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Abstract

Both inducible nitric oxide synthase (iINOS) and peroxisome proliferator-activated receptor gamma (PPARY) are closely asso-
ciated with the development of human cancer. Although the expression of iNOS has been studied in non-small cell lung carcinoma
(NSCLC), the level of PPARY has not been examined in tumorous and non-tumorous tissues from NSCLC. The present study
analysed the levels of both iNOS and PPARY in NSCLC tissues and in lung cell lines. The possible role of these two molecules in
the carcinogenesis of lung cancer was investigated. The expression of iNOS was significantly higher in the tumorous tissues than in
the non-tumorous ones. In contrast to this pattern of iNOS protein expression, the level of PPARY was much lower in the tumorous
tissues than in the non-tumorous samples. A similar result was also obtained in vitro using human lung cancer cell lines and normal
lung cells. Immunohistochemical examination revealed that PPARYy expression in the non-tumorous tissues was more likely to be
located in the nucleus whereas it was present in both the nucleus and cytoplasm of the tumorous tissues. The intensity of iNOS
expression was stronger in the nucleus than in the cytoplasm of the tumorous tissues. More than 50% of the cases tested did not
express iINOS protein in the non-tumorous tissues. Statistical analysis indicated a negative correlation between iNOS and PPARYy
levels in the NSCLC tissues. In conclusion, this study demonstrated differing expressions for iNOS and PPARy in NSCLC tissues.
Since activated PPARY is able to inhibit the expression of iNOS and the generation of iNOS is particularly associated with the
inflammatory and environmental factors of lung cancer risk, this discrepant expression pattern may be associated with the patho-
genesis of NSCLC.
© 2003 Elsevier Science Ltd. All rights reserved.
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Although both inducible nitric oxide synthase (iNOS)
and peroxisome proliferator-activated receptor gamma
(PPARY) have been shown to be involved in cell pro-
liferation, cell growth and cell cycle control [1,2], their
roles in the development of malignant tumours remains
controversial. iNOS is an enzyme responsible for the
production of nitric oxide (NO). NO is an important
bioregulatory agent and signalling molecule that medi-
ates a variety of actions such as vasodilatation, neuro-
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transmission, host defence and apoptosis. It is now
widely accepted that iNOS is expressed in response to
several stresses, including inflammatory cytokines, bac-
terial endotoxin and cigarette smoking [3-5]. The link
between cigarette smoking and the alteration of iNOS is
particularly relevant to the pathogenesis of lung cancer,
as cigarette smoking is one of primary risk factors that
cause lung cancer [6]. There are several publications
describing the expression of iNOS in lung cancer [7-10].
Although most of these studies have observed an
increase in the expression of iNOS or its activity, the
source of iNOS and the level detected were very differ-
ent. A study by Liu and colleagues suggested that the
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increased NO production mainly resulted from the
tumour-associated nonspecific immunological and
inflammatory processes of the host rather than the
tumour cells [7]. In a report by Fujimoto and colleagues
[8], the activity of NOS was found in lung adenocarci-
nomas, but not in other types of lung cancers and an
increase occurred in approxamately 50% of patients
with lung adenocarcinoma. Ambs and colleagues failed
to detect an increase in NOS in non-small cell lung
carcinoma (NSCLC) [9]. Marrogi and colleagues
observed a high iNOS level in lung large cell carcinoma
and lung adenocarcinoma, but not in squamous cell
carcinoma [10].

PPARY plays a key role in the control of adipocyte
differentiation and in the regulation of genes involved in
lipid and glucose metabolism [2]. It also plays an
important role in modulating cell growth and the cell
cycle. It has been shown to inhibit the growth of cancer
cells and to drive their differentiation processes to the
terminal point, that is apoptosis [2,11,12]. The expres-
sion of PPARY has been observed in human lung cancer
cell lines and tissues [13,14], although the level of
expression has not yet been compared with normal or
nontumorous lung cells. Human lung cancer cells posi-
tive for PPARY can be induced by PPARY ligands to
growth arrest or apoptoses [13,14] suggesting PPARYy
may be significant in lung cancer therapy. However, the
anticancer mechanism of PPARY is not clear. Recent
studies indicate that PPARy is able to inhibit the
expression of iNOS induced by various agents [15-17].
Therefore, the level of PPARY and its interaction with
iNOS may affect the development of lung cancer.
Unfortunately, to the best of our knowledge, the
examination of PPAR, in both tumorous and non-
tumorous tissues from lung cancer and the association
between PPARy and iNOS have not yet been investi-
gated. The aim of the present study was to examine the
levels of iNOS and PPARY in lung tumorous and non-
tumorous tissues and in lung cell lines, and to determine
whether there is a correlation between the expression of
iNOS and the level of PPARY.

1. Materials and methods
1.1. Patient population

Thirty-five NSCLC tissue samples and their corre-
sponding non-cancer tissue samples were obtained from
patients with NSCLC, who underwent surgical resection
at the Department of Surgery, Price of Wales Hospital,
Chinese University of Hong Kong. All tumour and non-
tumour tissue specimens were confirmed by histological
examinations. Tissue samples were stored in a liquid
nitrogen tank until use. Patients included 25 males and
10 females. 12 of them were cigarette smokers with an

average pack/year history of 38. Histologically, 22 cases
(63%) had adenocarcinoma, 10 (29%) had squamous
cell carcinoma, and 3 (9%) had large cell carcinoma.

1.2. Chemicals

Cell culture medium, Dulbecco’s modified Eagle’s
medium (DMEM), and fetal calf serum were purchased
from Life Technologies (Grand Island, NY, USA). Anti-
human iNOS and PPARy antibodies were from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). ABC
reagent was from VECTOR Laboratories (Burlingame,
CA, USA). The chemiluminescent detection kit (ECL
system) was obtained from Amersham Pharmacia Biotech
(Piscataway, NJ, USA) and Total NO Assay kit from
R&D Systems (Minneapolis, MN, USA). Unless other-
wise indicated, all other chemicals were from the Sigma
Chemical Company (St. Louis, MO, USA).

1.3. Cell culture

Three human lung cell lines were used in this study
from the American Type Culture Collection (Manassas,
VA, USA). HTB-175, an adenocarcinoma cell line, was
derived from a patient with NSCLC. Both CCL-75.1
and CCL-202 were lung fibroblast cell lines. All three
cell lines were cultured in DMEM.

1.4. Immunohistochemical examination

Tissues used for immunohistochemistry were embed-
ded in paraffin. In order to preserve the antigenic
determinants analysed in this study, formalin fixation
before embedding was less than 30 h throughout. Tis-
sues were sectioned into 4-pm thick slices. Immuno-
staining was performed on the paraffin sections
according to the standard procedure of ABC kit from
Vector Laboratories (Burlingame, CA, USA). In brief,
tissue sections were deparaffinised and rehydrated
through three changes of xylene and graded alcohol.
Tissue sections were then boiled in citrate-based antigen
unmasking solution for 1 min and cooled in Milli-Q
water, the endogenous peroxidase activity in the tissue
sections was quenched with 3% (v/v) hydrogen peroxide
solution for 5 min. 1.5% (v/v) normal blocking serum
supplemented with avidin solution (Avidin/Biotin
blocking kit, VECTOR Laboratories, Burlingame, CA,
USA) was used to block the tissue sections for 30 min.
Afterwards, preparations were incubated with a primary
antibody overnight at 4 °C. The primary antibody was
prepared in 1.5% (v/v) normal blocking serum supple-
mented with biotin solution from Avidin/Biotin block-
ing kit (VECTOR Laboratories, Burlingame, CA, USA)
and used at a working dilution of 1:200. After tissue
sections were washed with phosphate-buffered solution
(PBS), a biotinylated-labelled secondary antibody, IgG,
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was applied for 30 min. Tissue sections were then
washed with PBS and ABC reagent (Avidin/Biotin Kkit,
VECTOR Laboratories, Burlingame, CA, USA) con-
jugated with horseradish peroxidase was applied for 30
min. Antigen staining was visualised by diaminobenzidine
(DAB) substrate (Vector Laboratories, Burlingame,
CA, USA). The reaction was terminated by rinsing the
sections in tap water. Unless otherwise indicated, all
incubations were done in a humidified environment at
room temperature. Finally, sections were counterstained
with Vector Gill’s haematoxylin. After dehydration
through graded alcohol and being cleared with xylene,
they were mounted with dibutyl phthalate with xylene
(DPX) permanent mountant. Negative controls were
prepared by replacing the primary antibody with PBS.

1.5. Western blot analysis

Tissue samples were homogenised with ice-cold PBS
and then lysed in a solution containing 8 M urea, 0.1 M
Na,H,PO4 and 0.01 M Tris—HCI. Supernatants were
obtained after centrifugation at 10,000g. After boil-
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ing, proteins were separated on 10% (v/v) sodium
dodecyl sulphate (SDS)-polyacrylamide gels. Proteins
were then electrophoretically transferred from the gel
onto nitrocellulose membranes and the membranes were
blocked for 1 h in PBS-Tween buffer containing 5% (v/
v) dry milk powder (fat-free) at room temperature. The
membranes were then incubated with a primary anti-
body (1:1000) for 1 h. After washing, the membranes
were incubated with a secondary antibody, 1gG-HRP.
Finally, they were treated with the reagents in the che-
miluniinescent detection kit according to the manu-
facturer’s instruction. The densities of the protein bands
were determined and analysed by Quantity One pro-
gram (version 4.2, BioRad Laboratories, Hercules, CA,
USA).

1.6. NO activity assay

The frozen tissues were homogenised at 4 °C in a
buffer containing 0.1 mM ethylene diamine tetra acetic
acid (EDTA), 10 ug/ml leupetin, 10 pg/ml aprotinin, 10
p/ml soybean trypsin inhibitor, 100 pm p-amidino-
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Fig. 1. iNOS and PPARY protein expression. Proteins were isolated from tumorous and non-tumorous tissues of non-small cell lung carcinoma
(NSCLC). Antihuman inducible nitric oxide synthase (iNOS) and peroxisome proliferator-activated receptor gamma (PPARY) antibodies were used
to detect the protein levels by western blotting analysis. The densities of the protein bands for iNOS and PPARYy were quantitated. (a) The average
densities of iNOS bands obtained from the tumorous and non-tumorous tissues (P <0.0001, n=35) are shown. (b) The average densities of the
PPARYy bands obtained from the tumorous and non-tumorous tissues (P <0.05, n=235) are compared. (c) A typical western blot of iNOS and
PPARY for two pairs of tissue samples. T, tumour; N, non-tumour. (d) a western blot obtained from an experiment on the human lung cell lines.
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phenymethanesulphonyl fluoride hydrochloride, 1 pM
dithiothreitol, 0.32 M sucrose and 15 mM hydroxy-
ethylpiperazine-N’-2-ethanesulfonic acid (HEPES). The
homogenates were then centrifuged at 100,000g for 1
hour at 4 °C to collect the supernatants. Most of the NO
is oxidised to nitrite and nitrate, and the nitrate is later
converted to nitrite. The presence of NO in the super-
natants was therefore determined by an assay for nitrite,
a stable product of NO in solution. The assay was carried
out using a Total NO Assay kit from R&D Systems.

1.7. Statistics

All values were expressed as means+standard errors
of the means. Statistical comparisons between the
groups were analysed by the Student’s z-test using
InStat software (GraphPad Software, San Diego, CA,
USA). Regression and correlation analyses were carried
out by the Pearson method. A P value of less than 0.05
was considered as statistically significant.

2. Results

The expression of iNOS was significantly increased in
the tumorous tissues compared with nontumorous tis-
sues, by both western blotting analysis and immuno-
histochemical examination (Figs. la and 2a and b).
Surprisingly, 23 of 35 non-tumorous tissues did not
have detectable iINOS protein by western blotting
whereas only seven tumorous tissues did not express
iNOS. The western blotting results matched the data
obtained by immunohistochemical examination of the
same set of tissues. In the immunohistochemical exami-

(@ ol e b W SR '
L] ay a8 N ¢
' I B o " = . g e
-: i L L '-.' 3 ~N
5 1 < . - » >
;i &) o & P
2 . % . 3 L E Y
b L] " . B > y e
. B vy o
. 1 f E Y
- & ] ki h \ - -
re: as* 2 - @ - on -
7 "? {)f' 4-‘:.9,6".‘ o ‘."f \ ‘. ;
% 2 .
y 348 % q"‘x-,’.r ‘a L N " - -~
| 'J" @& - RE ] ¢ 3w .
ul" ‘l ‘i" ool et ] : NG "' - L]
¥ . "-'\’ . ' J o § L
"‘ ;2 ‘b ‘ F!’ K .“l Y s !
| e il | ‘ VA,
- 2. 5 AV o, & 2 '\q . & % AN
P k.\" oy o // % ' i
PRI AP e
' & ‘rg‘t§.:3- = .:. ! A 3 »

Fig. 2. Immunohistochemical staining of iNOS and PPARy. The
expression of iNOS (a and b) and PPARY (c and d) proteins in the
tumorous (a and c¢) and non-tumorous (b and d) tissues was studied by
immunohistochemical staining (400x).

nation, iNOS protein was located in both the nucleus
and the cytoplasm. However, the signal was much more
intense in the former than in the latter (Fig. 2a). There was
also an increase in NO activity, reflected by a significant
elevation of nitrite, a stable product of NO (Fig. 3).

All tissue samples tested expressed PPARy. However,
in contrast to the results for iNOS expression, the level
of PPARY was significantly lower in the tumorous tis-
sues compared with the non-tumorous ones (Figs. 1b
and 2c and d). Although PPARY is a nuclear protein, we
found that this protein was also located in the cyto-
plasm. A strong signal of PPARY protein was detected
in the nucleus of the respiratory epithelium from non-
tumorous tissues (Fig. 2d). PPARY protein was found
infrequently in the nucleus of tumour cells (Fig. 2¢), and
the intensity was much weaker than that in the nucleus
of the non-tumorous cells.

These differing expression patterns for iNOS and
PPARY proteins in tumorous and non-tumorous tissues
were confirmed using human lung cell lines. The level of
iNOS protein was higher in HTB-175, a human lung
cancer cell line, than in normal lung cells (CCL-75.1 and
CCL-202) (Fig. 1d). In contrast, PPARYy protein was
barely detected in the cancer cells, but was clearly evi-
dent in normal lung cells (Fig. 1d).

These results prompted us to examine whether there
was a statistical correlation between the levels of both
proteins in lung cancer tissues. Although 35 lung tissues
from patients with NSCLC were used in this study, only
31 samples qualified for the regression and correlation
analyses. This was due to a lack of sample for western
blotting analysis in some cases and four other samples
were unable to match each other. The regression and
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Fig. 3. The level of NO in lung tissues. The frozen tissues were
homogenised, the homogenates centrifuged and the supernatants used
to assay nitric oxide (NO) activity. The presence of NO in the super-
natants was determined by measuring nitrite, a stable product of NO.
The NO activity was higher in the tumorous tissues than the non-
tumorous ones (P <0.05, n=35).
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Fig. 4. Correlation between iNOS level and PPARY expression. The
densities of protein bands obtained by western blot were quantitated.
Data for iNOS were plotted against those for PPARYy. Regression and

correlation analyses were carried out by the Pearson method and
revealed a P value of 0.0092.

correlation analyses revealed a negative relationship
between the increased level of iNOS protein and the
decreased level of PPARy protein in the lung cancer
tissues (Fig. 4).

There was no significant correlation between the
expression of iNOS and gender, smoking exposure or
histological type of the tumours. A similar non-sig-
nificant result was also obtained for the expression of
PPARY and gender, smoking exposure or histological
type of the tumours.

3. Discussion

Lung cancer, like other epithelial cancers, is believed
to arise as a result of a multistep carcinogenic process.
The possibility that this process can be blocked or
reversed, thereby preventing the development of an
invasive cancer, has generated great enthusiasm in the
pathogenesis of this disease. The present study demon-
strated that the expression of PPARY was decreased in
lung cancer tissues compared with their corresponding
normal lung tissues. In agreement with previous studies,
we confirmed that the level of iNOS was much higher in
tumorous tissues than in non-tumorous tissues. This
pattern of an increased iNOS level and a decreased
PPARY expression in NSCLC tissues was also found in
the human lung cancer cell lines we examined. There-
fore, the above finding suggests that the expression of
iNOS was inversely associated with the level of PPARY.

The involvement of PPARY in the development of
human cancer has recently received much attention [11-
14]. To the best of our knowledge, a comparison study
on the expression of PPARYy in tumorous and non-
tumorous tissues from NSCLC has not been performed
before. The low level of PPARY in the lung cancer tis-
sues as found in this study may be pathogenic. As a
transcription factor essential for the differentiation of
certain types of cells, activation of PPARYy was able to

inhibit the proliferation of cancer cells and thus arrest
the growth of cancers [2]. Therefore, the growth control
of lung epithelial cells can be affected by PPARYy
expression levels. Increasing the level of PPARY in lung
cancer cells may be of therapeutic significance. In fact, a
recent in vitro study has demonstrated that the activa-
tion of PPARY inhibited human lung cancer cell growth
through the induction of apoptosis [13]. It was observed
in the present study that the PPARY protein was mainly
accumulated in the nucleus of the lung epithelial cells.
This is in line with the fact that PPARytranslocates into
the nucleus after its activation by the binding of specific
ligands [2]. Lung cancer cells were more likely to retain
PPARY protein in their cytoplasms. The cytoplasmic
location of PPARYy may suggest a failure of PPARYy
activation probably due to either an alteration of
PPARY function domains or a lack of PPARY ligands.

It is now well known that the activation of PPARYy
downregulates a number of genes related to the acti-
vation of cells and induces a resting phenotype in a cell
[2]. INOS is one of the genes inhibited by PPARYy [15—
17]. Therefore, a decrease in PPARY level is expected to
favour iNOS expression. This is true in human NSCLC,
as a significant increase in iNOS protein was observed in
the NSCLC tissues in which a decrease in the PPARYy
level was found. This inverse expression pattern of a
decreased PPARY and an increased iNOS level was also
demonstrated in the human lung cancer cell lines in our
study and was further confirmed by the regression and
correlation analyses. It should be noted that a sig-
nificant correlation might not necessarily indicate a
cause—result relationship between the two parties
involved, although it does reveal a link in nature. Our
present study did not investigate how a low PPARYy
level contributes to the high expression of iNOS seen in
NSCLC. It is known that the regulation of iNOS
expression by PPARY involves a transrepression pro-
cess, which suppresses nuclear factor-kappa B (NF-«kB)
activity [18]. NF-xB is an important transcription factor
for the control of iNOS gene expression [19]. The activ-
ity of NF-xB is much higher in human NSCLC [20],
which is consistent with the increase in the iNOS level
found in the present study. Therefore, it is possible that
the lack of a PPARYy signal may result in a loss of
transrepression of NF-kB and, subsequently, promote
the expression of iNOS in NSCLC.

The role of INOS or NO in cancer is multi-
dimensional, and can be either tumour-promoting or
tumour-inhibiting [1]. In our study, it seems that an
increase in iNOS was associated with the promotion of
NSCLC as in more than 50% of non-tumorous tissues
tested, iNOS protein was undetectable. It has been
reported that NO generated during chronic inflamma-
tion and prolonged environmental exposure can initiate
and enhance carcinogenesis in humans [1]. Human lung
cancer is indeed closely related to chronic inflammation
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and environmental factors [21-23]. Furthermore, the
lung cancer-associated inflammatory and environ-
mental factors, such as lipopolysaccharide, interleukin
1B and cigarette smoking, have been documented to
stimulate the production of iNOS and/or NF-«B [3,24].
However, it is not known whether these factors can
attack PPARy in lung epithelial cells. The carcino-
genic effect of iNOS is executed through its enzymatic
product, NO, whose level was increased in the
NSCLC tissues in our study. NO possesses several
properties that might enhance carcinogenesis. For
example, NO is able to specifically mediate tumour
vascularisation [1,25]. NO is also well known for its
role in the DNA damaging pathways and triggers the
accumulation of p53 in the nucleus [26,27]. The sig-
nificance of the nuclear localisation of iNOS in lung
cancer cells is not clear at present. However, it may be
related to its role in DNA damage.

In conclusion, this study demonstrated differing
expression patterns for iNOS and PPARy in NSCLC
tissues. Since activated PPARy is able to inhibit the
expression of iNOS and the generation of iNOS is
known to be related to the inflammatory and environ-
mental factors of lung cancer risk in particular, this
expression pattern may be associated with the develop-
ment of NSCLC.

The therapeutic benefit of restoring the PPARYy level
will be an interesting question for future analyses.
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