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Effect of PPARo Ligand on TNFa-Dependent Expression of EGF Receptor in
Human Glioma Cell Line
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Abstract: In glioma cells, tumor necrosis factor alpha (TNFo) was reported to increase the number of epidermal growth factor
receptor (EGFR) that mediates EGF-dependent cell proliferation. On the other hand, ligands for peroxisome proliferator-activated
receptor alpha (PPAR0) have been reported to inhibit proliferation of various tumor cells. In this study, we evaluated the influence of
synthetic PPAR« ligand, Wy14643, on basal and TNFo-dependent expression of EGFR in U251MG cells derived from a human
malignant glioma. Northern blot analysis revealed that TNFa: increased EGFR mRNA levels and that this increase was markedly
suppressed by Wy14643. However, it had only marginal effect on the basal levels of EGFR mRNA. These results demonstrate that the
activation of PPAR« leads to the inhibition of the TNFo-dependent EGFR expression in human malignant glioma cells.
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Overexpression of epidermal growth factor receptor
(EGFR) mainly due to its gene amplification occurs frequently
in diverse human carcinomas of the breast, ovary, cervix, kid-
ney and squamous cells.”® Such alteration is also observed in
40-50% of the human malignant gliomas.*> The EGFR
overexpression possibly leads to the promotion of tumor de-
velopment by increasing the growth-stimulatory signaling by
EGEF. Several clinical and histopathological studies have shown
that amplification of EGFR gene in malignant glioma is re-
lated to a shorter interval to relapse and poorer survival of the
affected subjects.” On the other hand, it was also shown that
tumor necrosis factor alpha (TNFo) increases the number of
cell surface EGFR in some glioma cell lines.” Recently, ef-
forts have been made to reduce the EGFR expression, thereby
preventing the growth of tumor cells.®'9

PPAR (peroxisome proliferator-activated receptor alpha)
is one of three subtypes of PPARs (a, § and ) that are mem-
bers of the ligand-dependent nuclear hormone receptor fam-
ily, and plays an important role in lipid homeostasis.'” Some
synthetic ligands are widely used as therapeutic drugs for hy-
perlipidemia.!” On the other hand, the anti-tumor effect of
PPARGa ligands has been reported in rat mammary tumor, early
stages of colon tumorigenesis, and several human tumor cell
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lines (prostate carcinoma, melanoma).'?9

Hence, we demonstrated the expression of PPARo. in hu-
man malignant glioma cell lines, U251MG and SK-MG-1.1»
Here we reported the influence of synthetic PPAR« ligand,
Wy 14643, on basal and TNFa-dependent expression of EGFR
mRNA in U251MG cells.

Materials and Methods

1. Cell culture

U251IMG cells (human cell line derived from malignant
glioma) were obtained from Memorial Sloan Kettering Can-
cer Institute (New York, USA). The cells were seeded in 100-
mm dishes and cultured to confluence in Dulbecco’s Modi-
fied Eagle’s Medium supplemented with 10% fetal bovine se-
rum, antibiotics (50 U/ml penicillin and 50 pg/ml streptomy-
cin) and 2mM L-glutamine at 37 °C in a humidified atmo-
sphere (95% air and 5% CO,). The cells were then treated with
PPAR« ligand, Wy14643, at a final concentration of 10 uM
together with or without TNFo (final concentration of 100 U/
ml). After 18-hour incubation, the cells were harvested for RNA
extraction.
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2. Northern blot analysis :

Total RNA was extracted from U251MG cells by the acid
guanidine phenol/chloroform method.'® After electrophoresis
of 10 ug of total RNA on 0.8% agarose gel, the RNA was
blotted on a nylone membrane (GeneScreen Plus, NEN, Bos-
ton, USA). The human EGFR cDNA probes were cloned by
reverse transcription-coupled polymerase chain reaction (RT-
PCR) using total RNA from U251MG cells. The sequences of
oligonucleotides used were as follows : EGFR ; sense (the
nucleotide positions 1116-1141 in accession number
XM_004738) 5-CGACAGCTATGAGATGGAGGAAGACG-
3, antisense (2139-2164) 5'-CCAGGGCCACCACCAGCAGC
AAGAGG-3’. An amplified cDNA fragment (1049bp) was
subcloned into pGEM-T Easy vector (Promega, Madison,
USA). Authenticity of the cDNA was verified by sequencing.
The probes were labeled with *?P-dCTP using a random prime
labeling kit (Roche Diagnostics, Tokyo, Japan). After the hy-
bridization with the EGFR probes, radioactivities of the bands
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Fig. 1 Wyl4643 inhibits TNFa-dependent induction of EGFR mRNA.
U251MG cells were treated with Wy14643 (10 uM) alone or to-
gether with TNFou (100 U/ml). After 18-hour incubation, the cells
were harvested, and Northern blot analysis was performed using
EGFR ¢DNA as a probe. Experiment was carried out in triplicate
(A). The radioactivities of bands were quantified using BAS2000
bioimage analyzing system and shown as arbitrary units: the means
+ standard deviation (B).

for the mRNA were quantified using BAS 2000 bioimage ana-
lyzing system (Fuji Film, Tokyo, Japan). The detailed condi-
tions for Northern blot analysis were described previously.'”

3. Statistical analysis

Statistical analysis was carried out using one-way ANOVA
followed by Fisher’s protected least significant difference
(PLSD) analysis and a p value less than 0.05 was considered
significant.

Results

A single band at 8.5 kb for EGFR mRNA was detected by
Northern blot analysis as shown in Figure 1. The size was com-
patible with the previous report by Harper et al.' Expression
of EGFR mRNA was observed in the basal condition, indicat-
ing its constitutive expression in U251MG cells. The levels
were not altered by the treatment of the cells with PPARa
ligand, Wy14643 for 18 hours. Treatment with TNFo. signifi-
cantly increased the levels of EGFR mRNA. This increase was
suppressed significantly by Wy14643.

Discussion

The present study demonstrated that the activation of
PPARa, by its synthetic ligand, Wy14643, leads to the inhibi-
tion of the TNFo-dependent increase in EGFR expression in
human malignant glioma U251MG cells. However, Wy14643
alone has no effect on the basal expression of EGFR mRNA.
These findings may indicate that the inhibitory effect of
Wy 14643 is specific to TNFo-activated intracellular signal-
ing pathway. TNFa exerts its effects through the activation of
transcription factor NF-xB. In unstimulated cells, NF-kB is
present in the cytoplasm, binding to its inhibitory protein IkB.
TNFa stimuli result in the degradation of IxB, leading to the
translocation of NF-kB into the nucleus, where it activates its
target genes. Recently, Delerive et al. reported that synthetic
PPARq ligand induces the expression of IxBo. (one of major
IkBs) in human aortic smooth muscle cells and in primary
human hepatocytes, and inhibits the nuclear translocation of
NF-xB.'” Although it is still remained to be studied whether
TNFa-dependent EGFR expression in glioma cells is medi-
ated by the NF-xB activation or not, PPARo-dependent accu-
mulation of IxBa is a possible mechanism for the inhibition
of the TNFo-dependent EGFR expression in U251MG cells.

Acknowledgments
This study was supported in part by a Grant-in-Aid for
Scientific Research from the Ministry of Education, Culture,
Sports, Science and Technology, Japan.



9]

2)

3)

4)

5)

6)

7

8)

9

10)

EFFECT OF PPARc. ON EGFR EXPRESSION 35

References
Ro J, North SM, Gallick GE, et al. Amplified and overexpressed
epidermal growth factor receptor gene in uncultured primary human
breast carcinoma. Cancer Res 1988; 48: 161-4.
Xu'YH, Richert N, Ito S, et al. Characterization of epidermal growth
factor receptor gene expression in malignant and normal human cell
lines. Proc Natl Acad Sci U S A 1984; 81: 7308-12.
Hunts J, Ueda M, Ozawa S, et al. Hyperproduction and gene ampli-
fication of the epidermal growth factor receptor in squamous cell
carcinomas. Jpn J Cancer Res 1985; 76: 663-6.
Libermann TA, Nusbaum HR, Razon N, et al. Amplification, en-
hanced expression and possible rearrangement of EGF receptor gene
in primary human brain tumours of glial origin. Nature 1985; 144~
7.
Wong AJ, Bigner SH, Bigner DD, et al. Increased expression of the
epidermal growth factor receptor gene in malignant gliomas is in-
variably associated with gene amplification. Proc Natl Acad Sci U S
A 1987; 84: 6899-903.
Hurtt MR, Moossy J, Donovan-Peluso M, et al. Amplification of
epidermal growth factor receptor gene in gliomas: histopathology
and prognosis. J Neuropathol Exp Neurol 1992; 51: 84-90.
Adachi K, Belser P, Bender H, et al. Enhancement of epidermal
growth factor receptor expression on glioma cells by recombinant
tumor necrosis factor alpha. Cancer Immunol Immunother 1992; 34:
370-6.
Hirata A, Ogawa S, Kometani T, et al. ZD1839 (Iressa) Induces
Antiangiogenic Effects through Inhibition of Epidermal Growth Fac-
tor Receptor Tyrosine Kinase. Cancer Res 2002; 62: 2554-60.
ZhangY, Jeong Lee H, Boado RJ, et al. Receptor-mediated delivery
of an antisense gene to human brain cancer cells. ] Gene Med 2002;
4: 183-94.
Herbst RS, Shin DM. Monoclonal antibodies to target epidermal
growth factor receptor-positive tumors: a new paradigm for cancer
therapy. Cancer 2002; 94: 1593-611.

11)

12)

13)

14)

15)

16)

17)

18)

19)

Desvergne B, Wahli W. Peroxisome proliferator-activated receptors:
nuclear control of metabolism. Endocr Rev 1999; 20: 649—-88.
Pighetti GM, Novosad W, Nicholson C, et al. Therapeutic treatment
of DMBA-induced mammary tumors with PPAR ligands. Antican-
cer Res 2001; 21: 825-9.

Tanaka T, Kohno H, Yoshitani S, et al. Ligands for peroxisome
proliferator-activated receptors alpha and gamma inhibit chemically
induced colitis and formation of aberrant crypt foci in rats. Cancer
Res 2001; 61: 2424-8.

Pineau T, Hudgins WR, Liu L, et al. Activation of a human peroxi-
some proliferator-activated receptor by the antitumor agent
phenylacetate and its analogs. Biochem Pharmacol 1996; 52: 659—
67.

Kato M, Nagaya T, Fujieda M, et al. Expression of peroxisome
proliferator-activated receptors (PPARs) in human brain tumor cell
lines. Environ Med 2000; 44(2): 79-81.

Chomczynski P, Sacchi N. Single-step method of RNA isolation by
acid guanidinium thiocyanate-phenol-chloroform extraction. Anal
Biochem 1987; 162: 156-9.

Nagaya T, Murata Y, Yamaguchi S, et al. Intracellular proteolytic
cleavage of 9-cis-retinoic acid receptor alpha by cathepsin L-type
protease is a potential mechanism for modulating thyroid hormone
action. J Biol Chem 1998; 273: 33166-73.

Harper ME, Goddard L, Glynne-Jones E, et al. Epidermal growth
factor receptor expression by northern analysis and immunohis-
tochemistry in benign and malignant prostatic tumours. Eur J Can-
cer 1995; 31A: 1492-7.

Delerive P, Gervois P, Fruchart JC, et al. Induction of IkappaBalpha
expression as a mechanism contributing to the anti-inflammatory
activities of peroxisome proliferator-activated receptor-alpha acti-
vators. J Biol Chem 2000; 275: 36703-7.

Received June 3, 2002; accepted June 17, 2002



