treatment regimens. Here, we showed that
the PPARg ligand/carboplatin combination treatment leads
to dramatic shrinkage of mutant K-Ras and epidermal
growth factor receptor ^ induced murine lung adenocarci-
nomas. These mutations are associated with resistant to
conventional as well as targeted therapeutics. Equally im-
portant, there is no increased systemic toxicity in these
treated mice.This series of experiments are one of the first
demonstrations for the use of genetically engineered
mousemodels to test the optimal combinations of conven-
tional chemotherapeutics and provide a strong preclinical
rationale for the testing of this combination regimen in
human clinical trials.

Rosiglitazone and Carboplatin Inhibit Lung Cancer
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dose of 25 mg/kg/d. After treatment, mice were analyzed by MRI at
different time points to determine the change in tumor burden.

Histology and immunohistochemistry. Mice were euthanized after
confirming tumor burden with MRI. Left lungs were dissected and snap
frozen for biochemical analysis as described previously. The remaining
lung was inflated with neutral buffered 10% formalin for 10 min and
then fixed in 10% formalin overnight at room temperature. After
fixation, tissues were washed in PBS, placed in 75% ethanol, embedded
in paraffin, and 5-Am sections were cut and stained with H&E.
Sectioning staining and immunohistochemistry were done by the
Department of Pathology at Brigham and Women’s Hospital using
antibodies against cleaved poly (ADP-ribose) polymerase, terminal
deoxynucleotidyl-transferase –mediated dUTP nick-end labeling
(TUNEL), Ki67, and proliferating cell nuclear antigen as previously
described (39).

Analysis of carboplatin induced toxicity. Mice were given control
chow, chow containing rosiglitazone (25 mg/kg/d), or carboplatin

(50 mg/kg 3�/wk i.p.) alone or in combination for 2 wk. Mice were
euthanized, blood was collected, and CBC and Chem7 were done by
the Clinical Chemistry Lab at Children’s Hospital, Boston.

Results

The combination of PPARg agonist rosiglitazone with carbo-
platin causes tumor shrinkage in Kras-driven tumors. We used
the LSL-KrasG12D conditional mutant mice to model KRAS-
driven human lung cancer (42). These mice proceed to develop
lung tumors in a time- and dose-dependent fashion that
recapitulates the human condition. Tumors were induced and
mice were imaged in a cohort of LSL-KrasG12D mice as de-
scribed in Materials and Methods (Fig. 1A). Mice then received
control, rosiglitazone monotherapy, carboplatin monotherapy,
or rosiglitazone and carboplatin combination therapy for 11

Fig. 1. Treatment of mice with the
combination of rosiglitazone and carboplatin
dramatically reduce mutant KRAS ^ induced
lung tumors. Eighteen weeks after
administration of adenovirus Cre by nasal
installation, LSL-KrasG12D mice were
imagined by MRI. Mice were treated with
control chow, chow containing rosiglitazone
(25 mg/kg/d), or carboplatin (50 mg/kg
3�/wk i.p.) alone or in combination for11d,
and then mice were reimaged. A, MRI of
tumor burden before indicated treatment.
B, MRI of tumor burden after indicated
treatment. Red H, heart for anatomic
orientation. C, average change in tumor
volume comparedwith pretreatment volume
was determined as previously described
(*, P < 0.005; ref. 39). D, histopathology of
Kras induced lung tumors after treatment.
Top, �40 magnification of representative
tumor. Bottom, �200 magnification.
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days. Mice were imaged again to document change in tumor
burden. Tumor burden increased in the control and mono-
therapy rosiglitazone or carboplatin-treated mice f80%
(Fig. 1B and C). However, tumors from rosiglitazone and
carboplatin-treated mice did not seem to increase as much as
tumors from control mice, although this difference was not
statistically significant (P = 0.31 and 0.07, respectively). In
striking contrast, the combination of rosiglitazone and carbo-
platin led to a significant decrease in tumor burden (Fig. 1B).
There was a >40% reduction in average tumor volume in these
mice after the combination treatment (Fig. 1C; P < 0.005).
We next examined the pathology of the tumors after the

treatment described above (Fig. 1D). The tumors in the placebo
group were composed of parenchymal and bronchial adeno-
carcinomas. The parenchymal adenocarcinomas displayed a

mixture of bronchioalveolar, acinar, and solid patterns with
occasional signet ring cells and numerous mitotic figures. The
airway tumors were predominantly papillary in nature. The
tumors from the rosiglitazone-treated mice were similar in
number, size, and histopathologic features to the placebo
group, with minimal, if any, treatment effects. The parenchymal
tumors in the carboplatin group did show a mild treatment
effect, with only occasional tumors showing signs of regression.
In contrast to the above three groups, tumors from the
combination rosiglitazone/carboplatin-treated group showed
a dramatic reduction in parenchymal tumor burden with fewer
and smaller tumor nodules. There were numerous areas that
showed thickened alveolar walls with reactive type II pneumo-
cytes, indicative of healing and resolution of an area previously
occupied by tumor. Furthermore, both mitotic activity and

Fig. 2. Rosiglitazone and carboplatin in combination dramatically increase apoptosis.Tumors from control, rosiglitazone, carboplatin-treated mice were fixed, paraffin
embedded, and 5-Am sections cut. Sections were stained for (A) TUNEL-positive cells or (B) cleaved poly (ADP-ribose) polymerase as described inMaterials andMethods.
Top, �40 magnification of representative tumor. Bottom, �200 magnification.

Rosiglitazone and Carboplatin Inhibit Lung Cancer
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the amount of airway papillary tumor were also decreased
(Fig. 1D). There did not seem to be any effect on normal
alveolar cells by the combination. Some areas of lung contained
extensive eosinophilic intraalveolar macrophages, likely as a
reactive process. These areas may have given the impression of
being tumor by MRI because they would appear as areas of
increased density. This suggests that the MRI analysis of mice
treated with the combination may be actually overestimating
the amount of tumor burden. Hence, these data show that
combining the PPARg ligand rosiglitazone with carboplatin
leads to a significant reduction in gross and microscopic tumor
burden induced by a mutation commonly associated with
platinum drug resistance.
The rosiglitazone/carboplatin combination alters tumor cell

survival and proliferation. Our previous work indicated that
the rosiglitazone/carboplatin combination was inhibiting
cancer cell growth in culture via alterations in both apoptosis
and proliferation (34). As shown in Fig. 2A, tumors from

control mice and mice treated with rosiglitazone or carboplatin
monotherapy showed very little evidence of apoptosis as
determined by TUNEL staining. However, tumors from mice
treated with the rosiglitazone/carboplatin combination showed
extensive TUNEL-positive cells indicating that this combination
dramatically increased apoptosis. Cleavage of Poly (ADP-
ribose) polymerase by the effector caspase, caspase-3, is a
useful molecular marker of apoptosis. In agreement with the
TUNEL staining, we saw very little cleaved poly (ADP-ribose)
polymerase staining in control or after rosiglitazone and
carboplatin monotherapy (Fig. 2B). In contrast, tumors from
combination-treated mice showed extensive staining of cleaved
poly (ADP-ribose) polymerase.
Carboplatin is known to alter cell cycle kinetics (43). Our

previous data showed that rosiglitazone augments the ability of
carboplatin to reduce cell proliferation. In the tumors studied
here, there was a small decrease in Ki67 staining from tumors of
mice treated with rosiglitazone or carboplatin monotherapy

Fig. 3. Rosiglitazone and carboplatin in combination dramatically reduce tumor proliferation.Tumors from control, rosiglitazone, carboplatin-treated mice were fixed,
paraffin embedded, and 5-Am sections cut. Sections were stained for (A) Ki67 or (B) PNCA as described inMaterials andMethods.Top, �40magnificationof representative
tumor. Bottom, �200 magnification.
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(Fig. 3A). Interestingly, compared with control mice, we did not
observe a difference in PNCA staining after these treatments
alone (Fig. 3B). In contrast, tumors from mice treated with the
rosiglitazone and carboplatin combination showed a dramatic
reduction in both Ki67 and proliferating cell nuclear antigen
staining. This reinforces the dramatic reduction in mitotic
figures observed by histopathology. These data strongly suggest
that the reduction in tumor burden we observed by MRI and

pathology after treatment with a combination of carboplatin
and rosiglitazone is the result of both increased apoptosis and
decreased proliferation.
Tumor shrinkage by the combination of rosiglitazone and

carboplatin in TKI resistant lung cancer. Acquisition of drug
resistance in lung cancer remains a difficult clinical problem.
Recently, we developed a mouse model of NSCLC that is
resistant to EGFR inhibition (37). Mice are engineered with a

Fig. 4. Treatment of mice with the combination of
rosiglitazone and carboplatin dramatically shrinks mutant
EGFR ^ inducedTKI-resistant lung tumors. Bitransgenic
CCSP-rTA/EGFR-TL mutant mice were treated with
doxycline for 9 wk and then imaged by MRI. Mice
were treated with control chow, chow containing
rosiglitazone (25 mg/kg/d), or carboplatin (50 mg/kg
3�/wk i.p.) alone or in combination for 9 d, and then
mice were reimaged. A, a representative MRI from a
CCSP-rTA/EGFR-TL mutant mouse prior (left) and after
(right) treatment with a combination of rosiglitazone and
carboplatin. Red H, heart for anatomic orientation.
B, average change in tumor volume compared with
pretreatment volume was determined as previously
described (*, P < 0.0001; ref. 39). C, histopathology of
TKI-resistant EGFR-TL mutant induced lung tumor taken
frommice euthanized prior (left) to treatment and after
(right) the carboplatin/rosiglitazone combination
treatment.Top, �40 magnification of representative
tumor. Bottom, �200 magnification.

Rosiglitazone and Carboplatin Inhibit Lung Cancer
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construct that allows for doxycycline-inducible expression of
the EGFR with the TKI-sensitizing mutation, L858R, as well as
the T790M mutation, one of the alterations responsible for TKI
resistance (37). Mice with a single mutation (L858R) respond
to EGFR inhibition by small TKI, whereas mice harboring the
double mutant allele (T790M-L858R mutant EGFR) do not.
EGFR-TL mice with confirmed tumor burden were treated for

9 days with either rosiglitazone or carboplatin alone or in
combination to examine effects on tumors driven by EGFR
mutations with secondary TKI resistance. Tumors from control
and mice treated with single agents increased during the course
of the experiment (data not shown). In contrast, treatment of
mice with the combination of rosiglitazone and carboplatin led
to a significant 80% reduction in tumor burden (Fig. 4A and B;
P < 0.0001). Pathologic analysis revealed that the tumors from
the untreated mice were parenchymal adenocarcinomas with
solid and bronchioloalveolar features without prominent
airway tumors (Fig. 4C). Consistent with the imaging data,
the tumor number and size decreased significantly with the
combination treatment. Although some solid tumor nodules
remained, the bronchioloalveolar tumor burden was markedly
decreased with focal alveolar wall thickening, type II pneumo-
cyte hyperplasia, and absence of tumor cells.
PPARg agonist rosiglitazone does not increase myelosuppressive

side effects when coadministered with carboplatin. Extensive
toxicities place an upper limit on the amount of platinum-based
drugs that can safely be used in patients (44). Myelosuppression
is a particularly common side effect associated with carboplatin
therapy. One serious concern arising from our studies is that the
PPARg ligands might increase both the efficacy and toxicity of
the platinum drugs. To critically investigate the toxicity of these
drugs, we did a complete blood count on mice after treatment
with rosiglitazone or carboplatin monotherapy, or in combina-
tion. Rosiglitazone monotherapy had little to no effect on
hematocrit, WBC, or platelet count (Fig. 5). In contrast,
carboplatin alone had a significant myelosuppressive effect
with a slight decrease in hematocrit levels and a significant
decrease in WBC and platelet count. Importantly, we did not
observe a further decrease in these variables when mice were
treated with a combination of carboplatin and rosiglitazone at
exactly the doses that yielded improved therapeutic effects on
tumors. Although nephrotoxicity is more commonly associated
with cisplatin rather than carboplatin, we also examined kidney
function by measuring BUN and creatine levels in the blood of
mice after these treatments. Carboplatin and rosiglitazone
monotherapy did not have a significant effect on BUN or
creatine levels (data not shown). These variables were also not
altered when carboplatin and rosiglitazone were administered
in combination. Therefore, these data indicate that the synergy
between the PPARg agonist rosiglitazone with carboplatin in
therapeutic effects does not cause significant increases in
systemic toxicities associated with platinum-based drug use.

Discussion

We have previously shown that the combination of PPARg
ligand and carboplatin synergize to reduce the growth of
human lung tumors transplanted into nude mice (34).
Although those studies suggested a new therapeutic approach
to the treatment of lung cancer, the use of established human
lung cell lines in a xenograft setting does not recapitulate the

Fig. 5. Rosiglitazone does not increase the myelosuppressive effects of
carboplatin. Mice were treated with control chow, chow containing rosiglitazone
(25 mg/kg/d), or carboplatin (50 mg/kg 3�/wk i.p.) alone or in combination for
2 wk. A, hematocrit, (B) WBC, and (C) platelet counts were determined as
described in Materials and Methods. Columns, mean (n = 4); bars, SD.
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human condition with adequate fidelity to predict therapeutic
utility in patients (35). The use of genetically engineered mice
with specific lesions has been crucial to defining oncogenic
pathways and their mechanism of action in cancer (35, 36, 45).
The improved ability of these models to recapitulate the human
condition and response to therapy underscores the utility of
these mice. In addition, these models have recently proven
useful in preclinical testing before advancing to human clinical
trials for new cancer treatments (37). Although the models used
here represent a subset of NSCLC, those with either KRAS or
EGFR mutations, they also represent the tumor subset with the
greatest clinical challenge. In this article, we describe the ability
of a PPARg agonist, rosiglitazone, to reduce autochthonous
lung tumor burden in these genetically engineered murine
models of human lung cancer when administered in combi-
nation with carboplatin. Based on these data, the combination
of PPARg activation by rosiglitazone and carboplatin represents
a potentially new mode of therapy to increase chemosensitivity
in lung cancer and other malignancies for which platinum-
based regimens are used in clinical oncology.
NaBve and acquired resistance to cancer chemotherapy

represent a significant obstacle, which prevents long term
tumor control in patients with lung cancer (46). Mutations to a
number of oncogenes underlie the resistance of many tumors
to current chemotherapy. The ability to genotype tumors has
enabled clinicians to identify mutations in human cancer and
predict the role of these mutations in response to chemother-
apy. RAS mutations are found in roughly 30% of all lung
cancers (4–8). Mutations to the EGFR have been described in
f8% to 15% of tumors from lung cancer patients (38, 47).
However, the incidence increases for certain populations such
as women, Asians, nonsmokers, and adenocarcinoma. Inter-
estingly, these oncogenic EGFR mutations also sensitize the
tumors to small molecule TKI that target the EGFR (14, 15).
Unfortunately, these responses are short lived. Many of these
tumors develop resistance to EGFR inhibition due to the
development of a secondary mutation (16, 18, 37). The
development of KRAS and mutant EGFR –driven lung tumor
models has allowed us to study the role of the PPARg ligand/
carboplatin combination in these better-defined models (37,
42). Tumors increased in size in control and single agent–
treated mice. Pathologic analysis confirmed that carboplatin,
but not rosiglitazone treatment, led to a small degree of tumor
regression. This partial response highlights the utility of this
model to recapitulate chemoresistant human lung cancer
because response to platinum-based therapy in humans is
<30% (48). Although carboplatin alone produced only a partial
response, we observed a significant regression of tumors after
treatment with rosiglitazone and carboplatin, both in terms of
gross tumor volume and microscopically. This effect was a
result of both increased apoptosis and decreased proliferation.
It should be noted that PPARg ligands are already in clinical

use for the management of type 2 diabetes mellitus and
therefore are readily available for human clinical research
studies in cancer. Indeed, almost 10 million people in the

United States are treated with rosiglitazone or pioglitazone for
control of their diabetes. Importantly, these drugs have a fairly
favorable toxicity profile, especially when compared with most
cancer chemotherapy agents. However, a recent report also
suggested increased cardiotoxicity in patients taking rosiglita-
zone (49). Interestingly, pioglitazone, another Food and Drug
Administration–approved PPARg ligand, has not been
reported to cause cardiotoxicity. Therefore, there remains a
serious concern that PPARg agonist ligands might increase the
overall toxicities of carboplatin chemotherapy, or that combi-
nation dosing in humans might be associated with novel
toxicities not seen with either drug individually. Myelosuppres-
sion, especially in the form of thrombocytopenia, is the most
common side of effect of carboplatin (50, 51). Our data
indicate that combination dosing of the PPARg agonist ligand,
rosiglitazone, and carboplatin does not increase the myelosup-
pression or other toxic effects of carboplatin. Although beyond
the scope of the work presented, addition of a PPARg ligand
may actually reduce the myelosuppression caused by carbopla-
tin when dosed in combination with rosiglitazone. Indeed,
other groups have shown that PPARg ligands actually protect
against the nephrotoxic and myelosuppressive effects of
cisplatin and 5-fluorouracil, respectively (41, 51). We have
previously suggested that PPARg-mediated attenuation of
inflammatory pathways may mediate the effect between PPARg
ligands and carboplatin (34, 52). This same mechanism may
be functioning to protect normal tissues as well. Additional
studies will be needed to evaluate these observations of
potential normal tissue protection and are currently exploring
whether the synergy and potential protection are mediated by
similar pathways.
These series of experiments are one of the first demonstra-

tions of the use of genetically engineered mouse models to test
the optimal combinations of conventional chemotherapeutics.
Importantly, we show that the rosiglitazone/carboplatin
combination represents a more powerful anticancer treatment
modality compared with either agent alone; this should have
practical implications because we show that these agents can be
administered without increasing overall toxicity. Finally, many
pathways are involved in chemosensitivity and chemoresist-
ance. The ability of the rosiglitazone/carboplatin combination
regimen to synergistically inhibit tumor growth in different
genetically engineered mouse models of lung tumorigenesis
shows the potential for a broadly effective anticancer strategy.
Clinical trials to test the safety and efficacy of this combination
regimen in cancer patients are also planned based on this work.
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