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Abstract

AIM: To study the possible actions and mechanisms of
peroxisome proliferator-activated receptor y (PPARy), a
ligand-activated transcription factor, in pancreatic car-
cinogenesis, especially in angiogenesis.

METHODS: Expressions of PPARy and retinoid acid re-
ceptor (RXRa) were examined by reverse-transcription
polymerase chain reaction (RT-PCR) with immunocyto-
chemical staining. Pancreatic carcinoma cells, PANC-1,
were treated either with 9-cis-RA, a ligand of RXRa,
or with 15-deoxy-A''* prostaglandin J2 (15d-PGJ2), a
ligand of PPARy, or both. Antiproliferative effect was
evaluated by cell viability using methyltetrazolium (MTT)
assay. A pancreatic carcinoma xenograft tumor model
of nude mice was established by inoculating PANC-1
cells subcutaneously. Rosiglitazone, a specific ligand
of PPARy, was administered via water drinking in ex-
perimental group of nude mice. After 75 d, all mice
were sacrificed. Expression of proliferating cell nuclear
antigen (PCNA) in tumor tissue was examined with
immunohistochemical staining. Expression of vascular
endothelial growth factor (VEGF) mRNA in PANC-1
cells, which were treated with 15d-PGJz or 9-cis-RA
at various concentrations or different duration, was
detected by semi-quantitative RT-PCR. Effects of Rosi-
glitazone on changes of microvascular density (MVD)

and VEGF expression were investigated in xenograft
tumor tissue. Neovasculature was detected with immu-
nohistochemistry staining labeled with anti-IV collagen
antibody, and indicated by MVD.

RESULTS: RT-PCR and immunocytochemical stain-
ing showed that PPARy and RXRa were expressed in
PANC-1 cells at both transcription level and translation
level. MTT assay demonstrated that 15d-PGJz, 9-cis-RA
and their combination inhibited the growth of PANC-1
cells in a dose-dependent manner. 9-cis-RA had a com-
bined inhibiting action with 15d-PGJz on the growth
of pancreatic carcinoma. /n vivo studies revealed that
Rosiglitazone significantly suppressed the growth of
pancreatic carcinoma as compared to control group
(0.48 £ 0.23 cm’ vs 2.488 £ 0.59 cm’, P < 0.05),
and the growth inhibition rate was 80.7%. Immuno-
histochemistry study showed that PCNA was down
regulated in Rosiglitazone-treated group compared to
the control group. 15d-PGJ2, 9-cis-RA and their com-
bination inhibited the expression of VEGF mRNA in
PANC-1 cells in a dose- and time-dependent manner.
MVD was decreased more significantly in Rosiglitazone-
treated mice (10.67 = 3.07) than in the control group
(31.44 £ 6.06) (P < 0.01). VEGF expression in xeno-
graft tumor tissue was also markedly down-regulated
in Rosiglitazone-treated mice.

CONCLUSION: Activation of PPARy inhibits the growth
of pancreatic carcinoma both /7 vitro and /n vivo. Sup-
pression of tumor angiogenesis by down-regulating the
expression of VEGF may be one of the mechanisms by
which PPARy activation inhibits the growth of pancre-
atic carcinoma.
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INTRODUCTION

Pancreatic carcinoma is curtently the fifth most common
cause of cancer death in Western Countries'. Despite
surgical resection, radiotherapy and conventional chemo-
therapy, the prognosis of advanced pancreatic carcinoma
has not been significantly improved over the last 30 years.
The inability to detect pancreatic carcinoma at an eatly
stage, its aggressiveness, and lack of effective systemic
therapy, are responsible for the rapid death of pancreatic
carcinoma patients. Even the recent introduction of de-
oxycytidine analogue, gemcitabine, does not extend the
median survival time of patients with advanced pancreatic
carcinoma beyond 6 mo®. Clearly, novel approaches to
human pancreatic catcinoma therapy are needed.

Pancreatic carcinoma can entail the substantial develop-
ment of new blood vessels in tumor tissue. It is well estab-
lished that the growth and progression of solid tumors de-
pend on angiogenesism. Many cytokines or growth factors
contribute to angiogenesis. Vascular endothelial growth
factor (VEGF) is one of the most important factors.

Peroxisome proliferator-activated receptors (PPARs)
are members of the steroid receptor super-family and
as such, are ligand-activated nuclear transcription fac-
tors'’. Three subtypes of PPARq, PPAR (also called 3,
NUC-1, or FFAR), and PPARy have been identified and
cloned. Like other members of this super-family, PPARs
mediates transcriptional regulation by binding to their
central DNA domain that recognizes response elements
in the promoters of specific target genem. Activation of
PPARy has been linked to adipocyte differentiation and
regulation of glucose homeostasis in humans. Recent
tudies also showed that the natural receptor ligand for
PPARy, 15-deoxy-A"*"* prostaglandin J2 (15d-PGJ2)"*",
and synthetic antidiabetic thiazolidinedione drugs, inhibits
the activation of macrophages and monocytes"™ as well
as tumor cell growth[m'm. PPARYy can heterodimerize
with retinoid acid receptor (RXR). For the PPAR: RXR
heterodimer, binding of the ligand to either receptor can
activate the complex, but binding to both ligands simulta-
neously is more potentm. It has been shown that PPARy
gene expression is observed in a variety of tissues, includ-
ing adipose tissue and tumor tissue. Some 7 vitro studies
have recently reported that PPARy activation has inhibito-
ry effects on the growth of pancreatic carcinoma cells™™"]
probably due to its up-regulation of cellular apoptosis and
its down-regulation of tumor invasion"*"”. However, little
attention has previously been paid to PPARy action on
the growth of pancreatic carcinoma 7 vive, especially its
regulation action on tumor angiogenesis.

In this study, the potent inhibitory effects of PPARy
ligand, 15d-PG]J2, Rosiglitazone, RXR ligand, 9-cis-reti-
noid acid (9-cis-RA), on the growth of human pancre-
atic carcinoma were investigated both 7z vive and 7n vitro.
Expression of proliferating cell nuclear antigen (PCNA)

in tumor tissue was also examined. To further clarify
the effect of PPARy on angiogenesis, both # vivo and in
vitro VEGF expression, and neovasculature indicated by
microvascular density (MVD) 7 vivo were determined.

MATERIALS AND METHODS

Reagents

15d-PG]Jz was obtained from Cayman Co (Ann Arbor,
MI, USA). 9-cis-RA was from Sigma (St Louis, MO,
USA). Rosiglitazone was from SmithKline Beecham Co
(Pittsburgh, PA, USA). Anti-PCNA, PPARy and RXRa
polyclonal antibodies were purchased from Santa Cruz
Biotechnology, Inc (San Diego, CA, USA). Anti-IV col-
lagen monoclonal antibody was from DAKO Co. (Glos-
trup, Denmark). Anti-mouse and anti-rabbit detection
reagents (HRP) were purchased from Antibody Diag-
nostica Inc., (Shanghai, China). Oligonucleotides were
synthesized by Sangon Co (Shanghai, China). Methyltet-
razolium (MTT) and dimethylsulfoxide (DMSO) were
purchased from Amresco Inc (Solon, OH, USA).

Cell cultures and treatment

PANC-1 cell line, purchased from American Type Culture
Collection (Rockville, MD, USA), was routinely main-
tained in DMEM containing 10% fetal bovine serum (FBS)
(Gibco-BRL, Grand Island, NY, USA), 2 mL glutamine,
100 U/mL penicillin, and 100 mg/mL streptomycin in
a humidified atmosphere containing 950 mL/L air and
50 mL/L CO2 at 37°C. PANC-1cells wete passaged and
expanded by trypsinization of cell monolayers followed
by relating every 2 or 3 d.

PANC-1 cells were seeded at a concentration of 5 X
10° cells/well in 6-well plates, and treated with 15d-PGJ2
and 9-cis-RA and their combination with various con-
centrations or different duration 24 h later. Cells were
then collected for RNA analysis. Control cells were not
exposed to the above agents and maintained under the
same conditions as the treated cells.

RNA extraction and reverse-transcriptional polymerase
chain reaction (RT-PCR)

Total RNA was extracted using Trizol reagent (Gibco
Life Technologies, Inc., Langley, OK, USA) following
its manufacturet’s instructions. Fist-strand cDNA was
synthesized from 3 pg of RNA in 20 pl. of reaction
solution using a random primer and Superscript I
reverse transcriptase reagent (Gibco Life Technolo-
gles, Inc., Langley, OK, USA). Synthesized cDNA was
stored at -80°C for PCR. The sequences of primers used
for amplifying PPARy, RXRa, and VEGF are 5'-AT-
GACAGCGACTTGGCAATA-3" and 5'-GCAACTG-
GAAGAAGGGAAAT-3", 5'-CTCTCAGGTTGAACT-
CACCT-3' and 5-ATCTCTGACAGCCTGTCTCG-3',
5"ATGAACTTTCTGCTGTCTTG-3' and 5'-TGCAT-
GGTGATGTTGGAC-3', respectively. The sequences
of GAPDH used as a control are 5'-GTGAAGGTCG-
GAGTCAACG-3' and 5'-GGTGAAGACGCCAGTG-
GACTC-3'. After denaturation of the samples at 94°C
for 5 min, 35 cycles were carried out at 94C for 45 s, at
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55°C (PPARy, RXRa) for 45 s, at 54C (VEGF) for 45 s,
at 60°C (GAPDH) for 45 s, at 72°C for 45 s and at 72°C
for 10 min. The PCR products were electrophoresed on
1.5% agarose gels stained with ethidium bromide. The
expected molecular size of amplified products was 341
bp of PPARy, 422 bp of RXRa, 382 bp of VEGF and
223 bp of GAPDH, respectively. Semi-quantitative data
about the PCR products were obtained by comparing
the intensity of PCR band of VEGF with that of inter-
nal control of GAPDH using genetools software.

Immunocytochemistry

Cells were seeded at a concentration of 2 X 10° cells/
well in 12-well plates containing slides. Cells were fixed
in PBS containin 4% paraformaldehyde (pH 7.4) for 20
min at room temperature, washed 3 times with PBS and
incubated with mouse anti-PPARy (diluted at 1: 150) or
rabbit anti-RXRa antibody (diluted at 1: 100) in a humid
chamber at 4°C overnight. Slides were washed with PBS.
Secondary antibody (anti-mouse or anti-rabbit antibody)
labeled with HRP was applied in humid chambers for 30
min at room temperature. The staining result was detected
using a 3, 3'-diaminobenzidine tetrahydrochlotide solution
(DAB) (DAKO Co., Glostrup, Denmark) for 10 min.

Cell viability assay

PANC-1 cells were seeded at the concentration of 5 X
10" cells /well in 96-well plates and incubated in complete
fresh media for 24 h. The cells were subsequently incu-
bated for 48 h and treated either with 0, 2.5, 5, 7.5 and
10 umol/L of 15d-PG]Jz, ot with 0, 5, 10, 15, 20 pmol/L
of 9-cis-RA, or with their combination (0, 2.5, 5, 7.5 ot
10 umol/L of 15d-PGJ2) and (10 umol/L of 9-cis-RA),
respectively. After treatment, MTT solution was added
to cells at a final concentration of 500 pg/ mL and in-
cubated at 37°C for an additional 4 h. Then the medium
was aspirated, and formazan product was dissplved with
DMSO. Cell viability was determined by differences
in absorbance at wavelength 490 nm and presented as
percentage of control culture conditions.

Animals and tumor cell inoculation

Thirty female BALB/c nu/nu mice (Bikai Experimental
Animal Center, Shanghai, China), at the age 6 to 7 wk,
were used in the study. The mice were maintained in a
laminar airflow cabinet under specific pathogen-free con-
ditions with free access to stetile food and water. For mice
inoculation, PANC-1 cells in log-phase growth wete har-
vested by trypsinization, and a medium containing 10%
FBS was added. After washed three times with serum-free
DMEM, cells were resuspended in phosphate-buffered
saline (PBS) at the concentration of 1 X 10’/ml, and in-
oculated subcutaneously into the hindlimb region of each
mouse. All experiments were approved by the University
Animal Care Committee and carried out according to the
National Animal Welfare Law.

Tumor growth in nude mice and Rosiglitazone
administration
From the second week of tumor cell inoculation, tumor

bearing mice were randomly divided into control groups
(n = 15) and Rosiglitazone treatment group (z = 15). Mice
in the control group received distilled water and mice in
the Rosiglitazone treatment group received Rosiglitazone
at the dose of 10 umol/kg. d. Tumor sizes were mea-
sured with a vernier caliper at 25 d intervals and calculated
according to the formula: A (length) X B (width) X C
(height) X 0.5236. At end of the experiment (75 d), blood
was collected for hepatic function analysis. All mice were
cuthanized and autopsies were performed. Tumors were
removed, weighed, and fixed in 10% neural buffered for-
malin and embedded in paraffin for histological analysis.
The growth inhibition rate of Rosiglitazone was calculated.

Immunohistochemistry

Four-pm thick paraffin sections were air-dried, and then
placed in a 60°C oven overnight. The sections were de-
waxed in xylene, immersed in a solution of 750 pl. 30%
hydrogen peroxide and 50 mL methanol for 10 min to
block endogenous peroxide, and rehydrated to tap water
for antigen retrieval. After boiled in a 10 mmol/L citrate
buffer (pH 6.0), slides were incubated overnight at 4°C
with optimum dilutions of primary antibodies, including
anti-PCNA mouse polyclonal antibody (X 50 dilution),
and anti IV-collagen mouse monoclonal antibody (X 200
dilution). The sections were washed with PBS and then
secondary antibody (anti-mouse antibody) labeled with
HRP was applied in humid chambers for 40 min at room
temperature. Staining was detected using DAB for 10
min. The sections wete counterstained with hematoxylin.
Substitution of the primary antibodies with immunoglo-
bin G served as negative controls in all cases.

Measurement of microvessel density (MVD)
Microvessels were shown by staining endothelial cells
for IV collagen using a standard immunoperoxidise tech-
nique. MVD was assayed under light microscope. The ““hof
spof’ area of neovascularization was identified. Individual
microvessels were counted in four separate fields in this
area. Two pathologists, blinded to the protocol, exam-
ined all slides in each group on three separate occasions.
Data were expressed as the average number of four
fields that were counted.

Statistical analysis

Data are expressed as mean T SE. Statistical analysis was
performed using Student’s unpaired #test. P < 0.05 was
considere statistically significant.

RESULTS

Expressions of PPARy and RXRo. in human pancreatic
carcinoma cell line PANC-1

RT-PCR showed that PPARy mRNA and RXRo mRNA
were expressed in PANC-1 cells (Figure 1). Immunocyto-
chemical staining showed that PPARy and RXRq protein
were also expressed in PANC-1 cells (Figure 2). These re-
sults indicate that PANC-1 cell line significantly expressed
PPARy and RXRq, and could be used in this protocol.
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Figure 2 Immuncytochemistry study for the expressions of PPARy (A)
and RXRo protein (B) in PANC-1 cells. Cells were cultured in 12-well plates
containing slides. Slides were fixed, washed, and incubated with mouse anti-
PPARy (x 150 dilution) or rabbit anti-RXRe antibody (x 100 dilution), then
incubated with the secondary antibody labeled with HRP. The staining was
detected using DAB and demonstrated expressions of the nuclei with brown
staining (HE staining, x 200).

Effects of 15d-PGJ:and 9-cis-RA on proliferation of
PANC-1 cell line

MTT assay demonstrated that 15d-PG]J2, 9-cis-RA and
their combination inhibited the growth of PANC-1 cells
in a dose-dependent manner. PANC-1 cells were sup-
pressed to more than 50% of control group at the con-
centration of 10 pumol/L 15d-PG]Jz, 20 umol/L 9-cis-
RA and 5 pmol/L 15d-PGJ2 plus 10 pmol/L 9-cis-RA,

0 2.5 5 7.5 10
Concentration (umol/L)

Figure 3 Dose-dependent effects of PPARy and RXRa ligands on the growth
of human pancreatic carcinoma in 15d-PGJ2 group (A), 9-cis-RA group
(B), and combined 15d-PGJ2 and 9-cis-RA group (C). Cells were seeded into
96-well plates and treated with different concentrations of 15d-PGJ2, 9-cis-RA and
their combination. MTT was used to determine the cellular proliferation. Asterisks
indicate statistically significant differences (P < 0.05, n = 6) based on a two-tailed
Student’s t-test. Experiments were performed in triplicate.

respectively. 9-cis-RA had a combined action with 15d-
PG]J2 on the growth of pancreatic carcinoma (Figure 3).

Effects of 15d-PGJ:and 9-cis-RA on expression of VEGF
in PANC-1 cells

VEGTF is a major stimulator of tumor angiogenesis. We
used semi-quantitative RT-PCR to determine whether
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Figure 4 Dose-dependent inhibitory effects of 15d-PGJ2 and 9-cis-RA on
expression of VEGF. A: Three micrograms of total RNA from PANC-1 cell line
was subjected to RT-PCR. The PCR products were electrophoresed on 1.5%
agarose gel and visualized with ethidium bromide staining. GAPDH was used as
a control. VEGF expression was detected at the expected molecules sizes (382
bp). Lanes 1, 7, 13: size marker; lanes 2-6, cells treated with 15d-PGJ2 at 0, 2.5,
5, 7.5, 10 umollL, respectively; lanes 8-12, cells treated with 9-cis-RA at 0, 5,
10, 15, 20 umollL, respectively; lanes 14-18, cells treated with combined 9-cis-
RA (10 pumol/L) and 15d-PGJ2 at 0, 2.5, 5, 7.5, 10 umoliL, respectively; B: Semi-
quantitative analysis of VEGF mRNA expression in human pancreatic carcinoma
PANC-1 cell line. Data on PCR products were obtained by comparing the intensity
of PCR band of VEGF with that of internal control of GAPDH using genetools
software.

15d-PGJ2and 9-cis-RA exert any effects on the expres-
sion of VEGF mRNA. RT-PCR demonstrated that
15d-PG]Ja, 9-cis-RA and their combination inhibited the
expression of VEGEF mRNA in PANC-1 cells in a dose-
and time-dependent manner (Figures 4 and 5).

Effect of Rosiglitazone on PANC-1 cell tumor growth in
nude mice

As shown in Figure 6, over a 75-d experimental period,
Rosiglitazone (10 umol/kg. d) inhibited the PANC-1 cell
tumor growth. Existing tumors began to regress 3 wk
after treatment. The average tumor size was (0.48 + 0.23)
cm’ in Rosiglitazone treatment group and (2.488 + 0.59)
cm’ in control group (P < 0.05, » = 15). The inhibitory
rate was 80.7%. The average weight was (0.887 + 0.48) ¢
in Rosiglitazone treatment group and (2.333 * 1.60) g
in control group (P < 0.05, » = 15). Tumors in 2 of 15
Rosiglitazone-treated mice were not palpable, indicat-
ing a complete regression of these tumors after drug
administration. Hepatic function analysis demonstrated
that no drug-related hepatic toxicity to any of the mice

(Table 1).

Effect of Rosiglitazone on expression of PCNA in
xenograft tumor of nude mice
Immunohistochemical study revealed that Rosiglitazone
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Figure 5 Time-dependent inhibitory effects of 15d-PGJ2 and 9-cis-RA on
expression of VEGF mRNA. A: Three microgram of total RNA from PANC-1
cell line was subjected to RT-PCR. The PCR products were electrophoresed on
1.5% agarose gel and visualized with ethidium bromide staining. GAPDH was
used as a control. VEGF expression was detected at the expected molecules
sizes (382 bp). Lanes 1, 7, 13: size marker; lanes 2-6: cells treated with 10
umol/L 15d-PGJ2 for 0, 12, 24, 48, 72 h, respectively; lanes 8-12: cells treated
with 20 umol/L 9-cis-RA for 0, 12, 24, 48, 72 h, respectively; lanes 14-18: cells
treated with combined 10 umol/L 9-cis-RA and 5 umol/L 15d-PGJ2 for 0, 12, 24,
48, 72 h, respectively; B: Semi-quantitative analysis of VEGF mRNA expression
in human pancreatic carcinoma PANC-1 cell line. Data on PCR products were
obtained by comparing the intensity of PCR band of VEGF with that of internal
control of GAPDH using genetools software.
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Figure 6 Rosiglitazone supresses PANC-1 cell tumor growth in nude mice.
From the second week of PANC-1 cell inoculation, tumor bearing mice were
randomized to receive either distilled water or Rosiglitazone, 10 umol/kg a day,
for 75 d. Tumor size was measured every 25 d. Tumor size in Rosiglitazone
treatment group was significantly smaller than that in control group (P < 0.05).

had a substantial effect on tumor cell proliferation as de-
tected with staining of antibody against PCNA (Figure 7).
PCNA was presented in both groups. PCNA was
obviously down-regulated in Rosiglitazone treatment
group compared with control group.
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Figure 7 Immunohistochemical analysis of PCNA expression in tumor
tissue from control group (A) and Rosiglitazone treatment group (B).
From the second week of PANC-1 cell inoculation, tumor bearing mice were
randomized to receive either distilled water or Rosiglitazone, 10 umol/kg per day,
for 75 d. Mice were then euthanized. Tumors were removed and cut into 4-um
thick sections for immunohistochemical analysis. The sections were incubated
with anti-PCNA antibody, and then with secondary antibody labeled with HRP.
The staining was detected using DAB and demonstrated as expression of nuclei
with brown staining. The result showed that PCNA expression was significantly
down regulated in Rosiglitazone treatment group (original magnification x 200).

Rosiglitazone treatment Control P value
AST 123.6 £17.9 132.1+22.6 0.51
ALT PEVEY/AC) 214+£9.6 0.74
LDH 1953.8 +324.5 2037.7 +378.4 0.70
AMYL 86.5+24.1 735+221 0.33

Effect of Rosiglitazone on angiogenesis of xenograft
tumor in nude mice

Staining with anti-IV collagen antibody demonstrated that
MVD was significantly decreased in Rosiglitazone treat-
ment group, which was (10.67 £ 3.07) in Rosiglitazone
treatment group and (31.44 * 6.06) in control group (P
< 0.01, » = 30). Tumor blood vessels in control group
showed a sinusoidal pattern and rather well-developed
vascular networks. In contrast, tumor blood vessels in
Rosiglitazone treatment group were consisted of random-
ly distributed endothelial cells that did not form organized
vascular networks (Figure 8).

Effect of Rosiglitazone on VEGF expression in xenograft
tumor of nude mice
To determine whether Rosiglitazone exerts its inhibitory

Figure 8 Immunohistochemical analysis of microvessel density in tumor
tissue from control group (A) and Rosiglitazone treatment group (B).
From the second week of PANC-1 cell inoculation, tumor bearing mice were
randomized to receive either distilled water or Rosiglitazone, 10 umol/kg per day
for 75 d. Mice were then euthanized. Tumors were removed and cut into 4 um-
thick sections for immunohistochemical analysis. The sections were incubated
with anti-IV collagen antibody, and then with secondary antibody labeled with
HRP. The staining was detected using DAB. A single microvessel was defined
as any immunohistochemistry- stained brown endothelial cell separated from the
adjacent microvessels, tumor cells, and other connective tissue elements. MVD
was calculated. The result showed that MVD was significantly down regulated in
Rosiglitazone treatment group. (original magnification x 200).

effect on tumor angiogenesis by suppressing VEGE,
tumor tissues from mice in control and Rosiglitazone
treatment groups were assayed for the expression of
VEGF mRNA. Semi-quantitative RT-PCR showed that
the expression of VEGEF mRNA was down-regulated in
Rosiglitazone treatment and control groups (Figure 9).

DISCUSSION

PPAR, a member of the family of ligand-activated nuclear
receptor transcription factors, forms a heterodimer with
the RXR upon ligand binding, This complex binds to a
PPAR-responsive element (PPRE) located in the pro-
moter region of various genes and acts to regulate their
expression. There are three members of the PPAR family,
o, B and y. PPARq is highly expressed in the liver, heart,
proximal tubules of kidney, and intestinal mucosa. PPAR[}
is almost ubiquitously expressed in adipose tissue, and
PPARYy is highly expressed in adipose tissue where it plays
a critical role in the differentiation of preadipocytes into
adipocytes. High concentrations of PPARy protein have
also been identified in the colon. PPARYy is also expressed
in the immune system including the spleen, monocytes,

and bone-marrow precursors. Recently, great attention
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Figure 9 RT-PCR showing expression of VEGF mRNA in human pancreatic
carcinoma PANC-1 cell xenograft tumor. A: Three micrograms of total RNA
from PANC-1 cell xenograft tumor tissue was subjected to RT-PCR. The PCR
products were electrophoresed on 1.5% agarose gel. GAPDH was used as a
control. VEGF expression was detected at the expected molecule sizes of 382 bp
(M: size marker; lanes 1-2: control mice; lanes 3-4: Rosiglitazone-treated mice);
B: Semi-quantitative analysis of VEGF mRNA expression in human pancreatic
carcinoma PANC-1 cell xenograft tumor tissue. Data on PCR products were
obtained by comparing the intensity of the PCR band of VEGF with that of internal
control of GAPDH using genetools software. The result showed that expression
of VEGF mRNA in tumor tissue was down-regulated in Rosiglitazone treatment
group compared with control group.

has focused on PPARy. PPARy plays an important role
in insulin sensitization and differentiation of adipocytes,
monocytes and macrophagesm. Activation of PPARy can
also induce growth inhibition in human prostate cancer
cells, colon cancer cells, gastric cancer cells", pancreatic
[12-17] . [18]

cancer cells and liposarcoma cells' .
The expression of PPARy and its role in human
pancreatic carcinoma have not been fully elucidated.
We have previously reported that PPARy is the only
isoform of PPAR which exists in PC-3 pancreatic carci-
noma cell line™. In this study, PPARy and RXRa were
strongly expressed in human pancreatic carcinoma cell
line PANC-1, suggesting that PPARy might play a role in
the regulation of pancreatic cancer growth. In addition,
we demonstrated an antiproliferative effect of PPARy
and RXRq, ligands on pancreatic cancer growth pancre-
atic cancer growth 7z vitro. MTT assay demonstrated that
15d-PGJz, 9-cis-RA and their combination inhibited the
growth of PANC-1 cells in a dose-dependent manner.
PANC-1 cells were suppressed to more than 50% of the
control group at 10 umol/L of 15d-PGJ2 and 20 pmol/L
of 9-cis-RA. The inhibitory effect of 5 umol/L 15d-

PGJ2 plus 10 ;,Lrnol/ L 9-cis-RA on cancer cell growth was
stronger than that of 5 umol/L 15d-PGJ2 ot 10 pmol/L
9-cis-RA alone. These results indicate that PPARy ligand,
15d-PGJ2 and RXRa., 9-cis-RA, can strongly inhibit the
growth of pancreatic cells iz vitro, and 9-cis-RA com-
bined with 15d-PGJ2 can inhibit the growth of pancreatic
carcinoma, further confirming that activation of PPARy
and RXRo may suppress pancreatic carcinoma growth
vitro"™. To investigate the 7 vivo effect of PPARy ligand, a
pancreatic carcinoma xenograft model of nude mice was
established by inoculating PANC-1 cells subcutaneously,
and Rosiglitazone, a PPARy activator, was administered iz
water drinking in experimental group for 75 d. Systemic
administration of Rosiglitazone not only inhibited
PANC-1 tumor cell growth, but also dramatically reduced
the size of existing tumors. The average tumor volume
and weight in experimental group were less than those in
the control group. The growth inhibition rate of Rosigli-
tazone was 80.7%. In addition, PCNA, as an important
marker of cell proliferation, was presented in both groups,
but immunohistochemistry showed that PCNA was down
regulated in experimental group compared with the con-
trol group. However, such a dosage of Rosiglitazone had
no systemic toxic action. Take these into account, activa-
tion of PPARy could inhibit pancreatic cancer growth.

Although the mechanism of PPARy by which the
growth of human pancreatic carcinoma cells is inhibited
has not been fully elucidated, its action on inducing
apoptosis and G1 cell cycle arrest has been reported“sl.
As other tumors, pancreatic carcinoma is also neovas-
cularization dependent. This process is usually mediated
by angiogenic factors. Of these factors, VEGF is cut-
rently the major proangiogenic factor for most types of
human cancer including pancreatic carcinoma””. In
our study, 15d-PG]J2, 9-cis-RA and their combination
inhibited the expression of VEGF in PANC-1 cells in a
dose- and time-dependent manner. I vivo study showed
that the expression of VEGF in tumor tissue was signifi-
cantly down-regulated in Rosiglitazone treatment group
compared with control group. Furthermore, Rosigli-
tazone can also reduce pancreatic carcinoma microvessel
density, a marker of tumor angiogenesis, indicating that
PPARy ligand can inhibit cancer growth 7z vitro ot in vivo,
which might be, at least in part, related to the suppres-
sion of tumor angiogenesis. VEGF may be one of the
important factors related to the suppression of angio-
genesis in pancreatic carcinoma by activating PPARy.

In summary, human pancreatic carcinoma cell line
PANC-1 expresses PPARy, and activation of PPARy in-
hibits cellular growth. Suppression of tumor angiogenesis
by down-regulating the expression of VEGF may be one
of the mechanisms of PPARy activation by which pan-
creatic carcinoma growth is inhibited, thus providing a
new insight into the mechanism of PPARy ligand, as an
inhibitor of pancreatic tumor growth and a novel means
to control pancreatic carcinoma in clinical practice.

COMMENTS

Background

Peroxisome proliferator-activated receptor y (PPARy), a member of the family
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of ligand-activated nuclear receptor transcription factors, is expressed in many
human solid tumors. It was reported that activation of PPARy can inhibit the
growth of pancreatic carcinoma cells, colon cancer cells, gastric cancer cells
and liposarcoma cells. So far, the underlying mechanism of PPARy activation by
which the growth of human pancreatic carcinoma is inhibited has not been fully
elucidated.

Research frontiers

The growth and progression of solid tumors including pancreatic carcinoma
depend on angiogenesis. Vascular endothelial growth factor (VEGF) is the
major proangiogenic factor for most types of human cancer. However, whether
activation of PPARYy is related with expression of VEGF in human pancreatic
carcinoma is still unclear.

Innovations and breakthroughs

Human pancreatic carcinoma cell line PANC-1 expresses PPARy, and activation
of PPARy inhibits cellular growth both in vivo and in vitro. Pancreatic carcinoma
microvessel density, a marker of tumor angiogenesis, was reduced in this study.
Moreover, suppression of tumor angiogenesis by down-regulating the expression
of VEGF may be one of the mechanisms of PPARy activation by which the growth
of pancreatic carcinoma is inhibited, thus providing a new insight into the mecha-
nism of PPARYy ligand, as an inhibitor of pancreatic tumor growth.
Applications

Suppression of tumor angiogenesis by down-regulating the expression of VEGF
may be one of the mechanisms of PPARy activation by which the growth of
pancreatic carcinoma is inhibited, suggesting that the drugs used in our study
can control pancreatic carcinoma in clinical practice.

Terminology

PPAR is a member of the family of ligand-activated nuclear receptor transcrip-
tion factors and forms a heterodimer with the RXR upon ligand binding. This
complex then binds to a PPAR-responsive element (PPRE) located in the pro-
moter region of various genes and acts to regulate their expression.

Peer review

This is a well designed study. The results suggest that activation of peroxisome
PPARYy suppresses pancreatic carcinoma growth by inhibiting angiogenesis.
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