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ABSTRACT

Cyclooxygenase-2 (COX-2), the enzyme that converts

arachidonic acid to prostaglandins, is overexpressed in a vari-

ety of different tumors, including those of the colon, pancreas,

lung, and head and neck. We used in situ hybridization with a

digoxgenin-labeled COX-2 antisense riboprobe to assess the

presence of strong or intermediate versus weak or absent

COX-2 expression in specimens from 160 patients with stage I

non-small cell lung cancer (NSCLC). Of these, 3 specimens had

strong expression, 69 had intermediate expression of COX-2,

24 had weak expression, and 64 had no detectable COX-2. The

strength of COX-2 expression was associated with a worse

overall survival rate (P 5 0.001) and a worse disease-free

survival rate (P 5 0.022). The median survival times for the

strong, intermediate or weak, and null COX-2 expressors were

1.04, 5.50, and 8.54 years, respectively. Interestingly, all three

specimens with strong COX-2 expression came from patients

who died within 18 months. Retinoic acid receptor b (RAR-b)

is a nuclear retinoid receptor whose expression is frequently

lost in aerodigestive tract carcinogenesis. We previously dem-

onstrated that expression of RAR-b in stage I NSCLC indi-

cates a poor prognosis. Retinoids have been shown to prevent

induction of COX-2 by mitogens and tumor promoters. Ex-

pression of COX-2 correlated with RAR-b expression (P 5

0.053), but not with k-ras mutational status, vascular endothe-

lial growth factor, basic fibroblast growth factor, interleukin 8

levels, or other markers of angiogenesis, invasion, and metas-

tases. Thus, like RAR-b positivity, COX-2 overexpression ap-

pears to portend a shorter survival among patients with early

stage non-small cell lung cancer. Future studies of RAR-b and

COX-2 regulation in NSCLC should further the development

of prevention and therapy interventions with retinoids and/or

COX-2 antagonists in this patient population.

INTRODUCTION

Lung cancer is by far the leading cause of cancer-related

death. Predictions are that 164,100 new cases of lung cancer and

156,900 deaths from lung cancer will occur in the United States

in 2000 (1). The 5-year survival rate for lung cancer has im-

proved from 9% in 1963 to a plateau at 14% in 1994, but

because of the 86% lethality of this diagnosis, there is a strong

need for new and better control of lung cancer (2).

Assessment of molecular prognostic factors in patients with

NSCLC3 (3), in the hope that the identification of molecular risk

factors will lead to individually tailored strategies, is one area of

intense research. Particular focus has been to identify these factors

in stage I disease. The standard of therapy for patients with stage I

disease is complete surgical resection, and outcome has previously

been correlated with the presence or absence of certain prognostic

factors (3–6). Thus, the goal of this avenue of investigation is to

identify the patients with stage I NSCLC who are both at highest

risk and most likely to benefit from adjuvant or chemopreventive

therapies and offer such therapy to those patients. Toward this end,

several major molecular markers have been evaluated in associa-

tion with established histological, clinical, and radiographic prog-

nostic parameters of NSCLC (7–11). Slebos et al. (7) found that the

presence of k-ras mutations indicates a poor prognosis in cases of

surgically resectable NSCLC. Furthermore, in a study of 164 pa-

tients with NSCLC who underwent resection, our group showed

that the loss of blood-group antigen A also indicates a poor prog-

nosis (8).

Conversely, our data on the prognostic significance of

RAR-b were surprising. Our evaluation of 156 patients with

stage I NSCLC yielded a surprising finding, namely, that strong

expression of RAR-b was found in 41 (26%) patients and that

these patients had a significantly (P 5 0.045) worse overall

survival and a trend toward a worse disease-free survival (P 5

0.15) than that of patients with aberrant expression of RAR-b

(12). Aberrant expression of RAR-b was defined as expression

in ,10% of all cancer cells assayed in the tumor or no expres-

sion. Errant expression of RAR-b was defined as expression in

,10% of all cancer cells assayed in the tumor or no expression.

We are attempting to further understand the regulatory implica-

tions of these surprising findings.

The key enzyme involved in prostanoid synthesis from

arachidonic acid is designated as COX (13). Two forms of this
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enzyme exist in the mammalian body, constitutive COX-1 and

inducible COX-2. COX-2 is responsible for many inflammatory

processes and is up-regulated by various tumor promoters and

growth factors. It is overexpressed in lung, head and neck,

colon, and pancreatic cancers among other tumors (13–15). In

several previous studies, the prognostic significance of elevated

COX-2 expression in primary lung adenocarcinomas was eval-

uated (14–16) but none had correlated COX-2 with the expres-

sion of nuclear retinoid receptors. Furthermore, virtually all of

these previous studies assayed for COX-2 protein using immu-

nohistochemical methods, which were designed to detect protein

expression in contrast to the in situ hybridization method used in

this report to detect COX-2 expression at the mRNA level.

Previous reports and our recent data indicated that retinoic acid

Fig. 1 Three different stage I lung cancers stained with H&E to demonstrate histology on the left-hand side (A–C) and D–F demonstrating staining
with the RAR-b antisense riboprobe. The antisense riboprobe to RAR-b mRNA reveals strong staining in F, weak (,10% staining) in E, and absent
staining in the cytoplasm of the lung cancer cells of D.
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can reduce COX-2 expression in head and neck and esophageal

cancers. RAR-b is among the most frequently altered RARs in

head and neck (17) and non-small cell lung carcinogenesis (18,

19). It has been shown to be a retinoic acid-inducible gene. One

therefore presumes that COX-2 may be downstream of RAR-b,

and evidence exists to support these assumptions (20). In this

context, we evaluated the expression of COX-2 in NSCLC and

correlated its expression with that of RAR-b.

MATERIALS AND METHODS

Five hundred ninety-five consecutive patients with stage I

NSCLC underwent definitive surgical resection, defined as a

lobectomy or a pneumonectomy, from 1975 to 1990 at The

University of Texas M. D. Anderson Cancer Center. We retro-

spectively examined 185 cases in which adequate tissue samples

and data from a follow-up period of more than 5 years were

Fig. 2 Similarly to Fig. 1, three different stage I lung cancers stained with H&E to demonstrate histology on the left-hand side (A–C) and D–F

demonstrate staining with the COX-2 antisense riboprobe. The antisense riboprobe to RAR-b mRNA-COX-2 reveals no staining in D, weak (,10%)
in E, and strong staining in the cytoplasm of the lung cancer cell of F.
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available. The patient population was identified through a search

of the Tumor Registry Database maintained by the Department

of Medical Informatics at M. D. Anderson Cancer Center. One

hundred sixty-three cases had both adequate intratumoral spec-

imens and .5 years of verifiable follow-up. Median follow-up

on this cohort was 9 years. Twenty-two cases were removed

from the analysis because of inadequate tumor specimens (13

cases), assaying negatively for various controls including

RXR-a (7 cases), and unverifiable follow-up (2 cases). The

seven cases were negative for RXR-a, RAR-b, and COX-2,

leading to concern for possible mRNA degradation in these

samples. Survival status was verified and updated from tumor

registry records as of July 1, 1999. All available tissue blocks

for each patient were reviewed for the presence of tumor by a

thoracic pathologist (B. L. K.). Sections (4-mm thick) were cut

from specimen blocks using a microtome. To prevent RNA

degradation in the tissues during sectioning, we used water

treated with diethylpyrocarbonate (Sigma, St. Louis, MO) and

glass slides that were pretreated by immersion in 70% etha-

nol-1% HCl for 3 days, washed with 70% ethanol, rinsed in

distilled water, and baked at 180°C for at least 4 h. The slides

were further coated with poly-lysine (Sigma) and then air dried

overnight.

ISH. We used ISH to evaluate mRNA expression of both

RAR-b and COX-2. To date, there are three major resources

that provide anti-COX-2 antibodies, i.e., Oxford Biochemical

Research (Oxford, MI), Transduction Laboratories (Lexington,

KY), and Cayman Chemicals (Ann Arbor, MI), and the majority

of recent publications used these antibodies for COX-2 work

(13–16). We have tried all three antibodies, and Western blot-

ting showed at least two to three bands at the optimal conditions

in these tissues. Immunohistochemistry using these antibodies

showed that both epithelial cells and stromal cells are positive or

both types of cells are negative, indicating either staining het-

erogeneity or artifact. Therefore, it was reasonable for us to

choose in situ hybridization techniques to analyze COX-2 ex-

pression instead of using immunohistochemistry, particularly

since we have extensive experience in performing ISH tech-

niques. Although detection of protein expression is, in general,

preferable to that of mRNA, qualified antibody will be required

for immunohistochemistry or Western blotting.

We evaluated material from 163 patients for RAR-b and

from 160 patients for COX-2 expression, with material from 158

patients being assessed for both molecular prognostic variables.

RAR-b and RXR-a mRNAs were detected in tissue sections

using nonradioactive ISH with digoxigenin-labeled antisense

riboprobes, exactly as described by Xu et al. (17) (Fig. 1).

RXR-a, which we found to be present in 95.1% of our prior

stage I NSCLC (12), was used as a control to exemplify for a

lack of RNA degradation. The reason for using RXR-a as a

control for intact RNA in tissues is because all 70 cases of

NSCLC in normal lung tissue expressed RXR-a in our initial

study (18). If cases were positive for COX-2 and RXR-a neg-

ative, we also included them in the analyses. Cases that were

negative for both COX-2 and RXR-a were not analyzed for

survival. We used identical techniques to evaluate mRNA ex-

pression of COX-2, also using a digoxigenin-labeled antisense

riboprobe to COX-2, and used ISH to assess COX-2 expression.

Furthermore, we evaluated COX-2 expression using a descrip-

tive statistic for interpreting COX-2 mRNA expression by ISH.

Tissue samples were scored as 0, absent; 1, weak; 2, moderate;

or 3, strong in terms of intratumoral COX-2 expression (Fig. 2).

All slides were reviewed by two independent pathologists

(B. L. K. and X-C. X.) and one medical oncologist (F. R. K.).

The analysis was blinded, and the reproducibility of scoring was

determined on a second occasion when the slides were reviewed

by the same three individuals in a blinded fashion.

Statistics. Overall survival and disease-free survival

rates were calculated using the Kaplan-Meier method, and the

log rank test was used to compare the rates between various

COX-2 expression groups. x2 was applied to test the association

between two categorical variables. Two-sided P values were

calculated.

RESULTS

Of the 185 cases that we had initially assayed for mRNA

expression, 160 cases had $5-year follow-up, adequate in-

traspecimen tumor, and positive expression of either RXR-a or

COX-2. Of these 160 cases assayed for COX-2 expression by

ISH, 3 had strong expression, 69 had intermediate expression,

24 had weak expression, and 64 had no expression of COX-2.

Expression of COX-2 correlated with RAR-b expression (P 5

0.053, Table 1). Of 160 cases, 62 were adenocarcinoma and 70

were squamous cell cancers and 28 were other types of cancers.

If one evaluates survival for the patient population by assaying

COX-2 expression, positive versus negative, there is a trend

favoring the COX-2-negative patients (Fig. 3A, P 5 0.106).

However, when one subcategorizes COX-2 expression into

strongly positive ($30% COX-2 cytoplasmic staining), inter-

mediately positive ($10% COX-2 positive, but ,30%), weakly

positive (#10%), and negative, striking differences emerge.

Here, COX-2 expression was associated with worse overall

survival (Fig. 3B, P 5 0.001). COX-2 expression was also

associated with worse disease-free survival when the COX-2

expression was classified as positive versus negative (Fig. 4A,

P 5 0.111) or more particularly when one subcategorizes

COX-2 expression into strong, intermediate, weak, or absent

(Fig. 4B, P 5 0.022). The percentage of tumors that were

COX-2 positive was not significantly different between the lung

adenocarcinomas 37 of 62 or 59.7%) or the squamous cell

cancers (45 of 70 or 64.2%; P 5 0.59). If one subcategorizes

COX-2 expression and compares COX-2 expression between 62

adenocarcinomas and 70 squamous cell carcinomas (28 others),

there appears to be even less of a difference (Table 2, P 5

0.947). Positive COX-2 expression correlates with a worse

disease-free survival in the squamous cell cancers (P 5 0.013;

data not shown) and a trend toward worse disease-free survival

Table 1 Correlation of Cox-2 (1, 2)a and RAR2 (1s, 1w/2)

COX-2 (1) COX-2 (2) Total

RAR-b (1s) 29 11 40
RAR-b (1w/2) 65 53 118

Total 94 64 158b

a 1, 1s, 1w, 2 correspond to positive, strongly positive, weakly
positive, and negative in the staining of ISH.

b Association between COX-2 and RAR-b expression (P 5 0.053).

864 COX-2 Overexpression
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(P 5 0.144; data not shown). The same trend was found in

adenocarcinomas for the overall survival but the association was

weaker (data not shown).

The median survival times for the strong, weak, or inter-

mediate and null COX-2 expressors were 1.04, 5.50, and 8.54

years, respectively. Most striking was the extremely poor out-

come among the three patients whose samples showed strong

COX-2 expression. All three patients with strong COX-2 ex-

pression had positive expression of RAR-b in their tumors as

well, and all died within 19 months of diagnosis of stage I

NSCLC. Figs. 3B and 4B reflect the significantly poor overall

and disease-free survival times for patients whose samples had

strongly positive COX-2. All three patients developed metasta-

ses from their primary stage I NSCLC within 16 months. The

weak or intermediate positive group had an intermediate prog-

nosis, and patients with absent COX-2 had the best overall

outcome (Figs. 3 and 4).

We further attempted to correlate between COX-2 ex-

pression and several known molecular prognostic factors,

including expression of vascular endothelial growth factor,

basis fibroblast growth factor, mean vascular density, inter-

leukin 8 expression, and k-ras gene mutational status. None

of these markers correlated independently with COX-2 ex-

pression, with the correlation coefficients for vascular endo-

thelial growth factor (P 5 0.16), basic fibroblast growth

factor (P 5 0.77), interleukin 8 (P 5 0.65), mean vascular

density (P 5 0.59), and k-ras (P 5 0.25) failing to attain

significance when correlated with COX-2 expression. COX-2

Fig. 4 A, this figure shows
disease-free survival by COX-2
status. As in Fig. 3, patients
with strong COX-2 expression
do particularly poorly, but the
difference is not statistically
significant (P 5 0.111). B,
when one evaluates disease-
free survival and subcatego-
rizes COX-2 expression into
strong, intermediate, weak, or
absent, the difference is statisti-
cally significant (P 5 0.022).

Fig. 3 A, survival for all 160
patients is correlated with
COX-2 expression (negative
versus positive). As can be
seen, there is a trend for a better
overall survival for the COX-2-
negative group (P 5 0.106). B,
this figure assesses overall sur-
vival by COX-2 status. Nega-
tive indicates no expression of
COX-2, weak expression is be-
tween 0 and 10% of cancer
cells staining positive, interme-
diate expression is between 10
and 30%, and strong expression
is $30%. As indicated, there is
a statistically significant prog-
nostic value for COX-2 expres-
sion (P 5 0.001).
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remained an independent prognostic expression factor in

multivariate analysis.

DISCUSSION

Our results continue to define a subpopulation with poor

prognosis among patients with stage I NSCLC as a group with

strong expression of RAR-b and overexpression of COX-2.

Most strikingly, those patients with particularly strong expres-

sion of COX-2 and RAR-b (we saw only 3 patients in our study

of 158 patients for whom both prognostic markers could be

evaluated) all died of metastatic disease within 19 months. All

developed their metastases ,16 months after surgical resection

of what were true surgical stage I NSCLCs. This outcome is

particularly poor, as the 5-year survival rate after surgery has

been reported to be between 60 and 80% for patients with

surgical stage I disease (3–6) and their 2-year survival rate is

.80%. The molecular features of these three cases are interest-

ing in that although all three cases have strong expression of

COX-2 and strong or intermediate expression of RAR-b, only

two of three had k-ras mutations detectable by PCR-Introduced

Restriction with Enrichment for Mutation Alleles (PIREMA).

Furthermore, the group of patients with strong RAR-b positivity

was significantly more likely to have COX-2 expression com-

pared with the RAR-b-negative group (P 5 0.053). This is

unexpected based on cell line data, as retinoids are known to

down-regulate expression of COX-2 in cancer cell lines that

overexpress COX-2 (20).

In a previous evaluation of the prognostic significance of

COX-2 in lung cancer, Achiwa et al. (16) evaluated the expres-

sion of COX-2 by immunohistochemistry in surgically resected

adenocarcinomas of the lung. Their data indicate that an in-

crease in COX-2 expression may be clinically significant for the

prognosis of patients undergoing surgical resections, particu-

larly of stage I NSCLC. In their study, elevated COX-2 expres-

sion was associated with shortened survival time of patients

with stage I disease (P 5 0.034). In the study of Achiwa et al.

(16), 57 patients were COX-2 positive and 24 were COX-2

negative. If we evaluate our data for COX-2 expression simply

by assaying for COX-2 status (positive or negative), there is a

trend for a worse overall survival for COX-2-positive patients

(Fig. 3A, P 5 0.106). Our data indicated that shortened disease-

free survival was also seen in stage I squamous cell cancers, if

one simply evaluated COX-2-positive versus COX-2-negative

squamous cell cancers (P 5 0.013, data not shown). Achiwa et

al. (16) showed a higher likelihood of COX-2 expression by

immunohistochemistry for adenocarcinomas as opposed to

squamous cells cancers. Our data, assaying mRNA by ISH, does

not confirm this finding.

This was also the first study to assay COX-2 mRNA

expression using ISH techniques, as opposed to the more widely

used immunohistochemical assays for COX-2 protein. In our

experience, ISH was more sensitive and specific for the detec-

tion and stratification of COX-2 mRNA than immunohisto-

chemical methods to detect COX-2 protein (data not shown).

Because of the very high background that can be seen when

using immunohistochemical staining, several laboratories are

using quantitative PCR to assay for COX-2. Our expertise with

ISH and our long-standing interest in evaluating COX-2 mRNA

and comparing it with RAR-b mRNA led us to prefer this

technique.

Our attempt to better understand the mechanistic underpin-

nings of lung cancers has led us to evaluate the connection

between the COX-2 and retinoid pathways, mindful of the fact

that cell line data often do not translate into well-defined clin-

ical-pathological observations. One possible connection be-

tween COX-2 and the retinoid pathways may be via the ras/erk

signal transduction pathway. It is known that mutations in the

k-ras gene are found in ;30% of lung adenocarcinomas and are

associated with an inferior overall survival rate, irrespective of

treatment (7). Human NSCLC cell lines with mutations in k-ras

have high expression levels of COX-2 and inhibition of ras

activity in these cell lines has been shown to decrease COX-2

expression (21). Furthermore, rat intestinal epithelial cells and

fibroblasts transfected with h-ras overexpress COX-2, but in-

hibitors of erk block this response (22). We evaluated the ras

gene status of these tumors by the PIREMA method and at-

tempted to correlate with both the COX-2 and RAR-b status of

the tumor. Interestingly, no correlation was seen in our tumors

between k-ras mutational status and either COX-2 expression or

RAR-b expression (P 5 0.58 and P 5 0.25, respectively).

Further data has indicated that RAR-b is capable of inhib-

iting transformation via the ras signaling pathway by down-

regulation of the activator protein 1 transcription complex (23).

Mestre et al. (20) demonstrated that retinoids (9-cis-retinoic

acid, 13-cis-retinoic acid, and retinyl acetate) suppress both

basal levels of COX-2 and epidermal growth factor-mediated

induction of COX-2 protein . The link between COX-2 expres-

sion and down-regulation by retinoids led us to evaluate COX-2

in our patients with stage I disease in whom we had previously

found, to our surprise, that strong expression of RAR-b con-

ferred a poor prognosis (12). In other words, cell line data would

predict that functional expression of RAR-b and its up-regula-

tion by retinoids should have resulted in down-regulation of

COX-2 expression, a finding in contrast to our study findings.

At this point, the biological significance of RAR-b posi-

tivity and COX-2 expression will require further studies in cell

lines to better understand their interaction in NSCLC. While we

speculate that RAR-b signaling is abrogated in these NSCLC

tumors, and this may be reflected by the high COX-2 expres-

sion, further mechanistic studies will be vital to our understand-

ing of this phenomenon. ras mutation can lead to loss of retinoid

signaling via their receptors (22). Although we did not see a

strong correlation between k-ras mutations and either COX-2 or

RAR-b, the interaction between these pathways remains intrigu-

ing and potentially important.

Table 2 Frequency of COX-2 status (0–3) versus histology
(ADENO, SQ)

Histology
COX-2

5 0
COX-2

5 1
COX-2

5 2
COX-2

5 3 Total

ADENOa 25 10 26 1 62
SQCC 25 11 32 2 70

Total 50 21 58 3 P 5 0.947 (Fisher’s
exact test)

a ADENO, adenocarcinoma; SQCC, squamous cell carcinoma.
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In evaluating the three patients who all had 31 COX-2

expression and intermediate to strong RAR-b expression for

multiple prognostic markers, including ras gene status, we were

unable to determine any distinguishing clinical or pathological

features that made them more likely to suffer the poor outcome

that they experienced. Their tumors were neither especially

large nor their other features more suggestive of a higher met-

astatic potential. The possible reasons for the correlation of

RAR-b positivity with a poor outcome in our original study are

unclear to us, as we indicated in our discussion of the above

results (12). The role of RAR-b, whether or not it is functional,

and the associated downstream events remain equally unclear at

this time. In our study, COX-2 expression correlated directly

with RAR-b expression and poor prognosis. Understanding this

COX-2/RAR-b dysregulation in NSCLC may be important to

the development of prevention and therapy interventions with

retinoids and/or COX-2 antagonists in this patient population

(24–26).
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