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Abstract

PPAR-vy is a member of the nuclear hormone receptor super-
family of transcription factors, whose thiazolidinedione li-
gands (TZD) have been recently demonstrated to also pos-
sess anticancer properties in addition to their well-known
insulin-sensitizer and glucose/lipid regulation activity. In this
minireview, we summarize the current knowledge on PPAR-
v in normal and tumoral corticotropic pituitary and adrenal
cells. The receptor expression has been shown in ACTH-se-
creting cells in both normal and adenomal pituitary as well
as in normal and tumor adrenal cortex. Preclinical studies
conducted both in vitro on tumor cells and in vivo on xeno-
graft tumor models obtained by subcutaneous injection of
cancer cells have evidenced the anticancer properties of
TZD, in particular rosiglitazone (RGZ) and pioglitazone (PIO).
In both pituitary and adrenocortical cancer, RGZ treatment
results in inhibition of cell proliferation, through G0/G1 cell-
cycle arrest and induction of cell apoptosis, leading to sig-

nificant inhibition of tumor growth in the xenograft tumor
models. In addition, since RGZ can reduce ACTH and corti-
costerone secretion in mouse corticotropic pituitary tumors,
both RGZ and PIO have been used in the treatment of Cush-
ing’s disease with variable but generally unsatisfactory re-
sults. Discrepancies in the antitumor effects of TZD observed
between successful preclinical and unsuccessful clinical
studies may be particularly due to differences in treatment

duration and doses used. Copyright © 2010 S. Karger AG, Basel

Introduction

PPAR-+y is a member of the nuclear hormone receptor
superfamily of transcription factors, widely expressed in
the organism, including adipose, vascular and immune
cells.

Besides its well-known role in the regulation of me-
tabolism, PPAR-vy has also recently emerged as a key reg-
ulator of inflammatory and immune responses [1] as well
as of proliferation, differentiation and apoptosis in nor-
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Fig.1.a Thiazolidinediones and PPAR-y mechanisms of action in the cell. Chemical structure of the most com-
mon PPAR-vy thiazolidinedione ligands. b Schematic illustration of genomic and nongenomic PPAR-y mecha-
nisms of action. NCoA = Specific nuclear PPAR-y coactivator; RXR = retinoic acid receptor; PPRE = PPAR-vy
responsive element; NFkB = nuclear factor kappa B; KB = NFkB responsive element; TATA = transcription start

site (TATA box).

mal and tumor cells. In fact, its thiazolidinedione ligands
(TZD), such as rosiglitazone (RGZ) and pioglitazone
(PIO), have been shown to exert anticancer effects in sev-
eral solid tumors [2] including tumors of the endocrine
glands, namely pituitary and adrenal tumors.

The chemical structure of the most common PPAR-y
TZD ligands and the main receptor intracellular mecha-
nisms of action are illustrated in figure 1.
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PPAR-vy and Cushing’s Disease

PPAR-v is expressed in ACTH-secreting cells of nor-
mal human anterior pituitary as well as in ACTH-secret-
ing pituitary adenomas [3]. In in vitro experiments on
ACTH-secreting pituitary tumor cells, troglitazone and
RGZ induced GO/G1 cell-cycle arrest and decreased the
number of cells in the S phase [3].
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Table 1. Thiazolidinedione treatment in patients with Cushing’s disease

Reference Patients ~ Treatment Period Response  Note
(mg/day)
Alevizaki et al. [4] 5 RGZ 8 16 weeks 4/5
Hull et al. [5] 2 RGZ 8 20-33 days 1/2 metyrapone co-treatment
Ambrosi et al. [6] 14 RGZ 8 1-7 months 6/14
Suri et al. [7] 5 PGZ 45 30 days 0/5
Barbaro et al. [8] 1 PGZ 45 8 months 1/1
Mullan et al. [9] 7 RGZ 8 12 weeks 0/7 adrenalectomized patients plasma ACTH
Pecori Giraldi et al. [10] 10 RGZ 4-16 1-8 months 3/10
Munir et al. [11] 6 RGZ 12 14 weeks 0/6 Nelson’s syndrome

In mouse corticotropic pituitary tumor (AtT20) cells,
RGZ was shown to dose-dependently stimulate apoptosis
by a decreased expression of the anti-apoptotic protein
Bcl-2, an increase in the expression of the pro-apoptotic
proteins Bax and p53 and a 4-fold increase in cleaved cas-
pase-3.

In addition to its antiproliferative effect, RGZ also in-
duced an inhibition of pro-opiomelanocortin (Pomc)
mRNA, whose encoded precursor peptide can be pro-
cessed to ACTH in corticotropic cells.

In the same paper, using an in vivo mouse xenograft
model subcutaneously inoculated with AtT20 cells, the
administration of very high doses of RGZ (150 mg/kg/
day) delayed tumor growth and caused a 75% reduction
of ACTH and a 96% reduction of serum corticosterone
levels.

The results raised great interest and led to the use of
TDZ in the treatment of Cushing’s disease [4-11]. A sum-
mary of the clinical studies using TDZ in Cushing’s dis-
ease is reported in table 1.

PPAR-vy and Adrenocortical Cancer

PPAR-vy has been shown to be expressed in normal
and tumoral adrenocortical cells as well as in the human
adrenocortical cancer (ACC) cell lines H295R and SW13.

TZD have been shown to inhibit the proliferation of
H295R cells in a dose-dependent manner [12]. In fact,
thymidine incorporation was reduced by 60% by 20 um
of both RGZ and PIO. TDZ also increased the number of
cells in the GO/G1 phase and decreased their number in
the S phase increasing the expression of the cell-cycle in-
hibitors p21 and p27 and decreasing the expression of cy-
clin D1.

PPAR-vy System in Pituitary and Adrenal
Tumors

In the same paper [12], it was also shown that 20
pM of both RGZ and PIO reduced H295R invasiveness
through matrigel by about 85% and that metalloprotein-
ase-2 secretion was inhibited in a dose-dependent man-
ner.

Similar results on the antiproliferative effects of TDZ
were obtained by Betz et al. [13] who also documented a
pro-differentiating effect of RGZ on H295R cells.

In an attempt to investigate the mechanisms involved
in the anti-neoplastic effects of TDZ in ACC cells, Can-
tini et al. [14] evaluated RGZ interactions with the signal-
ing pathways of the activated IGF-I receptor which is
overexpressed and hyperactivated by IGF-II in human
ACC [15, 16]. We demonstrated that RGZ inhibits ACC
cell proliferation by interfering with the PI3K/Akt and
ERK1/2 signaling pathways downstream of the activated
IGF-I receptor.

In a preclinical study in a xenograft mouse model in-
jected subcutaneously with H295R cells and treated with
placebo or 5 mg/kg/day oral RGZ, we confirmed the an-
titumoral effects of TDZ in vivo [17]. A significant reduc-
tion of tumor growth in RGZ versus the control group
was observed. Tumor histological evaluation revealed
characteristics of invasiveness, richness in small vessels
and mitotic figures in the control group, while RGZ group
tumors presented noninfiltrating borders, few vessels
and many apoptotic bodies. Tumor immunohistochem-
istry showed that Ki-67 was significantly reduced in the
RGZ versus the control group. Quantitative real-time RT-
PCR demonstrated a significant reduction in the expres-
sion of angiogenic (VEGF), vascular (CD31), prolifera-
tion (BMI-1) and anti-apoptotic (Bcl-2) genes in RGZ ver-
sus control group tumors.
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In spite of these encouraging preclinical results, at
present no clinical data are available on TDZ administra-
tion in patients with ACC.

Discussion

Preclinical studies have largely demonstrated the an-
titumoral properties of TZD, but in spite of their antipro-
liferative, proapoptotic and differentiating etfects, TZD
use in clinical trials planned for the treatment of limited
cohorts of patients affected by different types of solid tu-
mors has given controversial and, on the whole, not en-
couraging results [18]. Only a few studies found TZD to
exert some positive therapeutic effect, particularly if
combined with chemotherapeutic and angiostatic agents
(18, 19].

However, all the clinical studies reported so far have
enrolled a limited number of patients and are too hetero-
geneous in terms of type and stage of tumors, patients’
age and sex and type of treatment (TZD doses, combined
therapy, duration) to allow a definitive judgment on TZD
anticancer effects.

The difference in results obtained using RGZ in clini-
cal and preclinical studies may be due to several factors
such as the duration of treatment and the doses of RGZ.
In particular, in preclinical studies, RGZ has been used at

concentrations far higher than those used in clinical tri-
als, where the doses are in the antidiabetic therapeutic
range and might consequently not be effective for antitu-
mor results. Moreover, we have to consider that PPAR-y
agonists not only act on gene expression through a direct
transcription and an indirect transrepression activity but
also exert rapid nongenomic activity affecting post-
translational modifications of the extranuclear protein
involved in cell signaling (fig. 1) [20]. Whether these dif-
ferent actions also depend on the TZD concentrations is
still to be evaluated. Finally, although different TZDs
have been demonstrated to be effective in tumor cells, the
role of PPAR-vy in mediating the anticancer effects of its
ligands is still controversial.
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