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Background : Recent studies have proposed the use of peroxisome proliferator activated
receptor- (PPAR ) ligands as new chemotherapeutic agents for human malignant tumors.
However the in vivo mechanism of PPAR ligands on cellular toxicity is not clear. Therefore
we examined the anti-tumor effects of the PPAR ligand, rosiglitazone (ROS), in animal mod-
els. Methods : To evaluate the effect of RSO on splenocytes, an in vitro and in vivo study
was performed. Cytolytic activity was measured by use of a 51Cr release assay. The splenic
natural killer (NK) cell population and effector-target conjugation were measured by flow cyto-
metric analysis. Results : In 9L glioma bearing rats, 30 mg/kg/d of ROS treatment induced a
significant decrease of subcutaneous tumor growth accompanied by an increased cytolytic
activity of splenocytes and of the splenic NKR-P1bright/CD3- NK cell population. In normal rats,
systemic administration of ROS also increased the cytolytic activity of splenocytes, the splenic
NK cell population, and effector-target conjugation. Moreover, we found that a concentration
of 20 M ROS caused an increase in the cytolytic activity of splenocytes, and a concentra-
tion of 50 M ROS increased effector-target conjugation in vitro. Conclusion : These results
suggest that increased splenic cytolytic activity and NK cell population may contribute to the
anti-tumor effects of PPAR ligands in vivo. However, the roles of NK cells in the PPAR lig-
and-induced anti-tumor activity should be further investigated.
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Peroxisome proliferator-activated receptors (PPARs) are lig-
and-activated transcription factors belonging to the nuclear
receptor superfamily.1 To date, three subtypes of PPARs have
been identified and have been designated as PPAR , PPAR ,
and PPAR .2 PPAR is predominantly expressed in activated
monocytes and tissue macrophages in vivo, and is also found in
natural killer (NK) cells, adipose tissue, osteoblast, cartilage,
hepatocytes, fibroblasts, endothelial cells, and many types of
cancer cells.3-11 PPAR is activated by certain polyunsaturated
fatty acids, such as 15-deoxy- 12,14-PGJ2 (15d-PGJ2), troglita-
zone, rosiglitazone (ROS), pioglitazone, and ciglitazone. PPAR
was originally characterized as a regulator of adipocyte differen-
tiation and lipid metabolism.8 Recent studies have also shown
that activation of PPAR with ligands causes growth inhibito-

ry effects of various human malignant cells by inducing differ-
entiation, apoptosis, or by inhibiting angiogenesis.3-5,7,9,10,12 How-
ever, some studies have indicated that PPAR ligands promote
tumor growth.13-16 Therefore, the effects of PPAR ligands on
the growth of human cancers remains to be clarified. Moreover
the mechanism of the anti-tumor effects of PPAR ligands in
vivo is not clear.

Natural cytotoxicity is thought to be important in the immune
surveillance against cancer. Different lymphocyte subsets are con-
sidered to be involved in this process, including cytotoxic T lym-
phocytes, T lymphocytes, and NK cells.17-19 Among these,
NK cells would represent the most powerful cytolytic effector
cells. Depletion of NK cells from animals enhances the growth
of many implanted tumor cells in vivo.19,20 Moreover, PPAR has
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recently been of interest for its possible role in the regulation of
differentiation and development of immune cells such as mono-
cytes/macrophages, T cells, and NK cells.6,11,21,22 Therefore, it is
valuable to investigate the effects of PPAR ligands on immune
cells for their possible use in the treatment of human malignan-
cies. To investigate the effects of PPAR ligand on immune cells
and the mechanism of anti-tumor effects of PPAR ligands, this
study evaluated the cytolytic activity of splenocytes and the alter-
ation of population of splenic NK cells in normal and subcuta-
neous tumor bearing rats.

MATERIALS AND METHODS 

PPAR lgand and tumor cell lines 

ROS was obtained from ALEXIS Biochemicals Inc. (Lausanne,
Switerland). A stock solution was prepared at a concentration of
100 mmol/L in phosphate-buffered saline (PBS). Avandia� (Ro-
siglitazone) was obtained from GlaxoSmithKline Pharmaceuti-
cals. Avandia� was dissolved in a standard 0.9% saline solution.

This study used two tumor cell lines; PPAR expressing 9L
glioma cells for subcutaneous tumor induction, and the other
the YAC-1 cell line, a T cell lymphoma of A/Sn origin. The YAC-
1 cells were used as target cells in the NK cell activity assay. The
expression of PPAR in 9L glioma cells was confirmed by West-
ern blot using an anti-PPAR monoclonal antibody (Santa Cruz
Biotechnology, CA).

Treatment of animals with subcutaneous tumor induction
and systemic administration of rosiglitazone (Avandia�)

Twenty four five-week-old Fisher (F344) rats purchased from
the Korean Research Institute of Chemical Technology were used.
All animal studies were reviewed and approved by the Institu-
tional Animal Care and Use Committee of Chonbuk National
University Medical School. Rats were allowed to recover from
traveling stress for one week and were routinely 5 weeks old at
the time of use. Rats were housed four per cage on arrival and
during all experiments with a 12-h light/dark cycle. The animals
were given food and water ad libitum. Eight rats were used for
evaluate the effects of ROS on the splenocytes in vitro and effec-
tor-target conjugation by flow cytometry. To asses the systemic
effects of ROS on the splenocytes, four rats per group were admin-
istrated with 30 mg/kg/d ROS or the same amounts of saline at
24-h intervals for four weeks. Eight rats were used to evaluate

the effects of ROS on the splenocytes using a subcutaneous tumor
inducing rat model. The subcutaneous tumors were induced by
direct subcutaneous injection of 100 L of medium containing
4×106 9L glioma cells into the back of the eight rats after anes-
thetization with ether. Four subcutaneous tumor-bearing rats
per group were administrated 30 mg/kg/d ROS or the same
amounts of saline at 24-h intervals for four weeks. Tumors were
measured every week, and the tumor volume was calculated as
width2×length×0.52.

Preparation of splenocytes and pathologic examination

The rats were sacrificed with ether, and the spleen, heart, lung,
cervical lymph nodes, liver, pancreas, right femur, both kidneys,
and subcutaneous tumors were removed. The pooled spleens were
minced, passed through a stainless steel mesh, and then washed
twice with minimal essential medium (MEM) by suspension and
centrifugation at 1,000 rpm for 10 min. The resultant cell sus-
pension was mixed with 5 mL PBS and 5 mL Lymphoprep (Ny-
comed, Oslo, Norway) and centrifuged at 2,000 rpm for 25 min
for the density gradient centrifugation. The layer of lymphocytes
was carefully collected and the concentration of fresh splenocytes
was adjusted to 1×107/mL in complete medium (RPMI-1640
containing 10% heat-inactivated fetal calf serum, Gibco-BRL,
Grand Island, NY). The heart, lung, cervical lymph nodes, liver,
pancreas, right femur, both kidneys, and subcutaneous tumors
were immersed in 10% formalin for 12 h. After fixation, femurs
were sectioned longitudinally through the mid-portion, and other
tissues were cut through the long axis. Tissue sections (4- m)
were stained with hematoxilin and eosin and then examined
using a light microscope.

Treatment with rosiglitazone to the splenocytes in vitro

Splenocytes were plated at a density of 1×106 cells per 100
mm culture plate and were treated with 5, 10, 20, and 50 M
ROS or control medium with fresh media containing 10% FBS.
After two- hours incubation, the cytolytic activity assay and effec-
tor-target conjugation by flow cytometry were performed. Under
the same conditions, the time-dependent effect of 20 mM ROS
on cytolytic activity of splenocytes and the population of NK
and T cells were determined.

Cytolytic activity assay 

Cytolytic activities were measured by a 4-h 51Cr release assay
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according to the method described by Reynolds and Herber-
man.23 Briefly, isolated splenocytes were used as effector cells
for the assay and YAC-1 cells were used as target cells. Target
cells (0.25 mL at a concentration of 1×107 cells/mL) were incu-
bated with 0.25 mL of 51Cr at 37℃ for 60 min. Splenocytes (0.1
mL at a concentration of 1×107 cells/mL) and target cells (0.1
mL at a concentration of 1×105 cells/mL) were added to the
wells of a U-bottomed 96-well microtiter plate. The plate was
incubated at 37℃ for 4 h in a humidified 5.0% CO2 incubator.
Subsequently, the plate was centrifugated at 1,400 rpm for 10
min, the supernatant fluid in each well was harvested, and the
radioactivity was then determined with a -counter (Packard
Auto-Gamma 500, United Technologies, CT). The maximal
releasable 51Cr value was obtained from the assay by adding 0.1
mL 5.0% TritonX-100 to the well instead of the effector cells.
Spontaneous release was obtained from the assay by adding 0.1
mL of medium to the well instead of the effector cells. The per-
centage of cytotoxicity was determined according to the follow-
ing formula: % cytotoxicity={[experimental release (cpm)-spon-
taneous release (cpm)]/[maximal release (cpm)-spontaneous release
(cpm)]}×100. 

Flow cytometric analysis of splenic NK cells

NK cells assessed by double labeling with anti-NKR-P1 FITC
(BD Biosciences, San Jose, CA) and anti-CD3 PE (BD Biosci-
ences). Samples were analyzed using a Facstar flow cytometer
(Becton-Dickinson, San Jose, CA), and 20,000 events were ana-
lyzed for each sample. 

Measurement of effector-target conjugation by flow cytom-
etry 

Splenocytes obtained from eight rats were used to measure the
effector-target conjugation by flow cytometry in vitro. To evalu-
ate the systemic effect of ROS to the effector-target conjugation,
splenocytes were obtained from four age matched ROS untreat-
ed control rats and four ROS treated rats at 30 mg/kg/d during
four weeks. The obtained splenocytes were plated at a density
of 1×106 cells per 100 mm culture plate, and were treated with
5, 10, 20, and 50 M ROS or control medium with fresh media
containing 10% FBS. Two hours after ROS treatment, spleno-
cytes were used to measure of effector-target conjugation by flow
cytometry. Splenocytes obtained from four rats were treated with
20 M ROS or control medium with fresh media containing
10% FBS during 2, 4, 6, and 12 h. After treatment with ROS

during the indicated times, effector-target conjugation was mea-
sured by flow cytometry.

Splenocytes (effector cells) and YAC-1 cells (target cells) were
washed twice in PBS and adjusted to 2×106 cell/mL in the work-
ing solution of the appropriate dye. Splenocytes were labeled
with anti-NKR-P1 FITC and target cells were labeled with dihy-
droethidium (Hydroethidine, HE) (Molecular Probes, OR). Sp-
lenocytes and target cells were incubated with antibodies or HE
for 20 min, washed twice by centrifugation with complete medi-
um and washed a third time. The labeled effector cells (5×105,
0.1 mL) were mixed with 5×105 HE labeled target cells (0.1 mL)
and were incubated at room temperature. The pellets were gently
resuspended 3 times with a micropipette and kept on ice until
they were analysed by flow cytometry. Samples were analyzed
using a Facstar flow cytometer and 10,000 events were analyzed
for each sample. FL1 (anti-NKR-P1 FITC stained) and FL2 (HE
stained) data were acquired. The percentage of effector and target
cells conjugated was determined by gaiting the NKR-P1bright/
HEhigh cell populations. 

Statistical analysis 

The student’s t test was used to determine the statistical sig-
nificance of the data obtained and to compare the means of the
two groups. One-way ANOVA and the Student-Newman-Keuls
test was used for multiple comparisons. A p value of less than
0.05 represented a statistically significant difference between
the values of two group means. 

RESULTS

Systemic administration of rosiglitazone inhibits tumor
growth but increases the cytolytic activity of splenocytes
and the population of NK cells in vivo

To evaluate the systemic effects of the PPAR ligand on tumor
growth and splenocytes, subcutaneous glioma tumor was induced
in rats by injection of 9L-glioma cells. A visible subcutaneous
tumor was observed one week after the inoculation of tumor cells
and the tumor size increased with time. The volumes of the tumor
were gradually increased in the control rats. In contrast, treat-
ment with ROS resulted in a significant reduction of the tumor
volume. The difference in the size of the tumor volume was evi-
dent after 2 weeks of treatment with ROS (p<0.001; Fig. 1A).
Four weeks after subcutaneous tumor induction, rats were sac-
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rificed and the subcutaneous tumors were removed. For the ROS
treated rats, the tumor size and weight were significantly reduced
as compared to ROS untreated rats (p=0.029; Fig. 1B, C). One
ROS untreated tumor bearing rat showed a disseminated bilat-
eral pulmonary metastasis, but pulmonary metastasis was not
identified in the ROS treated tumor bearing rat (Fig. 2A). As
compared with the control rats where a subcutaneous tumor was
not induced, the bone marrow of tumor bearing rat appeared
hyperplastic which represents increased hematopoiesis (Fig. 2B,
C). However, the bone marrow of the ROS treated tumor bear-
ing rats was not hyperplastic (Fig. 2D). All other internal organs
did not show any specific pathologic findings suggesting that
ROS induces toxicity. 

Systemic administration of rosiglitazone increases cytolytic
activity of splenocytes and population of NK cells in both
tumor-bearing rats and rats which were not injected with
tumor cells

In rats it has been reported that NKR-P1 is expressed at high
levels for NK cells, at low levels for two small subsets of T cells,
and at very low levels for neutrophils. A previous study showed
that NKR-P1bright/CD3- cells had the characteristic morpholo-
gy as an LGL population of NK cells.17,24 Therefore, this study
measured NKR-P1bright/CD3- cells to evaluate changes in the
numbers of splenic NK cells by the use of flow cytometry. 

9L glioma bearing rats had significantly decreased cytolytic
activity in splenocytes and a decreased NK cell population (p<
0.001; Fig. 3A, B). In contrast, ROS treated tumor-bearing rats
showed a significant increase of the cytolytic activity of spleno-
cytes (p<0.001) and an increase in the NKR-P1bright/CD3- NK
cell population (p=0.01) as compared to ROS untreated tumor-
bearing rats (Fig. 3A-C). ROS treated tumor bearing rats showed
no difference in the cytolytic activity of splenocytes (p=0.801)
and in the NKR-P1bright/CD3- NK cell population (p=0.716)
as compared to the normal control rats which were not injected
with tumor cells (Fig. 3A-C). In the rats without tumor induc-
tion, systemic administration of ROS increased the cytolytic
activity of splenocytesas compared to the control (p=0.004; Fig.
3A). Systemic treatment of ROS also increased the splenic NKR-
P1bright/CD3- NK cell population (p=0.007; Fig. 3B, C). How-
ever, the splenic CD3+ T cell fraction was unaffected by ROS
treatment (Fig. 3D). 

Fig. 2. (A) One ROS untreated tumor bearing rat shows dissemi-
nated pulmonary metastasis. The bone marrow of tumor bearing
rat (C) appeared hyperplastic representing increased hemato-
poiesis compared to the control (B). (D) But the bone marrow of
ROS treated tumor bearing rats is not hyperplastic. 

A B

C D

Fig. 1. (A) Systemic treatment with ROS (30 mg/kg/d) significantly inhibits tumor growth (p=0.017). (B) Representative control and ROS
treated tumors on treatment week four are shown. (C) Systemic treatment with ROS during four weeks significantly reduced tumor weight.
(p=0.029). *p<0.05, �p<0.001 vs respective control values by t-test.
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Rosiglitazone increases splenic NK cell activity in vitro

To evaluate the effect of the PPAR ligand on NK cell activ-
ity in vitro, splenocytes were incubated with various concentra-
tions of ROS (5-50 M) for two hours. Treatment with ROS
slightly increased the splenic NK cell activity as compared to
the control in vitro, but it was not significant (p=0.136; Fig. 4A).
However, the splenic NK cell activity was significantly increased
in a time-dependent manner by treatment with ROS (20 M)

(p<0.05; Fig. 4B). The splenic NK and T cell populations were
similar to that of the control (Fig. 4C, D). 

Rosiglitazone increases effector-target conjugation 

Wwhen the effects of the PPAR ligand on effector-target
conjugation were examined in vitro, there was no significant
changes in effector-target conjugation at concentration of 5, 10,
and 20 M ROS. Use of a high concentration of ROS (50 M)
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did increase effector-target conjugation (p=0.009; Fig. 5A). More-
over, systemic administration of 30 mg/kg/d ROS significantly
increased the effector-target conjugation as compared to the con-
trol (p=0.002; Fig. 5B, C) 

DISCUSSION

In this study we have demonstrated that systemic administra-
tion of the PPAR ligand, rosiglitazone (ROS), to subcutaneous
tumor bearing rats significantly inhibited tumor growth. Con-
sistent with our observations, a number of studies have shown
that PPAR ligands induced growth inhibition of human malig-
nant tumors by inducing apoptosis, cell cycle arrest, and inhibit-
ing angiogenesis.3-5,7,9,10,12 However, conflicting evidence exists
regarding the anti-tumor effects of PPAR ligands. The effects
of PPAR ligands on tumor growth are different depending on
the target cell type, the particular PPAR agonist used, the dura-
tion of treatment, and the dosage used.3,4,9,15,25 Some studies have
indicated that PPAR ligands promote tumor growth.13-16 There-
fore, the roles of PPAR ligands in cancer is a subject of debate.
In this study, systemic treatment of ROS significantly reduced
growth of a glioma. Therefore this study adds support that a
PPAR ligand induces inhibition of tumor growth and may
have a possible use as a chemotherapeutic agent for the treatment
of glioblastoma.

In vivo, several complex mechanisms simultaneously operate
to reject tumor cells but the mechanism of the anti-tumor effects
of PPAR ligand in vivo are not clear. Although the ROS-induced
inhibition of tumor growth can be mediated by the direct tumor
inhibitory effects of ROS, the anti-tumor immunologic mecha-
nism is also important. Among the many immune cells that act
against tumor cells, NK cells take an important place in anti-
tumor defense. As shown in this study, PPAR ligand ROS
induced inhibition of tumor growth was accompanied by an

increased cytolytic activity of the splenocytes and with increased
splenic NKR-P1bright/CD3- cell populations. These findings
indicate that an increase of the cytolytic activity of the spleno-
cytes and in the number of NK cells by treatment with ROS
may contribute to tumor growth inhibition. Therefore our results
suggest that an increased host immune defense by treatment
with ROS may contribute to the anti-tumor effect of ROS. More-
over, the cytolytic activity of splenocytes and the population of
splenic NKR-P1bright/CD3- cells were also increased by systemic
administration of 30 mg/kg/d ROS in the normal rats. At that
dose, no side effects were identified in a histological examination
of the internal organs. Only the bone marrow of the subcutaneous
tumor bearing rats showed increased hematopoiesis. Increased
hematopoiesis in the tumor bearing rats is a common phenome-
non and it partially due to a decrease in the function of the NK
cells.26,27 However, the tumor induced increase of hematopoiesis
was reversed by systemic treatment with ROS as seen in this
study. The ROS induced recovery of NK cell function is proba-
bly related to the inhibition of the tumor induced increase of
hematopoiesis.

NK cells can respond to contact with other cells through the
recognition of ligands for activation receptors. The cytolytic
mechanisms of NK cell occur in four stages: target cell binding,
effector cell activation, delivery of lethal signal to the target cell,
and effector cell detachment and recycling.17,18,27,28 Therefore con-
jugate formation between NK cells and target cells is an essen-
tial step to initiate NK cytolytic activity. In the present study
it was investigated whether the effect of ROS on cytolytic activ-
ity was due to an increase of effector-target conjugate formation.
The results showed that systemic administration of ROS signifi-
cantly increased effector-target conjugation. This finding sug-
gests that the ROS-mediated increase in the cytolytic function
of splenocytes is associated with an increased effector-target con-
jugate formation. 

Our results differ from other results that showed that PPAR
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ligands play a role in silencing immune responses.11,21,22 Other
studies have reported that activation of PPAR with ligands
attenuates the biologic function of NK cells by repressing IFN
expression, T cell proliferation, and IL-2 production.11,29 Another
recent study has suggested that the effects of PPAR ligands on
immune cells were dependent on dose.30 PPAR ligands pro-
moted T cell survival at doses that induce optimal PPAR tran-
scription. Therefore, activation of PPAR with PPAR ligands
can promote cell survival and PPAR activation may potentially
augment the immune response.30 In this study, ROS treatment
increased the cytolytic activity of the splenocytes and increased
the splenic NKR-P1bright/CD3- NK cell population. However,
the splenic CD3+ T cell fraction was unaffected by ROS treat-
ment in vivo and in vitro.

In conclusion, this study has shown that PPAR ligand ROS
inhibits tumor growth in vivo and is accompanied by an increased
cytolytic activity of splenocytes, an increased population of splenic
NK cells and effector-target conjugation. The increase in the
cytolytic activity of splenocytes is probably mediated by the in-
creased population of splenic NK cells and effector-target con-
jugation. Therefore this study suggests that increased biologic
activities of NK cells may contribute to the anti-tumor effects
induced by the PPAR ligand. Considering the contribution
of NK cells to the immune defense against cancer, these result
suggest that PPAR ligands could be used as chemotherapeutic
and immunotherapeutic agents for the treatment of glioblastomas
by reducing tumor growth and by increasing NK cell activity.
However, the roles of NK cells in PPAR ligand-induced anti-
tumor activity should be further investigated.
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