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ABSTRACT: The beneficial effects of cyclo-oxygenase (COX) inhibitors in both colon
cancer and adenomatous polyps suggest a role for the prostanoid pathway in epithelial
malignancy. Although variable prostanoid synthesis in non-small cell lung cancer
(NSCLC) has been demonstrated in freshly obtained tissue, COX messenger ribo-
nucleic acid (mRNA) and protein localization in such tumours had not been
investigated ex vivo.

Thirty-four cases of primary NSCLC were examined for both constitutive (COX-1)
and inducible COX (COX-2) by means of in situ hybridization and immunohis-
tochemistry.

COX-1 mRNA expression was absent or below the level of detection via in situ
hybridization. COX-1 immunohistochemistry demonstrated uniform faint cytoplas-
mic staining in tumour cells and stromal inflammatory cells. Semiquantitative analy-
sis of COX-2 expression in NSCLC demonstrated the highest levels of both mRNA and
protein in adenocarcinoma cells (n=10, p<0.005 compared with large cell and squa-
mous cell carcinoma), intermediate and variable expression in large cell carcinoma
(n=11) and low or absent expression in squamous cell tumours (n=13). Levels of COX-
2 expression in infiltrating inflammatory cells was the same in all tumour types.

In conclusion, tumour cell cyclo-oxygenase-2 rather than cyclo-oxygenase-1 expres-
sion may account for the variable prostanoid production seen in non-small cell lung
cancer, and primary lung adenocarcinoma expresses the highest levels of cyclo-
oxygenase-2. Assessment of cyclo-oxygenase-2 expression ex vivo should be performed
in studies examining the potential therapeutic effects of cyclo-oxygenase inhibitors in
non-small cell lung cancer.
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Non-small cell lung cancer (NSCLC) is a common and
frequently lethal malignancy with an overall 5-yr survival
rate of 10±15%. This cancer is often inoperable, and is
frequently resistant to treatment with both chemotherapy
and radiotherapy [1]. Airway epithelial cells are recog-
nized as important sources of prostaglandins (PGs) both
in vivo and in vitro [2, 3], and focal low level cyclo-
oxygenase (COX)-2 messenger ribonucleic acid (mRNA)
and protein expression in noncancerous airway epithe-
lium from patients undergoing lung resection surgery for
primary lung tumours has recently been demonstrated [4].
These data suggest that prostanoid production plays an
important role in the behaviour of primary lung tumours
of epithelial origin.

PGs are lipid mediators derived from arachidonic acid
[5]. Arachidonic acid enters the prostanoid pathway via
COX, the rate-limiting step in the conversion of arachi-
donic acid to PGG2 and then PGH2 [6]. PGH2 is further
metabolized to specific biologically active PGs by a series
of tissue-specific PG synthases [5]. The constitutive form
of COX (COX-1) is widely expressed and plays a homeo-
static role [7]. The inducible isoform (COX-2), normally

absent from cells, is upregulated by inflammatory cyto-
kines and growth factors, predominantly through tran-
scriptional mechanisms [6].

The majority of studies investigating the role of pros-
tanoids in epithelial malignancy have concentrated on
colon cancer, and suggest that COX-2 expression and PG
production are crucial to the growth and development of
these tumours [8]. Overexpression of COX-2 [9, 10] and
increased PG production [11] have been demonstrated in
human colon cancer, whereas COX-1 expression is pres-
ent at low levels in both normal and malignant colonic
tissue [9]. Experiments in human colonic cell lines
suggest that inhibition of COX-2 is associated with re-
duced tumour growth and the induction of apoptosis [12],
and studies using systemic COX inhibitors have shown
regression of human colonic polyps [13] and reductions
in the formation of colonic tumours in rodents [8, 14].
More recently, a critical role for COX-2 has been dem-
onstrated in the angiogenic response to colon cancer [15].

The importance of COX-2 expression and PG produc-
tion in human lung cancer is less clear. Studies in esta-
blished human lung cancer cells lines [16] and freshly
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isolated lung cancer tissue [16, 17] suggest that NSCLC,
and in particular primary lung adenocarcinoma, is asso-
ciated with the increased production of PGE2. Moreover,
the cellular origins of prostanoid production and the
localization of COX isoforms has not been studied in
human NSCLC. Given the varied prostanoid production
associated with NSCLC in vivo, it was hypothesized that
expression of COX-2 in NSCLC varied according to
histopathological tumour type. The aim of this study was
to examine the expression and localization of both COX-
1 and COX-2 mRNA and protein in human NSCLC
specimens obtained following surgical resection, and to
correlate this expression with tumour phenotype.

Materials and methods

Source of materials

Unless otherwise stated, all were obtained from Sigma
(Sydney, Australia).

Tissue preparation

Archival formalin-fixed, paraffin-embedded lung cancer
specimens from patients undergoing lung resection select-
ed at random (n=34) were obtained from the Dept of
Pathology, Queen Elizabeth II Medical Centre (Nedlands,
Western Australia).

In situ hybridization

Localization of COX-1 and COX-2 mRNAs was
performed by means of in situ hybridization, as previously
described [18]. All specimens were treated identically.
Sections were hybridized with an 35S-recombinant uri-
dine triphosphate (rUTP)-labelled antisense ribonucleic
acid (RNA) probe, or a complementary sense probe as a
negative control. Probes were transcribed using a plasmid
template containing a portion of the COX-1 or COX-2
complementary deoxyribonucleic acids, kindly supplied
by T. Hla (Dept of Molecular Biology, Holland Lab-
oratory, American Red Cross, Rockville, MD, USA).
Autoradiography was performed for 21 days. Slides were
then developed and counterstained with haematoxylin.

Immunohistochemistry

Immunolocalization of COX-1 and COX-2 protein was
performed using a modification [19] of the method of ISEKI

[20]. All specimens were treated in an identical fashion.
Sections were incubated with a rabbit polyclonal anti-
COX-1 or anti-COX-2 antibody (Cayman, Ann Arbor,
MI, USA) at a concentration of 4 mg.mL-1 in 1% bovine
serum albumin. These antibodies have been shown to be
monospecific for their respective target proteins in both pa-
raffin-fixed tissues and immunoblots [20]. Control slides
consisted of sections incubated with antibody preadsorbed
with an equimolar concentration of the appropriate puri-
fied COX protein (Cayman), as previously described
[20]. Following washing, sections were incubated with a

biotinylated anti-mouse immunoglobulin G1 secondary
antibody (Dako, Botany, Australia) for 30 min, and then
with streptavidin horseradish peroxidase (Dako) for 30
min. After peroxidase detection by means of treatment
with diaminobenzidine in tris(hydroxymethyl)aminome-
thane-buffered saline (pH 7.6) for 5 min, the sections
were counterstained with haematoxylin and mounted.

Analysis of in situ hybridization and immunohistochem-
istry specimens

Pathological diagnosis was determined independently
by a pathologist (A. Segal) based on the morphological
findings seen in sections adjacent to those used for in situ
hybridization and immunohistochemistry. The pathologi-
cal diagnosis was then reviewed and compared with the
diagnosis made at the original examination at the time of
lung resection. Semiquantitative scoring of in situ hybrid-
ization and immunohistochemical signals was performed,
using the method described by DETRE et al. [19], by two
investigators blinded to the pathological diagnosis (D.N.
Watkins and J.C. Lenzo). This scoring system involves
assessment of both the level of cellular expression and the
percentage of cells within a given section which are
positive for expression. The product of the percentage
positive cell score (1±6) and the average signal intensity
per cell (0±3) was recorded in six 406 objective fields in
each section examined. The score for each specimen was
then recorded as the mean of those of the six areas
examined. Subsequently, qualitative review of all sections
was performed on all specimens by two investigators
(D.N. Watkins and A. Segal).

Statistical analysis

Semiquantitative scores of both in situ hybridization and
immunohistochemical signals are expressed as mean�SEM.
Comparisons between groups were made using one-way
analysis of variance and Tukey's test for multiple com-
parisons. A p-value <0.05 was considered significant.
Correlation between in situ hybridization and immunohis-
tochemical scores was performed using linear regression
analysis [21].

Results

Histopathological analysis of tumour specimens

Thirty-four cases of NSCLC were studied, comprising
10 adenocarcinomas, 11 large cell carcinomas and 13
squamous cell carcinomas. In all cases, review of the sec-
tions used for COX localization matched the pre-existing
diagnosis. The pathological features of these tumours are
summarized in table 1.

Localization of cyclo-oxygenase-1 in non-small cell lung
cancer specimens

Scattered low-level hybridization signals for COX-1
mRNA were seen throughout the tumours. This was
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equivalent to or slightly greater than the background levels
of hybridization seen in the sense RNA controls. Immu-
nohistochemistry demonstrated diffuse low-level cytoplas-
mic and nuclear COX-1 staining in tumour cells. Ablation
of the cytoplasmic staining was seen following preadsorp-
tion of the antibody with purified COX-1 protein; however,
the nuclear staining persisted in some sections, suggesting
some nonspecific binding. Representative sections are
shown in figure 1.

Localization of cyclo-oxygenase-2 in non-small cell
lung cancer specimens

COX-2 mRNA and protein expression was observed in
eight of 10 adenocarcinoma specimens. Intense in situ
hybridization signals were observed in tumour cells, in
some cases over the entire tumour visible on the section; in
others, the distribution of mRNA expression was hetero-
genous and varied within the tumour. Sense control sec-
tions did not demonstrate a specific hybridization signal.
Similar results were observed by means of immunohis-
tochemistry. Cytoplasmic immunoperoxidase signals were
seen in tumour cells, and once again the distribution of
staining varied from patchy staining of individual malig-
nant cells to staining of the entire tumour. Neither the in
situ hybridization signal nor the immunoperoxidase stain-
ing localized to the adjacent stromal tissue; however,
variable cytoplasmic expression of COX-2 was seen in
infiltrating mononuclear cells.

Tumour specimens of the large cell phenotype demon-
strated variable and heterogeneous mRNA hybridization
signals and immunoperoxidase staining for COX-2. In five
of the 11 cases, COX-2 mRNA and protein were com-
pletely absent from tumour cells. In the positive cases,
tumours growing as discrete islands of tissue contained
intense focal perinuclear hybridization signals for COX-2
mRNA associated with cytoplasmic immunoperoxidase
staining, which was more extensive and diffuse than the
mRNA distribution in the adjacent sections. Positive
tumours comprising sheets of poorly differentiated cells
demonstrated patchy and focal COX-2 mRNA and protein
expression, which was randomly distributed. Individual
mononuclear cells infiltrating the tumour also demon-
strated evidence of COX-2 expression; however, this was
not seen in all tumour-infiltrating inflammatory cells, and
nor was it seen in all tumours. Control sections for both in
situ hybridization and immunohistochemistry were nega-
tive.

In nine of the 13 cases of squamous cell carcinoma,
in situ hybridization and immunohistochemical signals
were absent or faintly positive in the tumour cells. In three

cases, diffuse weakly positive in situ hybridization signals
and cytoplasmic immunostaining were observed within the
major part of the carcinoma, whereas in one case, strong
focal positivity for both COX-2 mRNA and protein were
seen in carcinoma cells distant from central areas of kera-
tinization. Variable levels of COX-2 expression were
detected in infiltrating inflammatory cells in a similar
fashion to that observed in both large cell carcinoma and
adenocarcinoma. Once again, stromal areas demonstrated
no specific hybridization signal or immunoperoxidase
staining. Control sections for both in situ hybridization and
immunohistochemistry were negative.

Representative sections from both in situ hybridization
and immunohistochemical studies are shown in figure 1.

Semiquantitative analysis of cyclo-oxygenase-2 expres-
sion

Expression of COX-2 mRNA and protein in both
tumour cells and infiltrating inflammatory cells was
analysed semiquantitatively. The results of this analysis
are summarized in table 2 and figure 2. There was a strong
positive correlation (r2=0.895 p<0.0001) between the two
blinded observers scores for both mRNA and protein
expression. A positive correlation (r2=0.730, p<0.001)
between tumour cell in situ hybridization and immuno-
histochemical scores was observed. Levels of COX-2
mRNA in adenocarcinoma cells were significantly increa-
sed compared with squamous cell carcinoma (p<0.05).
Although there was a trend towards lower levels of COX-
2 mRNA expression in large cell tumours compared with
adenocarcinoma, this difference did not reach statistical
significance. COX-2 protein expression was also greatest
in adenocarcinoma cells, and was significantly greater
than that observed in both large cell carcinoma (p<0.001)
and squamous cell carcinoma (p<0.001). Levels of COX-
2 expression in infiltrating inflammatory cells did not
vary significantly with tumour type, and nor was there a
significant correlation between COX-2 expression in
tumour cells and adjacent inflammatory cells.

Discussion

This study investigated the differential expression of
COX isoforms in NSCLC specimens obtained at thor-
acotomy. Although levels of COX-1 mRNA expression
appeared to be below the level of detection by means of in
situ hybridization, COX-1 immunohistochemistry suggest-
ed widespread low-level cytoplasmic protein expression in
lung cancer cells, as well as in stromal and inflammatory
cells. By contrast, COX-2 mRNA and protein expression
was variable between tumour specimens, the most intense
signals being seen in adenocarcinoma cells, with inter-
mediate levels of expression in large cell tumours and the
lowest levels in squamous cell carcinoma. These data
suggest that COX-2, but not COX-1, is differentially
regulated and expressed in NSCLC, and is most con-
sistently expressed in primary lung adenocarcinoma. The
possibility that tumour stage rather than phenotype may
have influenced COX-2 expression cannot be excluded.
However, this seems unlikely based on the following facts:
1) all tumours were deemed surgically resectable and

Table 1. ± Summary of tumour pathology

Adenocarcinoma 10
Well differentiated 2
Moderately differentiated 6
Poorly differentiated 2

Large cell carcinoma 11
Squamous cell carcinoma 13
Well differentiated 2
Moderately differentiated 6
Poorly differentiated 6
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a) b) c)

d) e) f)

g) h) i)

m) n) o)

j) k) l)

Fig. 1. ± Cyclo-oxygenase (COX) localization in three primary lung carcinomas. Representative sections from each tumour type are shown: a, d, g, j, m)
adenocarcinoma; b, e, h, k, n) large cell carcinoma; and c, f, i, l, o) squamous cell carcinoma. Haemotoxylin and eosin stained section; d±f, j±l) in situ
hybridization study using antisense probe (d±f) COX-1; and j±l) COX-2); and g±i, m±o) immunohistochemistry study using COX-specific polyclonal
antibody (g±i) COX-1; and m±o) COX-2). (Internal scale bar=15 mm (o) and applies to all sections of the figure.)
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therefore fall within a relatively narrow range of staging,
and 2) in the only comparable study, HIDA et al. [22]
showed no relationship between COX-2 immunostaining
and tumour stage.

Overexpression of COX-2, rather than COX-1, has been
described in malignant colonic tumours [8, 9]. These
findings are supported by immunoblot analysis of COX-1
and COX-2 protein expression in malignant and normal
colonic tissue [10]. Furthermore, biochemical evidence of
enhanced PG production has been reported in both colon
cancer [23] and primary human lung cancers ex vivo [24].
The findings in the present study suggest that, in NSCLC,
expression of COX-2 by tumour cells is the mechanism
responsible for the variable upregulation of prostanoid
biosynthesis in primary lung cancers observed ex vivo
[24], and that tumours of the adenocarcinoma phenotype
are more likely to express COX-2. In addition, the
expression of COX-2 in large cell carcinoma may reflect
the presence of glandular differentiation not readily
detectable on routine histological examination.

In a recent immunohistochemical study, HIDA et al. [22]
demonstrated COX-2 expression in NSCLC, but not in
small cell lung cancer, and suggested, via semiquantita-
tive analysis of immunostaining, that COX-2 expression
in such tumours was upregulated compared to noncan-
cerous airway epithelium. COX-2 expression, by means
of both in situ hybridization and immunohistochemistry,
has recently been investigated in nonmalignant airway
epithelial cells from patients undergoing surgery for pri-
mary lung cancer [4]. Focal COX-2 mRNA expression
was observed in small numbers of columnar epithelial
cells, and corresponding COX-2 protein expression local-
ized predominantly to the apical surface of the respiratory
epithelial cells [4]. These findings are qualitatively dif-
ferent from the COX-2 expression seen in adenocarci-
noma in the present study, both in the intensity of mRNA
expression and the diffuse cytoplasmic localization of
COX-2. However, semiquantitative comparison, given the
methodology used in both studies [19], is not appropri-
pate when comparing gene expression in solid tumours to
that in lumenal structures such as airways.

Although the role of COX-2 expression in NSCLC
biology has not been extensively investigated, experiment-
al studies using both in vitro and animal models support the
potential importance of COX-2 upregulation in epithelial
malignancy [14, 25]. Lewis lung carcinoma cells synthe-
size large amounts of PGE2 [26], and nonspecific COX
inhibitors reduce their growth and metastatic potential in

vivo [14, 27], suggesting that PGE2 production may
provide a survival advantage for clones of proliferating
lung cancer cells [14, 24]. Interestingly, primary rat tra-
cheal cells cultured in vitro undergo mucociliary dif-
ferentiation in the presence of retinoic acid which is
associated with COX-2 expression and PGE2 formation
[28], suggesting a specific link between the mucociliary
phenotype and COX-2 induction. Although it is tempting
to speculate that such a link exists in primary lung
adenocarcinoma, specific studies on the expression and
inhibition of COX-2 in NSCLC are required to test this
hypothesis.

In colonic carcinogenesis models, early induction of
COX-2 has been observed in azoxymethane-induced
colonic tumours in rats [29], and in colonic epithelium
exposed to a high level of dietary fat intake [30]. In
human colon cancer cell lines, inhibition of the COX
pathway is associated with reduced tumour growth [31]
and the induction of apoptosis [12]. Moreover, specific
COX-2 inhibitors reduce the growth of colonic tumour
cell lines in vivo and of solid tumours in nude mice [32].
Similar studies in NSCLC systems are needed to confirm
the importance of COX-2 in this context. Based on the
findings in the present study, it can now be hypothesized
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Fig. 2. ± Semiquantitative analysis of cyclo-oxygenase (COX)-2 ex-
pression in non-small cell lung cancer (NSCLC): a) correlation between
COX-2 in situ hybridization (ISH) and immunohistochemical (IHC)
scores in NSCLC tumour cells (r2=0.730, p<0.001); and b) COX-2
mRNA and protein expression in NSCLC tumour cells determined by
semiquantitative analysis of ISH (h) and IHC (u). *, **: p<0.05,
p<0.001 respectively compared with adenocarcinoma. Data are pres-
ented as mean�SEM.

Table 2. ± Summary of semi-quantitative analysis of
cyclo-oxygenase-2 expression in non-small cell lung can-
cer sections

Adeno-
carcinoma

Large cell
carcinoma

Squamous cell
carcinoma

ISH IHC ISH IHC ISH IHC

Mean 9.50 11.20 5.21 3.61 2.22 0.81
SD 5.64 6.46 4.37 3.22 3.38 1.69
SEM 2.13 2.04 1.65 0.97 1.13 0.47
Range 0±18 0±18 0±8 0±6.75 0±8 0±6

For details of scores, see Analysis of in situ hybridization and
immunohistochemistry specimens section. ISH: in situ hybridi-
sation score; IHC: immunohistochemistry score.
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that COX-2 expression may be significant in the
pathogenesis and propagation of lung cancer, particularly
adenocarcinoma.

In the present study, evidence consistent with upregula-
tion of COX-2 mRNA in adenocarcinoma cells, by means
of in situ hybridization, and a strong correlation between
mRNA and protein expression in the NSCLC cases studied
was demonstrated. These data suggest that transcriptional
events may be important in COX-2 induction and ex-
pression in NSCLC. This contention is supported by
extensive evidence of transcriptional regulation of COX-2
in vitro [7, 33], and by the recent demonstration of
activation of the COX-2 transcriptional apparatus in both
colon and breast cancer cell lines [34]. Studies in breast
cancer [34] and in several human NSCLC cell lines [35]
have suggested that mutations in the ras oncogene family
are directly implicated in the transcriptional activation of
COX-2. Interestingly, ras mutations have been identified
in 30±50% of primary lung adenocarcinomas, but are less
frequent in large cell carcinoma (21%) and squamous cell
carcinoma (5%) [36]. The present findings of marked
COX-2 expression in primary lung adenocarcinoma is
consistent with the hypothesis that transcriptional activa-
tion by ras may be important in the upregulation of COX-
2 and the production of prostanoids in NSCLC.

Studies in NSCLC have demonstrated that PGE2 is the
dominant prostanoid synthesized in both cell lines [16] and
fresh human lung cancer tissue [24]. Many authors have
speculated that tumour-derived prostanoids, particularly
PGE2, may be important in tumour invasion, the forma-
tion of metastases, and the inhibition of macrophage and
T cell responses (reviewed in [14]). More recently, tum-
our COX-2 expression and prostanoid production have
been directly implicated in colonic cancer angiogenesis
[15]. Given the present findings of marked COX-2 over-
expression in adenocarcinoma, and the clinically aggres-
sive behaviour of this tumour when associated with
oncogenic ras mutations [1], it seem likely that COX-2
expression is important for tumour growth, tissue inva-
sion and metastasis. The potential mechanisms by which
tumour-derived prostanoids may provide a survival ad-
vantage in NSCLC requires further investigation. In par-
ticular, studies in colonic carcinoma in vitro have shown
that COX-2 inhibitors may induce apoptosis by a
mechanism independent of PGE2 [32], suggesting that
additional mechanisms may also exist in lung adenocar-
cinoma.

Recent interest in the effects of cyclo-oxygenase inhi-
bitors on early carcinogenesis and tumour growth in colon
cancer suggests that these agents may be of value in high-
risk patients with adenomatous polyposis, and as an
adjunctive therapy in established colon cancer (reviewed in
[8]). In addition, emerging evidence linking the expres-
sion of cyclo-oxygenase-2 with early events in colonic
carcinogenesis as well as the promotion of tumour growth
and metastasis suggests that cyclo-oxygenase-2 specific
inhibitors may be of value in this regard [8]. If in vitro
studies of non-small cell lung cancer suggest that cyclo-
oxygenase-2 inhibition is associated with growth inhibi-
tion, reduction in metastatic potential and the induction of
apoptosis, clinical trials of cyclo-oxygenase-2 inhibitors
in non-small cell lung cancer would seem warranted.
Given that all patients in the present study were deemed
surgically resectable, it is possible that a selection bias

towards less aggressive tumours may have occurred.
Despite this, the findings in this study suggest that
adenocarcinoma and some large cell malignancies are the
tumours most likely to respond to cyclo-oxygenase-2 inhi-
bition. Given the variable expression of cyclo-oxygenase-
2 observed within each non-small cell lung cancer
phenotype, the authors propose that immunohistochem-
ical analysis of tumour cyclo-oxygenase-2 expression be
a prerequisite for any clinical trial of cyclo-oxygenase
inhibitors in this form of malignancy.
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